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Application of C-13 Satellite Signal to Identify the
Stereochemistry of Symmetric Molecules

Toshihide Hatsui, Katsuyuki Uno, Masatoshi Tanaka, * and Akira Mori

Institute of Advanced Material Study, Kyushu University

*Graduate School of Engineering Sciences, Kyushu University

Abstract

In '"H-NMR spectra of symmetric organic molecules, C-13 satellite signals give a hidden vici-
nal proton-proton coupling constant, an important parameter to determine stereochemistry. This
method is not only effective to A; spin system, but also is applicable to AA’XX’ or A, A’X X,
system. We applied the C-13 satellite signal analysis to assign the stereochemistry of the pho-

todimer of 9-cyanoanthracene, and to differentiate cis-and trans—cyclododecene.
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Table 2. The NMR parameters obtained from satellite signals® of symmetric olefins (RCH=CHR)
and the photodimer of 9-CA

No. Compound Substituent J(°C-H) /Hz  Jas (Juc) /Hz others
1 Fumaronitrile CN 182.1 16.7
2 Dimethyl fumarate CQO.CHs 169.5 15.8
3 Diethyl maleate CO:C:Hs 167.2 11.9
4 Cyclododecene (3)
Isomer A (6 5.32) 151.0 11.0 Jax=T7.8, Jax=1.5Hz
Isomer B (8 5.37) 149.5 15.2 Jax=7.3,Jix=1.2Hz
5 Photodimer (4b) CN 139.0 ca.0
a) All spectra were measured at 600 MHz.
a)
o |
T T ] T T T T I T T T T l T T T T ] T T T T l
6.5 6.4 6.3 6.2 6.1
b)
T | T T T T r T LU Il 'I' ]
4.9 4.8 4.7

Figure 1. C-13 satellite signal of a) olefinic proton of fumaronitrile and b) methine proton of

the photodimer of 9-cyanoanthracene at natural isotopic abundance.
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HRHT0%D 65.32D 3 7 F V& T A (3a), MAH30D 85.37TDFNE b T v AR
BYDF VI A4 VARERBETLHI ENTE/ (Figure 28 X U'Table 1, No.4), BEW
AT A IR, BOMELMARDE URBLRARERDL I LA TELFTHS,
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Figure 2. Spectrum of olefinic proton of cyclododecene (3) at natural isotopic abundance (cen-

ter) and its extended one.
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Photoswitching of Magnetic Interaction Using
Photochromic Diarylethenes

KFEETFMZER O AL (BkaE) AMHEER - ATLIE#
Kenji Matsuda and Masahiro Irie

Abstract

Photochromic diarylethenes having benzothiophene aryl groups with nitronyl nitroxide radicals
at both ends of the molecules were synthesized. Photoswitching of the magnetic interaction
between two nitronyl nitroxide radicals was studied in terms of ESR spectroscopy. The
exchange interaction between two radicals in the closed-ring form isomer was much stronger
than that in the open-ring form isomer. Both photocyclization and photocycloreversion quantum
yields of the diarylethene with nitronyl nitroxide radicals were found to increase with the increase

in the 7 - conjugated chain length.
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Fig. 1. Photoswitching using photochromic diarylethenes
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BHOESRANRT P VIETR Fig. 2. Absorption spectral change of 1a along with pho—
HRE b 9ARMTH o7,  tochromism (ethyl acetate solution, 1.7210°M) 1) initial 2)
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Fig. 4. y T- T plot of diradical 1a (O) and Fig. 5. Temperature dependence of ESR signal
1b(A intensity of diradical 1a (O) and 1b (A)
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Fig. 6. Absorption spectral change of 2aalong
with photochromism (ethyl acetate solution,
1.3X10°M) a) initial b) irradiation with 313
nm light for 2 min ¢) 10 min d) irradiation
with 578 nm light for 2 min e) 20 min 7) 60

Fig. 7. ESR spectral change of 2a along with
photochromism (benzene solution, 1.1X 10"*M)
a) initial b) irradiation with 366 nm light for 1
min ¢) 4 min d) irradiation with >520 nm light for
20 min e) 50 min
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Table. 1. Photoswitching of exchange interaction using diarylethenes

open-ring form isomer closed-ring form isomer
ESR line shape  [2J/ kg K| ESR line shape [2J/ kg K|
1 9 lines 2.2 9 lines 11.6
-3
2(n=1) 15 lines 1.2x 10_4 9 lines > 0.04
<3x10
2(n=2) 5 lines <3x10™ distorted 9 lines ~ 0.010
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Abstracts

Quantum spin effects and spin frustration effects are the key issues for recent theoretical and
experimental studies of low-dimensional magnetic systems. We synthesize a various kind of
model quantum systems, such as bond alternating chain, spin ladder systems and so on and apply
various complementary techniques, including advanced crystal preparation, nuclear magnetic
resonance, electron spin resonance, neutron scattering, muon spin relaxation, high field magne-
tization as well as susceptibility and specific heat measurements, in cooperation with many other
groups.

In this report, following after a brief introduction of quantum spin systems, we review our
recent work , with emphasis on the field-induced quantum spin effects. High-field magnetiza-
tion and electron spin resonance techniques were applied to study the field—-dependent behaviors
of various kind of quantum spin systems, by using a pulsed high magnetic field up to 55 T and a
wide range of radiation sources up to 900 GHz at temperature down to 0.1 K.

At the last part, we propose a future target of desirable model substances which may exhibit

attractive and, more importantly, unexplored possible extention in the field of novel magnetism.

1. EU®IC

B DR T RO ST TIIE—HEEH > O 2 2 &I EM - — 2 —K
TR IESEFRICEE 6T, WBRHPBF#2 IR EINL L) ICEROHEERY
FEIEROOVIRAE U CHBEMERDS MR O D h L 2 RS L AT 5 1581 S W B EHD
BIROFMRIZE > TV AED, BMAWEREMLE (BT »6 [97] 0T5Z L THER
FOBHESREIICILRAL, ZR2WERICBOYTEBNZ A YV ROBESTEEIC S
bo LVAREICE) RO, B, AY Y, 88, BFEOML ) IH L VEERHIC
BEETHLLOREIDL, BIWLMEOEETH L0 T HILEYrBEL L TEBESN
LU ENDBRRE R 2L DTH A,

RE|ETIL, BRTHEEETEOLIG» OB FIRICERT 55 LV ICET 5 5k



DHFEEBAL, DFEEREZHLIILTEASNLIEHLRET AL Y HROHENDOH
FEEd~5b, AEBROFEZIT ) BICHRE LD TTVEIEERO SHRIZ, RARELZME
EEOTVD, TORREIIHRCT, JUNKREPRSHE > & — T 2502 G BRI E
ENTVALXBREP AL T AN F —HAELXRONEESECHEAL, €7 IVEBEEFD
EE - BB EHEIT> Twa,

2. EaNPTHDZ &E—AH, BRTHEMADOREBHE Y ?

BARTROLNLBHIECEBEER CORRLLWEOHE L, BF - HF - -0F%E
DI ARKFPEGNS OWE TR, MEEBRTARE (O I 7 0FHEN
NS 5 L BICERENCHEEREZRIZL o TURTHEB L W) SEALEEL
THObNLKRFEADHEETH L, TOHKR, WEAZHET H 3 7 O R FHMEB)ICIIH
72 T EALOMENERMIIE LN L, BFORINTHLTFrLIILE-T, R
BEEROBMLR VAT LAIIBNTIE, TOMBOEHREE R LS 2SR
REBEVFEL L, ) LcBa»DL, BRETEET 24 DM NRER - A O
REEMTERTHZEIZLoT, FILOKEOERZ BT L7 TE 5,

R EERAEMENIC—KRICD L CIRIZRITEFRICIRE 272k, wWhw bR
THFEDORAE Y RICERTHHAENL, BADHNREOEEN LB L o THERWD
DAL ATH S LR, BATRIEFORMOHLNER %@ U THEBHREO &
NIRVEBIIFETELLEZLNDINLTHD, &) —MIIITEIE, BRTR
b, &SI EED 2R L7 BRIC L 5 WEIREBOBRILD 5 W ITEIKIR R i
%, BEFONE/ T A -5 DOWBBILIC L - T, FHEHNLEBEGHT TERT 2 5HHH
BHEAERCEHERNCERTLI L L-T, HERFTEHEIA TV EHFLVHSR L
BREVPRRTELLEZ LN,

3. EFAECER
BRTHMEEROMFEILL T, METIHEEBICMTZ2ETAYVHR LAY 752
M= a VI RAAEEROBESHR) P BOTEERME L LTRBINLIIE->T
B BEDHERTIHERICZ > TAD L WA LNL BN S AY VB EERC
& o THRREIME R R R 2 Y &9 A U EIT RN ETOERHE L THio T3
B b Lzge - BN ZRERFSE LS, BTFHRRPACY 79 AN - a3 VR
AEIBERE RIF S 092 REIRAEICHIE 2 TR 7OR N 2 g AR § 578, &
NODBBIKREL LD EBMY S EVFRECHETAHETEZICBVTH A U EEH
2, HHEMIREE L ISR D Vi LVIREEDSTHIRT 5,

BRTEEER BV THEHEIIHNSLETAE V3R idBethe LRFH U H N THRAH (T
FLVWHETH L, EHERIT (19834 ) Haldane il & » T—RIT RSN 1 ¥ o XL &
RIIH L CEEIRRE, BRREIERAC Y, FERACVOBFICRENICRLZL L
PREENTERICHLNTVAY, $EHAE Y ROFEERECIIHEBESEE
BEH X RS - TERPICEET A 2 &4 5 BIEEER R IR B 0L 72 e B 1R M 60 22 0K

—15



BILHY, BFLERFOBFICMNET 5BRN% (margina)IRiRiZH b EEL D, EE
WREEE E—FhEIRAE L ORJIC T 3V F—F v v 7REHETT, BRI A LF—FhosEes
FRIEHBHEEREPLOTHERDT A VEICE TV S L) ILR R BB FOMHBITE
BHIZRETHY) [AE /] ORpEZER LN TV S, BHAY VR TIIERIKE L
E—RRRELOBICERO I ANF —F v v T EFAE YT vy DIPHGHETLOARR
53, FABIBIEII ISR 2 TR BB o TR T A T L2 b ERUF R IREEIC
&5, HaldaneFRE LAY U ¥ v v 72 F T 5 EEIKE (Haldane ) A% Affleck-
Kennedy-Lieb-Tasaki!lZ £ - T Valence Bond Solid (VBS)iRFE L Shh b A V¥ v —EIH O
EEORBEE L THEB SR ZEARERTUE, EFHRICL>TAYYFry Tk
LD BMNERCHEIN TS, VBSIRETIIS-IOA ¥ Vb s 728D S=1/2 2
VY CRBESH, BOVEIBTELENS=1/2A Y VB THE S b —EFHx(Valence
Bond) CRF2#HEFDLIENTEL, ZOVBSKEDOHEN S, B, FEHALY Y
FROBEREOECPEBWICERSNS, BHEAY VATE-EHS LA GhE T
WX B VBSIRBER (EL Z L AT E DAY, REEA VY VR TIZIHEAFRMEIMRE TRy,
AV —BEOREEZEDIREOB A, 79 AN —Ya v HRED OZHEBFRE
MR O EEIREE T 7V & L T Anderson %32 % L 7-Resonating Valence Bond(RVB)E 7 )V
WEDPDIZBLELLNLY, ZORVBEFANFDE%, SRBIEEBET TV ELT
BUOBE L2, 4%, L) —BM2BHEMROAY Y X v v TORMEIBEERIIRE &
LREE L TIERICHIFE SN TWwA, AEYF vy 7F0OLDIEIREFTH2 AV RRPHM %
s SR THRbILY, SRETHRICLIDIEHNLRAY X vy TIREEIE, EF
FREEDZANFTF—F v v ThOBEL—BEEEEREBEETFAE Yy vy 7H)ITH S
ZEMERENRTVSE, ZOEAIPL, BEAY VY —RICREBMHE, A Nf LR
REEURMAAFR Y FRCBTHRTFR, &0 —B0IAEERSEINICED S —KTTA
VY EERRL EOERBEY AT AEMH SN EREBTSHICBTTFH L —FEE
DHEADRBIZEAH L VEERBOMZE;ERS 5 FEARMEL TV 3

DL NI, —RTENA LY AT KRB ﬁiéhéi%xt/ﬁ B 2L NYES
Lo TETAHRIERINEERBITHAN BB LIS REOLDIIR DL, #2T
TE GO TR SN L REHEN 2 REMBEFIHEShTY S, REDEICLIIE
EHHRFOBIEORRAN [0 & LA LELND LI, AEILOLVWENE
BILBWTHELRLIETHRICLIAWEOERII [EFWLE] ICLAEILEShRT
Wh, HEEDAE YV RIZBWTHNERECLAY VEFEI L, Fhiy, AY Y OREK
WESHIBLEWEED 2L, EAN) T APEFHROZDIERII R 2wk
R EEL, BEAN) T LAIRIRIIB W TR — Z8IEIC L » TEREIREICERE T 5,
EFAEVREBIZEA L THA2KEBILHEDTHS ) e BEOBIFEIC L L, K&
WO EABORBTAE VRIIBWTHANZER COERFREO LM CEBELRT T
FHEBEPRBRIN22H), ZROPHFLVHFEREL LTEEBSIRTETWL, §
2L, B ETLABRECHLIAY Y —EHEMNERFEOHA & L TFAL P ZREMIC
HLEHLEBECHREIFZFOONLKENEbNL, ThoORFHENOBEIZZ/MN 2L



A0 % B OIED Y T (A DAY VITREERICELT 28RBS 505, ) &THE
BETIER(EBEFHIL Ly A% —D0ME KT 5, ZNSDREETHERAY S
FRIHIEREE S 22 neHiLwi A TOEFRAERETH Y, SIRBREDEIEE
LEE L TIERZIIEN S hTwnd, ERMICIE, ZhoORHE, ZEEEIICKE2ES
Ex b OoRRREBORIE LMY, SOLTEFLVWEFEFHOERZO LT, #EWEL
R NBHETIVEMALIER, GHL, HBR - BMRFORNFNHBEOWE, HAHE,
T, « SR, BEESEULNE R &0 L BILERERIFZEEIMTOIL TR,

4. REOHERD»S

HIREE CTH L 2MHER I, FEOBFEEUT CHRERESRIIAET 2HEEH
A TREWSE] L ARFFIITEL > TEL DL, LT, HERTIIYWERLD
MARHIAVE—~OFB LI b O —DRELDOBDES VOB, BUERLANYE
TAHHMBEETIIOL EO L WEEIRBICHKE T 5, L ZAVRTRTEITHRERFEIIC
BERTZ [BF05 X LLAEAPEETAOTHAEEICBVWT, HEEH, HKE
B, BIEHE EOYEINT A — 5 R, ENk EDHNEINT A — 7 ORI L - TH
EBEFEDLbNE, TNLRETHER LI TVWED, 20BREEBEOKETE [
TFooLE] L [B0LE] OFEKSLHEAMEKRICLZ 7 0AF - "D EEls b,
DTFCH, BFAEYRIETA2EREMAEOAL S, FHIZ [AY L RICBIT A D
FETLIETHRSE] KL TERAOMEL PLIIRADHEELFIET S,

(1) BF ALY Fx v FHRCsCrX:(X=Cl,Br) D& FHERH & K — Xk

Cs:CrXo(X=Cl, Br)lZ —E D AMX AN Tt EWE T 5 sy 1 v~ — L&Y T
HbBo WY A4 v —BWETIIEEREBIIAY D —FEIHT, AV /vy 7ot ThHE=
EIH, AEH, CEEID L, SOVAEEE Hex $EAH L T40T, 0.5K CHIE L 72 {RiR5%
Homhi b Mi#R1ICHE, Brif THHB L HBH A BE LR T, FORRIIWED S A v —
BHEEHOKRE SOBVFER LAY Sy TRIIBIT A HEETHIER L L
THFTHIENTED,

—HWIZE- T, BEFAEYFry vy 7RTIRY vy 724 F— 10T A2RELTD
TOHBERTIIRE-EERENER LA EE 2 FEREARE LTRAE L2 L,
DM —EIEREIEFHRICL o TI AL SNABETHERNMATH > T, REH
KT AHBETEEROKRESDRAE Y L OBBEFToHY, »OBMERFEICIZHEEIER
PENTWVE, ZOBEKRT, KREIZAY Y 2722 VIEREETFOEA KL LTOHHE
B IERME R L ZRETH Y, BETAC VYRR Lo TROAE Y OFER L 72REEICRE 2
BB EZV, BEMIIESVEREEERNEZEL TVE2010, MOr0FEIZL-T
A F vy TEEHIL CH LWERHETERT LI ENTE S,

EE-BEBEATCIIABROAY V¥ v v 7% T B 2L ¥ — AR IR
HEXH D, LizHo T, SEEEEIINIC L A Zeeman AV F—-DF|BIZL - TEfIICH A
RS Z TP TAY v ¥y v PRIET MIHBUIEIET 50 O MAM RIS ST T 5



ENAEETH B, LY —HMITE, BRI ANV BN A FORIIBLTHEEHRT
IANF —EMNDOIREVE L LEE, RERREBORRNZEEIHRGINS,

DL RBRFIEEEMEIIST AHLBIETRED L) HEMAIBRESNLIDOTHS D
Ho HEFRAOEEEEL R L - EEO= FIEREMEPERNICTFEIN TV S, £
NoOIRBEIZVBSHIE, T4bb—BEFOHIFEOTTOENIIL > THEBET LI L0
kb, RERHELHTHE LOBTAY VHOBRBRIIBVWTHLPRENEICEFILS
iz, Vh®LEHMt 77 b —HHRT 555, VBSIKEEZERT 2& - EFASEEIIL -
TIER=BIEMCHR Y EDLDL Z LTRSS, 112, MO OIFIELAEIE 2 BT
THLHIRETIE, MHOHPHRIENIEST L2 LI > THERIRE L OFIc T R V¥ —
Faoy THELSE, BLBMEIITI N—2HETLERE 25,

Z OBFBA R BB IS LT, BORIC & A REIREORL 2R FHiE 2 v O
BIZRLZDDODBRITHAY, ¥4 —HDI2AE VB REITOL Y 7L v #ERT
EHATORY) T Ly VERTFAEZ B L, BB ZeemanFIIFTER IS P T L
v MERTOHFERTRDSNS, ZOBY A ~— B EBEMEEAOBR D I F4
BU S AEEERAY 52, BRSIHTFRRIEEEREY 5257201 sh Y
7Ly MERTFIIMT TS CRFBICHEVAEES S . 2072912, Y7Ly MR
FHBEN AL W) B T<HRIRE> 10h - THILSHEMT 2 20— 7FREEE, FhiC
ML CBEBATiEE V) BRCTERRKES ICHAHILT T F—REFRbIh L, Tk

CESLULITI ¢ ST e Sumnd PIme s Sims Did
omina sope (Y (Y R By

(e) S=2 Second Plateau e e eyl

@sseonasiope (YY" By AR

(2)$=0 Singlet Ground State .‘..@:::::@:::::' ':::::@:::::'::
AR Q) AR (g @

Magnetization
-
a

Magnetic Field

Fig.] BHICE AEBERBOEMZEAMIIELAN, KEABFHIESB3DSF A v—2=
PR, NERIIE, 1/2AE T, @) FLy PREE, OXFY 7Ly b
REELRT, @)~ (g)KEIX, FTHIRT B AT,



HC LT, CsCrCLOBALAIZIZHB V> THubbard E 7 VI L 2 <&E >, <#MBAE>ER
& &l 2 2 FAEESERMICHDI S,

SFICER v FHR S=1/288F v FEA#H, & TIixsS=1, 1, 1/2, 12REAYVH#H
R E SR EREERFORIIBVTH LW I A TORILT T F —OBBENFHINTS
D, —EEBRHICORIEINTVL, EER LT, TRLDORTIERONINVI=T Y
A ORI E — R L 2 VWEBESELNS 2 LT, AV UIFOBAIBEICD U TH
SOFREL S 22 TIZTFHO P2 WT S =R T 5, LTI F =2 BT 5
(LB EMIIn(S-m)=BEHTHEZONE, I Tn EERETOIEHL: ) DALY U,
SSACVETE mY A ) OBt TH L, EFF-AVRIREOBEUEIER SN
Twa,

BEDQDAE S Fr v TRTIHEL LS ZRTNLH[HCHEERBIFET 545, BHHT
AN EEILBLWTO BRENBZBERF A RS2, UL, FHERTE v v TEHE
T2 EGWHEERIC L 2MEREFHbN L, WG T O OBFREII R —X
BRI SIS T 5,

AV ¥ xy TEREET 5 FERE U TIERBFEIINAERY TH 525, EHENP F—¥E
YTDFERHL, ENEMNZTHBENT A~ FEFELSETAY Xy v THOR
ABBEFERTAMERLETHOBMOMER L EHRT L%, THPWEFLHEAL TR
EFTHE*BIRLETHE B OBITARELRBIIMREIEIETH L, BEDOHI
ELTARAE Y23 W A FRCuGeQ i2f8T 5 —EOMFE A EITAH Z EAHE LY, —RITH
2R TR T A LTMOEFH I — L ANHE SN S & FIE 2 G B 22 A A5
Do, FFUBBEMHEERICE o THBRMLZRFESPEHRT L, CNLOWEZBLTET
R EMEBICET 2 MmN T EARIEL, FRICIEROHMA TIIHEFHRL VHAL
BHexRRUC, BRIOMEICA VI 2525220 8T NI RENTVS,

(2) Cu-benzoate |2 BT BB FL Y v v 7O EHIEEHY

SF12FGEREMEN A B RV THIE, BETRAHEEERTROBEMERELT, I
TEHLOMEPLREINT V2D, BEFHEHLERIRFRTH L, AL, HHlR, 7%
ERIIAE Y Fry PP LR EERM LTRSS RIS ERNICHE RIS DS,
HHRTIIRBAE R P VDS A —RRICF v v P AZ LT L o THHESRETHD
WA LTC, EFR TR —EEERRBICAR S NS BEO R E s THILDRET 5,
REES%F ¥ {H0 2 WETFROBIMRYS, BEOLEN2HEFEIEBERICIBITL ALY Y
BERBRED [AY ) yHopR] ThHo I 3%, EFRTIEABERBEOF
HFEEE I IATIE U CHREBLICIBI L 22, Lo T—RRENC I FE At b O F v
v TO R CEERE— FAREbN S, &, BAIRYR S=1/2URBME N 1 £ ¥ <V 7@ Cu-
benzoate!Z BV TRELEE, Mk, PHETEELERY, WKEGT CHEMIITDOR, BED
ZBPEPICENTZ, FOHRICEL L, BFESNIFELEGREMET— FABRIIS N5
2, PR ZECREIF vy THEECT ISR s THERSNLF vy v TR bh
B ENHEPIZENT, BOBEBIIEDTHTENS FH—MIIEET 2 AT b4



F, BEHEY v v 7ORRR 250 T T T

Cu-benzoate |Z $ t} % #\ ERFE 5 : C;—Eeéxgolage L
CEESESEHOAS N - F 200 [ ' ’%,7@’ :
BB ORI TH D & L Dk EH ; A ]
o, ZORVESPIZBY g 150 /," -
T & Fsine-GordonFk DT D S 1 P 1
EFVEERT A Ehdems & 100f Q,ﬂ’ v H//c (ESR) .
nr, [ y o H//c" (ESR) ]

Fk 412, Cu-benzoate ® H 50 L ° H//c" (specific heat) |

----- H // ¢" (theoretical)

SAEELE R, REELIRE, B . Hilc (beorstical)
BB B CET AL ¥ 5 0y = ek
BESRIEBRE T, RSB D

Fyw TR 7)) — )
E?ﬁ%ﬁﬂk&?Ltmog ﬂgZE&g%ﬁﬁ%@%£E1$w#~*V/7
2027k L7z T=0.5KIZ B} 5 B

BE B ESREIERE R OBGHRE T AL X —F v v 7TOIER N & BB R A IR
REN, ZORhE D sine-GordonfERIDIED —D D7) —HIIKIRT A EFHE & L THRR
FTHIENTELHRLRL, T72, A LEBRBICB T L2 REELOWUE,S,
BEDORTICHEWEABESESEREISBEICS 7 P L, AX7 FVORBIES 70— FIZZLL
Twa MBS, ZORBERFEME, S=1/2FEBMNA €0 Ny 7@ %
RABNTHLIEHEMRF EIMHBROBEL LTHRTE, SHICRRETHE, Fr
Yy TDRVAE S YR EF Yy TR D7) —HRRIGERT A AR FUABEEFL,
BERETIE, 7V —YHEILSDANRY FVOAPEN I, A Ve 7)) —
YRR DXLV FRE, FHBOETHERIABEIIBIIL 7 0AF—N"—HRLEZ LN
HIEIPRENT,

(3) TFRMAEDETHR

FAE, REBHZYEEEEWMOERICE S v, RN G FRETCEINTEHK,D
EURBCECS THEEREEEIMEEINL LIk, FOBTYEIEENICHIEH
PICHER SN TV D, 29 L7IZRIRIEB T, W LA L O+ 5 5880 T TREN
PORENI D FRMERIZEL, BEYHER, SSEFHFLVERDROESL LT
FRIMFIFROFER % O ST ERBM LMEITOR TS, FREOHEESEAL ¥ 25
BhGTHES TA S —IL, BRHNT 7U0—-FOurs b, BFOXNRTHY, EBRLH
FTERGHAREEVITON TV L 5H TH L,

FFREREMEOBEEL I OBBREIH L, BANL A VRIEREA 4>
LEBRSTTHANENELBRERL L TOHBAY U250 55 FHRADERINS,
BEDF /A LR FTEI DM L - BELHAEGRETERITHLDIIFL
T, ERMEREBERT 20 THREKIFA -9 FOREERTH ), TRICE—FTFED T



A XA DG FHAEARBE—SHR) EALT I ENERL, F /91 ZH
FIAR SN SEA T ROFEIISEN R EF T AV —ENOFLETH D, FDOVA
RTINS B D ERDIT A F WG DSBEERAIC & 1), ERRA 2 SR I I IR R
BhwHLwETYRIRfFINLE, 250, ROTA NV —ENOEEL BRI
EFWERLIBUDRALNDL L) hD, LI TROBFIA N —HENVOMEIEE
Kb ARICETIAT I ALIABMBET RbLET /A VL AHARE
MOMBAPEEII R 5,

EFI AV YTICHLTINETRSERICHAE SN TV DIEEA Y Y Mnl250F
THbo TOFTFIZ4EOMN(S=3/2) %5 A EMEERSY ¥ ZRIHEAL -8B
M (SOWEERARE L FL, BERREFSI0REICH L, 2K TORMKBIITRE
HRITH ) BEREARO 70 v & 2 FBEPBIR SN 5D, FEIKIRTIZARFIEE AN
WELT B LA ENLETF M2 Y IEEITRE SN, BLAROREDISE
F YA S OBEEN LIRS ND, BRI EHEOSERS TREROZEL
ERT LD, BRI DAL X — AR S RO LTRSS O b v A S
Lo TERWIIHEOEG BV THLORIFE L T D Z EPEPICER TN 5,

STREERICELT, MR ¥ 7V Fe™r FRMAR L ZEER S E K] IMn(hfac),l,
(bnn) ] DBRBSRALAE L L > TEBF L 3 N F—MEMEELRZE L2, BIEE, 1450
7 DGatteschi 7 )V — T2 & o TER SN 12 DFe(S=5/2) 1 + » 5% ¥ Z IR SRR
HRMEATHEEL TV IYETHL, TRETCAIIN - TIC L BALRGEL, SHE
e HI3L.0KE REED bhTwa,

FaiL, 0.1KE TOMKIR, S54TICE S /0 AESEP CHRILHIE 47V, H3ICART &
IICHMREH S 7 A Y HEIHHYTH MR ZET ANV - ELOTEIIHEKT S
R 2 AL B OBREB XL BANBEEZOERE 2 BH L7z, RO A )X — Ml % KL
LT, BHOMEE LCEREE
DSEEBERAL R 7 v TAYEE = ——
n, TAVE-Fvy TI3K% | Fel2-ring (powder)
EEICHRET S 2 LN TE, ' dM/dH
SHWEETRE S, B
7y 7HEBIIBVWTHI s S
WEBRMOEREHEVET A
FITZALAEREREORE
FAE S B3 5 RS )
BETIANVT N OREIZH

T N T T T

[ony
o
T

M/ Fel2 (u,)
n

BHYLWHEBRRZHL PICTH

7o DIERENHEL I NI, 00

BEZ, ENIV-TILo H (T)
TER S N7 248 0% # % Mn™

(S=5/2) 1 A E2ROEHE 7)) Fig.3 T=0.1KIZBiT RHtBER,



— T VA NV(S=1/2)BBRBEALF 0 5 AT L WA ERESE#EKT, A7 Vv— 70/ bE
ERMLEIED SR ESELAIZIN TS, EEHBEZ=8SR(E/MEPL)T
BERF I IAYRELRRF L 2EACZAEIL LR SN AZER “butterfly” #HiEx L
TWwh, 75 AYNI2HEHEOFABMHEEER M- P h )V, FIHN-F T H VB
BIEDILAE Y I7I5A M- a VIRASEL, HEEBLEIESORE SIEKELTSE
B HEIRRE (S=07° 5 5=6) HTAIREIC % %o

ZOERD L WEOHKAEIIOVT, A0TICE LR, '"THzICE % BEEESR,
200mK {2 B RIRAS B LR BIE 24T o 720 40T BT A 83FIRAL I8 10 o T, M LERARIT
KR Z IR L S=ADEMMFTEBE R —H L7, BRRELSS=4TH 5T LIRS
b eI, 0TF THSTEMLTOEFINSS=5, 68 OFA L VIRESERL
VI ENPHBLL, LYVEHESETCOMNENSLETH L, MITUTORBESEICBVWTE
BLEBRE AT ) VA LBEEEHBTHOT 50 b BEHLBILORUPEH S n, &
BB E TIRBIE SRR WIS OREDOFE KL OV ABSEEE BB % S E R
BUCHET 2B DO THA ) EF P A Y VB{LRREOBEIEZ SR L OT,
BIERT CRMBALERIE BB L CFHROAEREER TS, X/ FESRIZEE K D
HBET L OEERARI MVESZADVHFHVIHEETY 32— a v HLEBORE
RIS A ERHER G, BIFFENS L )T, WS - ®FEWESRANRY FVIZR S
%Lfmmﬁkiﬁtto1«7bw@mﬁbloﬂﬁﬁmﬁ&#%ﬁwhw%ﬁﬁﬁ
D=-0.1IKDBFEESHS Pl o7, COBOFKERBRAMICL > THEL S —EE LI
ERMELOEF P 2) Y 7EBEERIBELCBY, FFELERLBER/ ST A—Y
Thb,

FHIUEET ZABRERBMERBEEE L TRARI IV — TREARREEFEE) PSEHK L 72
[Mn(MeOH)L(OH)M(bpy) 112V T b BEHHALNE T o 7 —HEOLEW TMEE
AAHZEL Lo THADHMAGHLED2BHDOAE VAL RARMEN I T AL ay
FEERTAZESHESL, M=CLAW T, 40T I TOHFETHEIRIZZ(LT AL
PERAlSN, BB FZANT —EMTFDOS306 S4RE~NDEBIIMIC L TH
D, FOBRRESE»OHEERAORE SEHBHRTLI EHES,

4., BT IVEEMEGS

PHEBRICIBIIAIRBOEERIZIVESLEMATAEITH WA, Lhbif, Lh—#
B EROMBHZEREET O A Y VEF RIS SN D IFIOMIFEITHE L 2 BFR
ETINDH S WITtoy ET VOFRICELLPE ) 2, BEPEIETVRZAELTE
BRERGENS T E A0 L) D h o Tnb, #I2, HEROBMATIIEBTE L VWRER
HELEZAAFREAFERTACVREERA LT, BEMISHERIGICA V37 b %
B52AZELEETHS,

BAREGICBR D BT F VN EE ST S &,

(1) #E% b OB

VBSIREEIZ 12 A VRTINS —BEBEMPERHMTH L Z &b, ALY V12



AEHRERE L TCEH BT HFEBHEHEETLI L PRAON TS, HI2IE,
Haldane A % 7R S=1 RO SIS MBS & L 7- Z &R0 5 B A RORRETE $8 R A 12
BALES 12— EMA ECEEHT A I HRL, R HEMREEIZS1/2K
R FEETHA D, BB TRERAY V3 TV AERBITE - THDOI B R EH
HED, INLDRTIIERNDENCOZAFHNIL, HED R V—F % S=1/285 812
FHELEVAEY Ty v IPEEL, Y47 —HLEbN kML -EHERENHETS
TERRBCHOLNTWE,, BHRAY R TEFEIRECELZ o T0E, — %S
BESBEEATA Y U F v v 7 FOHaldanetl TdH 5 BT IT M 5 EEAZIRITL
S TREBIZAE Y F vy 7R LERCR O L E—mifk L2k, &4 v—HIlER
LTHOEMT 5, ZOBREREOBIZIZS/2—HE & ABOERBEHETIREILD
BEEZROND, ZOMKIZL TS IUHNOEHA Y Y ZAHTIRIBEROBREB PR
NTWV5, @A L238ERP4ERmD MM S5 ROaRMEIE S=2/3° S=2 R O RF
ROLZDIZERTHY), fIBIZOVWTEHENSFE SN TS, Z0L) REE,H, A
V2% RBHRL Lo &) — 80 2 &R0 PERE 0922 [ % & 15 > B i & 8E o0 E Brit
EWRFEINTWE,

(2) REAY

SR AV EOBEH S A Y L OB, FEBICL o TERMICELL ZEhD
EZTC, [BRAY Y L PREHAC Y EPRETIVTAIRI 5] IZHKSD 5FETH
b, RIEAVY VIRABTMOBGAERRENHIL Y, FEEPZEBHTIIR Y, AEY
AL, 1, 172, 125 WwH Ny — o CHIRICIE R & RERRBIGIERMERT L 2 ) ALY Y
Xy 7HELNEZEPREINTVE, T2, (S,ORMAC VOB ERWUENER
ENTWEY, (S,a) XA #iIdS+sn & EHMAIZIZ 7o Y HIEE L TR AT SR
LNEF 7 VHITEPRANBEEATWS, Thbb, (5,572, AE (2
RORREES & A E 2 (S-) MM OME SN bDEEZ DL ENHELDOTH L, A
Vo) REHMESEITFICBEAC V#THL L VBSIREEICH ), Frv 728 Kl
BRI BT 52, AE X (S-s) @I F vy 7O WEEN 2 KT 52 5,
S2sTILMMMR 7 = VBN, S<esTIEFORREMER 7 = ) B, S-2s Tl itk & R
T EFRBIIHE L REEMIC RS,

5 EBEICRZT

INETAEY TIA ML= Y a VIREEEROBEUR) Con Tl o 72
B, BFAYVHELAC S 7IA ML —3 a VB EHENICHAA S DEL I LILL -
THHRLBEATET A D Rz HEYEOPIHEEL, HENFRELZI6NTS 2 &1
S o TBF AN RERLRAC VKT ERT LI ML LEZ N5,

BB R ZEEED Y — 7y FOFE LTI

1) HHIZIEED A VCITERBEA Y Y 2 HREN L T2 K TR AR T

2) EHHAEL EORAEAY U EBBREME T 5 ZERRZER0—KITH

3) BEAY Y OMAGHEIL BT OEE—RITH



4) FORBMHERRICE A7 I A ML — 3 2% ARG

5) IO DO—RTEHPFRAIE S L 78U ZRTHEF
EWETONDL, TNLHIVIEINLDEHEMAEDLRIIL ST, EHEETFAY
CHRORENEIC R D, TFVEEFOSRICEL T, LIBT3
BREENHPARTURTHY, PWEOMENEF T L BETEHMBRORTWZERZ ) FAL
THENMHEEERPEMMNICEE - fifH SN E T VWEPREINDS Z LD HFESR
38

Fx O RISHEFREOMB) & L OMREDOH I TITON TV D, EREFEIT, fil
HRBHERFRERBRBEMERDF)Z I LD L THHREA NIRRT, &
BHTALME TR ERFY UM EREREE 7V — 7, RRRFERERERZ Y
§ —&EE BB v — 7, SEBEA B IIR EER TIIRALRFE S BRI AT AT
IR, HHEZBER G - MILRFREFYHERBIR) 7V — 7, BERAETIIA
PHRFERFE R TEM TR BRI, TLERBEIR IV — 7, N RERFEREFEN
gl RN LB 7V — 7, WNKRERFREFMREELEBEEBR 7 V-T2 TH e »
72V Tn D, MHNDEBAILFEE DL EROEE M ORM L EREQBR V2w
Twbd, b TEHFL LTS,

CHRISHISC DR T F0 T8 T B o

(11 B3k—, HGmEER @ I FE AR CRE VI (1997).

(2] AR, HAFER | PHAFE 74 (2000) 417.

(3] &AL, wEfes, BILFE - BEAEWHE 31(199%6) 783,

{4] T.Asano, H.Noijiri, Y.Inagaki, J.P.Boucher, T.Sakon, Y.Ajro, M.Motokawa:
Phys. Rev. Lett. 84 (2000) 5880.

(5] MAFE . HEFRBERRSE (2001).

(6] WAET : EAFYHE 34(1999) 36.



—MREE—

MY N7y vEBAREHWS
HERED 7 I A F V57— BN E

INKFRFEREFZERE K% B, & &8, dE &

A sensitive assay of D-amino-acid oxidase activity
using tryptophan analogues

Reiko Nagayasu, Kenji Hamase and Kiyoshi Zaitsu

Graduate School of Pharmaceutical Sciences, Kyushu University

ABSTRACT

A sensitive assay of D-amino-acid oxidase (DAQ) activity using tryptophan analogues has been
performed by high-performance liquid chromatography with fluorescence detection. For the
enzyme substrates, 5-hydroxy-D-tryptophan, 5-methoxy-DL-tryptophan, 5-methyl-DL-trypto-
phan, 5-fluoro-DL-tryptophan and D-tryptophan were tested. Among these D-tryptophan ana-
logues, 5-fluoro-DL-tryptophan is found fo be a suitable fluorescent substrate for the sensitive
assay of DAQO. The obtained signal to noise ratio is 5400 for 7.5 . U DAO.
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Fig.1 Oxidation of D-Trp by D-amino-acid oxidase.
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Fig.2 Co-chromatography of oxidative product of D-Trp by DAO and (a) IPA and (b, ¢) IAA.
Mobile phase (¢) ; CH,CN / TFA /H,0=12.5/0.05/87.5(v/v). Flowrate ; 1.0 ml / min.
Other conditions are described in the text.
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Fig.3 Structures of 5-substituted analogues of D-Trp.
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BHHEPTREICRLEELD of 5-substituted analogues of p-Trp
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COSfEAF LI, AL F Substrate (CH,CN/TFA/ H:0)  Ex. (nm) Em. (nm) O/
VE, KBEERTT7 v RICE >-Trp 16/0.05/84 277 355 2220
BLIALEY (Fig. )& HEE L MTP 16/0.05 /84 277 335 60
L CDAOBEE UL % 4T o 724% >-HTP 10/ 0.05 /90 274 337 270
R, WThbEEMOBER Methyl-Trp  20/0.05/ 80 274 353 47
e DD b7z, Th FTP 16/0.05/84 279 364 5440

5 B O i e B U B i S /N : Signal to noise ratio

R, IR % Table 1
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Fig.4 Time course of oxidative reaction of FTP using a homogenate of rat kidney. (a) 0 min, (b)
30 min, (c) 60 min. Arrows indicate the oxidative product of FTP by DAO.
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Thermal Transitions from Native and
Molten Globule States in alpha-lactalbumin

Hirofumi Sakashita and Yoshinori Miura,

The Center for Advanced Instrumental Analysis, Kyushu University

ABSTRACT

We have investigated, by proton NMR spectroscopy and high sensitive Differential Scanning
Calorimetry (DSC) of heat flux type and Alternating Current(AC) calorimetry, the conforma-
tional change from the native(N) and/or the molten globule (MG) states to a random coil (D) one
in Bovine alpha-lactalbumin. In N—D transition, weakly divergent behaviour in specific heat Cp
is observed indicating the increase in the fluctuation of the internal energy. so transition is almost
1* order, but weakly 2™ order like. In MG—D transition, no latent heat is observed in DSC mea-
surement, but gradual structure destruction are confirmed by NMR measurement and Cp shows

a broad anomalous peak suggesting the phase change: so this transition is weakly 2™ order like.
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WEDEFNICHRT, &b TT7u— FRIREHEHA (109520C) TH#ITL, diffusiveT
bh, TOBHIIEBEDYAXIFHINITEASI VI & (RIREBEOEZEIZ0,
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IMEEHDO AN A LD EBNEEERATLILIIDHE, T0OZDIL, FBLITVADT
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Fig.1 Alpha-lactalbumin is a two-domain calcium-binding protein with 123 amino acid residues (molecular
weight 14,200) found in mammalian milk, and has four alpha-helices and one beta—sheet. Native three-
dimensional structure is maintained by competing interaction. The size of this protein is about 4 nm in diame-
ter.
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Fig.2 Schematic drawing of the native and the denatured state.

Thermal and cold transition of the native(N) conformation is the
structure destruction (”structure melting”) from a unique hetero-
geneous and hierarchical 3-dimensional conformation to a random
coil one, accompanying with absorption or release of latent heat:
1* order phase transition. Molten globule (MG) conformation is a
partly folded, compact and denatured one realized under some
extreme aqueous condition such as at low or high pH. Thermal
unfolding of the MG conformation is also the structure destruc-
tion.

Multi-Step Thermal Unfolding (thermal transition)
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Cooperative and

S'uc.c‘es;s'i\‘(eb, local and small
tion. . - Global destruction

‘amount of destruction
Precursor

“premeltmg of locai structure
(conformauon) ;

Fig.3 Summary of our previous result about the thermal transition

in Bovine alpha-lactalbumin. White and shaded region show
schematically slightly destructive parts of the molecular struc-
ture, and the thread designates a random coil (structureless)
conformation. Upon heating, protein undergoes the successive ,
local and slight "structure melting” at e.g. Tl and T2 in "the
native state” ( Precursor), and then takes place the global "struc-
ture destruction” at Tc. So, protein consists of building blocks
with distinct strength against thermal agitation. This multi-step
process suggests the existence of some "triggered region” of the
"protein—quake(structure collapse)”, and its dynamical origin,
"soft modes”.
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Fig. 4 The high frequency region of 500MHz proton
NMR spectra in Bovine alpha-lactalbumin at pH
2.28 (4.2 wt.%) as a function of temperature.
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Fig.5 Integrated intensities of proton signals of
Bovine alpha-lactalbumin (4.2wt.% and pH 2.28)
as a function of temperature. The intensities
indicative of the MG conformation (hydrophobic
core) first increase, upon heating, due to the
motional narrowing, and then decrease due to the
structure destruction. Signals of a random coil
conformation appear at 66 C, and then increase
gradually. Note that both N and NG states coexist
over a wide temperature range (from 66T to
around 110C). Clear evidence of the structure
melting can be confirmed by this NMR study,
because so far no sign of the transition (latent
heat) has been detected by DSC measurement.
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Fig.6 Transition temperature vs. pH of Bovine and Human alpha-lactalbumin determined by DSC and NMR
measurements. Thick and thin solid lines designate transition region, where absorption of latent heat is
observed upon heating, while dotted line indicates the temperature region where broad and progressive
destruction of MG conformation proceeds. The native structure is destabilized in proportion with the distance
from the neutral pH value: the transition temperatures Tc decrease and the transition widths A Tc broaden.
Only in the Bovine alpha-lactalbumin, new transition appears at higher temperature, which reflects the heat-

induced gelation-like process.
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Fig.8 Specific heat and DSC curve as a function of
temperature in Bovine alpha-lactalbumin [DSC:
6wt.%, pH6.28, heating rate 60K/hour][Cp:
11.97wt.%, pH6.86, heating rate 1K/hour]. In
DSC curve, two heat absorptions are observed:
each corresponds to the transition from N to D state
(large peak) , and from D to Gel-like state (small
one), respectively. In accordance with each heat
absorption, specific heat show broad peaks, sug-
gesting 2nd order transition-like behaviour. This is
markedly different with the general view that Cp,
as is treated in the enthalpy calculation, jumps
abruptly at the transition temperature Tm and is
nearly constant above and below Tm: 1st- order
transition. But it is very probable that the increase
in the internal energy fluctuation should occur
accompanying the transition, partly because of the
finite size effect and partly because of the transition
itself .
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Fig.9 Characteristic behaviour of specific heat
and latent heat around solid-liquid transition for
bulk materials and protein. Very sharp latent
heat is observed at the melting temperature Tm
in bulk materials, but in the case of protein
latent heat is broad.
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Fig.10 Schematic variation of specific heat and latent
heat with temperature for 1% and 2™ order phase -
transition in the bulk materials(a)(b){d) and the
fine particles(c)(e). When the system size
becomes smaller below about 1z m, the transition
becomes diffusive (and also the transition tempera-
ture decrease) because of the increase in the fluc-
tuation of the internal energy.
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Fig.1l Specific heat and DSC curve as a function of
temperature during the thermal transition from the
Molten Globule state in Bovine alpha-lactalbumin
[DSC:3.4wt.%, pH2.17, heating rate 60K/hour]
[Cp:9wt.%, pH2.64, heating rate 1K/hour]. In the
temperature range shown, there is no evidence of
latent heat absorption (the base line fluctuation is an
order of experimental resolution of heat detection).
On the other hand, Cp shows a broad peak, sug-
gesting weakly divergent behaviour of the energy
fluctuation. So the transition is 2™ order like, but
also looks like 1* order like due to coexistence of two
phases (MG and D states) as shown in Fig.5.
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Fig.12 Schematic summary of present study .
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