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X28©#tci btotltit.vt'f 4-MWOHI6^SStSotl'J,

*E9£M5l!c*;VTti#^.ST 5 K^SOSSU cti&&Mm4£JI£

64#$m<j:a#60:^Xi'So
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f^Jnx., **C©^S»''BJIEtt^ LTfc©^iSfnffiSE-^i<K4-«tbWI4t LX®JgM~-®3$V 
B$4<*5C64^b, 55b 3*^©Wci Xtfl4©iiJt±l^-©Wf#4sSt oTfc*9,
*T*4r«#btt»T©fi|»Sy'^0tffl'(bv j6U-'lc^©M4<egtiE%M%i$Ea:4£oTl'6= 

fCX C©5}S©SrfctiS$SE^Wfi£Le*S#f j: LXititLXV < fc»ICx ^7"f- K4M 
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bi#6$m©Kli&6©4 C6 6*#^B#60:r,x©6. S-^t, S*£ti5#8E»Efi*$Mb 

©&©4<#<. *RI#REK#mfr4<*t' 6 % ^ xm#©gM A#o &%«##%#«# 6 %# L 
©-d, &BS8E£:»fiLX©< c 61: t «9mS#^Kilc*rk%8E*#©B^*g|r, x© < ci
4<6 b)^lfmgx*a C 64'b, *N E D 08KW95IC jb'UTIi, ###Af©«i|N8E&a## 

e#?©##Hb8E© 2 ®Sic^fcS, HT© 9 RSlcoi'XW^M^^Mfebfco

#9BI±s 1) <Xf- K©#a8t£Ktf\ 2) E6SI»ftEx 3) * • ST8#b^F\

4) BMSffiCiS^Xf- 5 ) ibeST i VKtoXT't F-^©»A#S, 6)#®JfM8»,

7) SKttSsSE. 8) ^XtKofS^rlA#. 9) #?mmb%t©/WX##©#IM6i-©$£ 

4b8E© 9 oXt>-54b Vfflfe^Xf- K£X^WicfOT LX©< 4cAtcli#B%&©K4^X*

So
44pffittMH4^'3 »fl«X*Si©?C<!:t>**K i-flffl«##A?©m#+-fW#Hb#&©m 

£4*t'4<±fci,m%figtti-^XH<0-. I*«'¥)$54p$KMte£flS*&M44Fmc|Wfc7^ 
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2.i.

±fe@-fe> fflSH- 
lUEBlE, ?** &

1 . ttCfcK

H $>&<?'■? Ki*,
*< k Otoit^tvbffltfiCtiu #fflSSK±® v-by»-6*LTifflflSMo

BttiSih-TvSc. BPt>>
towuaiBis^jssv®^^%ckK. mna^®##^#K6 
b9. mots®. ##&ac&kf &#< &k#
t^htv'^o ?u. m^##cft#gji^c®wa®m» >a^ 
#c#%f %&^#%®^yf kie?!)!6k m;a±® >A»ekfi
2/tfflt5;tc±n>tec5!:ie31i. Afte&itS8tio 
•5$,5 (01) „ k ®#& A#® 6 &%##<,t&CIt, 4#&

^f®#mtt#mi:K#®^m&iBi#cR3 ckczi, mmttmmzmit a 
A-f *#^Ogg%Coti:6S5k#x.P,tL?>, & % A;,
*|8]$® V-b y $ - U try KfflSfFffl® 1 o kSx. "btiS v » n 7 7 - ->'®jl^{gl 
63 HtESStt SfimSIlFttSF; k LtSi>\
f®t'fW'®*3fMK:M-#-f 3*%n®A7'f Klt-&ti^^iSKft-t?>^iS:tt¥S 
®SiR> Wi.^SWk tTW^S^SS^Lfeo

2.

2 - i .

«ffltfiWt-l,t), rni;t*cit-v»D7r -y iSSHiiygft& * 13 * 
Slfc-6-Wk VTto^titv3>'f 5 yyy >lt-6-®(4a-fi) rniSttS-milSI-S B69T-B- 

(0 2) „ gp-fe> ^>->vv(i) & y 2 / —e Kp^->yuT 5 >kinES
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(2) tLfc. (2) &#%#© 10%,< 7^4? X##©i##T, ##%*
jRftfRb cis->'7 3V (3) C#V'fc„ 3 *,%:##t/7- ;l/
d1 5 t- HgBStSkigaiStiTESIS-li:, *tot3 B6<J® d1 5 5f'./V 7®S# (4a- 2) 
%-6-^Vte. ^tte^T©{t-&t>©tiatlS(«, ®e§ti.fe1bfflk-gttte„

2 - i i . FF«5R®tfclf

*E%©^EEff#$tU®afcvi?P7 
©#C%±L, fflvte (03) „ BP*,, tt®a*66tt»th^ (##%3kg)
'O Mid 9 iti l fc„

, {l^nfevi'n^?-?® Cell pellet % 40 
~ 50% RPMI m@ 1mm OttRz'J-fa
—yc H'A/SSi&Att, —^©n^StDfco , ttk'z'J-fa-
^%»sft24B#M37rT'SraLfc„ , ys-^-ii-fasifc.

fc„ BP*,, 5mM-L-7 n-7 SrSsiP L ikBtffli®6SE:S'4<->'T -f 
yn 7 H d—;vi: L , ^SiPB#©-(lk©S%100k Lfc.

iS6 index =
#=##*1#©# ~ ####i0#©#

5mM-L-7 3 -7 W#©# - ####jmB$©@
X 100

2 - i i i . ^exMH1©#®

k Vt'Bu&Lfc'f S yvu 7{t-&tK4a-2) ©vj7P7z—
*©^$6#! CSLte. i'flvfflft-&t()'7>B7T-'>*©M 

SffiiiiVfcAt, -f 5 jf'/V >Oil,4,5#©S&$T*iSttti:*8- <#9 , 2-Chlorophenyl- 
4,5-d ipheny 1 j® S# (4a) 7b$il 4,5S >- 'fiStt & tR L )fc„

2 -1 v. *r»fr*<Dmmffitir 

xm#m#m##©iem (04) zvm&mk ux,
5PM3SCj;oTafcv7D7 7-i/'iS^(gii{/Fffl©^fr-Dte 4a

$1=, S&SBi^C^*ti5 2fl©«ii®-^%®0iti VT, f ©#m& 
PMsaf^jsesikvfc, ovt, ^©#mK^*^%3m©0enT#%me&3o& 
#j*T*36oa®e?-a-, tt-ms® (=i23) ©Effic-x^i-^-^ff-gkfco ®$$es 
ti05C5tLfcJ;'5 CiBS«iSCi5v4)©r*S,o zk„

LT, QUANTA © Molecular Editor 4a ©
trans ###(4 2) ©^m&«l#L, PM3#T-$S#Lte„ W£6S:fcr£:b-ti:fck k 
5, 06irsVfe<k'5C7x -;v$m #5#* # < £ k &?> k fc0 42 ©#
tttffSV'k kfr*>, kit*, 7 x-;va®SMto*ES7bSiS#%#K:@ibTS#t*8,?, C 
k*sto*»-D fc0

y^lt IBM RS/6000 ±7? Molecular Simulations Inc. ©^t7"f- K
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jm§:f|-3dg->*TA CHARMm/QUANTA fcfflvfc. MOPAC Ver. 6
ii'fc.

2 — v .

-t7'f KTk-&#i®^ftf V
4a BS*Cfc-vTtt (1) 3 (B® 7 x-/,v$^StO»SWE»t’ 

ifcSkk, (2)^^C'f ffl-O#
v>B77-->"iS6{giS?St4® %31C S5E& @SI fc % feL Tt,'3C k fc.
?:t-, CtLibC^fr^iSSS-tir^z: kCJ:-3"C, |=IS®v»n77

k#t, i5
ff, 07® i5c 4a Oi'i K jf'/v 73364ti:$$k 5WS®ffit*@SE V

M^®##, 3fi®7x-7V$^s»5J;t>‘SS®^3fiT-oPifcote#SS 
tfe/n^T, 3fB®7x-7VSA$Syi7S:SMEa%*L> £®f9£il3/$ 

*<k-^ttcttv»n 7 7 » % t ®

k#&fe =
i*c, asmjz^K-fi #'/') 7#& 2<4^$k 3feK$®Mjb*J:t>"3(6;SSk 4fe 

S^®MT*PJiaL-fca-a-^#xte. k®@-^t*--o®7x-;v857iSffiSLx ZCfrb- 
%®Eg#&^7"f K#KET-PITfc§|5ti tc 5 —o® 7 x-7VS»$S6t"5ffc'6-iWtcv» 
n 7 7 - i/*ig^($iiS14)6$^#T' 13 *> k ® # S. fc „

^^##7 4 7Mk Ltlt, 7x-;V75-'y, 4b^'a h 
V 7* 1- 7 7 7, Lfctft-sT, k^.A,®##&3 * k
Ci-5t, 4a kR#®&#KS< Ck^gk^S. '*•'?+ KTt'p
ifeoa-a-ictt, 7?7®S#fc*itt*&< 7?7#, »;V,K*-7;VS,
6 k -t5StgS®SS$® LTV-5fc® /is#V
jl©3.-,y hkLXE*atrkkCj;-3T, StR®##*# < Ja#5 CS2, 3,4).
tfc^ox, kttp>®E*-a-t>-arT»3ffl®^#a!%a«feaME*c0$L,

ckkit.

2-v i . ^y'i- KTfc -&tl®3 7fx-)! -7 5 x 7--7a 7

±#5®#m:a-&fa^7'f Mke#k ut, &f,
benzyl oxycarbonyl * (Z) , C*S%7? KST*«E L fc 3 tt® B V K (Z-Phe
-Phe-X-NH2, Z-Phe-X-Phe-NH2, Z-X-Phe-Phe-NH2, X=His, Arg, Orn, Lys) &fVW 7 
vfc. mc3im®7x^;bm&<)t,,
7 5 ktlp) 3<S® 7 x-;v$7b$ 4a kiKlCSPbWEIrI^ L'tV>

%kk&g%k LT, a 7k‘x-£-75 x 7-73 7£fr-3fc. 
%T®^-f ef V 72/1* IBM RS/6000 ±7? Molecular Simulations Inc.®^7> K# 
^KltSa'77tb. CHARMm/QUANTA tIsWJSIfEiSffl&iUMSSSk #5: <b
tl-5 X=His A-k LT, QUANTA ® Sequence Builder Ci-3Tit^±ffl^7'?1 K
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\ CHAEMm Steepest Descent
Adaptive-Basis Newton-Lapson j; -3 '"CtSiSUftiSik L A: k L 6 \ H 9(Z-Phe-Phe- 
His-NH2)> Ell 0 (Z-Phe-His-Phe-NH2), HI 1 (Z-His-Phe-Phe-NH2) ©J; 7 
Ambtifc. vf *l 4>EET-^LA^^R^SSS-e-CJ:•?TSSikf 5ZkCkiT, 

t'5£fc*«fci6»-3fe. LA>1,

-vv9gtt*^< filter-Cjb-t), 4a ffl«^-ttt^*5^l8ISfln?ftofco 4f£>

{fc'&tifflxtf-f *akfJSSttfc4t-6-#i©-6-^k vv?n7 7 —->*

3 . ifc»

IfilSfflPtZ'J-'J KffiSlW© loirttBtiS-v^BPr-S/'IJgtt
zfr+mmmm&kixmv', zQms.rpmzumtz^y* Kostitstf^iwk v.
£-f K&m&##LA:.
1-?><y‘i- K5rEfl-t54)-T-EH-¥a®aSK*¥Lfe.
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^7~VHbn*#l (4 a — I ) (Di^$LH12

a: NH2OH ■ HC1 
b: H2 / Pd-C

NH • HC1 

OEt



03 T^P77-

ip

HEPES (20mM), pooled normal rabbit serum (10%)
7 (0.1 jx g/ml), 7 h U 7" h T < v > (50 /x g / ml)

U >G(100U/ml)/RPMI-1640

##(10"^M)



1

compd.

No.
R config.

yield
(%)

mp
(•c)

'h-nmr

methine

IR
(cm 0 
"C=N

formula
MEF
activity
index

4a 4-ClPh meso 70 >280 5.92" 1620 QHnClNj HC1 139.6
4b 4-FPh meso 87 >280 5.94 1620 C2iH„FN2 HC1 11.0
4c 4-BrPh meso 83 >280 5.36" 1615 C2lHl7BrN2 HC1 24.8
4d Ph meso 79 >250 5.98 1615 C21H„N20 • HC1 34.2
4e 4-MeOPh meso 55 260-261 5.94 1615 CjjHmNjO • HC1 18.2
4f 4-BzlOPh meso 58 256-258 5.91 1610 CaH^HjO • HC1 -16.0
4g 4-HOPh meso 94 264-266 5.88 1610 CaH.jNjO • HC1 18.0
4h 4-MePh meso 63 >280 5.95 1615 C^HjoNj • HC1 46.4
4i 3-ClPh meso 54 251-253 5.98 1620 C21H12C1N2 • HC1 67.5
4j 3-CF3Ph meso 45 >280 6.00 1610 C22H„F3N2HC1 8.0
4k 2-thienyl meso 31 259-261 5.94 1600 C„Hl6N2S • HC1 11.7
41 4-ClPh dl 80 281-284 5.22 1612 C21H„C1N2HC1 1.8
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$2 Z a - 7 S

—rn-

—N=N—CHzO

CHaO—0”N==N
—CO— 

-Q-CH2O—co-

(C.HS)3C-

_ s-

NO*

(CeHs^C—S—

0—GHz—CO—

NOz
CHa

o-c-co-

NO2

I
CHa

SO2—

0—CO

0—CO

Cl
Cl

NOz S-

NOz

ci 9 s—

Cl C1 Cl

CHaO-Q-S-

no2

Cl

k>—CH=

OH

CH=

OH

CzHsO-Q-C (CHa)z-O-CO- 

0^0^™C (CHa)z-O-CO- 

(cH30-Q^-)2CH-0-C0- 

CH3_0_C (CHa)z-O-CO-

(C6Hs)zC-0-C0-

CzHs

(CsHs)2C—0—CO—

CH3
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3 a-

-OCHz-^g)

-OCHz—^^-NOz

-och2-<§>-ci

-OCHz-^5)

CN

-OCH2—N=N—N (CHz):

-OCHz-(gN

-O-CHz^

o=Q=o

-OCHz—^—SO3H 

-OCHz-CO-Q^-Br

-OCH2-CO-Q-OCH3 

-0—CH-CO-^)

CH3

\
-OCHz-

-OCH2-Q-OCH3

M 
° %

-OCHz
fHz

—OCH

NOz

-OCHz-CO-Q
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4 a#####?)##:

-CO

-so2-{ )-ch3 

—ch2-

—C(CgHs)2

of-

ch3-s-Och2

CH3-S-^ ^-CH2-0-C-

o _
—C-CHgO—^ \ 

(PhA)

~CH2~^~)~Br

Bzl(Br)
_ O

•CH2hQ-C-N(CH3)2

(Deb)

N~CH2"VJ
(Pic)

9 ©
-C-0-(CH2)2-P(C6H5)3

(Peoc)

-ch2
(Msib)

OII
S-CH3

P CH3 

—Si—C—CH3

P6H3
(tert-BDPSi)

9Fs /=\
-CH-NHCOO-CH2-£ J

-CH A ^ Cl

-CO oooch2

Ho—
(Bzl)

CH3-Q-^ y-CH2— 
(MBzl)

ch3-\ /-ch2-
(MeBzl)

CH3~^D~CH2-

ch3 [(Bzl(3,4-Me2)]

/CH3
ch3^Vch2-

(Tmb)CH3

c—
(Trt)

-C0-CH2CH2-C0
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m 9 Z-Phe-Phe-H i s-NH2<D3L^iB
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H1 0 Z-Phe-H i s-Phe-NH2(7)3L#SB
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Z-H i s-Phe-Phe-NHg
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2. 2

m&mmr;

y- y h v 

(st) -y-y h v

* as # &

1. ttDfctc

6g<omKSEK^**>oTv^0 £ti<b<9tif$fc5m4ii-fih 
kK4 (K SS#K)iiBL7t^-S:S;Sro)lE§rtoSt-Bo 

t:#8&##K4& V#y KtOS-^-KgiJt1* •), itzX<Dmm.<0»T-U'OUvm

ffl i±s##^$. v&mwvmmKmvmm. t l 6 o

aitLTv^o W%a-S-eI4$6 a* t> o, *3V4±7<

7 , r^mij ki,6^**>-», ')#>?&b<D%±

wwwmmwf g£ fc (0## »g#af 3.

-iKK>

it^iv yv^v>6^±#Bsm (n>7^

-V 3 >) Srk^CLk^-eB^o $6-^r, #-&, (*3v44####^)

•e v> 3 v> 3 &(n y 7 * V-) (O^-B-%h L&. gS#k<0
^•e (± c: tv t, # < <7) 7 y 7 * v - w ^-t, * •?> #SU * 1 s t> <0 i; #A

Ibtvcv^o £ <7) 4 7 &fSttBBS!4S-SiB-6-£ 8V i: L T (1)

(2) /*y^, (3) (4)

ffl> (5) jttmtiEfpfflx (6) ggv^s#mK4

0-E-tL^S5 4LTV^= s###6t & 4 3
±K^-77 KSrS^t^T s /EEtofiiJEtilBS^T 5 F* JV*'-;VS ('<77 

FifS-g-SMS) ttW^-77 F#(7)#mK@$f & $ $ $"* 4 6 & (01#
iJitffISo (1)

(4 n y 7 * 7 - -> a y Sr$IJ®lL4:^7,7 F#^#J#f 3C t iz 4 0 , 
MWifcfrfrfc) & s< 77 F@ <7) JA#SSffiSpf (conformational requirements) 7 Efl
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-e§£*>©i:#x£o ^:/7 KStOESSEKtedsti < <og

fWfco-CV'Jo fit, ^7"f- F*<oES«Wfctt> 'syf-KS&flf&t 

^T5y@?E<0-SS:SeS®l@l7syEtCxa*#x-4^ktcj; •? }§)£-?§ * t#

x.7t= 4-@> 8BS#j#Bf emmu, 8Bseim7 5ym<oEff-i^ -e^extcj:

5^77 c t £t g^h LT, mn:
ifc^Sjfcfc £#* w-ems-t & =

2, #%<Q|*I#
$5*ti (1) LTtiffitt7 5

y#x 'C/f- FE<o-S-^;^E@f%K> (2) 4* (2) ##ib#m^(,BBS#J# 

ffiKJ:£fWtt«g7§ yfSt#©4ftSi®Mi«Kifco tv>S0 (3>4- 

B, BBSi5«75 yBE^ffiEIUcKU-C, ±IB (1) - (6)

L/-:S-^EIt»^S-e*-B = 77 KtC(i-ecoSE7 5 y*i LT7

;V7 5 >Ex 7X/<7?>t, V'7y^k'<7)75 ;&&&£■ <S$ft-X^&0 C

tie>75 yESt±-E-<OfiiJE'SSBS4-^Lr, F COBBS®

^K^7)'t)c7V)6C ai±##K##T# Z 9o 4-@> c:ir^<075 y@8S£BB
seuma-fco##^ u#if:0 7 5 ;m.m<n%zmmM&t LT'&vismzim

LtZo

(1) R##co#<0#AK <t & $#„
(2) 7$ y#&^LA:mcO#AKZ&##o

(3) a-@K###£#Af-& C t K i & 7 < 7 E*(0BK###<O#J#o 

2. 1. 7 5 yE<oiStigE<o@£K J: SBBSiBSlI

II1

hnh2 HO,C u NH,I H\[_
ho2c/x^/^co2h ^/^xco2h

extended form folded form

L-CCG-I L-CCG-II L-CCG-III L-CCG-IV
(2S,1 'S,2'S) [2S,VR,ZRi (2S,1'S,2fl) (2S,1'f?2'S)

-23



m.Att'nV? 5 >m<DC3iiLtC4l,Z=M^£igALtz4m.<V2 - (*A--*'*'>'> 

?n7ne";v) v ygttr/A'? 5 >@1(03^#BBSS-extendedS* h V' ft

foldedEK®l#P LZ:7 5 7 BTC* <9, CfL& ro%%#»#####K#Af 6 C
tKi Os #$i#%<D9 3 7*>ftBPS$!§:s

ttextendedM® 7A” 7 5 >$? i: jSlRto la'o' folded M It -f 7 y 7 7 yT-A'

MSrffitt'fbt-SiT k5r99^^KLTS/-: (01) . <4)

±IB<0^5:tr^$l, 2- ( * jv ***->'> y □ 7 n tf ;v) 7 V ->>S<0 3*^ 

O**) 0 K 6fl^SrSA7-Z> £ i**T-*6„ f6 SSHb-a t/Kv^

* h v & t> -eon y 7 *7 -->3 y

S„ tot, 7^7 3 y^<t)C3(4i:C4Sr6MiST-@^L^b^tt,

^77 K £&*&*>£ tizi. 0^77 1
(02) o

02

H,NCH.

trans cis trans cis

HO,C

trans-isomer 
(chair form)

trans-isomer 
(chair form)

2. 2. 7 3 7#e^L^R##%0%Kj:3Kmei]#

7 A'7 5 y^ TX/f 7?y®, V *7y> h V 7 h 7 7 y, n-f-yy, /t v y 
* £<D7 3 /^©a-7 3 7*i;1iMSrM^MT*o* WmMS.it & £ t IZ £ 
(K ^5^5^K^$U#7 3 (03) =
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E3

L-Asp
,co2h

rX
H

anti-rotamer

xo2h

ex
co2h

gauche-rotamer

L-Tyr

HO
co2h

h2n

L-Lys r 
(folding)

H
co2h

L-Leu

h2n ^co2h

E^t<7)7 < m K imR-e # &^ t

^6, &&< (D=iy7 LXftfct&o

4) o

M 4

nh2

anti-conformer

nh2 

'co2h

ho2c 

gauche-conformer

H02C>/^zNH2

hKL^COjjH 
r H

anti-l

II
H

H02C^--yNH2

r Ho2ck^yH

A ,
H02Cy--yNH 

W<C^S'ZO£\
H

anti-l
>

ho2c.

ho2c

NH v

H
anti-ll

H
anti-l

=> <

It

A

- M
H02C-XTy<‘H

H°2Cvi^vNH

co2h
H02C>/--\zNH2

H
anti-ll 

co2h

^c^K^nh j
Hk^H

H
gauche

H
H

gauche

, ,-*CO=H 
Ol

N^^COjH
H

trans-isomer

A>co2H

‘n' xco2h
H

ds-isomer
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b 5 >XfcH7 yf-ilir ->X!Stt7 Vf--nt =f-
->iMSr@^L7tr 5 /#?*&, /<77 4

('>X*^vi|±h9>X-tfnvyy-2, 3 —7*;1/**>E) K

ii^xSiiCJ: I), mmK-3V>y**;v*'4r->;i/S^*$6t:iS-g-l"5 EoSAS
% ^ Eg K O V) "C <7)1##^# t, fb, ttzX n V y<DM
££ ^•/f Kfla'/yt^-i/a^C^SMilPSSv', ftot,

kfni;yy-2x 3 -7*^#>#l±7X/^9 f >#gk 7o V ^/'-(/'J y b 
L7175 tWX'ZZo
^7f- b*M-B<7)7 7;V^4rO^: Cfc05 «<t d &EM$#

^T-S5o CtUcj; 9, #m#KgA,^/<V 0 0%?# & L, ^7

7 <5)

05

2. 3. g-@:Kg##»#Af &CkKj:3 7< V^#<D0g###7)BIJ#
7jv7 5>^ 7x/N-7^y^ v -7y^gygj&tc<t seebibii<9»& e>i\

#Km#m&*Af&c:bKZ&Km<0$!#&#!%. C, 7
5 smMtfZiifi-b^yy *■?-% tt) *>
-r^l/^-EgS^fiV'C k tc®0 LT V^„ -E-C-e, a-7 < 

miK&tetoKgSv'g&SSrSAU &tm-im&-&<0?-
J;v^#l^,tL^ (06) o fa-g^r-a- 

75 ■SMWtS.foBMvjzZ's'J-i'i-mz 9>
K@^5tt5 fc«t#x*c: ttfX%Z>o
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R = X = alkyl, aryl, etc.

2. 4. ######» & c s y

ttmmn<o*%bir?ibwmwsm%t\ jmmcd

Ett^fio/co 777') y@?i±#H& 4 ###&&-1 $
5iet-* i), s $ s'i L-fes^ mma,

(7)S#k Ltlv^tiTiASo £<D£ ? £*9 7U L
•C, 777 v >MZUfrm&tixi,^7 5. ;WLm<Dmf*''nvtzo

3. ^-yy K0Ki:Mit5wil
y-y^ Ho±K i~4.

#7$ '<■77 vmv-g-f&fr- hcD^lfS-fio/io CK60)7< y#t, ^7
7 FS<9-g-J$Klt (1) (2) (3) 9-tr

if<9fi?&lM:l8SF=9B»z£> *), rSfflttS- Ete l5>£ZiR&9*'kfc

jjmmm% i-rist^Etf^s be-c zzct
vv

3. 1. -a### K K f 6 #*#%

EMeiJWT 5 7W.m<D'£?®.X-1±, (1) %###7 5 y L

(3) 9*5Kg-m*e,ut^^sis5
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&jr\ A**»)**ve*iikKTPl.tzW&.tfib&o 
(1)

t LX'&m-?$>z7 5 y tm^^r 5
;»£,fcbf&U -eo^BdL$rjSfflLflOE^^4l'i:'SA^eiJS&i±^-Bo 
iti^W^^SEp” t LT#t tvg-J&EBA$ifcij&&<J@v' ;t, £ A: 9 -te 5 -fbA*i3 i 
9 K < v'ChiiWW V y h-e*5o

emeA'##LTv^3. ®-t, l£ftLfzft-T-lzttLt 
mEA^h'9 A^K##0A#A^3A\
;v- h £&X§Zo
(2)

^ Lxmmzttx^&o mmx>^
fflLESBSB^x 7 5 yStoSA^WI^r-afei), ^tLKJ; i) gRHb-g-W^S 
< zt&xzz tffris.mmtffrz 95< ^.-^Eseuwa-TK i±##T*3

6# 6w?&6<, titi^t/gA^sEon& Lxn^ti, mmuna? 
(0#AA%#%##r* 9> 9-tr5-fbA^Js£ *? K < v»y V y hA1*&.
(3) ^-g-JSft
^rglTFESrEElh-B A\ * £ VM± 9 -fe 5 -fb-g# T-g-fiK 6 tf * tc

£ 0 m##gA^$EA& L T# % /£rf&&mm< -®ttA?iS

<, 7 -tr 5<bSr#SKvitLZ:'g-)$Ig:ItA?r*§ So ^-g-^&oSSttSSA^o^ -v
g-jS/fb#:k £ wf s ^-5-1> ;*: § v> „ cjt(,%#&%#

1

75 y^ mm 7 4: < ik"o#
m# 3:fii
9t <ib^>## 4e 4E B#AW0

it mm%> sb m
g-j$7, t y 7<a>6E itEME a

ibR%## m ##
^#^#1(0 g, 7FE s

w 4e

C: C % A' & (1) t (3) <A,#g-$r#gK^
ttN 7 — yy h o-g-fiES-tr A o
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3. 2. /mm
•f-etc, 2- /Vy^i'3IIf@£L*

mv? 5 yESS#:-^ ,3) 2 - (*;!/***->-4n^yf-;V) ^ 
V v >E& k' 5 fl9|-e@:S L ZcES-fc^-S-fiSt fcIRS L T v> S = <6> ?P9 < yf

%ha -?ZX\ •ed'§-fi£E^Sr@7<0J:d KS:%L7i<,

07

HO,C

HO?C CO,H

A (trams) B (cis)

L-7fr9 5 y6>EST*§ 6yf&%iy ? h y#k 2 -> f+77?-7i'/0

T < /###«]!###:& (,> a-ffi
U (R)E<7>vXWfctt;W&±4J&t>k LT5-z.2>i><DtfflftX%2><, Z<D's 

xfetny? h XDiOTkfrM, &s§.ltz—®ES«oB*tck t) 

B(cis-isomer)^# < C k # 3 » $ /*, y X-^SrSSBSt: J: 9 

k, h9y%#^##il:f 3&^)k%8^T#3o C jtZ % , v
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X1^ £ A (trans-isomer)-B „

*b^Hf-aw5£frBa^*^fe'eab I) > X;vy <

®«@^KfflV'l,;ii!t*IS„ Sit, Ft*li6flS±K*^^-JI/

S^gegLTifc *K v^v^5^-g##^#Kk kS-Bo

3. 3. 7^y&*'tH,tz§m$mfe7<;wm 
-Xxz&SWi b?:/x-k?ny-yy-2, 3 - -7 »;i/*'x Sto-g-fiSt 1456tc$^ 

Lit**, (7) ^77

3. 4. g-feg^-g-r 5 yjjwMMf 
a-fis-a-r 5 V t: t±E"35tLTv^0 (8)

hS-TKS@i:iiSx^v>0

9t F □ * v * ;V ** - Pit-frits <D k Fn*->;vStCT

5 V g£S$r^o)fc^tt(Oi»S^x.X f ;v h LT#AL, * ;V*'-;FS®T 5 /

s*> &#%(:#< (0 8) „

08

o

V
OH

diastereoselective
method OH

3. 5. Foy-y-y h
-me, p-X-xfil&ttT'n V yocS$.y?N$^7’^ Fig-g-cm**.*:, 

3I®7 5 VSBSSrlf^T'^ F-CSSK5tL4o EMSW7 5 X#^#Af 3 
^at:z*)7<y^2BXt-p-y-yss^euw^Brs^K%&.

(2S,3S,4S)&3 l±(2S,3R,4R)-2-(» PX^'s's? u-fu\i;l/)7V

y-/^6IS» (t^'Jy>-2, 3 -7*)^'/®) (0
9) »
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H
N

R
H

4. tt*b

tz0 4o9u* K#%tLTV^6o
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2. 3 ft • K©BF&Ba58

#sss
S*Sft

1. (i U to It
V' S«*gftfe* i: V 7 8Sli> °ja^©ft4!RiR^-Se#g«-}gLTfei3.

ti44flSi LTIis ft?<«, «?2pK®!Kfttttt i‘*s* if & ftZo m#©%As 
feSIts RJR L fcftx * * ^+'-fcggi-*- S feffl i L TStitiri' Z AK @
ft*®issiis ftx*4,*--*asfc^fts, i'*M«i5*ssftais#*tioi lt 
ipjffl S hr v -5= d n 6, ®5>WT-ti. flnltt® ® 3 tt £'*■ ^ *>« 0 ©W*4 *>**«**' t>

-^s fttt8?aM#ii*;fij;B ufc* t>-»w<£ffl&ffl-o K*i»«jfeas* s jK ##6 L
oil, y v 3 y % & # 6 6 LA#%##T*5o *B#%©#6s ###

#C^#%$s i otl'j, L »> L.
@ K:+. Mtt®SS Ss Rft«»ffl*S tt ifs #a»*4®«ft

«^¥»®ffift#-eii> ftRJRi@SCittVT%£ L ftSW6>'^aiSi#K J; 9 K 24 $ |SJ 
91 o 3§ &hs a>\ *BS?6-e(i^a;aiS6$«vy:^4LftSi^i.')a>i;iii6it4 
c6%<mom#3>>'$isx/j*£±ifst8ft*-fyi'iS4. wastcnsaLi 
IfSfci&Ctts e * ® ti-TESlt®$a<bl4 -6 6 JE-h6l41.Cs i? I>J 3: o ft # ?B2
isiotgis^gtittii, L4>i, & < ®w8sa*®E%iix #e?©*^m#s *5
V It X fc" y 3 — h il.'ofc$ST-f',''( X It L T V 5 ft K>s # # M C T t ^ 7 r X ttfflC

SiH'Sifibtiio
ftmm»#M©e?Eiq©-^©#B:6 LTs *»?iaK, ft*®®-4-•se^amis

S iti »* S h -6 SR tic £ 36 -< T .3; £> "F If 5 £ 8 »>'# x. JftS, SEC JR- 7 v -, yi9f%{aj 4, fl. 5> 
h 6 #s ioafrUff'l vt#i5is f-;i/ <) -7 - t£ if ®i##Jf-C li jg s ft: v £ jg
h h 50 f-oiT-s 4-b® y ° - 7 h -e its R»f i Lt-<yf K^Roiif. ^ y f K
O'-1) 7?xia?S?E|Sl®l«tlT«fflt5ciia#:, -'Ijnisil, $E*S
t.-tirftttS-LTte9s ECltfeiSe^iibTIfJLiiat), § 6* SR fit fj tt £ 6,
-5 TEfJ S & 5 C £ *£0*gc fs. 3 £.g*>h So T^P 5, Its feSH ft-® 3 £ffl V T C ffl
^s^-isVs g^#mm®ti's1,

2 fts sar ; / i®*1 IJ Fits taSttC)lttSM£'4'i, Sg£¥

Siiffi < §f% S hr te 9 s JE-hbC^&S-flfflTS 5j^Tt.C®SSI±> y -y nitit
lifts.

ITIi. e££-flj«£ L T»7>#?5g$T $ / »£&J* Ls |s|« * 3 V It S 

#©#%%% i /*. *5vi±^*sr 5 / i /»*-3ttifrft«s»««6*

-33-



6 3" f K£ SStJ.
C0¥fti!#2stinif, j6«s8ase'jan®7E • s?t®> ; / m

-<yf KffljSffl t> Wf# s ns»

e(tk. ¥js4^®®gfj£*s*£e-4-a>\ vi$4^gf4 7fc. nTmmzfti-z^y?- k 

®s aaas£-*!aae*ff»®#35«5T 5 /®0^fiRSffiosea:tgat lfco s*. a 
i'se*tLri^ . K«®s®atR, ks*®^S6zss#Xs x ? t

! = T'J 'J JififJIA'CiClfc, J?7) mejg 14s X ^

T V y®*1S^-o®^S®TI4 SA4:«$ig6LTfol3, 5?SS®i8tRlc 4; 9. RjRjftg 

^ 14 u to > 8«HtsSi?ci4fr*Jo 4^S«> x ? r y y e-Afe^g&s%28 7$ 

/K&Jffi&OWfiis Ti/ifllliSJ 8* x :? 7 y V n8«®lSSjfKiCL

fco

2. 9f%fi8& tftSS
i.**6*®as
#35«t r 5 / EfeSefliffl tSa?7'J V ■> a fe $ £ ig 4; 4: » k. ic o v

Ts *EE3Z*^®-h®5t;4ltaiJ$^fifclI L7l„

8119^7) V 9 A63t £<£ vs *$S«Sl4<kyT85®J:9f4aeS®T'^''fx 
£ft5RU ?y?4fy/'nyyfy^iitgiU aa-S£E«ttSfflSlfcb

Squarylium 
/ dye

PMet

glass plate
Fig. 1

n

^©Sit<Dx r-y Ltj^o
^7'JH AfeS OslTT- v y M t; ^ t V V 9 a g» s £ B§ iho ) yy'jvcp
T(t —#s U o. o i 7%. EDftJt (±2. ov) in 20
0 0
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O'

Fig. 2

/CH3
N
\
ch3

c (DmfeVUMz b, I B Ms X^y yoi^f X y T V V
o t ^ *20

2.#^3*7 ; / \%
T - V y E x y 7 V V $ / E£J&©/c*b (c, TfB®£$

;l/- h ^iLX tZo

Scheme 1

H
R-Nr̂C02 Bzl

la R=C02tBu 
lb R=C02CH2Ph

Tos-Cl

pyridine
X

OTos

n-n 0O2-Bzl 

2a.2b

it Jlf&r i / wt £ 7* if >f y 1* -5 ± *c # x. tz c t a, ko'n y -y y
tHttfttt u J: 5 3 ck 9 (c, T ; / bfeSSK# £ T
©gggf tbKitfeofco ^ y -y y x - <D ffiHti&sg ^ ^
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(D fclg-te 'J y <D b is juit
7 i y B o cXliZT'^Il^L --b'J y © -? y ;l/ x x ^ . ( 1 a o r 1 b ) &,

h y Jlsic £10 h y ^ it L (]R# 6 0-6 5 %) N ZtlVtlB o c - X tt Z
— Ser (OTos) — Bzl ( 2 a o r 2b) & f# 7t0 7 -tr $ 4k £2 Cl t

ICO V T hU

(D h - V ><b©!%fb
Boc-XliZ-Ser (OTos) - 0 B z 1 ( 2 a o r 2 b ) 

y £ © ;!x fi> (du @/r©#f4=^r#MLyc<k C 6 x i& SJ ® N - > -f 7V 7 - V y £ T> 5 0 

g C £ V ©Sg-eEJ£B#Hg£S < t 6 C tt\ JK$l!)40%t'Boc-XliSer - (N 

-y^;i/-N-y^-^T^y) - OBzi ( 3 a o r 3 b ) £ % 6 C t ifi ^ij o tzQ N -

y f- JU 7 - y y ©*tf£j>fc^ <h RRifiM < x £JSSK£i® < **-3 <hx giJ£fig«|#Sft So

^ yCx h y x f- ;i/ 7 $ y#©%mfig^$-t0A6 6x g#2 ©Tk^©^mg#(Cj:67'k K n

T 7 - ygf^#:©£j;g£SJL£,ft£ ck 9 T * -9 /Co

(3) T - V y m x ? 7 V V 9 LT^o^iKT ; / M ( 4_a_) ©^fig

Bo c-S e r (N-y^;l/-N-7j&-;l/7 ; / ) - 0 B z 1 (3a) t 1 - ( 4 - 

n, N-^y-f/i/7-yy) ^ 2 - l k n * y - 1 -yyny^y-dx 4 - -y * y (5_) 

£ ©EJ&ttx ^T'J
£ /Co ]R$©fi^^FD1iiLTi5^ C ftliftttW#®®# & * i tmtotLZo 7 ; y 
SHS!eS<dEM> ^^Mi7^'jy©ll^|iK^:J:!3, ^ 4> li & # £ ft 3 b © ck 
W ft ft 6 o

3 . t t &
m* <o x y 7 y y 7 a a c £ ic x yN * oytm^^^hmo

ii^^bx yt • x'f r ©## ic, r - y y 32 © x y r y y 7 a

AtKii:L/;0 t/c. 7 - V y 32 x y r y y 7 a s £ $J E <k Ltjto|A^7 ; y 

E^x -fe y Z&foir zij&zmiLL tzQ

4. HH©E

Boc — Ser (OTos) — OBzl (2a)

Boc-Ser-OBzl ( 1 a ) 7 g (23. 7 m m o 1 ) i f'J ^ y 1 4 g ©I^ 

%(C. #7k#T#4khy/l/4. 7 4 g (24. 9 mmo 1 ) $ 2 0 ^i‘IKt9:At-So S 

A#x 1ST l b#RB«# So ^yooyyyr#
ffi-T 3o * b IC 1 Nism? 2 0N 7k T- i Lx a»v y'4; y y A-cffcflu METrS
iLx y- 4" £ ti&JsL&'VWLf&ir Z tWlitir Z (D-c^ ‘^y7nt;n-f
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VI/ 7 0 m 1 £ fln X. x Z c t KX «9x {t&W.J (2a) £ f# tz ( 6 . 5 1 g,

6 1. 1 %) o

mp:91. 6-92.8°C

1 H NMR(CDC13) : 5 7. 7(m, 2H). 7. 3-7.4(m, 7H), 5. 3(brd, 1H), 5. 2(d, J = 12. 2Hz. 1H).

5.l(d, J=12. 2Hz, 1H). 4. 5(brd, 1H), 4.4(dd, 1=2.9, 10.0, 1H).

4, 3 (dd, 1 = 3.2, 10.0. 1H). 2.4(s, 3H), 1.4(s. 9H)

IR(KBr):cm"1 1753, 1695, 1598

elera. anal. :ca1d. as C22H27NO7S H.6.05; C, 5 8. 7 8; N, 3. 12 

found H, 6. 07 ; C, 58. 51; N, 3. 18

Z-Ser (OTos) - OBzl (2b)

Z-Ser-OBzl (lb) 7 g (21. 3mmol) ^ b" V ^ y 1 2 . 7 3 g (DM

h W 4 . 25 g (22. 3mmo 1) £ 1 0 ft If T At Z> Q

f6 5o ^IUNlilT'2 0^ 7j< *C 1 IeI ^ L > ##7/3 y 9 A T E ~F T

%## Lx vi/^%^#6o c nzmur-fomt z tmitt & * 4 v y n t- w x -

t VI/ 7 0ml £ A , & ( 2 b ) & f# f: ( 6 . 6 0 g,

6 4. 1 %) o

mp:72.7-74.8°C

!H NMR(CDCl3): 5 7. 7(m, 2H); 7. 3-7. 4(m, 12H), 5. 6(brd, 1 = 7.8Hz, 1H),

5. 0-5. 2(m, 4H), 4.6(brd, 1 = 7. 8Hz, 1H). 4.4-4.6 (dd. 1 = 3, 10Hz, 1H),

4. 3-4. 4 (dd, 1 = 3. 10Hz, 1H), 2. 4(s, 3H)

IR (KBr):cm- 1 1 74 5, 1 6 8 9, 1 5 9 7

elem. anal. : cald. as C25H25NO7S H.5.21; C, 6 2. 10; N, 2. 90 

found H, 5. 29 ; C,61. 99; N,2.92

Boc-Ser (N-7f;l/-N-7x^vl/7;7) - OBzl (3a)

Boc — Ser (OTos) — OBzl (2a) 2 g (4. 4 5 m m o 1 ) iN-^f

vl/7 - y y 4 . 7 7 g (44. 5 m m o 1) © S £ £ 5 0 $ © * 4 vl/ />? X ± T 1 8

Ml* So M#T8L «ETTfi*J© N - * * VI/ r - & < c £ tc j; Hffife©

*4 % & 14 Z o c fi £ y ? n n ^ ? y ic iS ^ L, 7k L > 7 y y <7 A L.
^ETTMih -Bo y 7*d b^vx-fvHcg^L, + f y^lit

£ ij y y-y 3 y u ^^ntzmmz c t tzx vs mz

i- 5 * 4 JU&mZo cniCn/s + fy^^Di, L K h < M W L * 6 C

6 (C j; (9 , ( 3_a_) ^f#/c0 (0. 6 5 g, 3 8. 0 %)

mp:72-77°C
1 H NMR (CDC1 3) : <5 7. 2-7. 4 (m, 7H), 6. 7(m, 3H), 5. l(brd, 1 = 12. 2Hz, 2H),

5. 2(brd, 1 = 12. 2Hz, 1H), 4. 6 (m, 1H), 3.8(m, 1H), 3. 7 (m, 1H),

2 9 (s, 3H), 1. 4 (s, 9H)

IR(KBr):cm"1 1755, 1693, 1606
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elem. anal. :ca1d. as C22H28N2O4 H,7.34 ; C, 6 8.7 3; N,7. 29;

found H,7.24; C. 6 7.9 9 ; N.7. 13;

Z-Ser - OBzl (3b)

Z-Ser (OTos)-OBzl (2b) 1. 6 5 g ( 3 . 41mmol) £N-> 

7 ju 7 - V y 5. 3 6 g (5 Ommo 1) 5 5B#f0^O

SSfetSo ^ETTiS^JON-^^A/T-V y£|&< C £ tc =k 9 x Utife©*

4 h 7' 7 7 >f — ('>')!] ¥ JV, 7 n □ * A ) (c
<fc D 5 C (h (C !P , ( 3_b_) *%iZo ( 0 . 6 2 g, 4 3. 4 %)

m p; 0 i 1

1 H NMR(CDC13): 6 7. 2-7.4(m,12H), 6. 7(m, 3H). 5. 3-5. 4(brd, 1H), 5. 0-5. 2(m, 4H).

4. 7(m, 1H). 3.7-3.8 (m, 2H). 2. 9(s, 3H)

IR(KBr):cm"1 1722, 1601

elem. anal. :ca1d. as C25H26N2O4 H,6. 26; C. 71. 7 5; N.6.69;
found H, 6.24; C, 70.21; N, 6. 62;

7~'J y m % ? T V V 9 A ; S & (4 a) A 5%

Bo c-S e r (N-7^;l/-N-7^-;i/7 ; / ) - O B z 1 (3a) 0 . 0 1 5 g 

(0. 3 m m o 1 ) N 1— (4— N, N — 2 — b K n + — 1— is

7'7^-3^ 4-^^-y (5_) 0. 0 6 5 g ( 0 . 3mmol)£n7'7/-^15

ml 1 5 m 1 CDS^-rSS (C Xx 1 1 0 ^ <D Jr 4 ^ '< X ± V 1 7

£&6o Kjo^T#x #ETT## Lx £1 $ £ * 7 a 7 n -7 h 7' 7 7 4 - T'llilt 6 
C d: (c j; D x ik£W (4_a_) ( 1 0 m g, 5. 7%)

1H NMR(CDC13)(Fig. 3) : 5 8. 4(d, J = 9.3Hz, 2H), 8. 3-8.4(d, J = 9.0Hz, 2H),

7.4 (m, 3H), 7. 3 (m, 2H), 6.8(m, 4H). 5. 2-5. 3(brd, 1H),

5.1-5. 2(d, 1H). 5.0-5.1 (d, 1H), 4.6 (m, 1H),

3.8-3. 9(m, 2H), 3.2(s, 6H), 3.l(s, 3H), 1.4(s, 9H)

IR(KBr):cm"1 1716, 1701, 1587 

A max(CHCI3)(Fig. 4) : 6 5 6nm

1. (a) Huang, Songyu et al.,

(b) Huang, Songyu et al.,

(c) V. Y. Merritt, IBM J.

(d) D. L. Morel et al. , J

(e) D. L. Morel et al. , J

Huadong Huagong Xueyuan Xuebao, 12(6),745(1986). 

Wuli Huaxue Xuebao, 4(3), 314(1988).

Res. Dev., 22(4), 353(1987).

Phys. Chem., 88(5), 923(1984).

Phys. Chem., 88(5), 934(1984).

2. (a) Masahiko Sisido et al., J. Am. Chem. Soc., 105(4), 1041(1983).



(b) Masahiko Sisido et a 1. ,, J. Am. Chem. Soc., 105(12), 4077(1983)

(c) Masahiko Sisido et a 1. ,, Macromolecules, 18(5), 882(1985).
(d) Masahiko Sisido et a 1. , Macromolecules, 19(8), 2187(1986).
(e) Masahiko S i s i do, Macromolecules 22(8), 3280(1989).

(f) Masahiko Sisido et a 1. , J. Am. Chem. Soc., 111(17), 6790(1989)

(g) Masahiko Sisido et a 1. , Macromolecules, 23(6). 1665(1990).

(h) Masahiko Sisido et al. , J. Phys. Chem., 94(7). 2734(1990).

(i) Masahiko Sisido et al. , J. Phys. Chem., 94(16),, 6237(1990).

(j) Masahiko Sisido et a 1. . J. Phys. Chem., 95(9). 3847(1991).
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Fig. 3. XH NMR (4a:CDCl3)
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2. Bi 581*185. VISE 

2 - 1. E 581*18 

(Sfi-irTrii)

®7‘7 7 7-f 7SJ£ffl©Sit

(i) ±3.9 y rtf m ftM®i (sph) fflpu
®61§*S*1 5> 7 7U» V jtttti b & 7 > 7\- 7 M (10 g) %x 0.04 N HCI (1,000 

ml) 7?SS8?b&1£, a-7''>> (150 mg) 4 CTCTx 2 0~2 4BIW

iDTk^MU %T\7Rlv-7--?###. iISfgSb&o
(i i ) A 7" I- 7 £: V -Y 1->©»@?tl©PS3
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© 7‘n 717 --tf ffi 14 © fJ ^
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S^Jl OWc (fefc jtlfs No. 1, 2, 4, 8,

1 5, 1 7, 1 8, 2 1, 2 6, 2 7*if) ©SM**iJ4®fc bTffit/'fe** h L> 

777J; 9 =bk:S:Ktb®ffi%Sb£u ::ii4®ltt0tlf?®itt, -fey 77 

®ife?isS7i;ifli?t'JX 77n7s 7' V 7 7 « i: ic5$ v Etott 

f t)©fc%^.

2-2-©. !)#5£©7A77 Ft^-fSttUS 

A-77 F^EHJ$:fcto7kfl-®SEfcttE?S©EEk bT<k < 9s f

© USE K 8 it 3 *m$#t$i: < S 6 z. t & k> ^ T1'6„ 7 z
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#07 SK£:7 a$7'a77 F (7n V 7l/-7n V 7s 7*71-7 5;l/-7>7 5.7 

Ks 77rui/-79a7«i:) %S$W 7ti 6©i686$&#T (0.3 M) Cfc’it

6s m^6*m©mA&6b(4^##li:%4.6ti6A77F&Am7 6m#&m 

##%:. ts&s W$aC'OVTt4t#M'4lT$ 9s <&#s 7ti6©$S$6®$4.TB 

B(liC*4£7@#©S$%ff 6 7$7S6o

3. JtS)

7k$T@tifeA77 F B%@0"

SjRSBSbs

1) B69@©^S©i^Sk bTs KMSlSt bfla^hr b 575X

7'(7SESfStibteo 7©JSEt4fflV6S*Klis Elites#-6*6iti b & 7 7 

7x-7K%A7-7 7 7)lm7k^®bTE$ib te$5i)S©A77 F?S£tl#iSil7&^ 

fe o

2) ±#k 9ttSf b&Stti: 7^7*71-7* 1 0 0 0#%%%Ks

7 7771 7SE^KS» 6 ft 6SSJg©igftJJISt* B mz B l$SHit£MM©-<7 

77 V-n77*£fTVs i$S®E7©3$V2

3) 7 5. 7#@gZ(:#@t&#7 6 7 77\7%E)!t7 6tt#7l&#J^b6i: 7 6s 

b7t7Ett7tts 79 7-77Ci4 1 1 #s -fe 9 77Ett 1 2»©M»©£It 

6 81#** k < ftffl b fe„

4) 7a 9 7^7*71-7 5 7m%^#%©7 5 7®#> 6*3£fiS7A77 F 

b T^a7%$7a#%###6. *fc's l¥SBCa)VTi41tltcF,76 6.
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Action of various enzymes (150 U/ml) on SPH

Reaction time (h)

.......— o<-chymotrypsin
----- #----  No. 10
-----*---- No.7
-----o----  No. 6
-----■---- No.9
-----d---- No. 11
-----&---- No.12

Reaction time (h)

.......Eh— ^-chymotrypsin
----- •----- No. 25
-----6---- No.22
-----•----- No.20
-----■---- No.23
-----d---- No.19
-----*---- No.24
-----A---- No.13

@i.Aaf(sph) u 5 ouwco#
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Action of various enzymes (lOOU/ml) on SPH

.--ii -

Reaction time (h)

.......o-— o(-chymotrypsin

-----•----- No.3
-----a---- No. 16
-----o----- No.4
-----■---- No.l

Action of various enzymes (75 U/ml) on SPH

Reaction time (h)

...... Q-— cA-chymotrypsin
-----•----- No. 25
-----a---- No. 26
-----0----  No.18

@2.ASj'V/(SPH) OOOUUkTSUWO*)
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Action of various enzymes (50U/ml) on SPH

Reaction time (h)

......o...... d -chymotrypsin

-----•----- No. 2
-----&---- No. 8

Action of various enzymes (25 U/ml) on SPH

Reaction time (h)

-----o----  No.17
----- •----- No.15
----- a-----  (/-chymotrypsin
----- 0----- No.5

03.(SPH) (5 OUinJt 2 SttioS)
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Action of various enzymes (12.5 U/ml) on SPH

Reaction time (h)

*3---- No.27
— oVchymotrypsin

---- No.14
*----  No.21

H 4. yi yftWtkj (s p h) iztff 6##^ (i2 •5 Ukn](7)^
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A .
lane A 6&o

1; ?-/j-
2; SPH 0.5
3; ?51V7' 77 47.7
4; No. 1 22.6
5; No. 2 27.3
6; No. 3 34.3
7; No.4 24.3
8; No.5 27.5
9; No. 6 26.1

10; No.7 32.6
11; No.8 14.9
12; No.9 37.7

(KDa) 1 2 3 4 5 6 7 8 9 10 11 12

B .
lane Ae eo

1; SPH 0.. 5
2; V7' 77 47,.7
3; 7-7] -
4; No. 10 C

O .5
5; No. 11 27.,5
6; No. 12 32.,0
7; No. 13 30..3
8; No. 14 3.,7
9; No. 15 30.,3

10; No. 16 25..3
11; No. 17 37..4
12; No. 18 23., 1

C .
lane A 6 eo

1; SPH 0.,5
2; %fM7' 77 47..7
3; No.19 26., 5
4; No.20 38..9
5; No.21 2., 5
6; No.22 74.,7
7; No.23 24. 0
8; No. 24 22.,0
9; No.25 46.,0

10; No.26 43..3
11; No.27 22. 5
12; 7~f]~

1 2 3 4 5 6 7 8 9 10 11 12

15. s D Stt^,yc|i$iz
Molecular Markers : 97.4 kDa (phosphorylase b), 55.4 kDa (glutamate dehydrogenase)

36.5 kDa (lactate dehydrogenase), 20.1 kDa(trypsin inhibitor)
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m i ■ yB.mmfewwv&.m.'r%mm m%&wr
mm) CJ;57*9X^-f>^S§14fcJMMO 
43-^irfflBB® C-^^47 V-->y)

M # A660 
(4 hr)

PA
(U/ml)

A660
PA

No. 1 0.38 100 0.0038
N o . 2 0.17 50 0.0034
No. 3 5.48 100 0.0548
N o . 4 1.7 100 0.017
No. 5 0.29 25 0.012
No. 6 11.3 150 0.075
No. 7 13.6 150 0.090
No. 8 0.13 50 0.0026
No. 9 2.0 150 0.013
No. 10 20 150 0.13
No. 1 1 12.7 150 0.084
No . 1 2 9.1 150 0.060
No. 13 1.0 150 0.006
No. 14 1.1 0 —
No. 15 9.7 25 0.38
No. 1 6 16.9 75 0.225
No. 1 7 19.6 25 0.784
No. 1 8 0.23 75 0.003
No. 19 15.1 150 0.10
No. 20 10.4 150 0.069
N o . 2 1 0 12.5 0
No. 22 17.7 150 0.118
No. 23 10.8 150 0.072
No. 24 9.1 150 0.060
No. 25 20.0 75 0.27
No. 26 24.2 75 0.32
No. 27 3.1 12.5 0.25

23.8 150 0.158
17.4 100 0.174
11.0 75 0.147
1.5 50 0.030
0.13 25 0.005
0 12.5 0

PA : s^j-if4Aeee: iSJSoiifln (4Hire)
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SB PA
(U/ml)

A.660
PA

ii^y [-NH2] 
(yg/ml)

No. 1 235 0.0038 192
No. 2 125 0.0034 160
No. 3 251 0.0548 151
N 0 . 4 228 0.017 202
No. 5 66 0.012 92
No. 6 678 0.075 233
No. 7 414 0.090 155
No. 8 94 0.0026 266
No. 9 9550 0.013 198
No. 1 0 300 0.13 90
No. 1 1 506 0.084 158
No. 1 2 365 0.060 152
No. 1 3 769 0.006 170
No . 1 4 0 — 30
No. 1 5 68 0.38 63
No. 1 6 222 0.225 257
No. 1 7 50 0.784 79
No. 18 159 0.003 109
No. 1 9 483 0.10 188
No. 20 374 0.069 91
No . 2 1 30 0 155
No. 22 760 0.118 89
No. 23 1262 0.072 186
No. 24 630 0.060 232
No. 25 600 0.27 213
No. 26 184 0.32 220
No. 27 23 0.25 138

V7"i/> 2100 52
75 0.147

PA : As60 : SSOigiJD (4Btr=1)
if 9T Cx [ —NH2] : £M\jtz75yXl (.u g/m 1 )
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3.JlV *-tr A y 5Sy 7- >ftMJj 17=7 X=r
ay&fmvttomvk (-&:*? v-~>y)

■ % As 6 0
PA

if [ —NHg]
PA

N o . 1 0.0038 0.817
N o . 2 0.0034 1.28
No. 3 0.0548 0.601
N o . 4 0.017 0.885
No. 5 0.012 1.39
N o . 6 0.075 0.344
N o . 7 0.090 0.374
N o . 8 0.0026 2.83
N o. 9 0.013 0.021
N o . 1 0 0.13 0.30
N o. 1 1 0.084 0.312
N o. 1 2 0.060 0.416
N o. 1 3 0.006 0.221
N o . 1 4 — —

No. 1 5 0.38 0.926
N o. 1 6 0.225 1.15
N o . 1 7 0.784 1.58
No. 1 8 0.003 0.685
N o . 1 9 0.10 0.390
No. 20 0.069 0.243
N o . 2 1 0 5.16
N o . 22 0.118 0.117
No. 23 . 0.072 0.147
N o . 24 0.060 0.368
N o. 25 0.27 0.355
No. 26 0.32 1.19
N o . 27 0.25 5.99

**h'J7yy 0.147 0.025

PA : a660 : iigotgin (4%m
Azy^f-y [ —NHa] : %$ibfz7 5. ASM (u gZm 1 )
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4. -r % mm e
iS^'J(“ft*? v-->?■)

E # PA
(U/ml)

A660
PA

Jf')7Vy C — NHe 3
(yg/ml)

No. 1 235 0.0038 254
No. 2 125 0.0034 219
No. 3 251 0.0548 167
N o . 4 228 0.017 265
No. 5 66 0.012 75
No. 6 678 0.075 247
No. 7 414 0.090 212
No. 8 94 0.0026 357
No. 9 9550 0.013 124
No. 10 300 0.13 90
No. 11 506 0.084 114
No. 12 365 0.060 179
No. 13 769 0.006 198
No. 14 0 — 8
No. 1 5 68 0.38 62
No. 16 222 0.225 202
No. 17 50 0.784 84
No. 1 8 159 0.003 150
No. 19 483 0.10 77
No. 20 374 0.069 115
No. 2 1 30 0 129
No. 22 760 0.118 93
No. 23 1262 0.072 211
No. 24 630 0.060 276
No. 25 600 0.27 185
No. 26 184 0.32 181
No. 27 23 0.25 95

h yyyy 2100 32
75 0.147

PA : A660 : igjgffllgjto (4m)
V')?yy [—NH2] :&l$vfe7 5:yss (vg/ml)
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^jy^msutomm c^x->v-->»')

m A660
PA

9') yvy [—NHz]
PA

N o . 1 0.0038 1.08
N o . 2 0.0034 1.75
N o. 3 0.0548 0.665
N o . 4 0.017 1.16
N o . 5 0.012 1.14
N o . 6 0.075 0.364
No. 7 0.090 0.512
N o . 8 0.0026 3.80
N o . 9 0.013 0.013
N o . 1 0 0.13 0.30
N o . 1 1 0.084 0.225
N o . 1 2 0.060 0.490
N o . 1 3 0.006 0.257
N o . 1 4 — —

N o . 1 5 0.38 0.911
N o . 1 6 0.225 0.910
N o. 1 7 0.784 1.68
N o . 1 8 0.003 0.943
N o . 1 9 0.10 0.159
N o . 20 0.069 0.307
N o . 2 1 0 4.3
N o . 22 0.118 0.122
N o . 23 0.072 0.167
N o . 24 0.060 0.438
N o . 25 0.27 0.308
N o . 26 0.32 0.984
N o . 27 0.25 4.13

jrt h 'jyyy 0.147 0.015

PA: A660 :iiScot|to (4m)
V'}7Vy C-NHa] :Mlfe7i;ii((ig/ml)
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e. 7*7z?jyj5.fcmfewm<D!km-r%wm k

@ # PA
(U/ml)

Aeee
PA

•b'Ji/y C —NHa] 
(/Ug/ml)

No. 1 235 0.0038 266
No. 2 125 0.0034 203
No. 3 251 0.0548 193
N o. 4 228 0.017 271
No. 5 66 0.012 45
No. 6 678 0.075 311
No. 7 414 0.090 220
No. 8 94 0.0026 309
No. 9 9550 0.013 163
No. 1 0 300 0.13 100
No. 1 1 506 0.084 218
No. 12 365 0.060 166
No. 13 769 0.006 157
No. 14 0 — 38
No. 15 68 0.38 87
No. 1 6 222 0.225 218
No. 1 7 50 0.784 108
No. 1 8 159 0.003 180
No. 19 483 0.10 209
No. 20 374 0.069 132
No. 2 1 30 0 97
No. 22 760 0.118 69
No. 23 1262 0.072 256
No. 24 630 0.060 342
No. 25 600 0.27 160
No. 26 184 0.32 208
No. 27 23 0.25 144

2100 32
75 0.147

PA : a660 : ®jg©i|Sn (4#M)
■feV'» c—NHz] : ±EUfc7 5y$S (yg/ml)
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=S7. *-tf a yftMismzft-? §-bv yy^wntAr*?^
A y£f&SttfcfflBa® (-tfa» y - - y>T)

@ w As60
PA

'fcVi/y [ —NHg]
PA

N 0 . 1 0.0038 1.13
N 0 . 2 0.0034 1.62
N 0 . 3 0.0548 0.769
N 0 . 4 0.017 1.19
N o. 5 0.012 0.682
N 0 . 6 0.075 0.459
N 0 . 7 0.090 0.531
N o. 8 0.0026 3.29
N 0 . 9 0.013 0.017
N 0 . 1 0 0.13 0.333
N 0 . 1 1 0.084 0.430
N 0 . 1 2 0.060 0.455
N 0 . 1 3 0.006 0.204
N 0 . 1 4 — —
N 0 . 1 5 0.38 1.28
N 0 . 1 6 0.225 0.982
N 0 . 1 7 0.784 2.16
N 0 . 1 8 0.003 1.13
N o. 1 9 0.10 0.432
N 0 . 20 0.069 0.353
N o. 2 1 0 3.23
N 0 . 22 0.118 0.091
N 0 . 23 0.072 0.203
N 0 . 24 0.060 0.543
N 0 . 25 0.27 0.266
N 0 . 26 0.32 1.13
N 0 . 27 0.25 6.26

0.147 0.015

PA : 5A^#-fe*y Aesa: iiscotgin (4Bff9)
tvy> [—NHa] :Mbfe7SyiS(/ig/mI)
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3 . $ 6 36

# 3% T # . K £ S x C
<D 7 u i? x 7 —
B % 6 L , *stmi'i£'fm'<77 K £ IX 9 ± tf x «fiO*#S^^7
^ -> A # #: (c Z D * & £M? E ££ E T £ 5 7 V ̂  ^ 4- '> 7 Jl # - ;b S
^#AL^7;/#m##:^^^f5C:6^-e#/:o C 0 # # #: (i 7 
V ;i/ ^ * ;i/ — ;i/ > 7 ^ ± 's ju N t - 7 h + 7 ft ji ~ ;u M (- J;
D##07k#S, # ;u ** * '> ;U g x 73 / g& #ELT&6<D"e. ^
n^no^ES^iiiRto^sa^E'es z> tz & ^ 7 ?- K A ^ *c (i # ^ c

Ltl'<f$f^o
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HO COOH AcO OAc

AcNH AcNH

/V-Acetylneuraminic acid(1)

COOMe

HCI

CH3COCI 
(98.4 %)

AcO Cl

COOMe
CH3COSK

ch2ci2

(93.1 %)

3

AcO COOMe AcO COOMe

HO-(CH2)2-NH-Boc (10) 

DMTST, molecular sieves 3A 

78.4%

mi
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AcO COOMe

AcNH

1) NaOH/MeOH

2) NaOH
98.5 %

1) GS2GOg

2) ally! bromide

3) Aloc-CI, DMAP

80.4 %

AlocO
AlocO

AlocO 
AcNH ,

AlocO

COOCH2CH=CH2 

O^ / 0(CH2)2NH-Boc

8

1) TFA
2) HCI/dioxane  
3) Boc-Asp(OH)-OPac (11) 

WSCD, HOBt

68%

AlocO
AlocO

AlocO 
AcNH

AlocO

COOCH2CH=CH2 

/ '0(CH2)2NH

Boc-Asp-OPac

El 3
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HO-(CH2)-NH2
(Boc)20

* HO-(CH2)-NH-Boc 
10

Boc-Asp(0-tBu)-OH
Pac-Br

Boc-Asp(0-tBu)-OPac

TFA (Boc)20
H-Asp(OH)-OPac ----------------

Boc-Asp (OH)-OPac 
11

04
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AlocO
AlocO

AlocO 
AcNH

AlocO

COOCH2CH=CH2 

O^ / '0(CH2)2NH

Boc-Asp-OPac

NaOCH3

NaOH

COOH

H-Asp-OH

neuraminidase

@5
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AlocO
AlocO

COOCH2CH=CH2 

/ 0(CH2)2NH
AlocO

AcNH ai . 
AlocO Boc-Asp-OPac

Zn/AcOH

AlocO
AlocO.

AlocO
AcNH

AlocO Boc-Asp-OH

@6
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270 MHz 1H-NMR Spectrum (CDCI3)
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270 MHz 1H-NMR Spectrum (CDCI3)
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270 MHz 1H-NMR Spectrum (CDCI3)
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270 MHz 1H-NMR Spectrum (D20)
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270 MHz 1H-NMR Spectrum (CDCI3)

AlocO COOCH2CH=CH2
AIoc0\-^Y^7~~^0// 0(CH2)2NH-Boc 

Ac
AlocO

IS. )"be. >I3a.



270 MHz 1H-NMR Spectrum (CDCI3)

AlocO COOCH2CH=CH2
A|0C°'Xn^^>Vv£ '^T' ~ ^0*^^^Vs'o(ch2)2nh

AcNHI

AlocO Boc-Asp-OPac

l-ll



270 MHz 1H-NMR Spectrum (CDCI3)

Boc-Asp(OH)-OPac ctjd-i,



270 MHz 1H-NMR Spectrum (CDCI3)
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270 MHz 1H-NMR Spectrum (CDCI3)

AlocO
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AcNH
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a. Mmvmmwizi: zw3zf$.%

1. id s

j/rftb JfS If HU IB T-illl i* © iS Pf ft (Greenhouse effect) /;>' $1 %i ic IH1 

t>tl TV'S, t(6 $ 8 I® ft © ft & J5i B tt, ffi $ $ A tt 5E © S ,i$ * x * 

;f -¥ - iff ft © j@ /in ic ft-1\ A a © ic i# in $ n it x m © - ne ft i& m t

^ X b tl T f' 5. * IS, © © r. Bg ft K X © iS 6 (± E HIC ft DM . 3 ~ 1. 5

ppm© m 6?% /ju u/jo, wm % is b ^ ii n ia, w ft im« © ft @ r? 

ic * 8 * & it« % t 6 r b # x e> n t t' s.1 >J > ft © *t ic -o t' x ia, 

* £ tc x % ft ¥ - RSI ffl b b ft # # © ft f\ 5 f\ 6 # W £ ft T f\ 5. C

© - fig ft m m iiu a © a © fin & w is m ia, ft s?«11 w » © ?ii ?■? & uu x

s o b ic tb s„ t & *'* -p r, * x © ft =jf* - © m a -?>, j^icifiti 

x X- ft * - © fit! /II tf®l a tt e © mi % *>• iskss; fcttf i*

ft 6 & lx b # b, ft ti ?? 69 ic S 6 © $$ ifi fiK 1 8 IA fe m ft, X $

ft ¥ - iff ft © XT li m if 5> ft & lx b fe ** 7 t, # X * ;t jf* - ^ ft

8 x * ft df - DU % © it il b b 6 ic, it ft £ ft fe r. fig ft 1% m £ 0 UX b,

B & ft ft 8 5 1$ E ft' S®ft»*ffl--5t ITlSlcftot < 5„ * 

fe, tt J$ 8 @ ft © » ft * <, PS 0 <fc 5RI«IffliS b fi 5 11* /a 

e.t) = sgftKjR«mRbSfi]ffl4^iSbbia, Ai©4#ict^ 

r © nj ft © is a -r- & s„

r. fig ft m m © 68 & ft © -T- ® b ItlW 69 B )al ft ( ® # Iffi ^ © Iff E 

» b ) , ft# 69 a 3 ft, ft # 69 a 3: ft % b' U 6 u 5 » fe i& ^# ^ £ ft 

T V' So C © 5 fe ft ¥ 69 & H $ is b b T 5Ub 69 & @ 5E ft ,3 ’ -61
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/?>%Zf©{b3'#l%^GBTg3oI#'K#lRI#g:h,-CI,\3. 141 151

-@{bKS©^toES7tJ5lStta; (l) ~ (5) r- m $ tt> £ 6 tc 

mffi%t-, f sit bT&Miti-?

*• III tt T f r 4-> ti T t> % ^ I (.- ^ -,)- ,|; -j iz © )Y;

to E tc J; 5 - $Mb S P6 © IS 5n E tS A* $B 6 $ ti T ia 3 6s,1512 6 ’ 271 

tL6,©*toEEl£©58iSttS©Tffi<, $ fefttoEffitt%£Kf3

CO]itl + H,Oui HCOOHii) + 1/20)
A G°?qS= 280 kJ/mol, E °= -1.45 eV (n = 2) (1)

C O 2<«, + H ,0 <d -* H C H O Mi + O ?
A G °?,8 = 502 kJ/mol. E °= -1.30 eV (n = 4) (2)

C 0 , <«. + 2 H 20 <,» C H3OH in + 3/2 Oj
A G °29s= 702 kJ/moL E °= -1.21 eV (n = 6) (3)

C O 2 <«> + 2 H 2O <1, -> C H 4 <s> + 2 O 2

A G °?9s = 813 kJ/mol, E °= -1.06 eV (n=8) (4)

C O 2 <«> -»• COui+1/20)
A G “),»= 257 kJ/mol, E °= -1.33 eV (n = 2) (5)

3 C T* * (iff fi T- li. «» *4 ^ IS lb ^ ? > t LT«4 ©###%©# 

# A* # 3 A 3 C tOlSf* 3. toE^#.#M^S{bf ^ > toE£Ji 

ut, z: gg <b @tS © * (c d: 3. @ 7c ES-S Bffl - S-4B % (c "Ut.K IS 

lb 1- ? y to m © ffi tt 43 J: tf,3 IS lb ^ m © *.tr <fc 3 % toE « tc E (S-© 

E fS »fS IC o I' T © #-# 5tt4165tLfe.
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—Mit&imomMJkmtt ,7>

* k* A!*(f e> ft 5 .'*> ,0> b A' U m sub ? eg» b $ ft ic & s * a$ ?

°r A r- $> l), i£, }S M 7k X ft T- ti 7k S S X /$ f 3 fc ti> © x ? ;v *"

- tm%&®tts®T-, %ic-r.»<#la-rsc 

aic»? v - >t-as«-$jijr\ aai-e«»

-4" £ A I * -s- /$ 3ti © - 68ft fits * B S ft K

ft 6 m !ffi 7J 3 Jffl t 4c 6 fc i.t & B. to ;tt .Ml ft ft

@#rbf^>%Kb©af5AMa@rb**^to*##m*Mft:fto 

a-> h* ¥ + -y y«±©x * ;k^ — 4rto-ft4i®rw-t s ###© 

mm?* < v b ) -eEft ( h+) i)\ eis res) t-s? ( e -)

tfilStS o C©ft-5!cUT*SB8bteS?hEfLto-SIUiS@(c 

1»LT, m?ttS5£EJSS, EfLti®ftS(S<£ec-r(01).d 

©iasitffllil 9 7 l ip (c * S- • S « 6 ft J: 9 BMb ? d2 > * $ T- 

to 7k © ft Jf ® # » A« H a $ ft X !>A * ,111 ftx * ;k ¥ - © ft ^ x * ;k 

f’-NffiflfflaT'aiSIblittlfrii; Ltis fevSJI ftff ft ft 

3 J: -5 ft 4c o fc „£ ip ft. >t ftliM to Wft tt7k k 4c ft (S ft-Tr A' S 

to7km#*rr#»#m^^^to(6mAi^/bft%o, m$rK7kf 

ro####roi%A^mmm#tom%Mm k ©Mme,— Bgft^x® 

ssft,.NoX'Soxf ffliifflfeftfflsaiiii; btiistiti' 

3„,2,-20,$ &, igft®*trro*;unft'?-r k^stksstot, 

yt-f ^©Y7^Y-i:t5btt-i?rr-r 

#6 iS $ ft, % # to a % 6 1‘ # to HJ E ft ft

# e,tl5.2,)-23’

^toissrHAfcAx^-s-fiBSto-Bsrb^SBsrbrowftiiS-^rT
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2. m*tns?

2-1 (Cu/TiOj(A) )

% % toE k -r 3 r. gg <b rn m © 7k t J; 5 S it S fS

li, * fig if Id <fc T 4 fig b £ * 4 k IE fL ti 2 U (c 4 R ± k ¥ m » to

m±.tiznts#Mu s »& -tM t'±r*^ti^tiji5Ets§ftsis 

4 Site; f 5 # A* a <b ft X H 3 „1 *’ SS JR k b T ft to E S IS © « * A5 ft

± -<)• 3 k k t) (c, IU « Utl'SIfitll W S5K 16 ta « 15 J; If 4 )$ #

© iM IK t£ © g 4 A* ig k 3 k k A* ^ ii $ *1 3= Mtbt, ffi 4 4 9 >

± 4 % 4 # © 8 4 & & E 4 3 k k 4 4 0 7k©*g-toMlS©#$AS|q|

it5C k A5 to 5 tl T H 3 „5 3 ’ 5 31

-75. SB t 4 > * & ti m n ffi £ to 11 fc -. sg lb $ 5R © ® Jn K16 4 P4

4 3 E % A* 8 #g 4 ff *> *i T U 3 „6 >4 91 SB S <$ 4 fll 11 fc 7k i§ E 4 X? ©

- gg <b J% 3f © S ic M tS T ti\ - 4 © 4 fiB 4 tt b

taattSSt: tS'SSSJUl'S.4”-#, C. u - Z n O 5S to 

E£ffifflbT©7<4 y - 4 -& fi£ K IS «, XiS5t:lSt-S5ffl»iS 

6 4\ N OxO#K

KlS ic * 11 T It C u/ZMS - 5 toE A'* J5S14 £S4 X k A* to 5 ti 

T U 3 c,57’ "59> k © 4 o 4SBtoEAi'M#4 3 EJSti^Sim&KlS A* 

S- <, $fc^«§-#6»toEk bT©#t£&&x>TH3„

# m b§ 4 4 4 > ± t- = ss ft %. m © 7k ic 4 3 it to e a n s is % tr n,

JRC-TI0-4toE£ ffl 11 4 4 ©SIS® 4 AS® i> n < * 3 k k £ M

n n b &. K ic 3 © JRC-Tio-4toE% Hit t b r SB 14 > &
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a3ff4WAroiifmmm 'uz wmMTiycoft&MW

T ® °-J c-y % 21 X(n ¥MWW Z (V) c O T JL / n o 9 £

°9 U 5 / £ 3 V1 # ¥) a Q$ ?/

> # a i ^ 4 ^ r °s 4K ^ r s
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a-q>$ vO $ c. °* <? a a> $ 2 .|L * 3 ;? i* 2 u £ fi!|) iw ^ 3?/ T, < 4 f
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-^q^Rri# ^a^^3JE^W¥G)^^q>50- 0)tiT (v) 6 o t x 

/no ( q :EHj£titi@i9£ ‘I o ui rf z L £ : Oc H ‘I oui77^s 

I :«oo)

< 4 * <2 o sr 3 2n% ar e i¥ w ¥ s r 3 * a) m w wm - '09 a T »* W 

(V)^OTX/no^imWQf ("ON) no '?) % j*j

c. sj% # # 09
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6*1 3. fllroffiffiSffl)® |c£ I'iT fct C u°(C J: %

3 A>\ iS ffl S « pfl «e Ic *3 l,' T tic 0#®#»tjSlcS^ kIEfL(OS$S 

■S'-y-'f h t s. *sas-3

1- Itl ft © $l«] maHtlCTUt l:t. ^ % (7) to n-t E ffl T" 35 3.

2-2 $8 t > fl it IS ibf ? y ME ( C u Z T i 0 2 ( B ) )

SftMEfc-TS-ISifciKXroTklciSiiftElS

IS it f- ? > ± © © SB -f it y © ifi if £ ^ T- ft o X ^ 3 As, $ S

f 3 8 E © 8 US A* *.» 3 c t ic J: •? T * -i * > © il it tt *J ifi %. it U

ft M E E IS © E IS flj S £ <£ tf a iR 1$ A< £ it 1" 3 -t 661$ A< + # ic # x

6 *1 3= A' A' 3 II i& <£ 0, CuCljiciiSSm'tCu/TiOi 

( B ) m E © IS S f <5 IV C u (NO,) >*SSJ:!)iiSlitCu 

/T i 0 ? (A) M E k © E IS tt £ J: 3 «14 © S O Ic o O T E It L 

fee

Cu/T i O 2 ( B ) ME±T--ISit^5R©7j<tCJ;3ftMEjl:ftE 

IS 4 <7 6 t. tiSMtt u/T i O, (A) ©ti-S- t H

I* ic y > A5 ± £ HR #1 £ b T i# 6 ti, S!l£6RlS!i:L"tC2 • C 34

m ti £ t> -f A> ic £ hr f 3 c £: AI» O fee li'U # =8 is it ^ ? > £

itfC u/T i Oj (A) ME©#Alcl±KA6*l%A^?fe, HffeAc 

£ HR £ b T y 5> y - ;i/ © £ ;* A* IS to 6 ti fee ^ y - > A$ ~ is it 

#t X © iS ft £ HR ISl k LTif6tlfet('-5 C tttffilATSSACC t T*

36 tb 16 ffl 69II £ A> 6 # « Ic i£ B £ ^ $ $S * T- 35 3 b # x 6 *l 3,

0 2 IC It, C u / T i O 2 ( B ) ME_tT-©ftMEjlftElS IC j; 3
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*9 y£*9 7 - » lc ft A ISftSliiffiieiSMb©!?# SS L

tl'5. (CO): 7 1 u m o 1, H 2 0 : 7 1 u m o 1, it « M D#

IflJ: 4 h ) Cu/T i O) (A) ©»^t MtSfc, « ffl f# © S (C It

^ T, * 9 y'te 1$ Jtt B t:t » © fll «f 1C ,t -> T W iM & to Z C £ It M z.

7 9 y £ rn « * (ft S?fflRfB0.3wt%©H# t g/h t * O fe„ 7

? 7 - ;i/ © 4 US, iK tt «\ ffll © ffl fir B % if ip $ -tt z z tlci D t@ ip u

$Hm#mo.3wt%© Cu/TiO,(B) Mi

7s© 7 * > 4 fig tcBS L X Ift C u / T i O , ( A ) © # A ^ m e % m

■i it y © & * a* 3f X. 6 ft Zo 7 9 J - )l © £ fiK tc M t T tft

SS-ti-fcti-6-(c©^.3;f$UT^5Chd:0 . A A > »s 7 t7 7 -;H 

/$+)■'( hkLT«IUTV'5Ck»s}i ill S#l5„Cft5CuZTiO) 

( A ) ft A ft Cu/T i 0 2 ( B ) Jill $1 |C ft It 3 iS $R tt © 3 U tft 

m T A > © ffi Rf tt ftl 43 J: ft $fl 7 A > © 1® 3S © « flg lc, A g < tic # L

T Vv 3 C A as $ ft 5, ( Cft5©B$0IICOVTIt2 - 6 1C T M

^ 5. )

•2-3 C u / T i O ) ( A ) £<tt/Cii/TiO;(B) ME 

±T©&RK#l#mi:%gftH)0©*Am©m@

@3tft SdiHtCu/TiO, (A) £ iff C u / T i 0 , 

( B ) % m i\ -ffi-fb^EroSAlS^ft^efttoStEfcoVNT-S:

£ L, II ) O © m A JB ® '& it ft -tt t $ It fe t g © 7 7 > ft A ft 7 A 7 

- )\ ©ifi8JRB©^(t L T & 3 = ( Cu/TiOa (A) :0.2wtx, C02: 12

4« nol,Cu/TI<MB) :0.3wt*,C0»:71 u. mol, it MM B#IH :4h) 0 \Z M 6>
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#3 ft 7 ft, H20©SX*^iito-r5k1 Cu/TiOj. (A)tt

m<Dm-s t« ^ ^ © s figiR * ^ cu/t io, ( b ) toisros-s-

ftli^?>;)3fttM^,J-ft©4fiKiKS*{i@in-f:5fti:£5IB5o ft 

<J> m tit kt. # K( (18 ft •/• 9 > ft * It 5 tit ( 3 - 1 - 3 ) t J; 0 fi U 

-|i SS L t i 0, $H -f A > fM f$ 6$ II: / ? > ± T- © ~ S8 ft Sc 36 © 7k

ft ft 5 a 7c g. is ic s u r «s * * a5 * s * © »i % * fe t r o 5 ft

& A<#6. HjOaSASroifiinftftD^t'ytSfttf^/'-ftro^fS 

1|X e 6s if A f 5 © tt, H20©),6fl-)SfilSftftO$l$T57k*7y* 

ft t; ft V o n 7 y A ft © It 1$ fit 6! fiS Ijii b , 7k & S. £ fttfou ffl « ft %

2-4 E SR$ffltxteS@'fftyfiSIStbAt,><i$!!S±©9l'f

C u ? + ft 6 li© H 20 ASftief 5 t, C. u? + ©.T*ft **-*(51* 

John-Teller ® Hi© £ © ft, T i s*©d Hl/lilfflfl-SfcnttftiEMft 

S$5iVr„60,E7 ft, C u”iU ( 1 1 ) $ ft If ( 1 2 ) ft $ S tl 

&2-7©gm&#-3X^/7 h ft 6 -5- x 3 ft i: ft * S . (C u 2 + © ft H

= 830cm"1 ) -# , C u 2 + © E S R -> V ft ft

T-a.fgah> (1 = 3/ 2) cgitsaicf U'4*®iaa

« ig ffl iM ? tl 5 ft k ##x 6 *1 <5 /°’

a 4 (ft, Cu/T i Oj (A) UffCu/TiO,(B) 

tl?tH:oHTCO,i;II,0!fSAU ft Jig M £ <7 7 ft ® ft lid iffl £ 

tl5 E S R y y Aft SS bft (■' 5o ( aiffltta;:0.1wt*,f6BSftf :Ifi
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(CT4h,ESRS]$ :77K,S)Stel :C02 : 124 /z mol,H20:372y mol) C u Z T

i o 2 ( a ) Miis-c-tt g 1*0 = 2. i3© s/ y i-jv f> j; xf t i3f izmm $ 

ft % is 7 i- )i 6s 11 SI $ fi 3„ g i ,,= 2.13CD '> Z z ;n± c u !*l:g| 

•t 3 6 © T\ -> Z i- ;KC J: XfC u 2tfflS Z tr > ICjKHT

3 4« a tiii m @ t>< lit t /v ir w s *1 ici>, c ti w c u24 ® « ® *«« <,

C u 2Zjif>E iVcBtS©S$S $$!$ U-£d £ © lez ZZ;V # Z n - 

K" (C (C* o k i> © t 6,fl3 „S tltf , C u 21#T i 0 2-t 1C

ry|jy-’>3> (x-a) u & a©#fh sist * © t- & 3 z u -63)

$ fe, T 1 O 2^' HH <8 -fCIAl n ;v '/ 18 Z Z tc U ti "f 3 C u 21 ffl 

t), |B)« *'>ZZ;u$JK-f n *sfgSStiTi' 3*1.641 ttH©mi®

1(!)SS4*7 2 3 K 2: ttismffi U C k J: 9, C © @ T & 3 BJ # It K 

ti © T ffi 1' t # A 6 ft, 3.

-To, C u Z T i 0 2 ( B ) miCJUTItCu/TiOjIA) 

T* If SH ti S fl * 1i> -7 tz S = 2.37, g = 2.05, A = 129G® 5S7) f± 

S S -f '> Z Z ;V f>5 tt SI $ fl 3. ZC^ytAll C u 2tlCi8H'r 3 -> 

ZZll/T*. C u 2 + 6UetragonalfS)Sr* T i 0 2± ICMfl U T fflf# S fl 

T^3a©#6$Si®r36©T-63Z2,65,$teCuZT i 0 2 

( A ) T- ® SI $ ft fe Z n - K * -> Z Z )\> , C u Z T i O , ( B ) ±

t- 4i I 6 ti 7 ^ f 3 > t £ C u 2t«4*#a L t t' 5 C !; 4!«

3„ C u Z T i 0 2 ( B ) om&ictt, C fl 5 2 ##© C u 2tglc

jg H f 3 E S R -> Z Z )V V Z - n - 7 '7 Z L X f* 3 3 t *4 jf SI $ fl

3. tt±© E S R®B1 J: 9, Cu/Ti02(A)

S IT.C u/T i Oj ( B ) »)IiT-tt*il£Cu!,li|tf <# 

ffi Ltt'3 ; t4!M7 7c,

% 1C, CuZTiOi(A) «J:lfCu/TiOi(B) Stiff

90



—16 —

“2 «¥ 2 <# -4 ?4 ills $<? ¥ ® © fei {i

n (»i“0 % n 0 ‘0 n 3 ) $ |gj © 3g # © eg 'Yl* H 2 1 M 21 fell

til (a) 2 2 «? a jj -ft to » » # # -ft !!i! 5#s'? W, MB S d X Y! 'if

2 «9s- <«,s° 5 ^ 2 if cf y ig-g 'fl¥JflSJ-i383Hi?SdX

®TSfW<£2V$mB<£>Eg^vlE$S dX 3-2

”SV?ll^®li5>U1flS5S3>*¥

'2il.ME(»9iS5?ESf$Wto*yq>^-®a.T (a) !ou/"3

AY* (V)'O! J,/no3vg^^ '«EBt©«;#©<Z >6«®

2 “2 H 2 3 * 5 :? 2 2 U 2 0 3t # -2 jffl « ;? if 5 ¥ E G Y '9 Q Y

n 3 © T Sf W (Y) !0 ! 1/n 3 '¥1 n 3 © q~ $6 $g (9) !OU

/no 'Yi* # ( % ti 2.2) g - g - e iiancast 

» # $ -6- M 21 :? 2 © 2 ) °2V9%#?©%S<.121%^322

2v12HS#>^OT2'.1£f2)T (9) !0U/n3 'Y1 (0 n 3

A Y *+ " 3 ) n 3 ©tf K-T + z n 3 '-2. to 2 9 -2 % 1 m t "0 » if J>.\1

(a) !0T X/tiOil^St ( V ) z 0 T J, Z n 3 '?)»${ IfSfflS

^ 2 \i 2 n $ iiB •svma*??22vni5#>^ciT2!t:ffl

T JW W ( V ) z O T J, / n 3 '* G -Y TsWW ( 9 ) 3 O 1 i Z " 3 V? 

n 32s123S#2n 2 < Z > +; n 3 ? 2 © 2 "2»s?^ 2v1

% Q- 0 T 'it 2 2 Y! if 2) :| % W ( il ) 3 O ! .I. Z " 3 'Yl STf % f -(- A A

2-4-HS2h; n 3 ©Ti$m (V) 3 0 T 1 Z n 3 2 ^ 2 3 # Pf %

S'^'icz^^ffl'ii'z^^Hs asiasa^n 3 '© 2 n c. ?] * *



0 5 (c tt, Cu°t*®XPS Wide scan X •-< X hASSLtl'?,

“’xpsa, x&zmmzmM u zmtn un& zm&ztizft

C®iiA(C)l6SzFX^.Xh;VICid-|SBUT7l--i>"xtt:FiCcfc5X^.X 

b ;u [Bj B$ iC » 5, ft 5. (j|--5xf T#*«:AE S( Augerelec

Iron spectroscopy)) 0 2 2 I; C u (LMM) (;:J;3AESX/'tX 

b )V 6* ffl « £ ft 3 © l£ ^ © ft ft X- fe 3„ (LMM: L IS © £ -FL & M 

^ro*T65>a75:U(6roM®mS^6SffitBSti5k$ro*--XxS^) 

$H © fi! IS tt fffl £ ffl W £ i r d ffi A lc li , 1 Id: L Id: C u 2 p 3/2i(6(ucDtt 

?l:j;5XP S^'t^ MV, S5DCCU (LMM) ^ - X x # ? 

|C J: 5 A E S X ^ X b )V 6* ffl Id 5 ft -5„

0 6 ~ 8 (C ti, Cu°,Cu+,Cu2 + -f7t->(D|B!$CDfe(ft©#,«|iC 

fiiUtfflCu,Cu2o,cuOfti?fti:DDt0, xpsx'tx 

b;M3J:ftAESX^X b > $ in L T ID 3„ 0 Ft ft X > ft lc ffl # L 

fea-fd-XJ.IiWl:# it (t i4+—o2_) ±©o 2-|cffl#esti 

TV'53 k65ft*B$ft3©ft,|%mmft%#trC u 20 , C u o © 2 ffl 

$, S@©#l$6|HlST5i5:to©#Ek U T ffi l' ft„ C ft % 3 ffl © C

u 2 i)J/ixi’sx'c-v Mvi it mi -y <s t. $ -y c u o r*«. £e- 

X © IS -Sr x ft ;t ft* - FS ( E b) 6*»t> S <, g; ft c © i tr-xicWBS 

L, T #1 IS A i ft ;b ft - FM (c ft ft 7 ft b tf - X 6* Ig $1 ft ft 3. C ©ft 

ft 7 ft b K - X Id: 2 65 ft-ffl ?*&?©#,

ji ( o 2 p ) 6>e,c u©3 desiii^rosiwfflsjsrott^ae, r 

ft ft ft shake uplcjc Dlfct3tf — Xft<£>3„ — XL Cu20tiJ:tJ'C

u o r* a, c u o -e m S'l ft ft tz it t x ft b tf - x 6* ii si ft ft * u„

C © C k Id:, C u 2 P3/2X P S X ^ X b ft ft © C u*t C u °©ISSi|

-92 —



S*II m x- & £ d k i t L T U 5.

& (C< ^ll53ifflCu ( EMM) AE FASttKtS

k- C u 20 © tT - ^ ASS % ft U E bfg § m E. -*r-cu©tr-^

© E bE h\ C u + © E bl J: 0 t> 1 e VfIJSffi < * 3 k k *s* 5. C

© Cttt, A E S 7 0 I- )V £• SW iir ij- 5 il i t J: !) C u * k C u °©

ES'J*'* bf ffif fe 5 k k 4 St E X Ia 5o J: 9, C u 2 p 3/7„X

P SXA'; hJVfiiff C u (EMM) A E S X ^ -7 E )V % * $ T 5 

k k tc J: 9, C u 0, C u \ C u zt © 19 $ 6s Bf *B r- $> 5 k k »$ IS 3,

0 9tt, rjr $ © ffl ® a § ff -3 £ f« © C u Z T i 0 ? ( A ) Ml* ( C

u/TiOj: i.OvlX) lC£li5XPS^<? HK AckU-'AESX^? b 

^Siltl'5. C u 2 p 3/2X P S % ^h ;l/ © tf - ^ © E bE,

£ d: ti\C u ( EMM) A E S 7, *■ ? h ;V © tf - 7 © E btt £, ± Id ©

#ia MM Ic <k 5 ISM k It E E T » 5 k, Cu/TiOj(A) MS±

© SB -f * > l* $ <b tc C u + k E T # £ E T V' $ k k »' IS 7 fe, - 

C u ’> 1C jti M f 3 +1" 7- 7 -f h E - ^ iffl S tl 3, k © k k li.

C k%^#f3$)©TAS.W±©*M%ck

9 . C u Z T i Oi (A) M6*±©$B -T t'ytt.Ji^lcC u*b U li 

C u'' * £ Lt#{ET'$^k A!S 7 fc„

HI Olcttf?rS©Effia$Go^fS©C u Z T i O % ( B ) 

ME ( Cu/TiO,: l.OwtX) t«l«Cu2p 3/2X P S 7 ^ ? b ;k 6 

JctPCu (EMM) AES^^nj^Sltl'S.Cu/TiO, 

( A ) M E © til A k S a tc, k ii ?> © 7, ^ >7 b )\> 1C <fc 3 SS SB k ± Id

© # « M M lc <£ 3 SS $ $ it E E T 3 k . C u Z T i O 2 ( B ) ± ©

i-f^>tiCu/T i 0 z ( A ) ± © 81 -f > k II a 1C, £ 6 l; C u

‘HTSaitl'JCtii^Tfc, E E, CuZTiOj(A)

-93-



t-i* a»iisi s n 6 c u2+ tc jg e r 5 » t 7 h tr - »6s iisj s a
* fe, AE S F^KCEbtttfl e Vile u/T i

O 2 (A) T*©Eb®«fct>‘&Six*;Mf-IIlCJ/7 h L t H 5 e t A< 

m -> t„ C to $,'i 4! !,t, C II Z T i O , ( B ) I; to C n * A< ,C u/T i 

O 2. ( A ) ±fflCu*J:0ti^<SaLtl'3i:i;«iUU5. o 

$ 9. Cu/TiO,.(B) JuBl-fti-tt, Cu/T i 0; (A) 

Jitoffl-f > J: 9 .j:DaSStU£«ttT-#l£UT^5CfcS$ 

« l T l' 5. C © C k tt, 2-4T*©ESR(C<fc5g?#k—HtT 

:|; 0. ('ll to III M « fill 4- ^ % 'I /, I: X\ ;l; /; Iv * ic .1; U % « IK tt to

il £ T 3 ± T- # S lc B 5 T- & 5 C j; £ S i® f 5 % © T- & 5„

C u Z T i O 2 ( A ) tltUfC u/T i Oi ( B ) fill $* £ IE K1" 5

US 1C Si 6 C u 2+ k U T fflSMS ti" £ 6s, X P S ©SS9I 4 *, 5 ® 9, C

ft 6 Si -I :* > tt ft ti |C C u + k UT#6UTU5= -ft, ESRICJ; 

5 $S 41 T- tt, C ii ’ ♦ *'* if ft ft to tt I® Id £ t\ T 4 /?• tv. b X (' £ C b 4 

SITU 5. XPSffll$l:«UT, C u $ 0 IIS'I $ ft**'

ofe3S6hUTJtiT(ciz|i^5t$&e:k6i^^5.ti-5- 

(p X IS © MSt Id <k C u2+4C u + Id iS 7t L T

U $ ft "1118 tt *! ft <5 d.

© E S R S1 $ T- tt, Siffiff *0. lwt%|d ft l,\ T ft + # C u , + 4 tfi tB 

T- $ 5o dft(d#l,TXPST*ft - SSf#*1.0wt%«± to C u 

fl jf »»$#£ L*ttftttS'l:$*''BIET*ft:5 d k, o $ 9,

!lli! E S R i; X P S TttS45 e t,

U A1 V, ftietodk^sl/StdAftftk U T ft, Cu/TiO,.(A) 

£J:IfC u/T iO? (B) k ft 6 to ME Id ft l\ T ft. Si to IB IS tt 

c U +*5SfiS#T-fe5 etttitr-S5, BSIt f / >± idffi}# £ life

— 94 —



Cu?,i<C

Iz j; 5 i> © x- (i a t' #> t #=: ilM $ ti 5„ ;©;i; tc M T 5 # JS ii, <5-

ft © # w ss ii t- & 3„

2-6 ffiU ^->©fB}#tt»J{co^T©#^

E S R £ i X P S il $ lc i 9 f» 5> ti £ IS 38 61 5> , C 11 Z T i 0 ,

( a ) tidtfcu/Tio( a ) mm±a) ih -t a > iz mi l t ix © &

■5 & fi % tt ® # # x 6 ii 3,

Cu/TiOj (A) ffliE±©IB -f * > li, r y 'J y - ■/ g > l £

ttWfflC ult L T #6 L T £ D, C u © (I St li i> 6 Ic 1 ffli T* £ 3

A*. 2#©C u tiifl-SS I, t l' 5, -S, Cu/TiO,(B) fr

E ± © SB 'S Jr y V ii, 7 7 V V - Z a > b £ tt ! © C u IS i; IS # Sir

Icffiffs ft fcfflS C u E© 2 ES»S#$ L T £ 9, SB © * St li « X

C u

/ T i O 2_ ( A ) (C it -X T ^ © St Ii >P * tv x> $ 9, Cn/TiOj

( B ) Ail « I; © C II li, C II Z T iO, ( A ) J: © CudDfiS A ii

55 $ ii £ ttfi T-Sffi b T !■' 5. it, BSfbftXZftlcESSftftfe'

-f * > (i, S iW 69 Ic (Ti‘*-0!--) ± © O ^-icfl}# $ tiX £ 9, 

Cu0d3iy;Cu2.0©$T-#SUTU5k#x6#lT^5.67>

C u/T i Oj (A) JidtfCu/TiOl ( B ) tt E ± © IB -i A

y © m # K c © i 7 I: R ft 3 © li. ffl 4 7h > 6 ts E £ -ti 3 PS ic

Cn/TiO,(A| fllC u ( N O 3 ) 2 * ;§ # &. C u / T i O 2 

( B ) ICiU'tllC u C 1 i*g|«%ffll'££»f fe5. C u C 1 2

-95-



7k m i$ x o mm u tz c u/t io,. ibi nts-c-ti, c 1

@ ± tc 81 if L T lx 5 =111S # x B ft, wfflf:»tCo/T iO,

( A ) t li « * -3 tz |S| © ffl kf tt m lz ft 5 © T* ti * lx t> t % X B tl 5.0

z © c k (c SB ft 5 P HB l: -v it X ii, 4 ft © & M I* IS T* ft 5o

2 - 7 - fig 1b $ * © 7k ic <k ft > ©

% $j tC T © # S?

$m 7 # > £ jii n fc - fie ft K >; © a zu e m tc i«i ir s « % n % n t>

ft T ft D, ?©-7t UT^lfBftSSS/yftEflWbiFfitJft-figlb 

j^*©«»a7cMfSr*fc5o * m M ib # aq ft

- fig lb IM M © S MM 75 E tS ft -o ix r fS Vic a ^ 5 c bl:f5.

FujishimaBtft * V - K ES tLTP 6 fc u O % ffl

lx T % IS ^ T T* a « a 7C * It •? fc W> 4 K. - fig 1b K » © IS 7t S fS

* It b $ ft fiS ft £ L T k 9 > A5 If B ft, -ST*. *7- FSitl

ti b< PI¥if$©C 6

* 4 t ti. i lb eE % k L T * 4 7 - )P Ak gif 4 eE ft k b T z 9 y d!

1#B*i5klxd$S$$lgSLTV'5„49,CuOSffi±r-©),elb^S9 

ft - fig <b K 56 © E IS E IS © S IS t$ 1# tt, 3 - 1 - 6 ic T »ft SB E

$ $ ffl lx ft - 1Mb K X © Ell? E 6 ft © E tS tl 18 k |s| HUc, - fig 1b K

& o ’Ptsiw t it c o ,-r =. t > v t? d )\< & $.m u ^ ©m

£ B 1C S ju $ ft ft C 0 •?> S X JRii 6< £ f$ U Z©j%SJ®^M7k*@ 

f tS)SbT^>5t®f SttiBftTl' 5. CftCWbt 

c u 2 O E $ ± ft © k 4 J - ft © 3b 6S tt, Z^’zabfiEfC'FJgftEluJ:

-96-



0 % # 0> v X ;i/ pftffit-tiL, ^ a ¥ tt ffi © & * ■¥> a »

x ;i/ kr*fe5 t. -figftK*mji%fiST-$BKt"^^*/)R:FcD;a'3

<, OH-©|f®llTU54©i'i8< fc#*t

U ■(.' L \ <s r. t /}' I- ffl! .5 <1, :L /■::. * * m i" © tii <6 Jti i" ic >1 <l <s« #

i£ K IX fc to, 7k$lfit ?- *i 2 ffl ft 5 IX (,t SMoUfcSfPifKIfi

T tmtou&tfityti. jfi < (cfe57kS8X7|->©®*®?fc^*A5 

$S •□• L r ;v 3 - * ± 68 1" 5 6 © k # x e. tl T n 5. c © j: ? ic y

7 y - © $ filt (c (i, »4i43 <£ if Sffi#;® ©8$» * 74 5 > y tfi & S

B "4 T- $> 3 t: ^ * 6 4itl'5.

:;t- 2 - 1 43 J: if 2 - 2fflgli0, $8 X > fl It Rg 4b ^ >

to E ± X © - Rg 4b K X © 7k (c J: 5 )£ to E il it H 6 ic 43 l' T, C u Z

T iO, (A) to E ± X t* y 7 > fib Cu/T iO, (B) toE±X" 

y 7 > 43 J: If y 7 y - 71/ © -t f£ *s US to ?> 41. £„ $ ti, 2 - 6 X ©

s? S J: 9, C u/T i Oi (A) Jb'iffCu/TiO, (B) toE±

© SB f£ 43 t> ic i (i ( C u J 0 ) , & 5> If (C 4-' ffl © 2 (illi ( C u 0 ) t L

X#£LXIx3C £ 6* # x B fl ife- C tl 6 © S3 JRti:, ±4fbfeCu

0 43 =klfCu2oeS±T-©)l64b¥:69 4 —Rg4bj^*©StoS7n(c<k5 

43 JR t 4rT & #> © M M 44 g ft -3 T lx 5 d t A5 # x 5 ti Z<, « _h © IS

9t 45 J: # 4K $ $S-S't" 5 k, m # Rg 4b f f > ± I: 43 (j 6 c Rg 4b K

*©7kicJ:54l6toE®76fiBT*©y^>43J:tfy^y-;i/4fiEtcM 

It. ^(ci!h^5j:-5*$8X*>©«®6S#x64i5«,

(D y 7 > 4 BE..................Rg 4 b ^ > ± 43 j: If 7 y V Y - •> a y U

feCuli(CuO, C u 7 0 ) ± X $ BE T

-97-



-;U4fi8 • • • iSfl-Ett®T*#SEt"5i$flCu30ffl±(c 

tt«f ffl u c

<n y yy y - ;v * 'k nti "t <5 C n, o PR (;t, ft! 

IS fl’-J t « # flSt« fig t 7 '/ a > «

!BLfe*fc®&S*£A5 > X © ± (c # £ 

bTU5; Sfc.Cu, o

( C u, O IS

*5 'J> & V' to J; lx ) £ J: If ft! »S Ifil % & # X 

5 tl

C uZT iOj(B) 8$ RS ± T* y f J - ;k A^a$5©lt, ,C uZ 

TiO,(A) kit it LX, ^©$H-f*>©ffije«.to6^ 

iti> & x :y > -a & & ® t -■)■ & y ^ y - ;v ik tit z n- zornt lx ufcfctb 

T-ibZt%Xt>tlZ* c. u Z T i 0 2 ( B ) )8i&g±T*©.ElS$SjR ± D,

mm##o.3wt%©#6ic y ^y-Mi*tt®ifiTCu20s<sii 

KSKt^H?. c © y ^ y -;k±tit#l$l:IWIl,T©S$@©# 

SI It, 4 ft © SI 8* @ T- & 5„

-98-



Y
ie

ld
s o

f p
ho

to
-fo

rm
ed

 C
H

4/j
um

ol
/g

-c
at

.

Reduced Cu/TiO

Cu/TiO

Cu loading/wt%

0 1 . Cu/Ti 0? (A) ttiii-C <D * ? y£fiUZ*lt

mm it (D^m

(CO?: 124/xmol, H?0: 372 /nmol,
: 4 h)

-99-



3
N

g

M

*
3"

O
o

3
3
o

X

o

■R
3
o

m
%

a
n c
24 \

& >-•
1 O
ifiS ■c

4$ o
to

C3 c

%% & o
nr
Q 55 o

CL
h- Zj

m d <n
0 \

5
Nl-
V
tt
h-
s
V.
Vr
V

1

Kr

Yields.of photo-formed CH( /jumol/g-cat.

o
Kj

Ul
o
Ul
T

V
J____________________ L_
NJ Ul
Ul ui

Yield of photo-formed CHaOH /nmol/g-cat.

0.75



Cv

y—S 6

C
O o

c
N) \—1

CO o4k
T5

NJ

> Sri
B CH
O
h— o

s

N
&

«
ft

w

m yz
nC

O £*

m ■S3

I—* H

>«» •R x4

s* B
O ffi
>— NJ

o
O
c\
H

o Ml
HJ

cs
CT

o
0

CO
&

«
ft

m

o
c
\
H

o

>

9t
%
O
c
\
H

O

GO

$S
%
hr

d

o

200 
400 

600 
800

A
m

ounts of 
H

20 /
)jrnol/g-cat.

C
u(Ti02

) (B
) 0.3w

t%

Yields of photo-formed products/p mol/g-cat.



9iso=2.13

Cu/TiOz(A) (X50)

Cu/TiOz(B) (xl60j

9x=2.04

0l|. Cu/T i Oj (A) C u / T i 0 ? (B) WWtJblC

C0,iH,04IA. S

n sy if -)■ jv

( :0. lwtx. 3tM W :SaiCT4h,ESR$|$:77K.

16 # : CO? : 124 ax mol. H?0 : 372 mol)

-102-



HANDBOOK OF X-RAY PHOTOELECTRON SPECTROSCOPY

Copper, Cu rz 29

Mg Ka

: Cu(LMM)

Cu 3s

500

BINDING ENERGY. eV

PERKIN ELMER 83

® 5" C u °IC ^ -5 X P S tide scan X ^ ^ h ^



S3

<r-

2

2

>
M
m

>.

Peak Intensity/arb.units
O
c
n
6Sr

t>
o
c

Nr to CD

3T V a.
V- U)
T 3

NJ U3
X m

3
*0 m

C/1 to

X \

A
<T>
<

T

*
tfs
h’

o
c
r

3 3 6 . 8 e

B
inding Energy/eV

Peak Intensity/arb.units



Peak Intensity/arb.units

r
2

2

>
w
in
X
A
X-

o
c
•o
o
n
to
Mr
*
a
c
CO

V
vu
\
JO

X
TJ
C/3
X
A

to
h*
q
o
c

U)
cn
O

O cnO
_L

>
pi
CO

5
a
a.
3U3
m3a>-t(O
\
m
<

cj 
.r> • 
o

3 3 7 . 
5 e

B
inding Energy/eV

Peak intensi ty/arb. units



oQ

r
s
2

>
M
C/3
>4

A

o
c
o
n
£fr

04
o
c
N3
tJ
w
\
S3

X
*9
C/3
X
>.

~r

to
hr
Qt
O
c

Peak Intensity/arb.units

CD
3
CL

5
IQ

m
3
<T>

tQ
~<
\
<t>
<

3 3 6 . 0 e

Peak Intensity/arb.units

o
o

i

03
3
O.
3(O
m
3(D
1(O*<
\
m
<



7.

933.7o VE b =

Binding Energy /e V

3 3 8 . 2 e VE b =AES

Binding Energy/eV

g C u Z T i 0 , ( B ) C u 2 P3/2X P

( L MM) AESX^n/1/

( C u z T i 0 7 : 1 . 0 w t % )

-107



o

3 3 7 . 
2 e

B
inding Energy/eV

Peak Intensity/arb.units
oo o 3 § 1=



— 601 —

'(P86T) 6C-CC 'Z7, "PH *sAlfa -ULijoj ‘'PS '^I°d T ‘Jojujuf) pub uonpnox p (I

(o) AG-m^ ' (q) Ai- ' (^) i^Md %

_Mq<W-W2 _%3C)uiuooz^#m%S#:l#M^::) I'^Tj

ximga.4k:-W# 'H^^:)$gYG)uiuiiximgximiig%^ (was####)

#?# AT- -W## OJ) < 4 A a '0%1 V4. - a:< ^4f^%G 4

(umiocxmog) -z

9T:mas;w^m!ti##cz)/:-w%: (laHj)

E ^/i^n Ye:is#mmr sz% (os) n r,-%



Fig. 1. Scanning electron microscopy analysis of (a) PMeT doped with C104~, (b) PMeT undoped at 

-1 V, and (c) PMeT undoped at -3 V.
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a ffi t i o, _t ic * «i m s tt * a * a c t * n ■, *„ ^ ft # # ft % % m w # # # ©

a (♦ © # @ ® m -T- v/i» a ic j: i, liif ft -c * s o
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3 . 2 * ®J S: Wj {r M -r -5> OT M ^

@ %$
# * fn ig

1. lit 16 tc 

®tt^^ K.
4 K 1C o t,' T 14, S 0 L UB L E <i#itll'5 : iliglfi'tSf K

C4lt##ICEmU-C##4%a$#5Ctl5#mXi<m<. 15 
iAi'ftt)iiti>tti'„ £ © a S (4 ^ -f f- K « © S: ft © 0 II fe * S #, iilt

-f =f- k * 0 ;e f 5 * « # » *>- <t y' 0 % -it ft % & m n $ ti x © vs i-> fc » r * -s 0
^ 6 I: ^

f®T/'’Ulti!|IT*!), H'Nffliii JBSi: t ti 6f, ^ 7“ 4 K * $

fiifflii>S4SHlcB$t5, ^#->f®Ail56S*g|4<i:i^ :ftli 
# S i: Hg <i S i t i ») > C ft £ V 15 £ Aj if M ❖ 6. ft X © U ©„

8 * li < r 9- k © @ sg ft * a- * i o' @ s ft £ ft a ft u c ti i: # f m »] # # %
<k'*W-f.£^7°9- ^''•j>->|*|i)i;gStT'</5 K©*m«*4^%$ic

jssjtjtHiaiiTi'j, c © s; @ ic $ 9 y t,- ic a yc t>, * -n: # m & i: 
iS^^f-KISSiSftt, Cft£®«-(b-#-£C<i(Cj:i9. c4l^T*##A 
mt£ i? T't&t>tix % tz i) v y 5 y 4 - &v& $:$imsizmm-t z z t £ b fs-to 

s * atj ic (4.
©>}>*'6, * « e ic e t> a u t> © * s o>\
s 6 ic v v y? 7 -r - K#©amT?*#©##6-&^#-c. s«_h'x©@$-fk^; 

7"9" »9=-36 8iJS©ESa*6©%a5-
lii>J.

40 14. @5g'ft&«©fFffli:ltfctf;Kyf KfciO'SffitfiRS-aSL.
$ b ICE%«a jrf 5*0$-(kK«tC-7©r # <b *£ 3 * B $ -fb
a*iS£ttb®7< - ?fjf ^ffitfc, S 6 1C. 8|gtt^7"f- K £ B
S-fb LycRlci@#$i:##g%##g-i±3ycAlc. SSifflfflii JScoi'T l> 
felttl'Jfflf, ## T # #-#- 6.
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2.

2. 1 *7= KStfStStfStoSS

2. 1. 1 tf KfflSS

f- ko«tiismffl fc»c «, -e © 3 y * y - y 3 y »i * g g$ & tc
Sot, SHUT'S I'J K i L T 13 > #

SfflBtitu ^-3#$©3y*y-->g t)®ii<ii/rt'
6o K 4 UT,
- -y* y tt K y 'C > $■ SiR u

XMy?t-l/t/J'-a7?D7 7- ?ili:Mf5SttLDL0H>
-f 9 - t UTM5>nr^51>o ^ © # s ii 6 o © h* y -f y k »it 6 n, * o t> r 
t, n 5 - y y a Fy -r yii#aw<i£i»*®«f l, sttLOL^jficM-a-r
-6 * S t£ 3 #■ T' * 9 . 7 2 8*07 ; ;#i*i'bS5 (Fig. 1 ) „ B tt @
e©^ < © r ? y K^-s-tr/ctoEttL d l ©j; 3 dicwe

5 ffl 1; I 17; «it <£■ * U r jo 9, # 1C 3 v - y y S K y -f y © a yv *" * y A s $
«»'6.«j2 0E*»'!E'ttLDLS-a'©l®ices/j:®ti|*fi^ri,^c4»-i^i$S

HT®5#|©3 7- 'ry|FjOSJ'<7,j-r4^i;u # ic * 
;i/ *• * -y yv * a »' 6 2 1 ai®s»4yf k ic -3 v r, ##&©%* • K«as 

u fc © r-« 6 t" -5 „

• C $ g, 2 1 E$ ; sc 
GPPGPPGEKG 
GLKGDRG I SG 
GQKGQKGKKG

-C^^^38^#;SC 
GPPGPPGEKG 
G L K G D R G I 30 
GQ1GQKGRKG

. C3C&64 6 ^ ; SC

GPPGPPGEKG 
GLKGDRG130 
0QK0QK0EK0

R 21
DRGPPGQNG I 
LPGVRGFPGP 
3 0

R 38
DRGPPGQNG I 
LPGVRGFPGP 
3 0

R 46
DRGPPGQNG I 
LPGVRGFPGP 
3 0

PGFPGL I GTP 
MGITG3KPGLM

PGFPGL IGTP 
M0KT0KP0LM

PGFPGL IOTP 
MGRTG1PGLM
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9il; SCR 59
GPPGPPGEKG DRGPPGQNG 1 PGFPGL I GTP 
GLIGD1G1SG LPGVRGFPGP MGKTGKPGLN

SCR all
GPPGPPGEKG DRGPPGQNG! PGFPGLIGTP 
GLIGD1G I § G LPGVRGFPGP MGKTGKPGLN 
GQKGQKGEKG § G

< ^ 7° f- K S $j ^ E >

K @ W) 'a ^ (Applied Biosys temti: Model 431A Peptide Synthes 

izer) & fH l' T. t-Boc& (: j: 0 JW T CD t-l/t7° ?-(D 3 ^ # K y

<mig^ ^7°
s c R2ic7t>t, y (£>wm tumm

CD ^ <Sr tr -o tz o
WHS lOOmgKH7-y-JHOO0 K N-A/50/z 1^ Ah X., # lOmin## U

tz o C C (: H7Mn# # ( TFA) lml£ jffl x. ^ lOmin^ W U> £ b tC H7/Ha;<?yx 

I^yi (TFMSA) 100/z l£y@T U ssr 25min%^ U /cQ ##

(DEE) 7 F: ?WT U /cQ • &cfr(D'&lZTFMZ £ zmmm,
# <3 ^/c%tm#^2N^ U.

# c j:

< >

#mm#cD/<y^ K(D =m*y2 c
t tz, K £ 7UM'>-/ryf~ (Applied Biosystemti: Model 477A Pr

otein Sequence Report) K X t) # # U^ 7 ; / S C R 2UC — f

6 C 6 ^##3 U /:o
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2. 1 . 2 IfitttfCiS

k * a:s <b -r * « g-, ig#«i;t?ei
Si tz t£, £ fc 14 X y Si t'« i& o 36 a *<M Sf $ ti S„ 

a * « rs?eu «• *■ - ? - kic,
® 7 % * 7 7 X v U 3 >
©» Stt fffr?

© —«ao*«a-ipMc*i u7c„

7tA7 7 77 V 3 VliHafitif ##i IT1E< Bbiltl'4,
-»C7t^7 7 x •> u 3 y 14 * X E ? £■ i$ in "t 3 c tKX-oxrx>vy 7 x

yt ffi * « o r *5 0, *• © a b t c« r-s i - hj 4<#ft
Ko@£it*'iiJSt45^ m t 

r-s i - Hj SB'x©^x"f-K®*WiS-6-6tiB$jb*SlitobtiTiWj:i,>0 - 
@! -fb tc =k y 7 e 7b 7 7 x v U 3 y # B 14 r-s i -OBJ 1C t£ -5 tfX if 5 x 

c;® r-s i -oHj aB^mawteg-gg btc^Xf- k ©
0 S -fb li =J T- * 5 „

X Z X\ SMiIS7?A7 7X->'Jn>iliM7fF$igrtt5itti 
SIS boy, Kg0%4b"t6^ag^#"t6C
ii U *ftf/r*«i:bti)7X*fll'tSltSig(SLTl'5„ -e © W iW tc 
-3 X T U # g "t 6 (2. 2. 3#M)o

ffflC itiJi*, -* ic m Stt R » 1- li m * © W«i§ tt tc T'S T* * -5 7c ©, in 
I »■! B # "C * y > iiMSi Ltwri bi: < I'o KT, a * (4 *■ 'K3-S W*7iy) 
( PMeT) cm *0

PMeT(4 Si» »4b MglC J: 0 -g-Jjfc-f £ fc fe, « ffi * B lb PMeT®£ # £ ® -f S „ U 7c
-o r x Esecn*ss#ii4i: vxmmxi 60

PMeTgB 1C ^ 7°f" U T I4x 7i:A77" r***rt-*3B«K1g
6 «11 -r .5 * a (2. 2. 2 #m) 4%7.ti'5o 
;;tii PMeT© e g-a g s tx

< PMeT© S g- >

*g»« (0.3M 3-mf*7i7/(0. 1M Et4NC104/M»7”nfP750ml)) 50ml 
£ H □ S IS 1C in ;i x N2H^aa Lt. lOminftx *# ( P t ) Rtf t£ » ® 
($E : AuS«7H1-Ji'7X) 48*TiMlTii'i., W $ 1C -b -y h V, R# 

X N 2r7£iiS ( 5min) U tCo
e#IC25mA©$SS*ae btz (Au±^Sfe(cn£0-ci'<)o SOmin^x 

ae*jh©x wm@t@KT*#i/T^6x m'-7°#§#!$ <o.im Et4Ncio4x
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KS7‘nt°l'y) 50mllC-fe 7 h L7c0 -e ® ttx -3.0V($mE)T*2rninamU 
( N 214 »«, U <E ) > SE* £P in U 7c £ £ iS #£ *' 6. Si * til U 7c„

2. 2

2 . 2 . 1 IS $

k ic j: 5 a - > s e £ n g, -t -5 7c to ic.
% £ ft T 6 7c * -It ¥ E 1$ 1C <£ 9 19$ L 7c „

•e 0 *6 6fttl'5C ii<!S 6i'C4o fc0T> H T
ic -ft $ to 7* £> © £ E -fto

A. *JS*McJ: f)*W^$*3iU5$*g$0*JS

(1) 7 x - ;V T y K *
7 1-117-7 FI (F i g. 3) ti, jtBtflciDt-f h V > £ B 6 U T

2§0SiSfi**8i44i«t^/;6, i» /|\ ® * ic ^ w* * Sf * $ sS •"? 
y f UIJU Jfltl'J.

7 X - ;l/ T y £ U T ti\ S«i;ICCn*iAt5Jtt<
£ Z>' V »' y FlC#A75^&0C#mA<*^bft6.

# # £ U Tx to ffl b 13 7 x - A- 7 7 Fi^f ti't; 7-4 fflt 7 7
-i#l^t4C £ tc J; 0, # -7 7j:aM#tt5-1'1-5*El6tt0i«EEie*
ixi>5”. £ 7c, V. Klingler-Dabral & fi, 37 7 X ftt ft * B IC 7; / 7“ □ t ° A f 
ij x F + 7 -7 7 7 * L X 7 1-117 7 F $ 6 # A U 7c 1 ’ „

— *, ##-c(a, t»ffl e.i7p-7y Fsif if 47 Si«^t5
W tc «£ 9 , jtElt-ttffl'lfjV f'4^SLtl'2”s ^ 7c. ffi 31 b ii, R # 0 

ifrifetc J: -7 T *E l£tt 4- ft>4^«l, ftsRXElcjtBS-ft: U 7c 4 > „

(2) 7xCH77 fl & N-tf'Dmm-fSf'iAr** 
SANPAH-f>HSABil'7fc7>A?fo!Kg9l ( F i g. 4) Aft

Pierce Chemical Co. i> b A ? "1® t * — « 1C C ft & © fj £ fll I'-5
« $ 13, SMT * y/7^K<kEl£dEr*E®tt© V 37 > F & £ tit ih -6 ((1)
# # ) o

S-xf 7^i ltCtib0SM4)tltltt-5 i, m # ± IC f

ft -5 o
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(3)3- H7JHiUfj|.-3-7j-» -7' 77' '17
± §2 t tg * ( F i g. 5) li * j® # C J: 0 x AA'OigS ItlSfctf#

V. Klingler-Dabral 5, lix A” 5 X « £ * H 1C 7 5 7 7° n t " * 1 'll 1 177 i'J £• ft LT 
±SBWtE*5-»AUx tlintcio X £)$AHV7'f K*@ 56 It U 7c 3> „

(07 7 FI or 77'/7l'7l
iEtiSttA 120 3^ S i 0 2*B I: %# L 7c % l:x JtUtiaOT?

K $ ii A -f 7 i? T '/>r )•>£ It >r-r > £
ft lx, •en-ensH®7kS!S<b#fl#s-6-*(fefigt-5 (f i g. 6) „

D. A. Holden £> B« T 77 K £ ■*> Vs T '/ A 17liA 1 20 3"f> S i 0 2*1®

(l)*El6ttT i 7
S.P. A. FodorS IJ« )tHti:<tt)lliJn57;7»ii4»«lt, /< 

A->SJ$ifiCA-5xeM_LT"'V/AF®0ffi-£l$£fir-?7c6,o
if< $ESB® 7 i 7 tt <k *El£tt 7 i 7«»S4St«7 i 7 Bt * tt 

& A -5„ 7* * * IS *t L 7c SIS # 7c FMS g
*i<ii«tit7 i y s »< $ tti ^ 5 7c to x Rcm-A-g-eay 5 y 
L7cSB:9-K®AEJSL#3o Fodor to 14 C ft * IS 0 ® Lx 8 E _h to - 12 1 00 // 
rnto%f#l:m%6rt-7'\"7°7r*'A'ai/7c ( F i g. 7 ) „

itsisttr ; y eas(ix -®i:HT®t)fflA<ai(.nti'5,>„

Z ( N 0 2)

Z (3,5(OHe))

D D Z

N V 0 C

(2)*K iStt * 7b ** ft -> 7MSS8
IS ffl 6 fix O-cla/y' 7 7'Aim* tMt At W Ik X 9 MIS LTWS7»$££Ef 

S d i * fij ffl Lx * - > » & ft 1C * 7b ft ft -> ;U * * 4 ffi St -a- 7c & 1C * * tt 

A 7b A y A 5 KitSl't# >7 lS-i$ft l 7: ‘’o
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t.11, H'^9L>i7fvf>0#*Wfe-&*itc:fflL, * # * B ic f 7

}t 8H It £ a It ft tf ft 7 7 li * B tt ft "t -5 • 1C i 9 7 k" 7 7 £ © «ft * £ ft 7 » 
C tx £ W t T x 7 * P V x 7 ft ft -5 ft /* * - 7 ft 7 7 A ? K £ 0 £ ft L ft
(Fig. 8 ) o

2. 2. 2 7<-?fJf<XJf<-l
: 7 x x ft 7 7 KS*W-T.5$«ttlSllcJ:.B@$ft

±.E88$aS©=Pftbx ft S 8 ic 7 x x ft 7 7 
S^ft (A. (2)) C7l'T,

# #: M I: U. sulfo-SANPAHi # ® £ © it S IS ft X <0 x SEXB ft ffi 14 mfJVS 
(N-trnmm-fjrixta*> jiau rm;#iassstt-£-Sro7 -t 7" □ * 7 

FiBSitifc, a ft, *K*m©mm###*#*?5c £ 
1C X <0 x Pffl7<-?f'jfyi#'<t

sulfo-SANPAH :

< 0 $ ft >
sulfo-SANPAHlmg£ 0. 5M7 x 7 K« »® ( pH5. 0) SmllC ## Lx C ©

U UV,a.B M £ lOminff -o fto ft*#x Si ft IC sulf 

0-SANPAHi8i®£ Sin Lx ^ 6ICl0min©UVM|t&?f-,fto
ft*#x 7^7-D*777©a»^T-^ K @ i& (100/z g/ml 15 7lg»l) 

tx SST-2hEJ$ Lft„

< a ia s * tt >
UVMIt ic J: 9 ffitt IXTIVS *SAUftSlC$^^y^ K £ $ in L ft S B ( U 

VBItB) ix sulfo-SANPAHSiMBflCUVMWft-fx SB # A 7" ft K £ iS iD L ft 

*B (UV5EMMB) IC -7 © Tx 2. Ox 106cells/ml© a IS® Ux
-enetiffiajasstt^JtKUfto

UVM It B (5 UV# KltBICJt^x =9 6 ft 1C 6 iff ft a 18 $ » tt £ » L ft ( F i 
g. 9 ) o L ft ft ^ T x UVMItIC J; *5 sulfo-SANPAH© 7i;»TP* I'liiglE L 
TlfilB ic Sit ixf *$»-!» A £ tlx TtiS-ftLTSB^^y^ F ft 0 $ ft £
tl ft C. £ ft* TP ft -? ft o

Jti ± © & St ft 6 x >t 5fc 8 1C 7 x x ft 7 7 KS4-W^5a58SS**Jffi L ft 4-0
© * 0 S ft A ft ic lix t* 'Jftft * 6 t # ft £> tl
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2 . 2. 3 7-(-v,t"lJf-(X^7<-2
: ISMffiSI (#7XlIf®MAP s S BE )

2. 2 T iB ^ 7c # 1C, L T 7 e 71/ 7
7X7 V n y 1C 8 i 4©8M'N©Z7°f- U T »

■fb 1C J; 9 7 e 7b 7 7 X y V Cl y g M £ r - S i - OHJ itJiSitXtl'J. 
CO r-S i - OHJ Si(i#7XffliIi;illLTt>t), gxiit f 

Lt#7 XiSl'tl'So
£ Ac , CftlC##TX7bZZ7bR|@ZZf- F (MAPs) ftiSStTl'5. 

MAP s ia $ * R Z 7° f F % # & Ik A -ft 5 ^ 1C $J m f 6 7c A 1C M * $ ft 7c 6 O T 

* I) 1 > F i g . 1 0 C S t i 7 i: L y S COM
A P s *$e_htcSA"ft-5C ft 1C J: *),

® i) a y f * s $ a ic @ $ ib t- s -s
© y *' y K *■! iH S H 1C 0 S -ft £ ft £ C ft 1C X <0 , U *• y K H T' ffi S ft JB 

i<BC 0, 40##*<aa$ic%#-ft6 
5„

4- IS tix #7XlBC7;/lilAU tt^/f FBS^
ii;i»)MAP si£JfSE^tt5;i?feliLtl'5fflt«&t5o

# # M 1C ia, Fig. 11 1C ip t X * - A |C «£ O jH TO -fim T4-BE * * » T Z

5.

<iai>
»" 5 x =t> o y A/» y be#* eft*-ft -5 7c to, i@a$if ofc„
X x ft F *' x X ( cm x cm) £ 0. 1N H N 0 3tK ig ® 4= 1C ft * 0, 75°C "C 3 

Fa M a U Ac o f®l, ft S 7F t tt tc 4' 5 £ T 7k ft £ SS H, %7/-Aft#ft% 
# U 7co

< APTESJffl a >
tier ; /$£i»A-ft5 7cto, aptesic aijisiit 

2. 0%APTES/95!m/-l'ZkS$£ tssa u CO#Kflcmma#xX*10rni
iSIlt. i?/-JVft iflC J: x T »»© APTES£ It * L 7c ft 1C, 110°CT45min

© MS £ ft1 Z, 7 i / lb A" x X £1# 7c„

A PTES (a 7k # 6 ~F T ill 7k # S U T P7/-A* t BE-r -Bo £ BE U 7c iZZ-JI-ia if x 
x*IO0H*i7k*g4t5Cii:a»), A'xXgBfc»8-ft£o ® S A 

PTEsias«aici i)^tt©-7n4f7M4-*ifefiEo-ca4--r^li>o

< Z-Lys(Z)-ft >

# 6 ft 7c 7 i 7 lb A* x X £ DCM T* ft » 0 7c,, 2-Lys(Z)l. Ommol / DCM100ml f
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i:r i y ft*'5xss#L> n 2iisut lOminE# u tzo z z iz r
r-y-m' (DCO 2. 0mmol/DCM100ml£ ID X. SSTiff It, 3 # M %DCC 
1. Ommol^HSin V, $ fe> 1C 3 B# H E jg $ -tb fc0 ElE#T#, DCtrcifcift L T 

*> e.« m L tz0
ft) z $ : vyy 

< zi®Si>
Z-Lys(Z)ft if 5 X * 25%HBr/AcOBft C »« U tST 1 BiHSff Lt0 E 

IE » 7 ft HI-HZ ± *) * * • * # L /:o •£• 0 & 5%'Z -HV7° nb° JUftHiy/ DCMft 
(Z 5min x 2 m HiK Z> Z t \<Z & *) . HBrJg C«otl'5T ; / $£*:/□ h

y yk u fc0

< M A P s ® s j$ >
r z-iys(z)-(k j , r zia^sj tsosi/, »'5x±icmap s * s j$ 

U fco

P t li ^ ft' $8 8 £ il T t,' ft l'

^^11, ^fMAP sUSiagt J, S 6i:*SlEttf*i^MAP Sici
fr&ts z 6 I: j: 0 , /'°X - y I: I" * 8 & i- 6 c i^SWtSf
$ T #> 3 „

-125-



3 4i»

« * (4, # ? » 3U
7 F0*m##*ma$i:*#$#6c6^ae6LTjot). •
8l(ttJ:t, SEttttjs^yi-etotoS^ftto&Bt, Jii:'Jv/574-g 
E©B16>’Jll6ti©a8tt47-ti'.5C £ 1C <fc <0 , C©*@ 1C %<)&/,?

4 El 14, 0 g -fk t£ 5i © W « tc S U e 7 * ^ y 7 K fc <4 $ E tt ft * a g U t: „
£5>lc$ff%:itS£y3:7t@g-(ki$#ilcotoTI9$*fi'to, 16 fl £ & 3 * 0 g Ik &
«5-asur-e®7^-yHV4^5-if«u/c„ s -i ic, a 66 ti 7 y 7 k * 0 g
1k U tc US ic iS xi $F ic a 66 * % $ $ 7 -5 tc to ic, 7 7 7 * E £ L T *' 5 x *15 to, 
SEXHtoSfiBS'ftlcotoT t> E St U fco

7 7 4 ^ y * K ic o to T 14, # g © a 65 * W L, 6'oai6%H,®B®=i to
* y - 7 3 to *< 15 6 ^ 1C ^ 7 to 5 C £ 1C # g U, X*'sy-7 + -H’7’7
— ® 3 5 — 7 to a K y 4 to * a 4 iio

$ tc, < y 7 K a # * m a * tu m urc®=i5-yytt K y -r to © sb# ^
y 7 K* 5 S$4J$ L, * © ^ ■&*;!/*' 7 -to * S S »' 6 2 1 86 * © SB 4> ^ y
* K S C R 21 ic o to T #1116 ^ 6 © BO E • ®i 1SRK tfHPLClc J: 5 t#$! *ff to,

IS S C 8 21*1#fco

% E # # ic c to T 14, I S4 61J * 4- — 7 — K 1C 7 7 * 7 7 X to V 3 to 
%Cf#m#*a-7IC#g L/Co

7 7 ;V 7 7 X to V 3 to tc o to T 14, C tx 1C ^ y 7 h* * E $ fi-IIC 0 g 4k 7 -5> 
jsajt'ajtt^D, ae©ic6sw®-fkicj: D&D60Hg*$ui5 
75^El7#St*atoTto5o

* tc, »Stti«47IC-DtoTI4$E£ U T © M IS © U^7d^6, # 1C r 
u(3-4f»447xy)tcsi 1, c kfco

Bf%lt#£%64t0g4kK#IC-3toTa#a*#IC,4OCtx*R%L, jfl
* 1C

• * R5 *MC J: D*S$S4*4b5t66**fiJ15
• It K It 1C <4 «)l»itft5Si*S«l!
• *HltlcJ:^-|t-g-#©Ett*#15

7 3 * ft ft W % £ ti X to 6 C £ m S, IC t£ o tzo
£ tc, ISSfeS^b, # 1C It # iSlC 7 x - ;U 7 to KS*W7-6$«KX* 

*iJJ57-5Si£*aiR U, f©7^-2f'Jf<««lfc, 
t°U*-t't-l-E±ICC©ll8#M**ALT$alBS*tt©^y7h'*@g-fl:L, 

#m@###*ft-Dtc6C6, * ( U V ) iH It * § It tc SB # © * »= g to SMa
8 * tt * S L fc o c©^S*'6, 7x-;B7tFiif75*SitISIto
5C ic 4 7 ^ y 7 a1 j> - RfiiciSfttl 5 C 8 t nfc„
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# # c 7 e 7 t x '> V n > /< y 7 7
;H®ilt^7X^m^:<!:iU ^ . #%&#%#
t^i^0iU^7XS®l(:7;bf^/H)i;^^yf F (MAPs) © S 

E £ t£ St U T & ^O^SCOC'titb^o

4-@]x tT;i//<y7K(x^/<>i;f-i/ty^-(D37-y>#Ky'Y>)
&##### ( 7 ^ 7V 7 7 X v V 3 > / *° 'J(3-mH7i:0) £ Ux ^ 6 (: 7 %

3.;!/7^ K3rXf->##Ml:
@ % <b T ^ 5 c ^ ^ ^ ^ tl /:o t/:> ^7XiiitOMAP s|^(:ol>t

^ & « *° 'K3-7 W*7iy)± c 7 x-;)77 K$^W*r^^SI^E^«j: t) e 7 71/ < 
7 7 K £ X - > 7£ E me @ S 4b f >5 ;: <b x & 7 ^ yv 7 7 x v V 3 > cd 7 yi/
S®<h bT0^7XS«K:f^l/;MAP sOijg^l^Ux 7b >K S 1£ E S

U T ^ 7" 7 6x
fit^@^^^n/c^7p7 v v>mwL±v(Dm&*®m%M<DMw$: b m-to

[ m# ]

#x 6 t) 'K3-7f*N7iy)(D -&#!:

ft & ±m
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3.3

mtf e•^ees•

$&T m • eeeie • i#m j$l 

mm

3.3.1 (± U a6 (C

K&mm^(cm&Ef5Hb*i±a <!: <!: ^tc,

^& f c v yy?-) ^60 v

0 (c^^S^EiSjd-tirbtia C t, tZEX'&Z> a -<y°^ K^SEiz:

K(c#{5f

HO >E ■ft 1C Hi L T" It ^ f t" V T 7 t — IcM.btl&JlDlciiSA/lclli^AilS&tytl'CVSo L

* u i*n^*ffl-ftcat*wtt#sc^«'-'o ^ffl**®SHwu ust- >>'•?*£ 

@$-fb"t JCt r-^®SttAs90%® < fefiT-T-5 iliCSSi^iitlSo C 0'SttfiT 

©®H®-o it, $tt®@$<kS«*i\ ll?>'{?f*i®7; / iSliifl*!© 

Slg*^66raX^fflvT$ffiS6rS-S: 3 4, ® xr £ 9 , IS^icffiffl S y'^i

or s y MS Ah »*y yy^ffflffilt3(i'?30iE§ci5#SiiBii Lr®«|g 

SCtCSi,

C ®M@ey V T - ih 3 /c » ic It, S$<b#S6't3W6gS;£St4*vC.'*-i=g|h,fcESffilc 

t>ti5o LA> L C ® J; A 7j:Slg*fg$l4BSy y yf 7 ®5-F©H#r, # 

ffi®g«T'l±^Df*gi:#X. tetlSo -5, ^7"^ KiC&g ITU, ^ ® SsKE® 

ffli^^iifoos9, c0^fiS®»Ti5itsi®T?atg4>£'*t.sift*ffi®®a?e(ca®

v y * - c tifi Rjtgi#^. b*30 c ® v y » - la

8+1= It JilT®,^'#£*£** if turn i tiV'o

® v y*-i#S®IS^(c!i, -< y'f k ©616® & £' ® M4- L & I'lSSEST-ft it ft if ft 

e> ft v„
© V y A - ^SEeSSfESy-tiaS^Stt-e* 9 , SS^'S# L ft D, * s
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tllftZt, /S Vo

d'J yj] - (DT x ; ESB&te^y?- K^^©l##(c -<yf- Ko#

#5S#&65(f T b & Vo

(DIS£EJ&te ^ 7°f o t \tu h t£ v0

<-©/:&(;:, &&&U

*6 'J vi] - bT i S |&£|S£ £ tb /c V y ft - T i / W.^'nfiL L> C O y y /? - 7 ; / #^r

K#?#0 L/cD

cti3®yy^-T; / j; r) %

Os 5 b tils l&§+ $ ftfc -5 y f- <k O T ft a C t

snSo d-e*¥JE(d:S®^0^^SESEs © 2 lg*S3l L T,

is^ifit^ti^itio^yf k

£*#& ©?*:££ /:o

3.3.2

£i&m£SE ic^y/ % & -; y f k u y y t> - r *

/-@$s^^#AT# a j: 3 /CT ; /

6o ##(C l # @Z#IS^^#AT# a J; 3 %7 S / ^^m(±J2TF® 4 @^#x. ^ ti^o 

®T7^7+'y|J?/^i' ; y wt © J: -5 tz p -■£ 7 - t> to 4? 4- y A, M © flj ffio

0 -fe y y N x v — y N R x$-f- n y y © & 3 tz 7j< Wt $ © J Mo
©y^yok^ifi-r;/ &®#JMo 

® ^ — y © <k 3 /c {b 7 4* ofijfflo

'(%fc ethnic iAt a — SIS afi t L T It 7 y yvM —SlS^-^ii 7 y ;v 7 ;v n - ;v 

<b±E7 ; / mnm^poti iH+vbib©ix x^wbsis^^iy a ixm^^'a o /c0 

( 1 ) X X X ;i/{b (C «k a 7 y ;i/S®#Ao

/7 Vl/ d; + y ;l/S & ^ ©#A (k #%B© 7 X y # y # 6 y vl/ ^ ; y @£ © a -N yS -x fcktf 7 

-/7 ;!/ 4? 4- y ;i/S t © ^ x X -Mfcfco ^ T^lft L /c0 ^ X-f;l//fb^^3 (c^LTs C tl <b (D

7;/#0a-. y8-, k)j:a'7-/7;i/^+y (pK=#)^jt#cf- a <bx f fif

tl> 3. 4—3. 8. 3. 9—4. (X fc <k&A. 4~ 4. 5 T & 6 1) 0 £o0i/;H+’>/i/Stlir-^^:

+ y;l/ &A^r)<h^J:XT;l/{b^^lj'^fV6%x.^tiao %^Tx 7 ; / #(X) <h LT
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A ibtltZo

7 $ / Sfr £ 0#A(cM L X it Horst Kunz £ # 7 'j 71/ 7 n n y * 71/ 7 - h (CH2=CH-CH2- 

0C0C1)£7 ^/|07'd7 7 itM t LTffl VAE^IS^ LT V32'3)o

(2) f/Wl:R^©T >j ^i®iASio

igjbT V ^ (CH2=CH-CH2-CH2C1) V T -fe y >\ & 2> V ii T u > y (D OHS tfcfoZ&T 

#A^g|5 C 6 5o

v-f tuc LT ^s #@§o V y*-o§##&BM«hLs 7 ; / # (c 7 V ;i/ 7 ;i/ n - ;i/ 0 j: 

f) %ca#^&#A < s r $ / m&f&iz&ifz x* y titmt itogw

ic ^ a % va2^\

3.3.3 y yA-tlTCfi-^K ^ X ;lz 7 ^ K S CD

3. 3. 3. 1. ii U #> (c 

f A-71/, ^X7i/7^ K#AA

T V36~9)0 co^t-^, Vx JV 7 4 KS©f£®£fiJ mt&t, * 7

ff^c: L-caa ^a

K^Amm±(c#^E^ij^-W:a#@:6LTs ccofA-7i/s >; 

x 7i/ 7 -f — K^cD##(c#g U :tib©S^y y*-ilt^7"f KfclUiA^ci^ 

iit it, eF^^ii^Tva0 LTx ^ A - viz® Ama^cD

Ly:o

3.3.3.2. ####

3.3.3.2.1. A - 71/CD A CD##

n-^-^^fy7i/^7i/^y^y (J%T0DM6:m&'#-;ALDRICH#g) 64-7;/^y4z>fA- 

^(IXTABTtmi- ; ALDRICHS!) X&W (6E ; 0.5 mm, ; 20 mm) L tz0 ODM

(C Z 5 A8%CD#B(i, L y:^^^0DMCDn-^ + f- 7#% (20 mg/30ml) tc^-^-e 1 S 

C t ia DFfo/c0 ABT(C j; 5 A^cD#B(is ABTCD x f- 71/ 7 71/ n - 7l/jg?g (20m 

g/30ml) VN 0DM6[5|#CD&L@Tfr-3f:o ODMtcJ; 3 ^USSfr CD5$B(is

OA^n-^ + f-y-e + ^at^Lfi^s 3mmol/10K3Fe(CN)6<!:l
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m mol/l©KCl©7KiM&fQ IX H#^^7l/^yyyAT^f^/:o ABT(c j; a A$&WW:B

cytochrome c 0%

X,®/<v77-7K#i#(pH=7.0) ^r^LX 0DME|q)U<H#%^7i/^y^yA?^'3/:o 

3.3.3. 2. 2. S 6rfi ic J; a i£ E Ei © SHb © it'] aE 

Fig. 3-3-1

^7K##W#!©FUNCTI0N GENERATER Model 459AL. ^^yy^yx^y 

h {is itA-MX g{©POTENTIONSTAT HA501T * D , f - f -#S(iNEC PERSONAL COMPU­

TER PC9801Tff -? tZo AJjMJXli, fflr£$k 1 Hz© IE'S fi£ (E = E0 + Ei sin co 0 t ; E0 = 

0. 25V, Ei = 0.25V, co 0 = In) T & 60

Ag+/AgCl (KCl©#a$07#^)

3.3.3.3.

3. 3. 3. 3. 1. f ^-^{C X 6 A^B©#B

FTIRs @##a©^#©

A#@#^©m^^s 0<b]§7ci&

9 71/^ y y 7 A?^^ /:o C ©S#%&*'7i/f y ^ y A

oDMT^m@^##Ly:i#^. Ama^*Am#(c^aT7i/ + 7i/#^m9CE(c:/i(9x #

< t& aD c ©%#^fumy- a t odm^ j; am@#s©H%s^#:ST s a0 irtzt>

3 m mol/l K3Fe(CN)66l m mol/l KCl©#^7j(?#%^M^Tx Fe^' Fe^©#<b#7C 

^f5(c^i-aA%@©i5^:^mac:E(cj:(om^'r^ao Fig. 3-3-2asf©*';t/?y?*7 

AT^^, ^©m@©i#^(c(iC©Ki^(ci^^:y-a^, #g$m@T(d:jt;^:L^<^ao C 

© 9 (c, #^(c##^^^TA#@©#^^#mi-a c E^qj^-e^a c E^t>^ao

##^ea-f ^-;l/^ABT(C^aEx ##A#@#K3Fe(CN)6©Pe© 2+ <—*- 3+ ©^J& 

(cfD^fa<t3(C%ao i-CTs Am^T^fG^-Wrf^ABT^g^m^TJ^^facytochrome 

c©^<b#5r:^%MLTs ABT(cj;a##$©msS^ff^/:o Fig. 3-3-3^^©dt'7i/^y/ 

yAT^Ds #g$^%@T(±C©^<b#7C^y^y#(cHg

mfcfG^LT^acE^^^ao c©j:o(c, -7-^-E^a#{b]#5E#;!K^ftx.acE

A^@©#g$©^S^M#^#KST S tZo
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o{6#(c s y Xf y) A#® (c##%^7°f K^#

Ai"& c ^^ ^^,60

ODM(ix smE^^LT^#®d:

ODM(cj;a#^^m@^®(c(±. j^<b7j<3=

^#/vl?A5#0^#x. <3)^,6/:^). -<7'f K/j:^OAma^(D#A(c(ii#LTL^Uo

L^Lx ABTfcj;6##|iT(iODM^(5|#(cS&^LTA#B(;:*S^L-t(,\a&\ A#®^:(i

K%^aa>,^60 

3.3.3.3.2. #mc 6AmBoMO^Hk

Fig. 3-3-Kc^

L fc v T (±s SS ( 4- -r '* y 7 y X ) t ( a y f 7 7 y x ) ^'SE

(c^#LT^<bfao COf:#, E%^omE^A^i-66x A^ME^:

E(E)-mm(i);i/-y(±. mmo^X/^^oic^ao f#ma/=#m

c oillbf (ts ©feM^H- ®f?®T-© ©

t, #:$A#@(c j; c 6 ;c j; ^

& & C <?: (;:% &o

^Cl?x 3m$0#:#lM(D7j(#^^TOmmib#

(KCl, NazSOd, CaCls) . ## (##, C(i< 

#s L*90)x #^(y^.-7n-X^ 7 y 7 F - 7^ 7 71/ F - X)

10 m mol A1 <b Ltz0

X tl tl (D 7K 7§ f ^ fc f J* -B E ■ I 71/ — 7 'SrFig. 3 — 3 — 4"— Fig. 3-3-6 X 7]\ L fz0 

^cD^@(ii4oij''BE— I 7l/—7(^x HI R B b Ie A/ /c £>©(£./£ o IT D >. L vb* t> >. 4§- % 

^6D^T3"V-C'<h(c^^5B^^^T^5o C©j:7(c#^{b#^#^B#(c(j:, ;j(^ 

V ~"C © fit $K /fr* 51 ti B o

o g(CABT-C#S L 7:"##?© E - I 71/ - 7°(±, #©#@ d:(i^/lBi#R©^/L7fBK 

%-DTjoOx ^©B^#©#@©#©ck7(C##^©77x7'V-C'^(C#yi5B

(C^^/Co c©j:7(c, #M<b#%##^BB(c(±7j(^^E©##c7^'#-B^^:6#t(c, # 

@#® ©i##i" 5#®^ABTT## L 7: <h ^ 7 C 6 7)^^ 6o
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©«$£«!£*#■ art:*6©tff8© l a <1 tftug a c tifi&ir-

3.3.4 yk&MMT'&iz.x

3. 3. 4.1. (± U 6 (C

L^U K©S£M

{-a'J^'T K©*©iE5$&EiJSte, e©##

© fFfffi^HI^ L TH*bTS^T& a <h # A >) tL 6o ^ 'j7-0«t^ ^

###?& amm©#mt#m^A^T-m^y-a^. is^b 

b?r3m&}fcW\i£.4km*miE.ir z^rntm btit § /c0 Affect a 

A^©flJg{-Mii LTAl©gm£^ U £ /c|3)E{bM©SJ$E4bi;t#7!:7EEtt©M$ 

(^EBJ £ *itn %#©@^ib#^E#(c#]^i-a c ^ & -3 /:o £ £ i;: c fi £ © A

Sttx ia^b© 7'n-fex LE©#^##^%@f-a c t aQ

a a £ it, ^v^E©&iJ/Eti £ i^JJ! £ ft&sbr v aQ 12) ykihMMJ-oJM

<tr,TB@^ti,a^A m@ma©#m^<b(c^T^Bg^^ac 

fti bnrva0 c(D^m^xzut 1 o ^g©@#^<b^^#%(c#j^?# a qi#B%#&a

L&L#iS.

mnzirz c t ^fs^sti/co 13) ^ c-e> yomm^m^vmfcitmm

^©#&^^#f-a/c&6(cc ©. ES7KB^^E^^(PQC)^fiJfflf a c t^U,frtz.0

f K0^f ^<b LTii> #7KS (b#7KS^^t>-Wr^c^^i%^E#^10, 000© T * V ;i/5£ 

3 -4° y ^ t. IMlI^r^Hts 7kmUW}=fOMW:±^ ft Jls T Jls

-k ;i/ D - % (CMC) ©4-* X HB£fEE L/Co

3.3.4.2.

3.3.4.2. i. m#^#m©aw^#m

eE5mm©ES@^iW@^^oSJ$^{b !;:>tf L T$S^kAT* -y h 7k b^ESE £ ffl V/Co 

c ©TKiBiEltE teS:$%£JiElto‘5~15M H z ©$BlS©k©4:£> D, Fig. 3-3-7 (C^ L
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V ott. S £ ic C ©0g££Fig. 3-3-8 (c75 L/ci; ? MJ/mE£fEJ&LT 

fill ^7* - 7 - iiGP-IBgfi-C'* - V y- ju u y t° ^ - * fc$ t) L tzQ '/§

-Y /c*b.

^T;t/; KL/:0 JII (i 20 ± 0. 1°C. R. H. #60 ±5 %<Dffi It|T

o/;0

3. 3. 4. 2. 2 TKHJgfj?^®^© C M C * + X h#<Z)fp^

^tUmM'&rpr' 1. 5V(cEfHD $ VT,
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V ♦ S • P q
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5 o

df = -1. 17 x 109 • AM --------------------------------------------------- (2)
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Fig. 3-3-1 Experimental apparatus

WE;Working electrode, CE;Counte electrode (Graphite) 

Re;Reference electrode (Ag/AgCl)

modifi ed

7.5 uA

b / V vs. Aq/AqCI

Fig. 3-3-2 Deltoid wave volrammograa for Samol/l X3Fe(CN)* in immol/1 XC1 

aqueous solution

solid line; with a modified electrode 

broken line; with a bare electrode
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-0.2
E ( V vs. Ag / AgCl )

Fig. 3-3-3 Deltoid wave voltammogram for 100mg/30ml cytochrome c in 

phosphate buffer solution (pH=7.0) 

solid line; with a modified electrode 

broken line; with a bare electrode

-10:-

E ( V)

Fig. 3-3-4 Current-voltage (I-E) loops for some aqueous sale solutions of 

iQmeq./I

Lett side; vitn a cars eisciroos 

right side; with a modified electrode
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Fig. 3-3-5 Current-voltage (I-E) loops for some aqueous acid solutions of

lOaeq./l
left side; with a bare electrode 

right side; with a modified electrode
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Fig. 3-3-6 Current-voltage (I-E) loops for some aqueous sugar solutions o 

lOmea./l

left side; with a bare electrode 

right side; with a modified electrode
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A: c-MOS osillal.or circuit, B: Normal Til, osillator circuit, C: Normal Til. osi I la tor circui

Fig. 3-3-8 Osillation circuit assemblies.

Fig. 3-3-7 Frequency measurement system.



Weight of electrodes with CMC (g)

l:ig. 3-3-9 Dependence of resonance frequency shifts on the weights 
of electrodes cast with CMC

Legend: O Pleasured values. Dashed line is calculated from
Equation (1).
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Basic resonance frequency (MHz )

Fig. 3-3-10 Dependence of resonance frequencies on solvents.

Legend: 0: Water, ®: Ethyl alcohol, I: n-Hexane, 0: Acetone, 
0: Benzyl alcohol.



R
es

on
an

ce
 fre

qu
en

cy
 sh

ift
 (H

z)

12,000

10,000
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Fig. 3-3-11 Dependence of resonance frequency shifts of CMC 
cast electrodes and non-treated electrodes on 
the densities of the solvents used.

Legend : 1: n-Hexne, Q: Acetone, W: Benzene. E: Benzyl alcohole, 
□ : Water, 8: Ethyl alcohol. These symbols are the 
resonanse frequencies of the CMC-cast electrode. 
Other symbols are the same as in Fig. 4.

: The values of densities for solvents are taken 
from a reference"”.
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Fig. 3-3-12 Dependence of resonance frequency shifts on equilibrium 
concentrations for acrilic copolymer.



Equilibrium concentration [C] (g/lOOg)

tig. 3-3-13 Langurauir plots of adsorptions.

Legend: §: 11-10 adsorbed on a CMC film. I: IMO adsorbed on a CMC film, 
i; non-cast electrode in copolymer solution (11-40).
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Table 3-3-1 Synthesized copolymer series.

Monomer Weight-average Number-average Radii of Mw/Nw
Designations compositions mo 1 ecu 1ar molecular gyration

(Weight ratios) weights (Mw) weights (Mw) (a)

H - 0 MMA: 2-1TEMA 100:0 18.9 x W 11.5 x !()' 28.0 1.04
1-1 - 5 MMA:2-HEMA 95:5 20.0 x 10' 9.5 x 10' 32.6 2. 10
1-1 - 1 0 MMA: 2-IIEMA 90:10 19.5 x 10' 11.8 x 10' 32.0 1.05
1-1-2 0 MMA: 2-I1FMA 80:20 21.1 x 10' 10.4 x 10' 34. 1 2.02
II -AO MMA:2-1IEMA GO MO 19.8 x 10' 10. G x [()' 34.5 1.87
H -50 MMA: 2-11EMA 50:50 20.5 x 10' 11.5 x 10' 35.8 1.78

Note: Rad i i of gyrat i on were ca l cn 1 a Led from i n hr i ns i c v i scos i V. i es accord i ng to 
Flory’s equation.

Table 3-3-2 Sahara Led amounts of adsorphion on CMC films on elec l.r odes.

Polymer series 
No. s

Saturated amounts of 
adsorption ca1cu1 a ted 
from the values of 
resonance frequency 
shifts. (ng/cm')

Saturated amounts of 
adsorpLion ca1cu1 a ted 
from radii of gyration 
in polymer solutions, 

(ng/cnf)

H - 0 0 118
H - 5 122 91
H - 1 0 138 94
H - 2 0 173 83
H — A 0 285 81
I-I - 5 0 306 75
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(i/tyf)
GPIIb Ilia 
GPIa

71:

(a) "7 T T'V y ~Yy / B

Fibrinogen gamma-B chain - Human
5 10 15 20 25 30

1MSWSLHPRNLILYFYALLFLSSTCVAYVAT 
31RDNCCILDERFGSYCPTTCGIADFLSTYQT 
61 K V D K D L Q S L E D I L H Q V E N K T S E V K Q L I K A I 
91QLTYNPDESSKPNMIDAATLKSRKMLEEIM 

121 K Y E A S I L T H D S S I R Y L Q E I Y N S N N Q K I V N L 
151 K E K V A Q L E A Q C Q E P C K D T V Q I H D I T G K D C Q 
181DIANKGAKQSGLYFIKPLKANQQFLVYCEI 
211DGSGNGWTVFQKRLDGSVDFKKNWIQYKEG 
241 FGHLSPTGTTEFWLGNEKIHLISTQSAIPY 
271 A L R V E L E D ff N G R T S T A D Y A M F K V G P E A D K Y 
301 RLTYAYFAGGDAGDAFDGFDFGDDPSDKFF 
331 TSHNGMQFSTWDNDNDKFEGNCAEQDGSGW 
361WMNKCHAGHLNGVYYQGGTYSKASTPNGYD 
391 NGI IWATWKTRWYSMKKTTMKI IPFNRLTI 
421GEGQQHHLGGAKQVRPEHPAETEYDSLYPE 
451 D D L

(b)

Thrombin inhibitor (hirudin) - Medicinal leech
5 ' 10 15 20 25 30

1VVYTDCTESGQNLCLCEGSNVCGQGNKCIL 
31GSDGEKNQCVTGEGTPKPQSHNDGDFEEIP 
61 E E Y L Q
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