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Complete Assignment of lH and 13c NMR Spectra of
Chlorobenzanthrones and Substitution Effects
of Cf and Quasi Hydrogen Bond

Minoru Takekawa,Junji Aoki,

Satoshi Iwashima* and OToyotoshi Ueda*
Department of Chemistry, Toho University,
*Department of Chemistry, Meisei University

1H and 13C NMR studies were carried out on benzanthrone, 3-, 4-, 6-,
8-, 9-, 10- and 11-chlorobenzanthrones. Complete assignments of proton and
carbon resonances were made with the aid of HH-COSY, HH-NOESY, CH-COSY
and HMBC techniques. Substitution effects of chlorine are not large, but give a

systematic change particularly to 13C shift values. Anomalous downfield shift of
the H(1) signal in 11-chlorobenzanthrone was explained by the electrostatic
attraction with the opposite electronegative C2 atom like hydrogen bond , which
was supported by the result of an MNDO-PM3 calculation.
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Table 1. lH chemical shifts of chlorobenzanthrones (ppm)

Proton

-

SOV UTEBdWN -

Bz

8.67
7.78
8.16
8.40
7.87
8.62
8.35
7.61
7.83
8.54

3-C1

8.55
7.85
8.60
7.96
8.63
8.29
7.61
7.81
8.45

4-Cl1

8.74
7.89
8.38
7.98
8.51
8.31
7.63
7.84
8.53

6-Cl1

8.74
7.817
8.19
8.34
7.832
8.32
7.63
7.828
8.52

8-Cl

8.69
7.79
8.20
8.40
7.87

8.54

7.64
7.75
8.58

9-1

8.69
7.80
8.21
8.45
7.90
8.64
8.25

7.84

8.59

10-Cl1

8.76
7.80
8.24
8.45
7.90
8.64
8.34
7.65

8.62

Table 2. 13C NMR chemical shifts of

chlorobenzanthrones (ppm)

Carbon Bz 3-Cl1l 4-Cl 6-C1 8-C1 9-Cl1 10-C1 11-Cl1
1 124.56 124.61 125.39 125.32 125.25 125.19 125.54 129.23
2 126.55 126.89 127.92 126.69 126.66 126.65 126.63 125.93
3 129.97 132.92 125.55 130.18 130.23 130.50 130.85 130.78
3a 132.37 129.29 129.46 131.22 132.05 132.36 132.38 132.32
4 135.01 130.46 138.22 135.23 134.47 135.54 135.35 135.78
5 126.28 127.49 127.05 130.31 126.50 126.48 126.50 126.24
6 128.73 129.50 128.94 136.48 128.83 129.21 129.08 128.88
6a 127.46 127.86 126.68 123.14 128.48 127.12 127.21 126.56
7. 182.25 181.78 181.61 181.11 181.36 181.17 181.47 181.40
7a 130.16 129.64 129.82 130.68 126.68 131.49 128.82 133.47
8 126.84 126.84 126.84 126.95 134.22 126.00 129.04 126.86
9 128.02 '128.34 128.43 128.16 131.51 133.24 128.17  128.37

10 133.31 133.51 133.58 133.16 133.02 133.03 139.00 137.10

11 123.36 123.46 123.63 123.0! 123.00 125.89 123.24 130.61

1la 135.45 134.68 135.08 134.21 138.59 134.24 137.31 132.46

11b 125.70 125.32 126.49 125.41 125.25 124.78 124.54 124.13

1lc 126.72 127.84 127.77 128.04 126.19 126.55 126.91 127.44

of n-Cl's from Bz Fig.4 '*C shift diff. of n-Cl’s from Bz
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ANda 0-CD=06s -C1)—30n Bz). RUFASc (n-C1)=6¢ @-Cl)—6c Bz) &L
TRLICODB 3. 4 THhbB, '"HEBERSE, 11-C1 OH)BEREITERE S 7 ML
TWBIEND B, IRICKZLBERIIS-CIRTL-CLITBWTRY LED 4 (1% U 3 D
T b UNRECERE Y 7 ML TOWEETH S, THENBHLE I EARK LIRS,
RYMEBEN'C TRECBHIBY 7 b LTW3, FIbBRERHBEORZCIUETBEEL
7ofeiT 0 (1% & B — (LA BREE UEABE L5 LTV A2 E0gh
o7, TOSMITED. TILAY BEFOT S TREE3-4, 4-3, 4-T THITT B &
K{EfETx 3, ‘

X400 EBERS LERNEORSBF#EICBERI NN L - T, BBV
B ond &0 5, XF—LDX D Iz1-uoxsEy | FEIK (peninsula-like; 9-C
1,10-C1). 4R (bay-1ike;3-Cl, 4-CD)+ AR (fiord-1ike; 6-C1,8-Cl, 11-Cl )ichir T
ZZBHE M a>pG)>m>o, a>m>m>p(-), n () >a~ od(-)>p >m,
a>o~ od()>m>nd () L2 RED, Iia3CIEMRLE. o p &tV 1,
NAIER L. 4 BPERE. © EEER. O BERRY 7 N ERT. LALE IV —F
ATRECUTED . BHBELEWERE U &S SmRAihd 0 B2 2 EnEHo5h 5,

1-ClOREER#E 7 M39, 8-V ixrJ7viny, 8, 9-RvJxy)7/vny OREKEEES &
EEOLDEEZ ONDEY , BETIEMEEBR. MS « [ RXXZ b, 53 F#ulisc
> THHEI DI, BED (=0-H-C TiE CODEFHEIAXVWEEDLNhZDT, &
FHNROT - &/hX We-Cl--B-C THABESEBRI LD TH B, MSTHHOMN
BT S BN T &% - oo MOPAC Ver. 6. 0212 & % 4 RHAKDMNDO-PM3DFHEE: %
Table 31CRT o AEOHLIRLF —E ol dBEOEATANLF—ITHST 20T
BEEIIFBELEARXBMERTI, BHMICIMEHTEBEEINT VS, ClH neares
¢ BITIR1L-Cl ®A-0.76 eVOEEIERL. X5 ZOMIHRFEE 2 >OEC-CI
E CH nearess IBWVWTH 11-ClDA0. 2, 0. 4eVIEERLEITH > TV 5B, MDFEE -
FHEATHR TR EDI . TN nearest DOCHIBTFNTN. KBEESITHEL
- RIS ISR A RIE L. ZORBE LR 285808 % - bDEEZ NS
o HILBAZRICBWT., M/ mFHclELE U2 & ZIRELTROLTFIREN
50, BBRRERTOEFECHEOTIRIHBICE 24> TABEEZENT 5 bDEWIN S,
D, FRil. 1IN BAR. ABL S5, LB ; BARCELHEOERFEL2A704(1993).

Table 3. Two-center bond energies (3Epg, eV) for 3-Ce,
8-C2, 9-C& and 11-C2 benzanthrones by MNDO-PM3

Epp/eV

bond 3-Ce 8-Ce 9-Ce 11-Ce
Ce---Hpearest -0.08 s e -0.76
Cc-Ce -11.90 -12.02 -11.94 -11.73
C-Hpearest ~-13.07  -13.18  -13.02  -12.64

Hp---Hy,  ~0.21 -0.22 -0.20
C=0 -25.52 -25.53 -25.53 -25.49
O---Hg -0.26 -0.26 -0.26 ~-0.26
O---Hg -0.26 s -0.29 -0.29

0---C2 R -0.14 -0.08 R

8 Epp  is the total of electronic energy and nuclear

energy between two atoms of A and B, and corresponds
to bonding energy.
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Effect of Crown Ethers on Lithium—Hydrogen—Exchange
Reactions between Lithium Anilide and Aniline

O Akihiro Yoshino, Isamu Hattori, Norimasa Nakamura,

Kensuke Takahashi
(Department of Applied Chemistry, Nagoya Institute of Tech.)

We report Li-H exchange rates between lithium anilide and aniline in
THF. The thermodynamical parameters for the title exchange reaction are
obtained by means of the DNMR technique. The activation energy of ex—
change reaction is 6.6 kJ/mol lower than that of the restricted rotation of
the N-C bond on lithium anilide. Effect of crown ether on exchange rates
has been also discussed. The activation energy increases of 1.8 or 15.7

kJ/mol in the presence of 12—-crown—4 or 15-crown-—5, respectively.

1. Ui

FZUYUY (1) CTHFRTCnNn - 7F VIV FILEZRBEEZILYF I LTS
VE(2) ZERT%. 2ON~-CHAEFDLIORBHEEIZODVWITR T CLERL
TRV F—D31.5 Klnol " #EEThTWS, PEFE . Schemel TREN 3B
IO 1L 2N THF R CEREETIRMTEB W IHESR T 3RE AL O
BETCHEL., BHIENTA -V 2EHIZ2L2EHNL TS, 2. 7590
—FN(15-25y—-5FrEl12-259Y—4) O#ENLIi-HEBR
BREEDIXDIDBRHREZRETHIPERIEL. HEXHROBBERT T 3,

+ ;
N#
7 N\

—_— +
L

H H H i U \Li H,'\H"
1 2

Scheme 1

¥-U—K:DNMR -7LiNMR - 3CNMR - YF U AF=U Kk - Li- HX &

LD HEVS-WEokh VWAL -RHPLSE OHFE-EHPEL FATH
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2. ER v '

HEWERIIRTHESZZCL Z2B0WTHRAL, S5 Fh25EHEETTCEY
LEBDEAWE, VFILTZUROERBIAFYVEBEHE L L Cn-BulizEE
ZFEZBWTEMI Y THTL, OB THFZABKSZRLE,. KBEOBER =
Y YU#1.0 moldm 3%t U, n-BuliZ 0.5 moldp 3¢ B XBLMArr. 75V
T—-FNVEEDIPSK0.S noldn 3 22 LDEHEMUE, NMRIRZ MIVOHEE
I VarianXL-20043 3¢5 2 'H X 200MHz 2 '3 C & 50.31MHz 7L 1 E77. T2HHz T E L
o BEBOBERZFhZ2h 0.3, £0.4, £0.1HzTHD, BETEEZRIT-90~
20COMBTITL. BERL0.1CTHoR, HBIAWVWEZL : 208KLIE ' HD
RMAL'*ClEY 7 NIDRDZ, BERWBRDNMRANRI MVEBEZhET O
¥ hClatuxiz D ¥ % —7ML-80BN—~V F VAV a—FTHELE, 2

3. ERLEFE
1L 2BICZ0OBBYR IS VI —FUVEHFEMULERBDO3CARY MY
EM1IERT, 2TRN-CEABLOEEBELZF IS NZH, NHEX IO ELHR
hB3ETDC2 Cs. Cs. CcORKREIEABRL, C1- CiORROBRINEOIER
TOREBBHEEhE, TRDODBIOELMRIE2OHEEZRIZEIZBOTH 5,
EECOLEYZ7 MIITRELAEELLLTVWRWY, 2TIRHCy. CyZh =2
hWEBBLERBEBH LTWS, BUIANASAHICYESEREM L. IppnEREE Y 7
LTNWBZ L&D ISUVYEI—FUDRYFILT=Y FOYFILLEHERLED
DrHEBEIIZ, 7=V SYFY
LT7ZY FEAOEALTRENTALIEI.S Fig.1
pon BBV 7N TR EDERERIC X
D11%DFFHBEFIEEMULUEZLR (£)142+15C5 at 20°C
B, EBROEDCEEBEBRTCOIL n -
27 W HEBRBOT. DNMRBEH |

(e)1+2+15C5 at -90°C
TEEhELD -90°CTCOLEYT B i ~
EFHWE, VFIAP_YERF—-F=2Y M—MJWW

VHETI -0CTHOHMERHEMIEE S l \

(d)1+2+12C4 at 20°C

RUEDLL20E—MEORE O L |
FYI7 b ERBOVWE,S T , l

Fh, li-crown-5Z2@EMULERTIX (c)1+2+12C4 at -90°C
N-CHABYOHEHERXT 53RN }/\\m LJHUJ%;%M
BOAWLBEPI Nk, ChBHER ”M%mev o i
BOEEERDO5900 s— kM LEHED ‘“1
EEEHODL000 sTIHEVEDTH B, ot .
D N MR M if o

HZUBLXOBRETHEINNRZI13C l
NMRZAYZ MVERT, 15-crown-5 e

160 140 120 100

TR, BERECR22 I IBRBEEOR
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BEBhEEAL, DVWIE-30CTHAEBELZ-oEDB, -50CTCR2FXADODBRBELLT
BUBRKWZBFIESL 5, —H. 12-cronn-4CRABESEEZ-50C~-60CTH D,

IV I —FNEBRMULRVWVESOMEEEZ-OCUTTCHoRE. k. 20
N-CEARIOHEEHEOMSEEZ-5CLHEIhTW3, DNMRENRI
CieCualzxfLT1L202Y 4P LTHT2EM. C12CiahPOoREINERE
FHEEVWIZELS K LE, C12CikUTROShAEEEEEZEhZAEI L
MA4lmRdTo 2DO0ORMTC & CLBHERTZL1IL2DY 7 MENKRETNVC O
EEOESIBHELRELE>TVI, SEBREOEETHRIHEIRI MV LEHX
RIMNVEHRIZEZ 74974V T2 LTKDE, RESMEEBEERAB VT
Arrhenius& Eyling®® 7wy b ZfHF W, BLAOBMOTENS A -V 2B HLE, X6
Iz Arrhenius 70w b 2RT, 5L, FI1REEHUAEARTERINS A -V ERT,
2ON-CHREHNDODDOEEBEEOERHILZ XV ¥ 31 .5k]/nol HEXhTWS
DT, BIPSHLI-HXBOHFDBREIODDIT VI ENDILZ, IS5ER1IDBL,

Li-HXBOFBERLZRANX - ERLLI VI NE—-LERNTBI59—F N
DHMBIE12-Crown-4X D H 15-Crown-5D F B K E W\,

Fig.3  Half-line width of C~1 carbon

T T T T T T T T

. 100+ .
10°¢c i
A 1
- A
-20°c I

-30°c I ) i | | | 3 1 L

Fig.2

[e]
iL

v ,/Hz
*

-50°¢C
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3C NMR spectra of phenyl region of 142+15C5 in THF.




Fh, GHLEZ VIO PEP-—ROVWTHRAZLAGOEIEBOFMIZBH LT WS, &
Mz O V- PEOBLIRIESHEEAOERZTRLTWVS, ¥2bB. L1
—HEBERIzB I TIE12-Crown-4& D B 15-Crown-5D TR REEIKR . FH
HEkOEREZHIEUVTREBLESLS LTS RHZT N S,
"LiNMR
-80CTHEENAEZ'LINMROKEEEZR 6 IZRT, 12-Crown-4DHE M IX{KE T
HLIiOBEZIEFIEHARIFTLRL, ZThIZF LT, 15-Crown-5OHFMIX{EE
LBWT3BOYVFIALAAAVEELEIY S, ThoORBE ISV Y2 —-FVE
VFOIAPYRKRHBERLEDBD, 7V-DQVFILT7=Y FlZL3H0O, THF
CEBEMEhE D THDEEFEZLNAD, ZOZ L&D, 15-Crown-5TEX IV~
T—FNVRELiIiAAVZ2P03ZWUTHAZEANLTINWZOTCERZL, 2OL1E
FOMBTC2IRHMCHERLT7 AP LEPEFELLTVWBRZ RGPk,
4. & ®
EAMETCRENBLD>IZDNMREIIC & Fig.6
D ROSNEFEFRENASTA-FR T =AY -
hFAVHEERIN UEBTH S, 22T
FRLVEVSZ YUV Z—-FNRETZFY-HF
AVOEERELHABELELLEE, 724V
- hFA VHEER 2B LILHRTZELETEH
HuzamA e s,

Fig.5 Arrhenius plots for Li-H exchange of anions

1+2+15C5

T T T T T T T T T T

1+2+12C4

12

In k

10

15C5

.....................

0.0035 0.004
1T

TLi NMR spectra at ~80°C wTHFE

Talbe 1 Thermodynamic Parameters for Aniline Derivatives

Ea {kImol"] InA AH*kImol']-  AS*[JK'mol"]
7= >+0-Buli 249416 22.9%0.3 22.8+3.9 —-61.2+14.3
7 =) v+n-Buli+12C4 26.710.9 23.3+0.4 24.41%0.9 —58.6+ 3.3

REF 7 =1 ¥+n-Bulit15CS 40.6%+2.9 27.9%+1.3 38.3%2.9 —20.3+10.6

1)S.Ide et.al.
Hagnetic resopance chem.,25,675(1987).
2)G.Binsch, 7opics i/n Streochem.,3,37(1968).
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HNMR study on the formation of hydrate clathrate of

1,1-dicholoro-1-fluoroethane in the solution state

OXKikuko Hayamizu, Masaru Yanagisawa and Naoto Kikuchi,

National Institute of Materials and Chemical Research

1,1-dichioro-1-fluoroethane ( CH3-CCl2F, HCFC-141b) has been proposed
to use as an alternative Freon for a cool storage system. Once the hydrate
clathrates are formed in the H20 solution, even if the temperature outside
increases, its temperature can be maintained constant until all the
hydrate clathrates vanish. The decomposition temperature of the hydrate
clathrate of the H20-141b system was determined to be 8.4 T;. In this
paper we observed ‘HNMR spectra of the methyl protons of 141b in D20
solution and found the clear evidence that the hydrate chelates are formed

in the liquid state after several freeze-thraw cycles.

55B0 70 y3KOoPTCEBAKMF L - P E2BERTIHES S, TOUE
REpDEBEREIFASH TV, HISEBRETKMF v - rBERELZ L, AL
BEFIRLTOAMF v - BEAT IR ZOKBRRERRECREEN S,
K70 &L T1,1-dichloro-1-fluoroethane ( CH3-CCl2F, HCFC-141b) BB X
WEHDUIRETESIN TV, BAFEARF - s PHRBENBHARXDP S AN+ v -+ D
ERSERESNTOEN, 2FRUBTHEALPSORERIEREBOIATVE VL, —F
BroS@grEHEcBWTERLAKIN+F L - F2ZNMRTIHEHL., 20o0BE2 R
B3 285 H & ¥ ORipneesterS5IC L » TIMER P SFTPRLT VWS, CH50D
W% T2, H2S,C0,C00, PHs, HoSe, D2Se, DoS, CDsF, CD3Br, CoD2, C2Dg, 13C T3 v L
1A sy KeREDKEZROPIRHALIDTKMFL— 22K D, BAZREE
DOBRTIITORETCREORINMRYZ7FVEHALT, ZoBE -2V
THELTVWE, Cho0RERIAIXBNEVOT, KOBBEOKRER Y~ L
INERBRF—VPHIEEBETEIIEHBRENT, LELLEBL, CHhS5OHERT T
KOFZETH->T. KBROREL2DVWTRE2(HREZIOATOVR L, AFETRARE 7
oL TERCHULTCENTH 2 EBNEHS AL KOP R TRITL .,
KobmTdKM+FL— FE2ERLTVWEIEEZHNMRTHEL 2,

$—97—F: 'HNMR KkEmiRE Kkfo+trv-tr RKEIv v
BeAHYT ELI,PREEDL T3, 25{B Uk
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ER _ :
EROBESIOLDIH,0BRDLDIREKKRILRIIBDEK (D20) 2H VI,
AZSMMONMRY Y7 AERInIOEKRZELD, CHICH0.05n1D141bEMA T
$ 7 & Lo 'THNMRIZJIEOL-GSH200 i & » T199.76MH z THRIE L 720 BE
BRER (22C) oS- 14CoffcElbseh, BELLLOBERLIITHURN
Th 2, BEEMABCRe v 23T TWEL,

HRIER ‘

1. M1bo¥H—FRiIcBFB3'HNMRX =7 b

BAIC141b( CH3-CCl2F) 2 'HNMROBEEMN B LETREL 2o CDCIs-TMSR T
B —IcEBE L. 6 =2.453ppny JTur=16.5Hz T& - 2o D20-TSPTRIBCIZB L
T8 =2.504ppm Jur=17.202TH D, REVEATER L DTDP TH 2B ERAER
PTOREMEE~S ERE, ZRERBEIVERKEV, BETSHDOOD ¥
7 FEIZ4.831ppnTH D, VIS FNLOEFRBKERELBABREORTIDO L DICE
MThoto TSPHEEEFHATWVE L, BBODIIBAH RO IF VBt
Kfi+F v — FRERE OV,

2. JkfI+v-— FOEK

ARERBAENRT - 7 EHEAXE L HICH L0 —141bFZ THB LA, EH
Mick&gEBKky7Fric L TU1DD
AFNYTZFVFHEINCBD THE 2 Frozen
KBy, BEREBETT 3, £LEEBER .
KiM*FLv—-rOodhD141b3FIRH-H U
OVRBFHAEMEALYR/NSBED~-H : g
WERTIHEEHE2ZST2HICR 3. #
BOD0ODBAIRSSICTHADIT,
BASNBRERBKRERERZET J
H5PEKRKROFT-7RBLSATVWE J
1A
.1 BEY1 70 c)

D20— 141bRICBWT, 141bDBMRE
BEVWOTHBERINbEESL Y —F
RERshS., =P vRick 3,
fbyy—7RY7Tv v b (Jur=17.2H d)
2)EEH T~ FRT Ty b (Jur=l
6.50z) ¥ 7 F VW RENR B, BB LTS
RRT bWy~ REAAEST. B
BHOKIK—12CTRELTS 7L R R
2y VDY T FNBED, SOV T FN
ey —VYREBEERRBELTS, BE . K1 141b-D20RDKY A7 VEOD
EFRLTCH3CTHENIKEILIET KEELAKREIEBIF 3THNMR
ELEw, lELT-2CTRIEL A R Y B

b)




27 b zR1(a)IcRds Jur=16.502TH 5%, FLBMHEER (5°C) DX ~<7
FAER2 () EFT. BHBRAIK 79— FR 7 FABDELICRE LS,
—BEECTKREBELABTC2EEHOEEBY A 7 v ETFTofe ~-4CTKRELS T Ly
FOE— s BBRlEN., TOBRI NI P VOELERLCTHMAML 2o KEEH-2C
BIXUBMBRICOZRRZ P2 Zh PRI EEIMDERT. BHRCERY A 2
NWEBOVRBLAEZEOSHEEHEABBEHOR <2 PAERIERIO ()& (IR L.
AQEBOBEY A I/ VTR Y+ —TRY TV o PO Turd BB TI17. 20z, X
RETIRI16. 502 T H oTco Y7 FVORBRKEKET-10COE2. Tdppn. 2°CO K
L.Tpp TRELIRLLORCDODIDPRIFOEHBM~BH T 305, BERKIZ2.505+
0.005ppn CREZ/AL AV, A EIKEHICI <7 PV 2ENK0. 25ppnBE T 3
ORFORBEBLROEI/ALE LTHRETSE 3,
2.2 ¥4 +r0HE
BEREEA*ROVELABTUIAS TR 2BEOY A PEEETBELELLNS
BB, 44 FATRUIAFR Y +— 7RI Ty bERLEFNREEEHZ L
TW3, ¥4 FPARKELABRCORERBERIZI S, RELLAZEHERERLT
WBEEZOND, 31 20% A4 FPBREFNLZEMTHY, BEOTR. LR
EROEBETEILE->TUHUIDSFOB
BhEL, ¥4 PBiRBIT A EERR

2 o Aermelt gz, S 4 P BTRUBSTFRE
TR EHICETIC. BHANRAE

_ V7 MEER LD XKD, KERE
KB Z3CO0RFNBERTDLLIDD

AFNVKEDIAFEYZ7 PR 0 11=
0 22=2.0ppnT o 33=3.8ppnTH D . &
75?‘]7‘&:77 "ﬁa iso=2.6ppn. 'fb%f/

LJV\A__\ JrOREHAG=+1.8ppnd& R B,
) AR OMNFEY Y FER o 11=
0 22=1.8ppnT o 33=3. 6ppnTH Y. o
. UL/L tso=2.4ppn. ILE v 7 rOE Ao
L/\_—\ =+1.8ppn& B %, XEHLBBERT
d)
L/\w

OtFEyv 7 rEORELS Y 7+ VI
EHFBHLALL OTHD., Chiz%k2
hoREOHE» AL A RBEMERIL
S ——————T Y A& 1 RIEN (1
FoORFHEA IRRBRFICERM L 1
BFPLRDBLNU4IDEDOHEDD F —

K2 141b—D,0% D&Y 4 7 VD B obheRh M, EELE
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K+ v - rE2ERTIKkoBEEL LTRSS KR
TRy —-—CBRBINT, 2EFHOFYyF—-YI
FDKOBBIELT IPEREIIhZEEXLLNT
W3, 141b— D0 R THRAILA'HNMR X =7
PV %, RipneesterSBEME L TWBXkodt ok
F1# v — FPONMRRARZ PV EBKT 2, BS

I2-HEDRON

STRUCTURE 1 @afj"gb)fol,ilb{iﬁ?ﬂ"f X’ﬁi’j{%h\@?lZ‘Hed
sk ron (REWNZEME) &16-Hedron (FHEMER) »
16-HEDRON Bfgéjk@ﬁjﬁl I’&mé&fﬁﬁfgéo #+4 b

K3 KRMOMHBPERTZ2KOB BEEFWNBZEMMOKMFLr—-—rTH3ERHE
BIEHBBIIEBWTKDFE LTHEB. 94 PABKMFL—+rTHB0H
S BEHEEr —v. O:BE BHEH T3PSOV TRITILEROHLE
BOMB KKREE> BH B,

3.8 ¢

1)D20 — 1M1 R TREKRNREEZETKET 2P, TO0BERBROVERITYAI 7 1
FVEHTE, $BK- - BREFSLTFLS—FLRVWIXic, FHicE+ 3%
TEVWVHHEILETH 5,

DVDEBES 17 VvERORT CEiCI->TAMF V- P BERE L. 141b5 F iRk
FU-— OB EETBLICR D, LIVFFED0BET B EKMF L — b3S
FEREh, EFNBRERr— Y (BHEBEVWAERESS3) CEFNB/DE
By —SRUILGFHBASE. BE~OBEY A 7 VERVEST L UG FRITRT
WENSLF—YIRAD, K oBIHMT 3,

DEEYA I/ NVERVETHBIBRLTKBERRE T XOoBE. $#17b 5K
FU—-rREY., AEVEET S, kI v -1 BBTBIE2o507r - YOEK
BIUZOr—VYHRHRBY 22U TOFEEHNEGRKE - BAoBRETELT 5,
KfIF v~ rBERZECBLVTHHRB I, BEBLAT I LRERr—vVdo
BEEBRBEML. PTFESHSERALLTVWE LB 3, BEE2TIFTHXE
TEHEETREAEBRRIZBMAET., KET AL - THUIAFENESRESINER
F—VBBHIRBIEHBTE 3,

L BRAEAR
K+ rv— rOER T R B ABEREBCHDVTHERB TAHEREAND 3
OC, BEREBRUEE2ER T2 OLEARTBTH 3,

X B

1) M.J.Collins, C.I.Ratcliffe, and J.A.Ripmeester, J. Phys. Chem. 1990,
94, 157-162.

2) D.¥.Davidson and J.A.Ripmeester, J.Glaciology, 21,33(1978)
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A Structural Study of Ethylene-ionomer by High-Resolution
Solid- State !3C NMR

Hiroaki YOSHIMIZU, Yusuke MURATA, Yoshiharu TSUJITA,
Miyuki TAKEI, and Takatoshi KINOSHITA
Department of Materials Science & Engineering,
Nagoya Institute of Technology

The high-resolution solid-state 13C NMR spectra of zinc salts -

of ethylene-methacrylic acid copolymer (ethylene ionomer)

were measured in order to clarify the structure and molecular

dynamics of the ionomers. In ethylene ionomer, the 13C NMR

signals of the methylene carbons in the crystalline and

am orphous regions were independently observed as well as the

case of polyethylene. However, the 13Cspin-lattice relaxation

time of the crystalline region of ionomer were shorter than that

of polyethylene:
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Fig.1 13C CP/MAS NMR spectra of EMAA and
EMAA-0.9Zn at room temperature.



L5 -~ Restricted Diffusion of A 19F Labelled Compound in the
Intracellular Fluid Analyzed by 19F Pulsed Fielded Gradient NMR
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Laboratory for Magnetic Resonance Imaging and Spectroscopy, Department of
Molecular Physiology, National Institute for Physiological Sciences, Okazaki

Japan
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Introduction: We have applied fluorescence spectroscopy [1] and 19F NMR spectroscopy [2]
to study organic acid excretion by the rat kidney in situ. One criticism on the 19F NMR paper is
uncertainty of signal quantification. We observed the total signal from the kidney, since chemical
shift reagents are not able to separate the intracellular resonance from the extracellular one in
vivo. Thus, we tried to discriminate the intracellular 19F NMR signal by using the pulsed fielded
gradient NMR technique [3]. We expect that diffusion velocity of intracellular molecules much
slower than that of the extracellular one. In this paper, we tested this hypothesis by using human
red blood cells and sealed right-side-out cell ghost.

Methods: From a healthy human volunteer, 5 ml of blood was collected, and the red blood
cells (RBC) were washed 3 times by 0.9 % NaCl solution. The sealed right-side-out ghosts were
obtained by a method reported by Steck and Kant [4]. The RBC or ghost suSpenSion (2 ml) was
filled in a 10 mm diameter NMR tube. 19F NMR spectra were observed at 2.34 T at 25°C using
an MSL-100 (2.34 T, Bruker) spectrometer with a 19F RF-coil (15 mm in diameter tuned to 94.2
MHz) and a micro-imaging probe. Chemical shift of resonance was measured using an external
reference (5% trifluoroacetic acid/water solution). Diffusion coefficients of 19F compound in the
RBC suspension were measured by the stimulated echo pulsed field gradiént sequence (STE



PFG; d-90°-1;-5-1,-90°-T-90°-t;-d-t,-acquire). Typical values used are pulsed gradient field
strengths varied from 0.5 to 4.0 mT/cm (16 values were used), 90° pulse of 12 usec, t; of 1

msec, t;of 17 - 15msec, A (pulse distance = t; + & + t, +T) of 60 - 1000 msec and d (width
of pulsed gradient) was 2 - 4 msec [5].

Results and Discussion: Two 19F labelled substances were measured: i)
tetrafluorosuccinate (TFS, -41.6 ppm) and ii) 3-trifluoromethylhippurate (TFMH, 13.3 ppm) [2].
The both substances were added to the intact RBC suspension with the final concentration of 10
mM. The resonances from the intra- and extracellular TFS overlapped completely, but the
resonance from the intracellular TFMH shifted by 0.4 ppm to the down field from the resonance
from the extracellular TFMH. The broad resonance (shifted by 0.4 ppm from the sharp
resonance) was assigned as the intracellular TFMH, since 1) the area of the broad resonance is
proportional to Het (fraction of cell volume) and 2) we can observe increase of the broad
resonance after addition of TFMH in the RBC suspension. This shift might be due to changes in
the bulk susceptibility, since the shift (in Hz unit) was proportional to the Bo field strength and it
disappeared in hemolyzed solution. The absence of the shift in TFS'sug'gests that the 15F
chemical shift strongly depends on the chemical structure. The shift observed in TFMH is one of
the largest shifts compared with reported values in RBC suspension (0.1 - 0.25 ppm [61).
However, the intrinsic shift may not be enough to discriminate the intracellular and the
extracellular resonances in in vivo spectroscopy. ["
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Fig. 1 19F NMR spectra of TFMH observed by STE PFG sequence in red blood cell
suspension (Hct = 47.5%) with 10 mM TFMH at 25°C. The upper and lower spectra obtained
with the gradient strength of 5 and 25 G/cm respectively. A and d were 220 and 3 msec

respectively. A sharp resonance at 0 ppm is the extracellular TFMH and the broad resonance at
0.4 ppm is the intracellular TFMH.




Fig. 1 shows a set of spectra of TFMH in the intact RBC suspension measured by STE PFG
with a gradient strength from S and 25 G/cm. The extracellular TFMH resonance at 0 Hz reduced
significantly by the higher field gradient, and the intracellular TFMH resonance at 34 Hz
maintained its intensity. Peak heights of intra- and extracellular TFMH resonances were plotted
in Fig. 2. The diffusion coefficient of the intracellular TFMH (0.04-10-5 cm2.sec) was
significantly smaller than the value of the extracellular TFMH (0.39-10-5 cm2.sec).
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Fig. 2 19F NMR signal attenuation of resonances of intracellular TFMH (x) and the

extracellular TFMH (o) observed by STE PFG sequence in red blood cell suspension (Hct =
46%) with 10 mM TFMH at 25°C. The s value for X axis was represented by y2g2(A-&/3) (-105

cm-2-sec). (A-8/3)./6
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Fig. 3 19F NMR signal attenuation of resonances of intracellular TFMH with various

diffusion time (A-3/3) observed by STE PFG sequence in sealed nght side-out cell ghost
. suspension (Hct = 55%) with 5.5 mM TFMH at 25°C.



There are several candidates to cause this small diffusion coefficient of the intracellular TFMH,
such as viscosity, restricted diffusion by cell wall or reduced cross section by protein molecules.
First of all we.consider a restricted diffusion by cell boundary, since the transport process of
TFMH in RBC membrane is much slower than 1/T; of TFMH. Sealed right-side-out cell ghost
from human red blood cells have almost the same size (except spherical shape), but the
intracellular proteins and small molecules were washed out, and the intracellular fluid
composition is as the same as the extracellular saline solution with 5 mM NaPi buffer at pH 8.0.
Using a chemical shift reagents (DyTTHA) and Na-23 NMR spectra, we confirmed seal of ghost
membrane and its stability.

A single resonance and a single T relaxation time were obtained in 5 mM TFMH in the ghosts
suspension. Biexponential decay was observed by STE PFG experiment, and the slower
diffusion coefficient is assigned as the intracellular TFMH and the faster one is assigned as the
extracellular TFMH. This biexponential behavior strongly suggest a contribution of restricted
diffusion by cell membrane.

The diffusion coefficients of TFMH in ghosts were observed in several diffusion time (from 60
msec to 1 sec). Results are summarized in Fig. 3. The slower diffusion coefficient decreased
significantly when the diffusion time (A-1/35) was increased. On the other hand, the faster
diffusion coefficient (corresponds to the extracellular TFMH) is kept constant value (0.55
0.12.10-5 cm2-sec). The calculated values of the mean displacement (R = (2DA)1/2) were 2.6 +
0.54 ym. Additionally, the diffusion coefficient of the intracellular TFMH obtained in the intact
RBC suspension is almost the same as the value obtained in the ghost suspension with the same
diffusion time.

Conclusion: From these results, we conclude that the observed slow diffusion coefficient
of the intracellular Fluorine substance mainly explained by the restricted diffusion by the cell
boundary, and the effects of viscosity of intracellular fluid and the intracellular macro-molecules

are not the major factor.
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Effects of Magnetic Fields on the Concentration of Oxygen in Water and Plants.

Hirotake Kamei

Electrotechnical Laboratory

The concentration of oxygen disolved in water and plant tissues is .measured by means of
proton relaxation. It has been found that the oxygen-absorption processes in water and

plants are modulated by magnetic fiéld&
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Study of Water Mobility in Polysaccharide Hydro Gels by PFG-NMR Method 1

OAkihiro Ohtsuka, Tokuko Watanabe
Department of Food Science and Engineering, Tokyo University of Fisheries

Water diffusion phenomena in potato starch gels were characterized as restricted diffusion by
PFG-STE-NMR. We estimated the size of water compartments in the starch gels, diffusion
coefficient of compartmentalized water, and permeability of barriers which restricts water
diffusion. On the basis of these three paramaters, concentration and retrogradation dependences
of the starch gel structure will be discussed.
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Solution Structure of Deletion Mutants of H-NS Protein Which recognizes
Bent DNA. ‘

O H. Shindo, T. lwaki, R. leda, U. Matsumoto, H. Kurumizakal!’,
T. Mizuno® and H. Kuboniwa®’

Tokyo College of PHarmacy, '’Riken Institute, 2’Nagoya Univ., and
®)Chugai Pharmaceutical Co. Lid.

Solution structures of H-NS protein and its trgpsin--digestéd fragment HNS47(90-
136) were -studied by proton NMR spectroscopy. In the structure of HNS47, anti-
parallel B -sheet (A1a94-Trpl08) and a-helix (Valll7-Glyl126) were identified. The
c-terminal region (Leul29-Leu133) is more likely to form an @ -helix. One important
feature of the structure is the formation of a hydrophobic cluster composed of the
side chains of Tyr36, Trp98, Trpl08 and Iiell8.
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Fig. 1. Finger print region of superimposed NOESY and DQFCOSY spectra from HNS47.
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Fig. 2. Summary of the sequencial and medium range 1H-1H NOE’s
in HNS47 fragment.
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Paramagnetic TH-NMR saturation transfer study of ligand exchange in ferric
myoglobins

Yasuhiko Yamamoto1, Yoshio Inoue! and Riichiro Chujo2

1Department of Biomolecular Engineering, Tokyo Institute of Technology

2Department of Material Engineering, Nishi-Tokyo University

TH-NMR saturation transfer experiments have been successfully used in
connecting ferric high-spin and low-spin forms of equine, a mollusc, Dolabella
auricularia , and a shark, Mustelus japonicus , myoglobins. With the known signal
assignments in the high-spin form, the heme peripheral proton resonances in met-
azido and met-imidazole complexes of the myoglobins have been straightforwardly
assigned via the saturation transfer connectivities. The analysis on the extent of the
saturation transfer has provided the kinetics of the ligand exchange.
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Redox Potentials of Cytochorme cs and the Properties of
Its Axial Ligands.

O H. Akutsu, M. Hirasawa, M. M. Dhingra, T. Horizumi
Department of Bioengineering, Yokohama National University

Cytochrome cs is distinguished from the more commonly studied cytochromes
by the presence of multiple heme groups in a single polypeptide. All of the
axial ligands are the imidazole groups of histidine residues. All of the 2
proton signals of the coordinated imidazole rings were identified by specific
deuteration. They appeared at extremely high fields and scattered in a wide
range from -4 to -22 ppm. This clearly shows that the chemical properties of
the coordinated imidazole rings are quite different from one another. This
night be responsible for the extremely low redox potentials of the four hemes.
Characterization of these signals has been carried out.

1. BB

Fhruhbcs: BAERBAEOEFGEERCBOTHFLAREUERLL TS, F0E
FERZOPLTHINLZIIIE, CAFI VDA IFT—=VR22TOEELTEY, &
NHEOLAF YV VRBEFEZILECBEBRLTWAHERIESD S, FAhFLtralcs i
DO CENLACHRTEFOBERBAEBAIFEE BN LEBBEL TS, Zhizd
BALTWERAF I VOFEAEEIBRLTOLTHESENIDH D, ThE5EHAXRD LT,
PAFI VLIV DC2HHWECA4TatbryBRrwWSu—7Tkinsd, ZO7ua—
TEESILDIIE, Frr7ubcs @ ' H-NMRARZ M2 S, BCAFIVDAIF
V= C2H50WECATub BkOV VI NVEBETILENH S, LHrd, Zhb
DEETE, BT THZLNTENE, WENLTOWIRAFIVBEDL S BETHTF
NEFBE. RUBLELEMICMEL TO30 25 TH0DEBLZLNTES. N
LEFIR, HAOVRBIELBTEMOBONALY YNV ET, IR L THWAES4 IV —
vCa27ubrrh 'H-NMRTCHY URIEFEEID LI LV E#BACS VT VEEX
HIERBEINTVWS, #2TC, FHRTRF b I0bcs ADRAFI VA IF—
WC27ubvaARoDIyFIVEREL., 73 BEFILETORBETV. €OBILET
B OBREEETHILEZHBHE L,

¥—U—F:BFEEINVE, Frr70hcs BLETEN, WEMNT

Obo> UVTH. Vbbb ZXHE UL M F4U¥5, B¥a THH
' — 35—



2. £&

LAFI VDL IF/—C2Ta bt yOBRHWEKELIZ, CAFI V%018 208
Kep, 0CTRBMBRTAIZLICLDBI oo, &K, YUHRETHELLILFES
BEHRCEKFBMCLAFY VENMATHERETCEERFHEERL T, Fh20lbcs O
CAFVVEREOBEBKRILEBI -7, BBETHEHERF %I LU Hildenboroughkkd
S5OF brulbics OB, B4 X a~v b5 7 +— (S-Sepharose) & orF
S50 ra<w ¥ 57 +— (Superdex) AW, #HEIZSDS—-RYVFPIINVTIFE
K[KEB L UPurity IndexTHEBL, Frr20hcs OD'H—NMRODBIEIZIZBRUKER
AM-400% AWV -, BRI ORE X inversion-recovery EIZL o7 ZNOEARY b
JiZon, off resonance # 1 BRI ORXERRAELAFIDDERELLZ LI > THR,

3. BRLEER
D) exFIVro43I¥/—-nC2FabyoRE
BLEF b abcs O'H NMRARY MIVOBBBM-5~-25ppndh 72 H KiFig. 3
KRAEIK., EFERBOENY 7T FIHFRAUIN ZOEI LRI TFNVEINLEDD
Dy HAIVBANLKEEMLTHWALDICHKRTHILEZLLNS, KBiIZ, BAILAFI VD
C27ua b rBRBHUCRND L OBENHLDT, FhIuhbcs DRAFY VERE
DRRMEKFELEToR. THL, CAFIUVEBROKEKFELEF I IObcs
TR, BRSNOSEOY Y FIVOBENELIBP L, LEF-T, ZO8EDYY
FNVIE ALBREMULTWALAFYV VYDC2TO N ERETES, Zhbn 7T
WICEEBEM» S Inn ~Ins EBESELF TR, TRE8EOYVFHIVIE, BHBNTTT
A< B, BEXELSBBLEVWIEBHERH >TW5, :

0 . 2) exFvrCc2rabryy 7o
eI o H)VE~Yay
Im LAFT/C2Tutbrm8-20V Y

! o\o~o.o.o__o-o—0’5'00
-5 |m2 w FIVDOP HEEERDER%#Fig. 1 IR
: T, bbb, 2o pi #H

1ok 1m O—o—orog—oo—o—T 00 ATIEA I¥/—VONHT O L VO
¢ BidhwEELOND, 7, Ins Eln

| 7 Ima ElmsNEFNFNLIL D LEAL
PR L U e e = 2740 T. (Ins, In7). (s, Ins) A

CALDES, BOEMAFITIR->TWD

2ok 7 AEEMR AR I NS,
. Im_ S KiZ, BEREOANLBRUFANOEEE®

_ PARBIDIZ, CAFIyC2T b Y
P PSS T S S S YYFNDOT IV A—VBREREREEAX

8 4 5 6 7T 8 9 1011 g Ay gy, TFI—N, 4VYTT

pH K= LD N TORRERFig. 2 KX

Fs.1 ﬁ;‘ag':ﬁ;‘{ggggl :ié;%::&gmcal shiftofthe - Inz, Ins, Ine D3 DD FFIVE
' IHXELTBY, WAY ) -, (B)

Chemical Shift / ppm
3
Of




°F [ 0
- oo : ", oos
sp 00V 0-00 -—0—0 s M UUVVu—o sr 0-0. U 0——0)
§ =, Ill’ 00060.0.0-0-0-g—0—0—0—0 'mgco-o-q.o.D_o—o—o—H
P m, 1 )
£ -wf 'm: . -w-"“,M 0 M o000 go—0—0P V0
I8 00000000020 0.0 ) :
3 o e hl‘ tm, 0-9-1-0-0-0—0—0—0—0—0}
€ i, ° L o,
1 img | im
1§ tm 15} W [ §
™ ' -1s m i
s .
®,  otaad o -y o ’
20} 5502000 20f 7 %00050pgo-o—t—p— .20F "™ 04000-0—0—g—0—o—0|
[ lm o o0 o [
'so- OO0 o~O—o . h‘ooﬂoooo.o-o.?_n_o_o 1M 0-0-0-0-0—g 0l —Ome0—my)
1 ] 2 ol 1 1 s 1 1asaal
° 10 20 3 40 S0 [] 10 20 30 40 0 10 20 30- 40
concMaOH /mol% conc.E1OH / mot%

conc.iso PrOH / mot%,

Fis.2 Alcohol dependence of the chemical shitt of the
ligated imidazole C2 protons

IH )=, () AVFar) =Nk, PVIaA—VDFOREINAZL LB ->T
BEOEEHFNEL BoT0BI LD D 5, BIZ Inz K2OWTIR, A% ) —)VTREL
BhHBLOD, Ly ) —ViZirdbiBEACELEBRON L K>TWE, ZhbDVY
FIWVDEALD, FONRIBEOERIZIBZLONE IDPERARD DI, a9y P2 AD1
DIEEENTVS His 67 OBLEBH LTS, Inz, 5,6 OBLEIZRE > Tz,
Lo Ty Inz, 5,6 DIEFL T FOBR TNV IV EDHEFERORFTNHESCXS
Lnxd, LZAT. XERERBERFICINE, SEORLLAFYYDI 5, His 22,

His 34, His 106 OfIZiZ. ABADVRATVS, ThE53DDLAFY Y IBHOYE
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Table 1 T values of the ligated imidazole protons
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L11 PLUTWILAVER %K % Aralkyl Carbamate $80 ) Y §E ) RV —
AR E DM EAER

mrELR O MHEET WEmET
Interaction of Anticonvulsant Aralkyl Carbamates with Lipid Bilayer.

O Makiko Sugiura and Chisako Yamagami
Kobe Women's College of Pharmacy

The interaction of a series of aralkyl carbamates which have anticonvulsant activities with
lipid bilayer has been studied using 'H T, and signal line width. The values of 'H T, of the
drugs are deduced with the incorporation in the lipid bilayer. This effect depends on the log p
of the drug, and is larger in In-derivatives than in Ph-derivatives.

The values of 'H T, of lipid bilayer are not affected but the values of signal line width are
deduced by the addition of the drugs. This observation suggests the increase of fluidity of the
lipid bilayer, and this effect seems to depend on the length or volume of the drug.
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EYLEEOMBEREZRET A2 L3, 2OEYOERBF 2 HLF5PY &
LBZENEL ., BADFEZAVTOER, MEISEEZ LI TVE, 2OR
NMROFBA T X — 5 1d, BEOH, &5 IIEYMOEGHEOHER, €L TRICHE
BEOEHRDGZIAIENDL, DL BHRICEIRPELVWFEETH S,

R
Ar-(CH,),-OCON”

Ar n R, R, log P ,

PH1 Ph 0 Me Me 169 )

PH2 Ph 1 H H 1.22 ) ] +Ph

PH3 Ph 1 Me H 1.68 ’

PH4 Ph 1 Me Me 216 )

PH5 Ph 2 Me Me 240

PH6 Ph 3 Me Me 293 5©j 1
6 , ‘In

IN1 In 2 H H 1.69 ;N

IN2 In 2 Me H 2.17 \

IN3 In 2 Me Me 254 N

IN4 In 2 Et Et 3.30 5 |
6 2 1Py

PY1 Py 3 H H 0.46 N

¥—7—F: VYRYV—AFK, Arakyl Carbamate, 'HT,, ¥ 7 FIVEER
1
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& ZTAHTROCONRR, THHHIN5—ED Aralkyl & UF Alkyl Carbamate (314}
WHAERE B TAHI LM ONT VS, ZOEENHEEGEUMABEOMEIXT TIC
HIZ IR, FDlogP & ED,, EOMIZIIHE2MEDOH B &R EFRNZESNH
TWa, " EELIE. CALEYOREEMEIE, BRMEREDZB/ME. BMEE b
MRdobDEEZ, FOXEMBERL LT, DPPC (ZL 548 VIEEY) KV —24
R ChoEYEOHMEERICOWT, ERXTTFIVORIBE T, OELEHVTR
MR 720 SHBWADIEI R~V IZRT L9 % Aralkyl Carbamete T %

[EER]
DPPC & 0.04 M, EWEE 001 M (M/EW =41) 7212004 M MEW =1/
D) &b EH10, BECIDYRY—AEDZLVEIEDEEAT )RV —LEZHR

# 1. Free 21KEE (CD,OD H) LY RY —ABEFTO
EY HT, (sec) Di#E (40TC)
R CH, Ar
CH3 r 3 3 26 35 4
PH1 4.56 628 5.75 6.06
M + PH1 0.99 1.64 162 1.53
PH2 3.61 6.55 6.39
M + PH2 0.62 1.76 1.62
(0.71) (2.20) (2.00)

PH3 3.97 3.38 6.40
M + PH3 1.21 0.69 1.46

(1.30) (0.64) (1.45)
PH4 4.70 3.97 7.15 6.88
M +PH4 1.11 0.67 148 1.36

(1.18) 0.67) (1.41) (1.27)
PHS 4.23 290 2.89 581 571 6.54
M + PHS 1.01 061 049 1.21 1.06 1.21
PH6 4.21 270 243 272 568 572 6.73
M + PH6 0.96 0.58 049 043 1.12 095 1.12

2 4 5 6 7
IN1 1.78 . 1.89 5.14 5.68 3.61 391 4.10
M+ IN1 -- 0.46 069 084 073 077 0.59
IN2 3.16 1.73  1.89 470 554 348 430 404
M +1IN2 0.80 -~ -- 061 073 073 0.75 0.60
IN3 3.64 1.85 1.96 528 591 3.74 414 426
M +IN3 0.68 -- -- 055 - 065 0.69 0.63
IN4 2.16 1.62 1.67 475 546 342 378 391
M + IN4 0.42 -- -- 048 - 054 059 0.53
2 4 5 6

PY1 1.83  1.77 2.01 4.19 435 433 5.01
M +PY1 156 144 1.49 429 394 462 527

() AiX. MEW =1/1 TOfE
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R EE]
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PY! DA DEYE, WFhdZD T, fEA CDOD FITHRELLNSICEoTH
D, VRV —LENBICEYWOANRAATVWEILIRBRINL, BBE-IHICA
Ty VARV —LABERTOT, {HiX CD,OD FTO T, fED 10~20 %ITFEAH L T 5,
—H#ZIZ LogP DREVDHDBZDOBPDESVIREL, VRV —LREFIZADR
TWIEERLTWAS, $72, In FEADIZHA, PhFEALD T, OfEIIKEL
BALTBY, ZOFROKZINZ L5795, ~

16 415 2 —H&2 »bH
- 1 . . .
CHa(CHap)12CH,CH,COOCH, Bhb X,

- R — AR
cmmmﬁmwgmﬁHe TR DETT YO
DPPC SHZOEOCHZCHzN(CHS)a T, . R

o THEE

ZEARR SN

F2 OCIIRITE)RY—LEEH I T FLD T, TDOZ &
T, fEDZEAL (sec) EERL Y RY —

ABED H T, &
FIZYERY — 4

H16 H4-15 H2 H2 H1" H2" NMe

M 075 062 038 030 031 039 044 DhE S THE -
M + PH1 083 061 039 031 030 041 046 TEaTn5HIL,
M + PH2 078 058 036 026 031 037 042 I - EYW DR

(0.74) (0.56) (0.35) (0.25) (0.25) (0.36) (0.41) DAE. BT
M+ PH3 084 064 037 028 029 039 046 mEy T
(0.62) (0.51) (0.36) (0.27) (0.29) (0.38) (0.41) bbb, B

M + PH4 0.88 063 040 030 031 042 046 e EASo 7Y K
(0.62) (0.50) (0.34) (0.26) (0.29) (0.38) (0.40) .
M + PH5 0.88 065 041 031 - 044 0.0 J—hDRES
M + PH6 0.81 062 039 026 030 041 047 BIEEAYAL
M + IN1 081 060 040 034 033 043 047 THoHTEER
M+ IN2 0.67 053 034 028 029 036 041 THELEbR
M + IN3 063 051 032 027 027 035 0.38 2
M + IN4 065 054 037 030 032 039 040 °
ZRICHLT
M + PY1 0.84 061 038 023 027 038 045 BT
() PliX. MEEW = 1/1 TOIE MBI, ¥Y
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BINZE 2T, —HEBRE R LA LWIERISES NS, (F3) Thid
EMRIMZL > TYRY — A BOFEHESE L EBRERS, L LEOEILD
fF T, BOKMESRG L ERENCH 72 5 BOKERS & TRPICELRD, $/4-pPh F
AL InFEREOMIZHENRONDL, T2 TH In FEROHFIFIREITKE W,

P& D B K 1D
# 3. 40CIERTA) RV —LELKE'HYTFIVD ' BERET 5 16
) - / S
Pzl (Ho gg¥§ﬁfif;§2>2;
H16 H415 H2 H2 H1" H2" %@Eé i ﬁ{ﬁ
M 42 8 108 63 54 37 L THRIE 0
39 63 103 65 52 38 BRON, Me &
M + PHI et s
M + PH2 32 62 102 51 47 36 DEEHED i%!,
(25) (57) (88) (28) (gg) (23) TWwb 3Ly
M + PH3 B —FRE
(26) (59) (99) (31) (31) (25) -
M + PH4 327 59 101 51 46 BEDENVWIETD
(27) (58) (88) (33) (30) (23) 30 B A b
M + PH5 31 S8 51 30 s = e
M + PH6 30 60 89 6 40 29 v, & RICHt
26 53 88 44 60 34 L In SREDH
M + IN1 A
M+IN2 27 63 8 44 55 36 LR
M + IN3 286 70 85 45 45 37 MNEnREL LA
M + IN4 286 71 105 38 48 28 R BRI
M + PYI1 38 57 111 57 51 33 ‘/‘*Ef gefsﬁib
Z 2T
() P, MEEW =11 TOfE W5ouiui
Ph FHEMAL L In F
R KV —

AERTHDIAY 74 XA —2a vOEWERBLTWA EBbNE, T4bHPh FFE
HREIEBHECETLECHEEL, L Y)RETAGTFII EHKERDTRKED Me
EOEBCEEYS 2, —F In FEAKIITNE - THRER I VN7 F RBITHFE

LTwakd, LN LGFORIFERNROBKETFICADRA TYD LFER
k2, —HEOMBIICAET S H2" 1213, MFEALIZ, BEYOKREXEH LT
BEEWHIREDLETHOTEELS52TEY, Yk, CLAEEREGL Y DER
HICAYD ZATYWAH ML REL TWa,

PEo ki, £9Ao 'H T, VRV —LABERMOFIEOEILIZL > T, Ph FE
A, In FEMAKLIZ) RV —AFEFICADRAATREIE, EOANRTIEITTD
BlL logP OEFIHEKIELTHWAIEFTHL DR oz, FMiFEMAEL, 22D
FEREIZA D RAATWBAEEENBWA, FOREPTOIY 7+ XA — ¥ a ViTidE
BHBHIEHTFRING, |

1) M.Tanaka, K.Horisaka, C. Yamagami, N.Takao, and T.Fujita,
Chem. Pharm. Bull. 33, 2403 (1985).
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Structural Studies of DNA Binding Proteins by Means of Triple-Resonance
Three-Dimensional (3D) and Four-Dimensional (4D) NMR

oM. Shirakawa, H. Matsuo, K. Uegaki, E. H. Morita and Y.Kyogoku
(Institute for Protein Research, Osaka University)

Triple-resonancse three-dimensional (3D) and four-dimensional (4D) NMR
approach was examined in the structure studies of three DNA binding proteins.
By using the techniques, almost all the resonances of 'H, ®N and “C in the
proteins were assigned. Especially, the combination of three four-dimensional
spectroscopies seems to be powerful. Determination of the solution sturctures of
the proteins will also be discussed.
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ﬁ") f:@f%ﬁ%j‘éo

EHEONMRY ZFHIVDIIRIBEDONE D DT SEHLWHELHCC
HEEIZ X > T o720 BT, WL DD 4R TENMR A M A S DV TFH
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H5B,

FILIE 2 kTN MR : 'H-N HSQC, 'H-*CHSQC, 'H-*N HMQC-J, 'H-*N
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Vw7 ZEAZEZHEODDNAKEEAETIE, a REDILEV T FD
FERODPBNI EICLBHFDD - 12,
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4D HCCH-TOCSYZHWLWNIZ,. TORMENBIINS, 4D
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rhH S DBAF L fzmolecular dynamics 7’07’5 .. EMBOSS (Nakai, T.,
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Kidera, A., and Nakamura, H. 1993, J. Biomol. NMR. 3, 19-40.) 4 {7z, Cro

TRONIHEEEZR 3ITRT,

4D HNCAHA 4D HCA(CO)NNH
- .F;n bl il R et e
4
. ¢ o
4
y £ 13
. L27
e )
B b '
¢ ) @
o ¢
i —
' @ @ ~
3 A Cro DIkt

b w
UL {ppm)

TN
1H {ppm)

1 2204 RTENMRIZE 2F8HDKE GUEHIRF2)

v Q . I 28.0
s wscs ' Las
¢ [@ : )
HBCB bt
0 }(58.2) o
h @]
o
HaCa ¢ . 416 B
HeCe HYCY
° & L (24.3) -
EA | i i
5.0 4.0 3.0 2.0 1.0
W4 1 H ppm

01(H)=4.11ppm w2(”C)=58.2ppm Lys21
K2 4DHCCH-TOCSY O—# (3%#h: ) Cro)

— 46 —



L13 ERwALEES-NMRUEECH Y 3REOES |
OR#IEEMR, # H—. ZEHT. #@ #. ARELT. THRS
MEFR" | BSEd
Mk - W, CHUEREAFE BT

Recent Progress in Mutidimensional NMR Methods Using Selective Isotope Labeling
Techniques

Masatsune Kainosho, Shin'ichi Tate, Yoko Mivake, Hajime Kamada, Yukiko Takizawa
Takashi Chino, Toshio Ushioda * , Tatsuya Samejima*

*

Tokyo Metropolitan University, Aoyama Gakuin University

ABSTRACT Selective isotope labeling methods have been compared with the conven-
tional multidimensional multinuclear NMR methods in the aspect of structural -
studies of proteins over 20 kDa molecular weight. Laborious works to prepare
variety of selectively labeled proteins seems to be rewarding for getting
precise local structural information in the region of interesta
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An NMR study on the RNP domain of Sxl1 protein by stable isotope-—
labeling technique :

Yutaka Mutol, Takanori Kigawal, Yoshihiro Takedal, Hiroshi
Sakamot02,3, Yoshiro Shimura2 and Shigeyuki Yokoyama1

lgraduate School of Science, University of Tokyo, 2Facu1ty of
Sciences, Kyoto University, 3present Address: Graduate School of

Science, Kobe University

In order to elucidate e the mechanism of interaction between
one of the RNP domains (96 amino acid residues) of the Sxl
protein and its target RNA sequence, were analyze the tertiary
structure of the RNP domain by isotope—aided 2D and 3D NMR exper-—
iments for uniformly 15N - 13C labeled samples. First, all the
backbone resonances (N, HN , Ca, HCa) were assigned for. the RNP
domain by 1H-15N NOESY-HSQC, TOCSY-HSQC, CT-HNCA and CT-HNCOCA
experiments. Second, were performed 3D HCCH-TOCSY and homo-—
nuclear 2D TOCSY experiments to observe side chain resonances.
Third, the secondary structure were elucidated by 1g-15N NOESY-
HSQC and 1g-13c NOESY-HMQC experiments. Thus, a four—stranded
antiparallel [S-sheet structure and two helices were found in the
RNP domain.

(BLHiz] YavyaynNzolkeEllBHE5 T2 8EF & L Tsxl, tra, tra2k
ERFLsATVS. ChoORETEYE, RNABASHEL LTHE, EHE
BE2MRNADRT S A VI 2FHITDLLILLIOBEREDA—NVIYFF 4T X
T34V IO EABEERELTCVWSY, ZOREORRE, TAZAERZ-TL
5.T&b%mdﬁéﬁﬁ,mRNAdwﬁétxof,uébk%ﬁ®1754
T ENMZTCIraEABEOARERTAOLALT, Tra2BH8iE, TraZBgHE &
LY Ty PR BASXOMRNADI TS A4S VY Y5 #DBHEICHERL,
AZAEMRNADERZBUVLWTWAZLHHELL IR TSP 2 RNAR
EEMREZLOZNOOEFORABEORVWEAERTILOER, CASOETL
RNALOWERAZBPT 2L PHBETHS . AHETE, XNNELGEORD
ODRNABBFAA VOB RETZ2HR2EH[ L, ChZ2HAVWTISN, **Clt k3%
 ERAMAEBRETY, SRAGHMELBAXEERE VWA LILLD, 20@EIED
WTOHREBZ L 2HNE L. ‘

X1 YNV B RERMAES ZRT, ZRTVRS XS
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M1 SxIBHEOKAAS VHE

(MEBLXTHE]
HEHOFEAE 7IVEBIMEREDIPSLRIRXIEBABR, ZO08FHIZRNAESESIZH
EF3LEZLNBRAALY (RNPRAASY) BHFUFLIZEEDE> TS,
CORDPTZEHEHORNPRAAS Y (FIVBIERE) 708 EzFE2PCRER
ATy b L, TTRMARY A5 —FRIPIGIC L > CHEMTE ABL2I(DEN KR ZEFAH
LEHEOARBRBEAREBELE. " NERBLUC CERBETRIEDIE, 2 x
MBI LD KBHORBREABRoE. COBEH-OERE, RREL LT
BNH.ClBXU [U-*Cl IV NVa—-x&#RWE. ZThizkb, **N, **CT
TEEBIhAABEOEEAELE. B0 EBARBEROERTIEIZE
THEHMESH (50nM YVREEE pH 5.5 10% 2H.0) ~OBEEBEBEFTRVL, BXK
mOFBELE., EXFORBEUTI9.9% 02V EBERABHEHREI L > THE
BB ETROE.

#lE NMRH#IEWE, Brukerth$ AMX-500, AMX-600ZARZ PV A —% —
ERAVHERELCCHRo 2. CORBTUTORRI MVEHEELE.
NEZLAZAEBHEZODWT2D HSQC, HMQC-JB&LU3D NOESY
-—-HSQC (mixing time=100ms) , TOCSY-HSQC (DIPSI2izZ &k %mixing
time =35ms) QFEZEFT -k, '*N, *CT_EBEBZE2TR-EZABEZOWVT
BKFT3D CT-HNCA, CT-HN (CO) CADHIREfTRol. &5
C—EE#z2T BB EHWT, EXFT2D *H-**C HMQC, 3D
HCCH-TOCSY (DIPSI3iz & Zmixing time=25ms)B L3 D *H-'2C
NOESY—-HMQC (nixing time=100ms) X7 bV ZHE L E.

(HEBLTEE)

1) ¥BBAOY T FNVORE

FHEF7IRTObMYCa7O b OV T FNVORBOEZD, *NERLEZHXBE
DVWTHEELAEZ3D NOESY-HSQCBLUTOCSY-HSQCARY b
VOBFEERGRo%. ChizkD, daw, danREOHBEZBEOHI I TEZEHNT
3. COMBILID, BYRBAMNIVREBABIT a~Y v I ABWAREDL
SRV LEZREEELOBAOY I FVNORBEED BN TEL. &1,
NOEZAWAZOL>LEHFREBLELESIZ, *°N, ‘*CZBEZ2ThR-o=HHE
ERHWCHELECT-HNCABIXUCT-HN (CO) CAZXRZ NV DEH
PS5, TRTODFIRTUINVBLEFIREROV I FVORBE—BHICED
BILNTEE.
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2) AIEESOY T I VORE ,
SXxIEHEORNPFRASVE, PIVEBIPICRETCHREATWRDTT
P REB2DARZ MV THHABOBVWI I VEBBRERZSDVWIRRERITRD Z
EHTcEBZ. UL, HIEOBVWHBDOTR, 7o bhryick32D TOCSY RN
TJINVEGTE, BREBHOMEFBIRLCRBEEZITZILIERLRS. &5
CEBEERABZEDLER, ME7OINVOBALTVWB T CROIELEY 7B R
ETEIDENDB. COEHD3D HCCH-TOCSYARZ N DBBFZTR
W, BEITARTOTAMYYITFNEDODVWTREBRZTRDICEMNTE .

3) SXIZEHHEOO2XBBEOBE

U prY2DXAXY M, 3D 'H-'*N NOESY-HSQCZ~RZ IV,
BLU¥3D *H-'*C NOESY-HMQCRRZ MV EAWEBITOKE, Sxl
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WMot 3hd, SLCEAEEDTVS.
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Structural analysis of proteins by multidimensional NMR

Fuyuhiko Inagaki, Daisuke Kohda, Saori Ichikawa, Kouji Nagata, Hideki Hatanaka
and Katsuhiko Kushida*

Tokyo Metropolitan Institute of Medical Science and Varian Japan*

At first, we report an algorithm for automatic assignments of NOESY cross peaks. This
algorithm was applied for the structural determination of several proteins, which gave high
resolution solution structures comparable to X-ray analysis. Thus, the detailed comparison of the
protein structures in solution and in crystalline state is now feasible.

Recently, pulse field gradient technique (PFG) has been shown to be effective for water
suppression. We incorporated PFG into several pulse sequences and compared the PFG spectra
with those obtained by conventional techniques.

(1) Lo

WEEOHE., MEAESENEEICL Y NMRER S VBEKREIBITA S v A7 B0 HEL X
BREEREET R 2 RBETRET A ERHEL L I ik oz A Tk, RLDICHBE
BB ENE LTV TY ZADKRE . COTNVTY XA BWTREL Y YN 2 B0V MEE
KOWTHET 2, RKKBRY 7T VvoBERCESSRIFAEE (PFG) 25 Y2 EONMREE
CEAL, EREGORTE TR oD TEORERIIOVWTHRET 5,

(2) SEEIEEORE

BER Y NI EOBRBMERER S vV BOBELEBTIEPLOEETH L, 2OLDITR
TEBNRIELDODNOEREY -V DRBLYFRIITR I LBLETH S, LYPLEEY I/ TIORE
YOOI —HBYIBEREBDOOLBEERIRL, MELARBOFLSELVWREZEUHT C L 280
Behd, OO ARREMNLERME > TITL ) 7V T) X A0RBIIFIEERED BELIC
AURCH B, TT—HBWIBEOOWAEEY—2 (10 0EERE) ¢ kBEERLAVTI V%
BiELiET 2, COBEYHETARBELHELBREOT I SRBUET, oV THLICHEEL N
OEDRES S THENELF% 5. CO7utA%#yE+T o EicL ) 9 EANOEREY —
ZIEOWTRBYHIT A LR, Bo 1MBEORXEY -3 -oDLERBRENRE LT
by, BEERBLLESOY= 27 VCRBEHERT I, COLIKLTRBOEELZHRTHONOE
REC—2s%2H., Vo BEPOEBLEENBATAVEREELRS, COTNVITYXL%D
Vo MEERBLII S FF UV b, LS3SHAREES Vs EBERaNY v 7 AEERXELBLEE
ZAONBBEDA VY2 VERTF R, RYEFVVICHEAL, WIORLBRFLER LB, COYR
FAEERTENMRICHIET 222 AR E LT, BEZEHRB=ZXTENMREZHAVANMRY 7+
DEHBRBORF RIT 2> T 5,

(3) WpwEtE (PFGHE) 2HWANMRAZEDKSN ﬁmxﬁfwmﬁfu&/nygmNMR
AR P VOFRBIEATTRTH D, N4, BBREE (PFG) 2Hv3 L, BKY 7 FVOBEEFSHE
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L16 NANO-SCALE CONFORMATIONAL FLUCTUATION OF FERRITIN
CHANNELS AS REVEALED BY 1HNMR RELAXATION TECHNIQUES

O¥4v=y ¥v, £E F. B% H, kil HEHH
2 IEHHENKES-9-1 TRC 284 1y PR
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ODbaiwen Yang, Michiru Hogyoku, Satoshi Ebina, and Kuniaki Nagayama
Nagayama Protein Array Project, ERATO, JRDC, Tsukuba Research Consortium,
5-9-1 Tokodai, Tsukuba, 300-26 Japan

NMR relaxation techniques were used to investigate the dynamics of ferritin channels. By
analyzing the relaxation time, T2, of the proton signals in apoferritin and the solvent

accessible surface area, it was shown that there is a large degree of mobility in the interior
regions of the ferritin shell. By comparing the proton relaxation times of probe molecules
(water and [CaEDTAJ2-) in apoferritin and holoferritin solutions, it was found that these
probes transverse into the ferritin cavity through channels in the ferritin. Based on these
results, we propose a model for ferritin molecules that involve flexible channels of which the

size fluctuates in the range of 3-10 A.

Holoferritin consists of a protein shell (apoferritin, 23 A thick and
with an inner diameter of 76 A), which is composed of 24 subunits (each
20 kDa), that surrounds an iron core (=50 A). The protein shell is
transversed by channels with diameters of 3-4 A (7). The channels are
believed to be the pathways for the iron ions in the iron uptake and
release process. For the iron release process, it is assumed that
reductant and chelator can pass freely through the channels during the
transversal process (2,3), although this mechanism has not directly been
proven. To examine this mechanism, we used the 'H NMR relaxation of
the ferritin and probe molecules (HoO and [CaEDTA]2-) to analyze the
mobility of the protein shell and the transversal of the probe molecules.
The iron core was used to advantage as an intrinsic paramagnetic center.

MATERIALS AND METHODS
For the NMR samples, the water in the solution of ferritin was
replaced four times with 2H>,O by using an Amicon ultrafiltration
apparatus (YM 100). The TH NMR spectra were obtained with an NMR
spectrometer (JNM-A500, JEOL) at 500 MHz and 20 °C. Relaxation times

Key Words: Probe, Iron-Core, Mobility, and Transversal
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Ty and T2 were measured using the IR and CPMG pulse sequences,
respectively. All relaxation experiments were repeated three times and
the results were averaged.

In large proteins, the relaxation time T2 is sensitive to both the
overall motion of the protein as well as internal motions in the protein.
The effective correlation time, 7e1r, taking into account both the overall
and internal motions, can be obtained from both T» and the interproton
distance by using the relaxation equation of Solomon.

In ferritin solution, we may divide the probe molecules
phenomenologically into two groups: A, probes far from the iron core,
thus relaxation is not affected by the core; and B, probes near the iron
core surface thus is strongly magnetically affected by the core. There
will be exchange of probe molecules between the two groups A and B. If
the exchange is much faster than the relaxation rate of the protons, the
observable relaxation rate (1/T;, where i=1 or 2) equals the weighted
average of the relaxation rates for the molecules in group A (1/T,
which is similar to the value of probe molecules in apoferritin solution)
and B (1/Tip) (4), as shown in equation 1.

l=ﬁl_+ib_ (6]

; Tig Tip
Here, Xz and Xp are the mole fractions of the probe molecules in groups A
and B, respectively. If the exchange is much slower than the relaxation
rate of the protons, the relaxation is described by a two-exponential
decay (4).

RESULTS AND DISCUSSION ,

The 1H spectra of apoferritin and holoferritin are shown in Figure 1.
The T, decay curves of the resonance signals over the entire spectral
range for the apoferritin and holoferritin protons could be fitted by
two-exponential decays, indicating the presence of slow and fast
relaxation components in the protein. There is no significant difference
in the fraction of fast components for protons at different chemical
shifts. For the slow motion component, the % and the fraction were
about 2.5 x 10-7 s and 60%, respectively. For the fast motion component,
they were 0.4 x 10-7 s and 40%, respectively. The 1e1; for the slow
motion is comparable to the rotational correlation time of ferritin, 1g,
which is expected for a rigid sphere. This indicates that the slow
motion corresponds to rigid regions and the fast motion to mobile
regions. The fraction of mobile regions determined by NMR is 40%, while



that for all protons located at surfaces is 18% calculated by us from the
surface area accessible to solvents based on the crystallographic
structure. Consequently, nearly 20% of the mobile regions are located
inside the protein shell, although the regions are not identified at this
stage.

The value of To for the fast motion components in holoferritin is

found to be almost equal to that in apoferritin. Thus, the effect of the
iron core on the relaxation of the protons near the outer surface of the
shell is negligible. Therefore, we can consider the molecules outside
and inside the protein shell as group A and group B, respectively. The Tz
and T; relaxation times of the solvent protons in 2H,O solutions of
holoferritin and apoferritin were monoexponential. Hence, the exchange
between groups A and B is fast. Little variation of T, was seen at
different pulse intervals, indicating that the local magnetic field
inhomogeneities do not dominate the relaxation time Ta.
The Ty and T» of the protons in commercial 2H,O were 15.4 and 4.4 s,
respectively, while those for the filtrate of holoferritin. were 14.8 and
3.6 s, respectively. The Ty1 and T3 for the protons of 1H2HO were 9.9 and
1.5 s, respectively, in a 4.8 mg/ml apoferritin solution, while they
decreased to 1.5 s.and 14.1 ms, respectively, in a 4.8 mg/ml holoferritin
solution.

The values of Tq for the Ha and Hb protons of [CaEDTA]2- were 290.0 and
385.1 ms, respectively, and remained almost the same for the
holoferritin concentrations from 0 to 1.5 mg/mi. The T2 (Ha) and T, (Hb)
were 181.1 and 249.0 ms, respectively, in the absence of ferritin. The
values were 168.9 and 230.4 ms, respectively, in the presence of 1.5
mg/ml of apoferritin, while they were 71.0 and 82.0 ms, respectively, in
the presence of 1.5 mg/ml of holoferritin.

If the probe molecules do not transverse into the shell and approach to
the core (i.e., xp = 0), the relaxation times observed in holoferritin should
be similar to those in apoferritin solution (eq 1). Otherwise, the
relaxation times will be shortened in holoferritin solution.
Experimental results indicate that the T{ and T, of heavy water in 4.8
mg/ml holoferritin solution are about 7 and 70 times shorter,
respectively, than those in the same concentration of apoferritin
solution. - The Tz for [CaEDTAJ2- in 1.5 mg/ml holoferritin solution is
about 2.5 times shorter than that in apoferritin solution. Consequently,
water molecules (<3.4 A) and [CaEDTAJ2- ions (>7.6 A) transverse into the
ferritin cavity and experience fast exchange.



Because large probes such as [CaEDTA]2- can transverse into the
cavity through the channels, the channels must be flexible enough to
allow such a transversal. Therefore, mobile regions should be located
around the channels. Based on the studies of iron release using
reductants, it has been suggested that the channels expand in solution to
more than 10 A (2,3). Because circular dichroism studies on ferritin
indicate that the secondary structure of ferritin in solution is the same
as that in crystal, these two structures have only local differences.

Based on the findings described above, a new model for the dynamic
structure of ferritin channels and the transversal of probe molecules is
proposed as shown in Figure 2. State | is similar to the structure
obtained by X-ray crystallography. When ferritin is in State Il, the
channels open wider by compressing the mobile regions, thus allowing
molecules larger than the size of the channels in State | to transverse
into the interior. We propose that ferritin molecules can fluctuate
between these two states, preserving the overall size and symmetry of
ferritin.

In conclusion, the ferritin molecule contains a significant amount of
mobile regions that are located near the channels. With rapid exchange
between the two conformations, as proposed in our model, the size of
the channels fluctuates in the range of 3-10 A, thus allowing larger
molecules to transverse into the ferritin cavity.
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ppm  Figure 2. Model of the dynamic structure of
TTTTTPITrPTI TErITITrRrTPTTYTTY ferritin showing how the transversal of probes
12 10 8 6 4 2 0 -2 occurs. The light shadows indicate loosely folded
Figure 1. TH NMR spectra of apoferritin ~ regions that are mobile while the dark shadows
(A) and holoferritin (B) at 4.8 mg/ml indicatethe same regions packed more tightly.
protein, 20 'C , and pH 7.4. ’
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Structure of & DNA-binding region of a protooncogene product, c-Myb and its
complex with a specific DNA.

(*Graduate School of Integrated Science, Yokohama City University, Z2Tokyo
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Institute, *Institute for Protein Research, Osaka University, °Tsukuba Life
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A protooncogene product, c-Myb, is a transcriptional regulator in the myeloid
lineage, which binds specifically to a DNA with the consensus Sequence AACxG. A
DNA-binding region of c-Myb consists of three imperfectly-conserved repeats of
52 residues, referred as Rl, R2, and R3 from N-terminus. Each repeat has three
tryptophans at intervals of 18 or 19 residues. R23(R2 and R3) is essential for
specific DNA binding. Using homo and heteronuclear multidimensional NMR, high-
resolved solution structures of each repeats were revealed and were conserved in
the overall DNA-binding region containing all repeats. Specific DNA complexes of
R23 and R123 were also analysed and the complex structure has been determined by
NOEs between protein and DNA. And further, the dynamic structure of R23 and its
stabilized mutant will be discussed
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NMR Structural Studies of Flexible Proteins and Peptides

Peter E. Wright
Department of Molecular Biology
The Scripps Research Institute
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Abstract

Technological developments over the past decade have made multi-dimensional NMR spectroscopy a
powerful tool for protein structure determination. Less attention has been directed toward measurement
of protein dynamics and development of methods for structural characterization of conformationally
averaged systems. !N and !13C relaxation measurements offer great promise for providing detailed
insights into protein dynamics on a picosecond time scale. In addition, exchange contributions to T,
provide information on much slower events involving conformational fluctuations. The application of
heteronuclear relaxation measurements to investigate the dynamics of several proteins [enzyme ITASY (1),
zinc fingers (2), and oxidized and reduced thioredoxin (3)] will be described.

Conformationally averaged systems pose particular problems for NMR structure determination.
Strategies for ceah'w with these problems to identify conformational preferences in linear peptides in
aqueous solution will be described  Sequential backbone-backbone NOEs provide information on the
relative populations of « and [ backbone dihedral angles while medium-range NOEs allow identification
of folded structures in the peptide conformational ensemble (4). Quantification of the population of
folded structures remains problematic. However, by careful use of chemical shift, coupling constant. and
NOE dara, supplemented by circular dichroism in favorable cases, at least a semi-quantitative measure of
plopulanon is frequently achievable. Examples of helical and reverse turn-forming peptides will be
discussed.
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MULTIDIMENSIONAL SOLID STATE NMR OF POLYMERS

. H.W.Spiess
Max-Planck Institut fiir Polymerforschung
Postfach 3148, D-55021 Mainz, Germany

Multidimensional solid NMR spectroscopy offers uinique possibilities for studying structure
and dynamics of polymer materials. This concerns both the spectral resolution needed to
obtain the required selectivity in the solid state as well the information that can be extracted
from the spectra. After a brief introduction into solid state NMR an overview of techniques
developed in our laboratory and recent applications will be given.

The increase of spectral resultion will be demonstated on muiltidimensional MAS sideband
-spectra. Here efficient ways of separating iso- and anisotropic chemical shifts offer various
possibilities of generating highly resolved 3D-MAS NMR spectra, from which, e.g., the
molecular order in partially ordered polymers can be extracted. More complex alignments of
polymer chains, resuiting from advanced industrial processing of films can effectively be
studied by 2D- or 3D-exchange NMR. This technique, introduced by Henrichs back in 1986
has recently been extended by us (DECODER NMR) to show that it maps out the
orientational distribution function into the multidimensional NMR spectra in complete analogy
to X-ray scattering.

The information provided by multidimensional NMR probably is most unique as far as slow
molecular dynamics in polymers and its relation to the materials properties are concerned.
Here it will be shown that fundamental differences between the chain dynamics in crystalline
and amorphous polymers are detected by 3D-exchange NMR. Chain dynamics above the
caloric glass transition will be compared with internal dynamics within macromolecular
chains and local dynamics of side groups in the glassy state. The nature of the non-
exponential loss of correlation can be unraveled by reduced 4D-exchange NMR, which
relates the loss of correlation during a given period of time at the beginning of the
experiment with the loss of correlation the same molecules experience over an equally long
period at much later times.

It will be shown how spatial information about the packing in amorphous systems and
characteristic length scales of structural as well as motional heterogeneities can be probed

‘ both via spin diffusion (1-100 nm) and spatially resolved NMR ( >50 pum).

The techniques will be demonstrated on various polymer materials including homopolfymers,
block copolymers and blends as well as liquid crystalline polymers of different molecular
architecture.
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NMR SPECTROSCOPY AT HIGH PRESSURE

JIRI JONAS
Beckman Institute for Advanced Science and Technology
and
Department of Chemistry
School of Chemical Sciences

University of Illinois
Urbana, IL 61801 USA

Nuclear magnetic measurements at high pressure provide unique information about the
microscopic behavior of chemical and biochemical systems. In view of the high information
content of advanced high resolution NMR techniques including 2D NMR, the ability of
performing these experiments at high pressure opens a very promising direction in high
pressure research. |

This lecture is organized in the following way. The introduction, which outlines the
fundamental reasons for performing high pressure experiments on chemical and
biochemical systems, is followed by a discussion of the specialized instrumentation needed
for high pressure NMR experiments. Specific examples of recent high pressure NMR
studies on chemical and biochemical systems illustrate well how high resolution, high
pressure NMR can study a wide spectrum of problems ranging from the dynamics of
complex liquids, reaction kinetics in liquid solutions, to experiments on model membranes

and studies of pressure-induced unfolding of proteins.
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Some Recent Advances in Nuclear Shielding Calculations
G A Webb

Department of Chemlstry, Unjiversity of Surrey,
Guildford, Surrey, England

It is generally thought that the theory of nuclear shieldings dates from the sentient
paper by Ramsey in 1950.l In principle, it has therefore been known for many years

how to calculate nuclear shieldings. However, it is only in recent years that a
meaningful accuracy has been brought to such calculations.

In the quantum mechanical approach to nuclear shielding, the wave function of . the
molecule is perturbed by the applied magnetic field in the NMR experiment. The effect
of this is to produce preferred currents which shield the nucleus frqm the applied
magnetic field. The magnetic perturbation is expressed by the angular momentum operator
which is not invariant with respect to translations. Consequently the calculated

value of the nuclear shielding can become origin {or gauge) dependent whereas the
experimental data do not have this property. Thus great efforts have been expended

in attempts to remove the gauge dependence from the calculated results,

In ab initio molecular orbital calculations there have been two main approaches to
dealing with this difficulty. One is to employ a sufficiently large basis set

such that gauge dependent effects are minimised. The other dépends upon using a
smaller basis set and introducing gauge factors in such a way that the results are
independent of gauge origin. The former of these avenues has been explored in calculaticn
on small molecules whereas the latter approach is widely employed for larger molecules.
Gauge Included Atomic Orbitals (GIAOs) 2 have found much use in nuclear shielding -
calculatmns3 4 Another apnroach uses Individual Gauge Orlglns for different Localised

Molecular Orbitals (IGLO)
A different approach to calculating second order magnetic propertles is to use the

equations of motion method . A variant of this procedure results in the use of. localisei
molecular orbitals with Local Origins (LORG) for nuclear shielding calculations]
TheCiAO, IGLO and LORG methods are all reasonably successful in calculating nuclear
shielding tensors.

More recently the inclusion of electron correlation effects in calculations of nuclear
shieldings for electron rich molecules has been addressed. GIAOs and many body
perturbation theory have been employed8’9 another approach is to use multiconfiguration
IGLO calculations 1owhile the second order polarisation propagatorapproximation has
been combined with the LORG procedure to give the SOLO method of including electron
correlation effects in nuclear shielding calculations.11 In general all of these
calculations tend to overemphasise correlation effects on nuclear shielding but are
more satisfactory than the corresponding calculations which do not include electron
correlation,

A completely different approach to calculating molecular properties, not involving
Hartree Fock theory,is the use of Density Functional Theory (DFT), DFT removes the
necessity of calculating electron correlation effects and has been shown to be
successful in calculating nuclear shieldings for molecules which show dynamic and

strong electron correlation interactions.lz’13



Ab

initio calculations have also been reported for the nuclear shleldlngs of heavy

metals as well as for the lighter atoms of the periodic table.14 15 The results

obtained reproduce a number of experimental trends in spite of using modest basis

sets in the calculations. These data do not include either electron correlation

or

in

relativistic effects. Both of which may be reasonably expected to play a role

the determination of nuclear shieldin s for heavier nuclei.
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Multinuclear and Multiple Quantum Filtered NMR Studies of the Heart
G. Navon

School of Chemistry, Tel Aviv University, Ramat Aviv, Tel Aviv 69978, Israel

Open heart surgery is now the most common major operation in the Western world. During
such an operation the heart is disconnected from its blood supply, and therefore ischemic. It
is imperative to minimize the damage caused to the heart during this period. An emergin
procedure that gains now a momentum is heart transplantation. Improved preservation of the
heart during ischemia will enable the transportation of the heart over large distances.
Multinuclear NMR can give us a comprehensive view of the heart physiology and biochemistry. It
was found out that ionic fluxes play a crucial role in heart physiology. In fact, most of the
drugs used today in treating heart diseases are directed toward ionic pumps and channels. We
have found that during hypothermic ischemic preservation there is a massive influx of sodium
into the myocardium [1]. The NMR shifts produced by the shift reagents [2-4] at concentration
that are tolerated by the heart are usually not big enough '
o give an adequagg separation between the intracellular and Na
the extracellular “Na signals, and thus, the intracellular
sodium signal is masked by the much larger extracellular
signal. Recently the method of multiple quantum filtered
(MQF) NMR spectroscopy was shown to suppress the signal for
the extracellular sodium: The observation of MQF NMR signal
depends on the presence of bioexponential transverse
relaxation which is the result of sodium binding to slowly _
rotating macromolecules. Thus, the sodium outside the heart 5Q
and in the vascular system is expected not to contribute to
the MQF signal. However, the MQF experiment does not
completely eliminate the signal of the sodium from the
interstitial compartment. A complete elimination of the
extracellular sodium signal in the presence of shift
reagents could be accomplished by a selection of a
particular delay time in the MQF sequence [5] (see Fig.l).
;3 was shown that of the two possible MQF techniques for

Na (I=3/2), double and triple quantum filtering the
latter is by far superior [5].

The measurement of intracellular volume is important
because of two reasons: (a) in order to convert the amounts
of metabolites measured by NMR to molar concentrations, (b)
1o assess the extent of intracellular edema, which may be a
decisive factor determining the cell viability. We were able
to measure intracellular volumes in rat hearts [6] using a
combination of cobalt-59 NMR of Co(CN)%' and H-2 NMR of D20
[7] and found 16% increase of same volume during 30 min of
normothermic global ischemia. The results also enabled us to
calculate molar concentrations of . Na' and phosphorus
metabolites.
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NMR and Bigger Systems

Yoji Arata

Faculty of Pharmaceutical Sciences, University of Tokyo

Abstract: Immunoglobulin G(IgG), which is a multidomain glycoprotein with a
molecular weight of 150,000, plays a crucial role in immune response. We
have been developing a multinuclear NMR strategy for the molecular struc-
tural analyses of the intact IgG and a variety of proteolytic fragments
thereof. The standard method of NMR structural analyses of'proteins in
solution is of little use in these bigger systems. In the present talk, I
will summarize how this difficult problem has been tackled and what kinds of

information have so far been obtained.
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WA T, COETEIREC LT EEZ DV EFA. WMREBFEOZH
FTOUHLAROBBNICL> T, BOFEFREZBEALE>THRELE. B0
HEEREBIRE->-TWET. v ok, CARHRELZE > TR », HEEER
—A— AR Y > T iU %%@tétﬁbibt. TZTTHLHI—E, MR Y,
[BF—232%FH->-TRA2CEDTE2] NMROBEAXZREZ D, HIEL
BOBWWTEEZYIVEE»RTNERSRVWEREEFHLICLTEYET.

8T &

NMROABCH»SHIEENEZWBEFRER S, HkiEaE, BA5 74,
MRIEO—BIMATWEREE, O 0ARBMELVWREVWENEERESE
COKYBLEBEL EFET.

REHOTA 74 7eNAE, ORBEZ0T ) VIS L2BERE L RHOMEL
NMRIRZ&>THRWL TR, QKA 4 VEHEER & BEERBENMAO#EDBEE
NS LT, Switch variantFUREBESRICISDOTRERZWIPOZALITTT.
FNLPADTA T4 TERBR. BELA->TOWREVWREZLDHEL, £LEHD
BhceiflzlkUPORLZWHE, CRNETIZATWEEWLREBH-KERIZL
HETHRRZBOHRERBIIIARTRBINZIRELOTHVET. WEZBTEE.
EHECEEREBIC LT, SFIELENTESY Y NIHEDONMREERTSHENT
FTT. ik, IREBAPRLLTEIASy 7, BEBELXBORE LTI
DY BEHOBERLEZSBNET.

MARE, XHEOMERRE, F¥EHTFORBRRERE. ZEUE, HEIS
EafEUE. BRMNPENREME. ERNYCHEME, trne—¢ 7—Fk
YA LU AMEF, SOCRMEH LY OREENSOMBIHENEEE LT,
e<it, 6EMRDEY, HERNTREFARROWRMOMBICMA TV &,
REORERMFERORRICHS L ER L EDHAEL iy - - BETTERE
ZEIBHLHAL LT 7.
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High-pressure NMR study on the Hindered Rotation in
cis-1,12-Disubstituted [12]paracyclophanes

Hiroaki Yamada, Kuniko Mukuno, OMami Umeda, Takayasu Maeda,
Akira Sera
Department of Chemistry, Faculty of Science, Kobe University

Effect of hydrostatic pressure on the rate of internal rotation of title compounds has
been examined by DNMR method up to 190 MPa. The high-pressure NMR spectra were obtained on
1,1,2,2-tetrachloroethane-d, solutions in a quartz high-pressure cell at 83°C and at 105°C
using a Jeol FX-90Q spectrometer. An increase in pressure was found to accelerate the
rotation of the benzene ring of cyclophane molecule.

2777 vEEZLHETRNVDRAIRBRGFICOVWTE. FORELBEICHET 3 45FWE
SEEBICREED ., DNMREEZERE U Bl RNEDAIBI RO TV, D ULhLas
5. FTNSIRWThOWEICBIT3ZARY MV OBREEL) SMEE, KREESICHT38h%
BINTA— T —%RDEHDTHBo0

REBIRAFIIBEBROT VXY EYF 4 D EBENB &S ICHEN QNN X > TEISEENER
LD, $3WRSFREHOEE, T— kHIREESTBLTFEIhBZOTHEHM, Z0RICER
U=EENRS) OFEFlE W, 3.9 LEibhbhid, 2,11-

UF73.3.0NTv 77 (0 s 1,2) OBENMREREL. i

FlekhB o by, LOSREICHEBEEY 7 M8~ Hz/ v, =100 B

iz, Ap = 150HP) BT LERVWE LR, 3 CORKIE, BE SAX:l\
FTTRVEVRA BEEARSNOEANEELUT, RElns

DY PICHEG A~BORMIBEE LT, R EVBBICLPWRR 4y (CHy),
FHEIRBEA LD UTHESI W E, SEIEEREDLEY
LDNWTRYE VRONSEEENICNT 3ENMREARELS H
LLEHOTH BN, BETF CRIMENT 3T & RUBROME

MR L BBETB &, MERE &> TRV ¥V BROERRE

BIINEL 2B THAD L FBENE, n=1,2

2,11-Dithia[3,3,n]paracyclophane
F—— K : GESSRRENMR, SV TuT Ty, 2FHEE. EHSE. S EE
PERE UBAHE, @D LIZZ, OHHE EH. FRE =007, B5 HES
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REEEOEROERIIFig. UIRT OIS, J VA=V 794 TOBEENVZEROGIEICED
REZBIIERELEDDTH S, 56 EEL, BIVEE AFEREHAVTAEED SR L. F4&
(0.d./i.d. = 3 mn/0.8 mm) BKT. ZhPSOUZEMEE(C, 300-400 mm length) P SE D, EM
Boshio.d. = 0.5 mZEXTY U AB ) V(B ICHEE LTH B, BEET X MIFEET-o TN
DRERDUEFEA T X, HBAIWENA Ly 7 AH I AL D bWEHREICENTVWRIET THB, 6)

Fig.1 Schematic illustration
of the high-pressure NMR

I \ equipment setup.

A:Separator.
Kerosene B:Stainless steel nozzle.
C:Flexible capillary.
Mercury
Guard tube-
Safety jacket
Sample .
Cell body ) Heise gauge
R e P L PR PP o | - Rlntensifier
I O/O
[‘Hand pump

PelEsi 2 £ 9MIRY TRIZVR, 2-10 NPa($920-100 atn. )DMIEICE 2T N T AZHEL
EEVHICEBAT S, 20O, AUYLARERSIVNSRRRE 23, hEFLstEMER2
BUTHENT, BERTH. RARILRES, R U TREERESTHEIC L DHHEL (RiEntz
WEBHEAREE ) B RAR TR, SERL TRORRICHAD. COXS I, BIVORDELER
AL IR D720

REONTY IuT7 VY TOER. (CHn-2
Ttk kux v, Y7EMFUHEO3HEE
i BOHED K DERUED. D>
LY TOERE TNV =5 —(Fig. 1,A) A Hg' Hg %= OAc,OH
OKIBEFET B=HHEATEY, YK H.....:C—@-—)—C:....H n= 12
% SR ERENR S T/NDENR Y O TRE N

~g MV EBB I ehHREho = TED
THSEED 7 b Y ERORESRZ L cis-1,12-Disubstituted- [12]paracyclophanes



ITHET B, T MFUE 6 10l%D1,1,2,2-F I T OOy v-d. i E EROBEE VKICE
AU, 27°C, 60°C, 83’ CEB K U105° CTEENIRZME Lz, Jeol FX-90Q H¥EstEMERA L. external
lockick h BEBRE(LZIEMD, HIEDEEZITo =, '
(HReE®] :

21°C TRV VEOREGEMEELTBD., 721 das.as- | K| d6as.ae- | ZOTRIT MY
ST FWidHa Ha- EHp, He - ICRAGT Bsinglet 24625, BEZLITRICEBHRW, 26O TFNV
SREICEMPD M, 60’ CTIEE EREMNET EFTHEOENELZL 52TV FIT, T ITHEL
8 CHBLT 105°COBTT by T FVICOWTHHBIT 2B I 25720 Jas = 0, Jas- = 0 &I
L. U7 MEL 0eelIBENTF. 2T ClBIT 3400 ZTCIC UTROFTEICHEA U=,

(a) p (b)
P 5082 O 50z 0

e}
_ k=9 s~ k=43 57!
191¥Pg) Jk 191MPa/ A
’ k=6 s~! k=37 s!
95MPa «/—\, 954Pa A
k=4 s°! k=29 s-!
3HPa ﬂ 3MPa JVL

at +83°C at +105°C at +83'C at +105°C

Fig.2 Observed(a) and calculated(b) 'H NMR spectra {v=89.55MHz) of the aromatic protons
in cis-1,12-diacetoxy[12]paracyclophane at various pressures at +83°C and +105°C.
{solv.:CDC1,CDCl,, conc.:6mol%)

BRI LT R 2Fig.2 ITRT . BEADEMICE>T. RV EVROEESMEIQTWS
S ZENDDB, Pk koxEiOWTRERDIE L, SARROEDEROY I 2L —Ya iR
#cHorMm, 3.5, 52, 95, 131, 194 HPa (105°C) TOREICLD . DD IEIC &> T, EEEMSH
Hanb(k = 30~40 sec™!/3.5 MPa, 50~60 sec !/194 MPa) L HEE XNz,
P EORBRILNFEUEENNROFRMLEIETH B, DI EINEIXZFTFOER (RIBE
O/ B UHERAOHRINE L | EEOEBREOERBENEDT 3 2 & (ADEHEHLEE) Ic &
DEROF ML LATERIC 2oz UTHRBEhE S,



Fig.3 & In k #EH p cHLTTOy hLE 47 .
HDTHDo WA LD, 35 .
d(1n k)/dp = — AV*/RT ? at +105° C
EARORED 5 HREOEHLAEERDTHB L. 34
AV*= -6~=7 cn® mol-*(105°C),-5~-10 cn® mol-! , 5'
(83 C) ko2, CANEBREICBI2HHOE <7
DHIHAELT B 0D THB, REECEROZE 2] !
ICERTZEEXITNS: 5 r at +83°C
L BERETR VY VEMAF LY TY Y SOLER 154
RICADRT DA FOERDIIE 25, 1? .
0

b. 2 DEBREDEELERO TR KR TEET "50 100 150 200

HO, WREDONY XV TDBEITEDDTU, P/ Mpa
c. L, ERRETHFOBESEALTWEDT Fig.3 Pressure effect on In k for cis-
L. FOBETHEINBEROMNEOZD, 1,12-diacetoxy [12]paracyclophane.

RED AV L THOFSF L 25,
LU, ShonHFSRFOKEL . ERAGHEITRBRECEITERN. KDBEDHEHICBITS
M REERER, SO A6t &M A Uiz internal lock #IC X BREDERS LRICSEOBETH B,
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Measurement of Compatment Sizes of Cell-associated Water in Plant Tissues

by an NMR Microscope.

(*National Food Research Institute, “National Institute of Agrobiological
Resources, *JBOL Datum Ltd.)

2, Hidejiro Ogawa®

Nobuaki Ishida', Hiromi Kano
Self-diffusion coefficients and restricted diffusion of cell-associated
water in barley seeds during ripening were examined by an NMR microscope
using a pulse gradient spin-echo method and a pulse gradient stimulated-
echo method. Self-diffusion coefficients of cell-associated water were
maintained high (>1.0x10"%c¢m®/s) throughout growth stages. Large compart-
ments were observed in endosperm before ripening and those of the vascular

bundle and the nucellar projection were 2349 and 32+ T7Tu m, respectively.

idoKkE., FcHREANLBHBERT N, 2o—RubhomlBokogx&H
BUZEFREER > TW3, LT, EBoKOEGHFH T A RBHEFEREER R
HEEYOWmE, BMAOBBELKXBAAoBH. S5, BN TRAE T 250
BHEZBLTHBOE Y20 v tue - LTy, HBOLEBTRECEMRELR
WBEZR > TW2 b0 EEAON 5. AMRTRBRFIORZEBEFZHVT, &
BAF-VEHEIMROKOBHEERCBHEROEILE., '"H-NMR I 7 v 4
A=Y r 7k - TR Lo
(MR RUCHE]

BRAPORXOBEABATF— V2B TRWML, ~HERLTFEEH I DI
DED, BokFEEY YTV EULTHVI.

REFEOEERKICDFKE T, JEOL GSX-270WB NMR R N7 b a t—4% — T
BHAERLIZIuf A -y Fuw—~F kv b L. pulse gradint spin-echolER&
Upulse gradient stimulated-echoik (Fig.1l,a,b) Ik - THHA * - A2BEFEL
7277 R F /¢ Z X sinc-function-modulated pulse (270MHz 2ms. B2 #E 4KHz) %
Mot 42—y 713X, Y, ZHIRZOHZN58T/n0 BIBAR % AWV T, Te=
2Tmsy TR=8. 0sTRIEZ T o7co XMEBMOF— s MDRABFL6RA >~ b, Y

$—7— F: NMREAMEE., L. V2B, WBEOK., KE. FE
WLEDORDE, DOV AA, BBHLUOTL A
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Bl L7 A A—-—COEELEFEZ0. 05nnx0.05anT R 74 XEL. 6nnTdH » foo T
MAA—VRHMIERO VBB AERREAR2T/aCZ8FRICHML, A2 ER
ImsTH »tco Fho T vsre— b 2 v b3 4 X i3Callaghan® HEZ 2 H W T A =200
ms& L. AV AEBAREROMELE/LTE CRIEL 726

rf jelon 1807 rf 30" 90 0°
(a) A (b) N A A
e T —K— T ——> E— T oy — 7T —>
T, . Tu
VRN B SR E X M | S

Zﬁ Sany
, L1 , ol [

e h—> A

Fig.1 Pulse sequences of a pulse gradient spin-echo (a) and a pulse

gradient stimulated-echo (b) method.

1 day 2day 11 day 32day 4 4day

Fig.2 Diffusion images of ripening barley seeds measured by the pulse
gradient spin-echo method (A =12ms, G=278mT/m).
upper: 'H-NMR image, middle:diffusion weighted image

lower:diffusion rate image

[(BERUEKR]
HEBEE RS — Y% 1B > Tpulse gradient spin-echoik (Fig.1,a) TH#IE L &



Table 1 Self-diffusion coefficients cell-associated water at
various places of ripening barley seeds.
(x 10~5cm2/s)
day husk or vascular water endosperm
seed coat bundle cavity
1 1.65+0.20 1.24+£0.16
4 1.77+0.03 1.78:0.02 1.49+0.05
11 1.66+£0.43 1.59+0.03 1.90£0.19 1.55+0.06
32 1.49+0.31 1.79+£0.03 2.14:0.04 1.31:£0.12
44 1.77+0.25 1.92:0.08 1.34+0.08

Self-diffusion coefficients at three small areas in the
individual tissues were measured on the data of Fig. 2.

"H-NMR A 4 — P, HLE1 A— Y. RO,

ENSEGECHE LAIKBMERA A — v L e o
%, Fig. 2Ic;R%o '"H-NMR A A — DB b
WT, BRAOKBEFIREBLZ - TR L.
¥ 7o, water cavityBM/PhE (B oFe ULb
L. NMRick~ TR ZHh B v 27 DK
OB EFERKOR EHBALTL2EEFER 7

. msec)
300 400 500
T T

reduction of signal intensity (In A/A))

—JiEbhbi->THL Fohfzs Stejskal- s b . o Loy
Tanner® XD It X W EHR LAZHKOoHD \ RN
JBE R % Table 1 iR Lo HCHEBE ol °\o\\x\
MOBAMEIR2x10 5en?/s iiE L. Bk ( Nob, + ey
2.14x 10 %cn®/s) ERELLV~LVOEERL el 32 ey

oo MO KRBREOKEEALERT N
DI ELEERADL L HRBOKOEFHMER 30

A NVF -—HBARICICHIEELTVS b
DEEZ LN B,
MEoKOBE L INEHER (A) 2K X
Tpulse gradient stimulated-echoiEic &
> THlE L7 (Fig.3) o FEEZBDKD ¥
SFNVOIEICEBZBER (-In(A/de)) R, HE%3 0BEE TRIEHBEB e L
THIBWICE T LA, COZEMREBEEZEL LKOEBEFTVIRBEUL 2E{T
Hbo —H. HEZR40HECRZ Ly 7 F VORERRILHEBMI15mmsBlETR
—EEE Ry, RENZHBEROBRTFERLL, COoOBBHcIBRAOEHHKIZ I
tAEREEARCRD, REKLHEEROALKBSHEE I N (Fig. ) o MERS
2HH®FEDpulse gradient stimulated-echoFETHRIE Lo 4 X — ¥ EFig. 4R
Yo COBMOFEOKOEHRRARVEEANTV S (Table 1) K bbb
S5F. TMRECAOLHMEMEEIBTEZFLLWILPAIELOMB/RATS - o
Fig. 43, HEROLHEK R 1TInsE TET L, BEZ DL AL ZROHB, B
R Cwater cavity TR Z WU L0 HEBHOBEBTHETLEITSZ I EERL o

Fig.3 Relationship between

reduction of signal intensity

and diffusion period.
(g=110mT/m)



Fig. 3., Fig IO REZBANIKERL L L., ABRRURARUEEOKE ST water
cavityR (B BUEE B A KER Iy Y — b A Y FPIOVEBRINTVELEDEEZ
S5 B, RiIC, Fig. 3BV TI150nsl Lo BB Ty /7 F VEHEEK -E LR 3
4 0 BHOFEEXRHOVT, H#ERLULE (KoM ic/h&x 8- fovater cavity® &
L) @ roe— b Ay by A XEEEBEE (A) 2200ms& Ly 70 RBIF A O
EhEF A TCallaghan® FED K-> THRIE LK (Fig.5) « HEHERCRBIZB
BZavoN—FAY POKRKEETE3E I nE3 2t TpnER, @Y 4 XL B3EE
BETH»LIEDEEL SN,

=7 1ms 12 1ms 17 I1ms 22 1ms 27 1ms 32 1ms

Fig.4 Changes of diffusion image with increasing diffusion period of a
ripening barley seed at 32 day after heading measured by the pulse

gradient stimulated-echo method (G=89mT/m).

- pulse gradient magnetic field (G° : mT°/m’)

<\i o 0 200 400

<« o : : i ’ Fig.5 Relationship between reduc-
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1. P.T.Callaghan, "Principles of Nuclear Magnetic Resonance Microscopy”,
Clarendon Press, Oxford, 1991

2. P.T.Callaghan and K. W.Jolley, J.Coll.Int.Sci.,6 93,521(1983)

3. E.0.Stejskal and J.E.Tanner, J.Chem.Phys.. 42,288(1965)
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1. 7K,
'H and 1°F Multiple-pulse two dimensional NMR experiments on lig-
~uid crystalline materials.
(OTetsuya Hoshino, Atsushi Kubo, and Takehiko Terao
Department of Chemistry, Kyoto University

We tested the three types of the multiple pulse two dimensional (2D) experiments
on liquid crystalline samples. At first, we performed a "HOmonuclear Separated Local
Field experiment” (HOSLF), in which, BR24 multiple pulse was applied during the ¢;
period, while the spin evolves under chemical shift and dipolar interactions during the t;
period. Next we performed two types of 2D exchange experiments, in which BR24 was
applied both during the ¢; and ¢, periods. The cross-peak intensities were monitored as
functions of the mixing period. In these experiments, we applied no r.f. pulses, or applied
a spin-locking pulse during the mixing period. Theory was developed to determine the
dipolar interactions of the liquid crystalline samples. .

[F] HRPVF ALY TAESLABARNETHERALZETEIRTE. REVEBOS A
S7AETLERFRLE ST DX T VLW, Haeberlen 513 [1]. 2|/ X NMR &
E2XTENMR 28 AE5bET. BERRBTFHEERATHRLLEARZ ML 2EZEST B
THBLTWS, (LT »EB*% "HOmonuclear Separated Local Field experiment”
= "HOSLF’ L BR:., 5N ARIMAEI D7 IVOREEBI Loz, SHE. F
HoHid2], @ES» 7 NMR E2HW, AHEFFHOERARZ PV EHEL. &
ROBEREFHEERZRELTWS, 4H. RxIi: Haeberlen 5 L AIROKBERY
BETrrbic, Fl 8L LERICBR24 3B/ 22 AW 2RTR#M NMR X
BET-ok, ShH6DFEERAVWT, LR 7 bOR%2'H 22 °F BOBK N ETH
HERODREZRAAL,

[%£8] BR24 2E XV A Bl £ AVWT3SHBNDERE{T»>7%. BR24 D 2 4 {HD 90°/%
A2 E LT (eygz)(Tygr) (yezy)(Joyz) (255 )(TyTy) W, CoORLGMMHEER
WeBk, LR 7 VEEEBOESBBOMEI (1L oFRCT>TWwWa, BOBBAY
BB d L5, A9BHo Mz #. (LIO)RK(-1L1-2)0Fmicx Bk y W2
ERT 5,

HOSLF HEBRTIZRD/VIVARFIZ2ERHLZ,

(90°%)g, — t1 — (35.26° )45 — BR24(acquisition; ¢,) (1)

cosine NDEB Tl (41,6 ) = (135°, 0°) ,(315°, 180°) DM TERET W, 7V ERL
&7, sine DEBTIZ (45°, 0°), (225°, 180°) DAL Z AWz, KT 118 L U BRI
BR24 22BN A2 MA22XAXHENMR 0XBX TV, 70X -2 DRENDREFE
FEEZRHELL, T TEASERICALIUL A 22T WER ("Multiple Pulse NOESY”

X——F: ZE/LZANMR, 2XTXENMR, &H.
QilIL THR. KT HoL. THEB 002
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="MPNOESY" £ .K,) &, KONV ZARFEMAL T1T-7.

(B1)g, — BR24(t1) — (90°)g, — tm — (90°%)g, — BR24(acquisition, ¢,)

(B1)g; — BR24(t1) — (180°)450(90° )4, — tm — (90°)g, — BR24(acquisition, ¢,) (2)

cosine DRBTIX. (B1)g, % (90° )35 iCEIE L. (o2, 3, ¢ ) % (315°, 135°, 0°) (315°,
315°, 180°%) (135°, 135°, 0°) (135°, 315°, 180°) L Z= 2 (T#B[EI L 24T » 72, sine DEBTIL.
BHIDININAE (3526450 b L. DLEBHEULMHEBL 2T -7, FhFRDERIZHOWT
ST8EAFID 2 RLAEDLYE,

$-BANEIC fBHE ML BERLFT -7, (BT, "Multiple Pulse ROESY” =
"MPROESY” X ®B.5,) FHLANAV AR ZXROAT LD T,

(,61 )¢1 - BR24(t1) - (CW)450 B tm - BR24(acq'u,zsztzon, ¢,.)

3
(B1)¢: — BR24(t1) — (180° Y450 — (CW )axo : ty — BR24(acquisition, ¢, ) 3

cosine DEBTII/ = 90°L L. (1, ¢r) = (135°, 0°), (315°,180°) T (3) Xn 22D
EBLTTWVW. 4200 FID 2R LA&bE7., sine DEBRTIE, BWD/NNV R % (35.26° )45
BEU(35.26°)0050 42K 2. HEld cosine DEBREF LM E AW,

NMR /%83 Chemimagnetic 38 CMX300 27 +2 - Xx—F—%FHw, HE
19F oy 4tug & s ¥ 300.47Mz. & L 1 282.68MHz TEBR ¥ 1T~ 7, EBIZIEE (25 £ 3°C)
TV, BICBEFHBITbL 7%, CeFsCl  #idh ZLIL115 [T L HAE B XU HS
HAEMBBA (4" ~XPFXIARYVYFY 4A-n~—TFN72Y V) ZonwTEhZEh
YF L IHOKB %1772, MBBA & CeFsClIZHEILRHEBNKES . ZLI1115 ik Merck
HBOXELX 20T IHEAL, CFsCloERHIRE 72 7b 342, MBBA ({C2W
TEBHICHLTHB.BDAETHESELVPLBERT 2.

(%) HOSLF OEKBIZOoOW TR 2K T FID 3XORIZHIT 5.

S (ty,t5) = Tr{FtU,i(t2) PUo(t:1)F~U(t1)"*P~U,:(t5)" 1} (4)

IITFEERRAEY - ARL—F -, [F T PR/ AOKERBREETTHS. U,(t)
i BR24 WL 2 BB ROBRBIRBREEFTRATH IO S,

U,(t) = exp{—i z:w.' sf Lt} (5)

sfld2y—Y v 7EAF T BR24 Tl (90°) SV RORIEBADOK, Zmrid, 272
Up() REREEHOMOBBRBEETC. BERBTHAEEHOINIA TV Hp
= Vs dii (2L lis = Lizljze — Ly Liy ) BX VLS 7 b - NIV P2 T ¥ Hes = 3 wilis
PEST. RADORICEKRZ NS,

Uo(t) = exp {—-Z'(HD + Hcs)t} (6)

RO FtER1DXys BERTRTLOXORICK S,

F+ \/_(\/'+ 1)(1+)F* + 21%(\/5— 1)1 +i)F -

1

—\/—g'(l '—i)Fz’ (7)



(4) R O trace DHDIEEHIC L D, P~U(t1)"! & FroRiic®-T< 5, UJ'FTU.%
HBTRL FLu0Hidw, = 0 0MEIR. FY OBldw, = w;0hBIC. 272 F~ OEldw,
= —w, MBI FREFNE—2 %523, BRADEBRTIRTRTCOLBES of HEEDK
Bz 2RI BARBEREL, FVY20R F 0—F0a588332, toT(NRDS
b FYOREEZNEEV, VRO RL =5 — PTHERT D L. [VIEIH2k s,
&,

P70, (t)  FYU,(t) P — ZIJ‘" expiw;sfty (8)

J

NDBEMIPIRTHS. ZOXE ACRKAL2KEFID £ LTXRAZE L,
S(l)(tl,tz) = ZTT{I?Uo(tl)F_Uo(tl)_l} exp (lw,tz) (9)

Wwr=wiNZ7AA -7 aYiZRATEHILNS,
8,’((1.11) = / dtlTT{I;’-Uo(tl)F-Uo(tl)_l} eXp (——iwltl) (10)
a

R Haeberlen {2 X D ®WPpTW 5, [1]
MPNOESY OZBIZOW T 2 KTEFID BRDORATEZ 5N 5,
SOV (ty,t5) = Tr{F*U, (t2) PyU(tm ) PiU, (8)F~ -
X Uy (t1) " Py "o (8 )™ P 71U, (22) 77}
) RKeBWT, @) RICHEBL BT L. K% 2 5.

(11)

SO (t1,t2) = Y ajr(tm) expisf(wits + witz) (12a)
1.k
ajt(tm) = Tr{l;:Uo(tm )k Uo(tm )™} (12b)

ZZTaji(tm)BI7OR-E—7DBELL>T WA, MPROESY DERTII70X - E—
7OBEIX (L) R ERABOXNTEZONS, KL Wz I BHOLHMICHEY . BER
FMOBERBERET2 Ui(t) = exp—LHpt CBEMILTRELLH W,

ERBRUZEE] CFsClDBR24 2AWVWTHIELL AR ML E3FOHBEEZRL
oo ChOEDOHBRIL, SRAERBMIVANVE, XF AP IRETES, R1RRZDE
B MPROESY ZAR7 M DF A4 7T FNELV 70X - E—7 DREKEEEFEETH 5.
CeFsClizonWTliE, ¥ 7N - NIV RX - ARZPVDL2IV—vark), BRIET
HEMER. LFL7b, IREDINRTEZRELL., H1IORBRB I LOEEXHERAL TG
BLAERTHE, EBZEBEHERATE NS, CGFCl ORBFHEAEIANV I -—XFDF
BT, T7T0Hz, X% —NSET420Hz, NP -—NSRET130HzTH -7, 722 - E—
IOBHORBEBIEINODELIDLETKE N,

Bi2ic MBBA @ HOSLF 27 bl Dw; FMOBEREERLA, oo XFL v R
VYFYRURYEYRN3 | 57 DH T, BELZ 22V RTEBELLWARY
FlLEZot:, BORBCOWRIHPLOBARBTHERALSELZTREL LS W,
BE., ChoDANRT MLk MPNOESY OEBICOWT L 23— ary27->T05,
(5 ]

[1} N. Schuff, and U. Haeberlen, J. Magn. Reson. 52, 267 (1983).
[2] A. Naito, M. Imanari, and K. Akasaka, J. Magn. Reson. 92, 85 (1991).
[3] D. P. Burum and W. K. Rhim, J. Chem. Phys. 71, 944 (1979).



Fig. 1 Mixing time dependences
of the diagonal and crosspeak in-
tensities of MPROESY spectra of
CeFsClin ZLI1115. (a) A (o0, 0), ¢
(m, m}, o (o, m).

A @ @ were obtained by the
1D MPROESY experiments. The
calculated values are shown by

— (0, m),~=(m, m), «ws=~"
(6,0). (b) & (0, P), o (p, P}, © (m,
p) & ¢ @ were obtained by
1D MPROESY experiments. The
calculated values are shown by

— (m, p)~=~(0, p), ===~

(p, p). Here, o; ortho, m; meta, p;
para °F.

Fig. 2 w; crossections of a HOSLF
spectrum on MBBA. (a) a-methylene
(b) azomethine (c) 3’,5’-benzene (or-
tho position with respect to the
methoxy group.). The correspond-
ing simulated spectra are show in
the right hand side. (a’-c’).

P CeFsCl am ZLINIS
S0 (a)

€)

b ‘
®© \'\M (b)
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The Development and Application of a Laser Irradiation NMR Instrument

(OMasayuki Harada, Hiroshi Tomiyasu
Tokyo Institute Technology, Research Laboratory for Nuclear Reactors

A laser irradiatin NMR instrument has been developed for the purpose of measuring
high resolution NMR spectra under the irradiation of a laser. The laser irradiation was carried
out from the bottom of a sample tube passing through the inside of temperature controller. The
condition of photo-irradiation was quantative and sufficient to measure the phot-induced effect
for the ligand exchange reactions of metal complexes. NMR paramagnetic shifts and
paramagnetic relazations were observed from the photo-excitation of diamagnaetic uranium(VI)
(uranyl) ions. The rate of intramolecular exchange reaction was accerated for acetylacetonato
ligands in bis(acetylacetonato)(dimethyl sulfoxide) uranyl complex. The remarkable photo-
induced effect was observed for the oxygen exchange in the uranyl ion by oxygen 17 NMR
measurments.

FHRFZITORBOENMRBIET 2 5L, CIDNPELTLLIThi, High
DRV E ENTWD, LOALRRL, @BEEOHESRED, HFELZBEIGIC
DVTOHRETRY, TOX 5 2NMRIEEIZ L DEEREIZRDAFEDRIL. &
BT, RABOENAIVLETHD, HICHITIZE L COIRHEEXS +aicHliE s
TWHZENEETHD, £Z T, TR, RKAEOKRKEZITI ZLOTEHEE
EEYELZ, ZORBEEZBNT, 772 (VD (77 =0, 0=U=02") 85K D5 FRIZHIX
L BERES. ROV T =0 AEERDOEFRZBSUSIZ OV TORFELRICE T D55
REBEOTHRET D,

[ER] CRHEBIINMREEARECOEEHRERZLOE LRELZ, M1ICE0HK
HrmR Lz, BRITEERNT, KALEORHEPARERT VI A A b—F =L LT,
TOV—F—=HFHT 7 AN—T—T N ERER LT, ABEO FR L VB~ 28N
7o BESEOREHIEARBRHIRBEETICH B8, RBROLIT L 25701, K
OiLE L L, ZO XD IINMR 7 r— 7R EICITERREEZ L TO 2RV Iz D5 fiFEE
BB IT oo T, RBHEEIIRBE ICREREROBEZ ANT-MELHAT S
. BEEREREHATDLIE TREZIT> 7, REEILE OICBVWTEDES ok
HEEFEMLEZ, 10 00RBBFIBERORMEZEMAL T, 50RBEL LB
HE L LUEA L, RERISOEEMFITZIZ 2REBFAOKX, KUn—1L 2 YDXT
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Broadband J and Dipolar HOHAHA Experiments under MAS
Conditions for *C-Labeled Solids

OT. Fujiwara', A. Ramamoorthy’, K. Nagayama®, K. Hioka*, T. Fujito*

Department of Bloengmeermg, Yokohama National University'; Basic
Research Division” and NM Group*, JEOL Ltd.; and Department of
Pure and Applied Sciences, the University of Tokyo

RF pulse sequences for homonuclear Hartmann-Hahn (HOHAHA) dipolar and
J cross polarization under MAS conditions have been developed. The dipolar
HOHAHA sequence suppresses isotropic and anisotropic chemical shifts and
heteronuclear dipolar interactions, and recovers the homonuclear dipolar interactions
over broad ranges of offset and chemical-shift difference. The J HOHAHA sequence
makes only the J interactions effective. The dipolar HOHAHA and / HOHAHA
experiments, respectively, provide spin connectivities through space and bonds,
similarly to NOESY and HOHAHA in liquid NMR. The two sequences were applied
to "*C-isotropic-shift correlated 2-D NMR. Experimental and numerically simulated
results are shown for powdered amino acids enriched with carbon-13 spins.

(F] BMLSEGITFREDEERITETOBE. ARY MVOSEER &L LEL OEER
BEVHOERTELIZ LIV ERC DS, FOLORRBHENMREER., JEGLUBTRES
REBEHEFEY T FHOHEBSKTNMRAIEY TH D,
FFETIIEOMEARY MVHEBELNAEMA SEETTCOHKRTNMROBRET-> T 5,
DI, 2ODREIIWVARIIERET L TERLAE, WEFHOHAHATRI, $E/NIVA
CREZIBTESLILFEV T NEBELT, Bty 7y MO > THEZUETHE
ERNBLEDIICTERT S, chickh'°C-'*CoEBEZMD through-space TORALBEND
BEEIZ D, LbOVDEDOIVVATIJ HOHAHAR, BER'CUBFHEEFRALKRE CCHE
B through-bond DA X HHELBEZITHIDDH B, ZNbDIIVAFIR. ENETRER
NMRIZBIFIANOELHOHAHAKRNIET 5, EEOAHRBETIIZOHEOE R L HER
Ial—aryioWwToR@|ELL, SEIT. —‘ﬁGCISC§’\‘)bL‘/’:7$/@%Fﬁhf%ﬁ
RESWTINSHEOFEMEELRT,

%—7— K : BSRENMR, RERMGERRE, REMAY VA, FUTRSE VA,

OSLbb ELAB, A bEl—L— Z5%E (KHE, OB 0%,
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(8] '°C-NMRAXRY MUVO#IEL Chemagnetics CMX-300 # BT, '°CILmaEa

75 Mz Tfro7, ER 5 mm OUT—¥—% AV, REEEHIZH 4 kiz CTH-7zc CHIET
BEDTFhy N %7570, HOHAHAREAIF D VPO S U HBEIIR'SCIKZ
W 50 kHiz, 'HIZDWT 100 kiz & L7z, Rk, 750X U T, FRERIZOOL
T99.8%2'°CSNIVTF I VBETSNIVELTI )B% 1:9 TRELE-DOTHS,

(W FHOHAHA] ZONVARIR., KV FRESEROASEZERABVAY YT a—
EENERERAYI v 1%V y VARKEEREEFEL TR T 5D D (USENE: Unified
Spin Echo and Magic Echo) TH b, ZDIVNVAFHI X BT ) VY DANVEFIIVRKRENSEAFL
VREANDHBEBHOEBREREN 1 XTT. COFKRTE., IFL Y FHEINCAFL VOM
{t%., FBIREEL T3, 0.15 nn BTHNZ2DDREZDVTIZH 1.5 ns T, BE&ERICE
FRBRBRTEECETSZ L8NS, RFPOERIE. CHEANWEFVIREDL AL VITD
WTOBEY I 2V—-Ya V&ERTH S,

{J HOHAHA] Zo/UVAFHE, BENMROHOHAHAIWVATNITHEWS, 7Ty
YARMEEICL VLT AT FORFEPHETHEFEB L HEHITHICMA S ZHRER
KFALTWS, ZOINVATHZ LB INWVEF VIVIREDI L AF VU VKRENDHMLBERRO
BAR2IET. £ 8 ns THHLOBENI/RKIC2 ) WRED 25% KEL Lo BEPDOEIIK
100% ORMEBENICZ S 2VDIX, ELCHIABTFREADEEBTH D, VYIalb—Ya LD
BIEETIE. ZOREBEBO 90% 2% 53 Hz O JHEFARKIAZHLDOTH>7%.
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[cit] BEES. B31ENRIFHLTHRE (1992) ; T. Fujivara et al., Chem Phys. Lett.
(1993) in press; A. Ramamoorthy et al., J. Magn. Reson. (1993) in press.
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Ab Initio Study of Electronic Structure and NMR Chemical Shift

of Visual Pigments

OMitsuhito Wada, Minoru Sakurai, Yoshio Inoue, Yusuke Tamura
Yoichi Watanabe
Department of Biomolecular Engineering, Tokyo Institute of Technology

Cray Research Japan LTD

The C5=C6-C7=C8 dihedral angle (¢) of chromophore retinals within
rhodopsin and bacteriorhodopsin are estimated by means of ab inition
shielding calculations, based on localized orbital / local origin method. The
shielding calculations were carried out for a retinal analogue in order to
investigate dependence of chemical shift on the dihedral angle ¢. We found
that the chemical shifts of C5 and C8 <carbons are paticularly sensitive to
the change of this angel. The correlation between the ¢ angle and the
chemical shifts of these carbons allows quantitative determination of the
angle ¢ chromophores from the observed chemical shifts of rhodopsin and

bacteriorhodopsin.

v Ry, RO EET PERNERZECOET. AEOVPBEEEZE T3, %
DEHDLEBLVFF -, T brfblicyy 7EEZEEEZNALT. TEREHEBEO Y
CUBEIREEALTVWE, KT e b v E VT ERET AN/ FYUARFT Y UL L
FFr—AREALLEREBEUL TR ELS, e FFX Yy v EFVRELTEME
EhTW3,

CHOOEHERBEY COVFF— NV REFAOEEEFA 3 e, BREKSHEEE
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Flgure 3  Isotropic chemical shifts for the unsaturated carbons of analogue 1
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Figure 4 Principal components of the chemical shift tensor for C5 of analogue
1 calculated as a function of the angle ¢.
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Calculation of nuclear magnetic shleldlngs.
Electron correlation effects

O H. Fukui, T. Baba, H. Matsuda, and K. Miura
Kitami Institute of Technology

Nuclear magnetic shieldings were calculated with electron correlations
through third order. The calculation was performed on a use of London’s
gauge invariant atomic orbitals (GIAO) and the finite-field many-body per-
turbation theory (FF-MBPT), in which the two kinds of perturbation fields,
i.e., the external magnetic field and the field due to the nuclear magnetic mo-
ment, were introduced to get the perturbed one-electron states. The Hartree-
Fock (HF) values and the second- and third—order correlation corrections of
the nuclear magnetic shieldings were calculated in (i) four first-row hydrides,
HF, H,0, NH3, and CH,, and (ii) three linear molecules with a multiple bond,
N;, CO, and HCN. The calculations showed that the post—-HF correlations
are important and much improve the calculated shielding values, and that the
second-order corrections are positive, but the third—order ones are negative.
Furthermore, the vibrational corrections to the F and H shielding constants
in the HF molecule at 300 K were estimated to be —9.9 ppm and —0.66 ppm,
respectively.

I. INTRODUCTION

Nearly all ab initio calculations of nuclear magnetic shieldings o have been performed
using the coupled Hartree-Fock (CHF') approximation and its variants. Very few studies
go beyond CHF. CHF calculations, which include first—order electron correlation, give in
most cases quite good shieldings, and the successes of the CHF method have led to the
general consensus that the post—-CHF correlations are not so important in nuclear magnetic
shielding calculations. Furthermore, difficulty due to the gauge origin dependence of o, a
problem that is absent in spin—spin coupling calculations, has prevented us from going be-

“yond CHF. Thus, appearance of the correlation calculations in nuclear magnetic shieldings
was long delayed. We presented the gauge invariant finite-field many-body perturbation
theory (GIFF-MBPT)! to settle both the problems of the gauge origin dependence and
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the electron correlation, which was applied to the calculation of the second-order electron
correlation effects on the nuclear magnetic shieldings in four first—row hydrides, i.e., HF,
H,0, NHj, and CH4. In our previous paper, we reported that. the second-order correlation
corrections are not small, ¢.e., 11 — 15 ppm for N, O, and F in NH, H;0, and HF, and
about 6 ppm for.C in CH4. However, it was shown that the positive sign of the second-—
order correlation correction o even enlérges the difference between the calculated and
experimental nuclear magnetic shieldings. ' '

In our previous paper, we introduced only the external magnetic field as a finite field. In
this paper, we introduce the two kinds of perturbation fields, i.e., the external field and the
field due to the nuclear magnetic moment, as finite fields, and estimate the correlation cor-
rections through third order. The second- and third-order electron correlation corrections
of the nuclear magnetic shieldings were calculated in (i) four first—row hydrides, HF, H,O0,
NHs, and CHy, and (ii) three linear molecules with a multiple bond, N3, CO, and HCN. To
our knowledge, the present article is the first report on the third-order correlation effects
on the magnetic shieldings. Section II is devoted to the presentation and discussion of the

computational results.

II. RESULTS AND DISCUSSION

A. Electron correlation effect in first—row hydrides

The nuclear magnetic shieldings in hydrogen fluoride were calculated by using four dif-
ferent bases. The computational results are presented in Table I with the experimental
values. Table I shows that the isotropic second-order correlation corrections 2)(F) for
fluorine nucleus are positive, about +10ppm, but the third-order ones 7 (F) are nega-
tive, about —6 ppm. We note that the introduction of the diffuse sp functions is important
and provides a large decrement of the 7(F), about —5ppm. Our previous paper stated
that the inclusion of the second-order correlation gives too high &(F) value with respect
to experimental one. This work indicates that the negative third—order correlation correc-
tions partly cancel the positive second-order contributions and improve the computational
results. The calculated (F) obtained with the largest basis and inclusion of the third-
order correlation is more positive than the experimental value by ca. 8 ppm. However, we
have to take the vibration corrections into account before attempting a comparison with
experimental results, which will be stated later. Most part of the correlation correction
in 7(F) comes from the o, component. This is because the paramagnetic pé,rt in the o,
component is zero and the diamagnetic part has very small correlation contributions.

The proton shielding of hydrogen fluoride shows the very small correlation effects, about
+1.0ppm. Both the second— and third-order correlations are small positive. The F(H)
obtained with the largest basis is more positive than the experimental value by ca. 1 ppm.

The isotropic nuclear magnetic shieldings in Hzo, NHj;, and CH, molecules are presented
in Table IL. Table II shows that the correlation effects are large in the heavy nuclei of H,O
and NHa, that is, about +20ppm for the second-order effect and about —10ppm for the

third—order one. The heavy nucleus._(;orrelation effects in CH, are smaller than those in H,0
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and NHs. That is, 7¥(C) = +10ppm and &3 (C) = —2ppm. The diffuse sp functions
considerably lower the calculated & values for O, N, and C. Table II shows that the proton
magnetic shieldings in H,O, NHj3, and CH4 have smaller correlation contributions than
that of H in HF. The second-order correlation corrections are small negative. The proton
chemical shifts are too subtle to predict theoretically. , ‘

As a conclusion of this subsection we want to indicate that (i) the second- and third-
order correlations in shielding calculation of first-row hydrides are not small, and (ii) the
second—order term and the third—order one partly cancel out each other. The successes of
the CHF method which includes only the first—order correlation may be due to fortuitous
cancellation among the post~CHF correlations higher than first order. The inclusion of
diffuse sp functions is important in GIAQO basis.

We calculated the vibrational corrections to the F and H shielding constants in hydro-
gen fluoride at 300 K, and obtained —9.9 ppm and —0.66 ppm for the &(F) and o(H),
respectively. The vibration correction makes the calculated value of 7(F) a little lower (ca.

2ppm) than the experimental value.

B. Linear molecules with a multiple bond

The nuclear magnetic shieldings in the three linear molecules with a multiple bond, N,
CO, and HCN, are presented in Table ITI. 6-311G* and 6-311G** give the same results
for Ny and CO. Table III shows that the correlation effects are very large in the shieldings
of these molecules. Especially, the second— and third-order correlations in N, are largest
in our calculations, that is, @2 (N) = 470 ppm and 7@®(N) = —30 ppm. Oddershede and
Geertsen? indicated that correlation effects play a large role in the shielding of Ny, which
has N lone pairs and N-N multiple bonds. The values which they reported for the &(N)
in Ny are 3°HF(N) = —106.5 ppm and 7°°FFA(N) = —~72.2 ppm. So the second-order
correlation 7?(N) by them is 34 ppm, which is smaller than that by us. Cybulski and
Bishop® recently reported the calculation of N, shielding, which are —111.25ppm at the
SCF level and —39.52 ppm at the MP2 level. Our results are similar to theirs. Table I1I
shows that the calculated shielding values in Ny, CO, and HCN are much improved by the
inclusion of the third—order correlations.

Our basis sets used are rather small, but triple—zeta + polarization functions bases
present quantative agreement with the experimental values. The CHF calculations for
the basis sets including diffuse sp functions show that the diffuse sp functions lower the
magnitude of #F values of the heavy nuclei by only a few ppm. Electron correlation effects

seem to be much more significant than the basis set error.
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Table I. Nuclear magnetic shielding components, o, and o,, and isotropic values 7 in hydrogen fluoride.
The symbols HF = oBF, § = ¢%'F 1 (3 and T = o"F 4 ¢(® 4 ¢(® are used (in ppm).

6-311G** 6-311++G™ — 6-31IG++(24,2p)  [1s4p2d/Bs2p] g,
HF § T HF S T HF S T HF S T
386.2 399.7 3909 3798 3958 386.1 370.6 395.6 386.1 379.3 395.0 385.6
o, 482.5 4824 4824 4805 480.1 480.3 480.5 480.0 480.2 4825 481.9 492.0
7 4183 427.2 4214 4133 4239 4175 4132 423.7 417.5 4137 4240 417.7 410.0+6

o 220 23.0 233 220 229 232 209 219 221 210 219 221
H o, 441 443 444 439 441 442 440 442 443 441 443 444
¢ 294 301 303 293 300 30.2 286 293 295 287 204 296 28.8+05

Table II. Isotropic nuclear magnetic shieldings @ in H,O, NHs, and CH4. The symbols HF = ¢fiF,
§=0"F 4 6? and T = oF + 0@ + ¢® are used (in ppm).

6-311G* 6-311G(2d) 6-3114+4+G* 6-311G** Expt.
HF S T HF S T HF S T HF S T
O 339.2 360.8 352.9 341.2 364.8 351.0 322.1 345.1 336.2 342.0 359.6 350.7 334
H 319 316 318 322 320 321 318 315 317 315 317 319 30.09

N 271.0 290.1 284.1 270.7 289.4 2834 261.0 279.7 2742 273.0 287.0 280.8 264.5
H 327 323 324 328 324 33.0 325 320 321 323 323 324 3068

C 1949 204.0 202.4 193.7 203.0 201.2 195.5 204.6 2029 196.1 201.9 199.8 1974
H 319 316 316 320 317 316 319 316 316 31.7 316 317 30.61

Table III. Nuclear magnetic shielding components, ¢, and 0, and isotropic values & in N, CO, and
HCN. The symbols HF = o', § = ¢HF 4 ¢ and T = ¢¥F + ¢(? + ¢(3 are used (in ppm).

6-311G* 6-311G** 6-311++G** Expt
HF S T HF S T CHF ’
N,
o, -—-3291 -219.0 -2604 -329.1 -219.0 -—260.4 —326.4
o, 339.0 340.0 339.6 339.0 340.0 339.6 338.7
T -106.4 =327 -604 -—106.4 -32.7 —60.4 —-104.7 —61.6
CO
o, —3325 -—266.3 -—2950 -3325 -—-266.3 —295.0 —326.9
(0] o, 410.6 410.1 410.3 410.6 410.1 410.3 410.7
T —84.8 —40.8 —58.9 —-84.8 —40.8 —58.9 —81.1 —40.1+17.2
o, -—1666 -1062 -1272 -166.6 -—106.2 —127.2 —167.0
C o, 271.1 273.3 272.7 271.1 273.3 272.7 271.2
2 —-20.7 20.3 6.1 —-20.7 20.3 6.1 —20.9 3.0+09
HCN

201.6 -236.9

o, —2442 -1644 -2016 —2459 -164.8

N o, 3393 3412 3398 3395 3403 3400 3394
T 497 41 -211 -508 36 211  —448 -204
¢, =210 29  -76 276 29 T4 -295

C o, 2778 2189 2788 2779 2790 2788 2778
4 746 949 879 743 949 880 72.9 82.1
o, 247 243 244 249 246 249 248

H o 388 388 388 389 390  39.0 30.1
7 204 2901 292 205 294 206 29.5 28.32
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Magic-angle-spinning effects on the spin-lattice relaxation caused by

paramagnetic impurities

(National Institute of Materials and Chemical Research! and University of

Tsukuba?) Shigenobu Hayashi'-2?, Takahiro Ueda', and Kikuko Hayamizu'

298i and 'H spin-lattice relaxation times have been measured for kaolinite
and talc under magic-angle-spinning conditions. The 2°S8i relaxation time
increases with the spinning rate for kaolinite, while it is constant for talc.
298i spins relax by the dipole-dipole interaction with electron spins on
paramagnetic impurities, and spinning averages out the interaction with distant
impurities. The 'H relaxation time decreases at first and then increases with
the spinning rate. Spin diffusion between 'H spins plays an important role in
the relaxation, and the diffusion rate reflects the spinning rate dependence of
the relaxation time. The relaxations of the two spins have been analyzed

theoretically.

EROBRVABES LLRERVVIV V1 BEZR#®PL LR o2l E
EATVWDS, ZHhSDERBEAHBDEIZOAE Y —BFERACBIZEMNFLELTH L
Beld. FRABIUVAROAZTVF A PIZDODWTIH, 27AL, 2°SiiD AV Y — R FEME
Hoflgzirzy, SABEBOoRFT2TR-o R, TOKR. YOBKBLIBWTIHERY
OBRBHEAMYIBRFRLL LTHVWTWBZLEHS»PIZLE, 52, 'HBL T
PIABEBWTR A VERPBETH B L, PSIHTRAC VEROFENRER
BRAMYWOBFAL Y LORNBF - RETFHEEATEEERN LTWS Z L2zBHsRIIL
e ZOMAOBRBIZIBWT, 2°SiOoENRELY vy I/ AREK (MAS) 27 R5¢E
b azt, 2AIOBNHBO-BHEMASKEEI>TELTZZEERVWEL 2

KH%EBWTE\“ﬁ@&mﬁﬁwﬁﬁﬁﬁmﬁﬁ%#MEwiTétt%m‘H@
BRULEODWTOMASOREZFARTZ. AP L LUTE. 4V F 1 FALSi20s(0H)a ¥ )V
U MgsSic010(0H) 2 BN L 2o 2°Si'HETRBABBILAERDY, ODHEEEREHLEB N
THRZ-EHREBBEONE. ChOOHRCERURZERZMR /=,

[ZR] ABHE LT HAAFVFA L (HERHLZER 2FHH JCSS-1101) 2o vy
_ (J.T.Bakertt) 2 Wi, NMRBIEZIZ. Bruker MSL400% A Wiz, B EE ¥,

2981 79.496 MHz, 'H 400.14 MHz2T ®H %, HER T RCERBTCH R >k,
(BRRERUEE] Fig. lZ?°SiXRZ PV ERLE, HZVFA VT ISAFNES Y

¥—D—F: NMR., R —-KBFEM 2°Si. 'H, vV v I Aak&E

@@L LiFox S32AF =dUA BPaAaT LI
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DIMNVERETBIENBTE D,

Fig.2lZ, AZ VYT A FOBAHBER Lz, 2RO -V VB3 BE—OBENEHE T
T BUKBESERBLCIRWEZD, Torchia SV IZRZFZAWTHELE. . HLOD
PR UDBFRAEVLORBF -ABFHEFACLI->TEEBEALTW S LD, &
BCRBOFREFRZ2L2LRPU LEREEANREEEZTT. COBEROES» S, FH
MBARHET . MPE N3, Fig 3 T 2HEEHEEECH LT TOy P LE. HEFRE
OEMIZ>NT T EERECHENT 2,

Fig 4o ¥ Vo7 OB ER LE, COEBTEMASOHRBEBIHTA L o 72
Tiavid#46HTH O, HFTVF A4 PRABEEARTIHUNEE Y. BWESI N IR L2
V4 PCERTERBOERBERHYEIATHE EDTH 3.

Fig. 5 HZRYZ MV BRLE. B3 VTS PIBBOERZ2ODHEASPEEL TY
2P BEORVESRIARBCRBELEKTHIARATCEIBRAT 2. REOLEVWES
HOHETHD., 28klizOREE2TT. ZOKRBER., 'H-'"HBIC'H-"AlHONBT
- REFHEEACLZDOTH D, HHLLIHEBEREH20kHzTH 3. —FH. IV I O#K
BRkHzTH 2 BBORBRELOHUELORNBF - NRBFHEEFACIIBRER
5.8kHz AL hize ThHW' H-"HEONBFHEMEAOREETH S, B OBEBR.
HEEAHDZEBRELSEATVWEIEHDEEUAEEBAERBIIEREL TW 3,

ZAEVEBORELRDZ' ' H-'HEONBFHEERBOREEIBNAZVF L bV
VETRERZED, WEHREREHEZOIBVWHBHTL %, Fig.6lz. F NI O HEME

100
80
Kaolinite
& 60
s .
static
40 |
i i 1 1 1 1
0 - .10 20 30
1 L 1 1 1 L
-80 -90 -100 - 12 (512
Ppm
Fig. 1. 2°Si CP/MAS NMR spectra Fig. 2. 29Si spin-lattice relaxation
with a spinning rate of 3.000 kHz. curves of kaolinite, measured
(6 with respect to TMS.) with Torchia’s sequence.
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1600 100
, ~ 80 MAS
0 > 3.03kHz
g 1200 S 60l :
A
40 +
800
i L 1 1 1 L
0 1 2 3 4 0 4 8
v, (kHz) 12 (s172)

Fig. 3. Spinning rate dependence of Fig. 4. 2°8i spin-lattice relaxation
the average value of 2°8i Ti - curves of Talc, measured with
in kaolinite. Torchia's sequence.

Kaolinite
Talc
z (s)
H 1 i i 1
40 20 0 =20 -40
kHz Fig. 6. 'H spin-lattice relaxation

Fig. 5. 'H NMR spectra for static curves of talc, measured with

samples. the inversion recovery method.

MERLE. MASCI-> TRAMBEIBREIRELELT 2. TORVWHRAOHEES LYY
GTHEAOEMREE2 XS, Fi.TEEEHERECN LTIy bLEZ, SANRHEEER X
S2TWo ALK, ZThAPOHMEPMEEL 2, MASKIZ2HBMEORGLIZLD R
CYHBBP o ARRESNZY, HEBOMMEZI DKW THNBEFHEEA»EYLE N
A VEBANMH TR 2, 200 ROBERDDLE I T REBCRAZEHERT,

AAVF A OB EBFig.8DLIE NI ERAL LI REHERTH. PNV IITHRT
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0 4 8 12
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Fig. 7. Spinning rate dependence of
'H T+ in talc.

TH - H oA T E A DR 72 9,
12kHzD EEE R LT O BERB L DAV T,
®R T,

OSBRI OB AR SI-EFRECEO
WEFHEAAN 'HENOBSR H-
"HEORBFHERHTY v 7 BHER
LoTHHEN, BHNERB. T2 T
YOREORNBFHEFRANIY v VAH
B loTHMEHIN3P2ERERISR
Moo ZZTDoutorrd DAEVWRET
WMEFARERI L > TI<TEORR D,
ZRIDASVWHEFEAGEEEZZURL
rRELE. HEOBMEAETILE
LC. BohrER&ROAEFIg.ITR LR,
REVF AL FOSIERES VY O HER
hoEohi-ERERA—OIS7EIERL
B, BHBBOBESRZ->TWIE G
PrbLTRIE-BLEERENES Nk,
FEHEOH L,/ 10X BEECIR>TW S
LEZSN B,

(Mo-M(z )/ My

Fig. 8. 'H spin-lattice relaxation
curves of kaolinite, measured
with the inversion recovery
method.

Taic

Deytori (kH2)

Kaolinite

v, (kHz)

Fig. 9. Cutoff values of the dipole-
dipole interaction as a function

of the spinning rate.
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10928 (1992).
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Dimethylated-Lysin residues Dynamics of a-lactalbumin by Solid State Deuterium NMR
T. Hiraoki, K. Segawa, H. J. Vogel*, and A. Tsutsumi

Department of Applied Physics, Hokkaido University, Sapporo 060 and *Department of Biological Sciences,
University of Calgary, Calgary, Alberta, Canada.

Solid-State 2H-NMR was used to examine the dynamics of twelve lysyl and a N—terminal
amino groups di-deuterio-methylated in bovine o -lactalbumin. Temperature-dependent line-
shapes, their intensities, T dependence and T s were employed to characterize molecular motions
of methyl groups on the surface of the protein. At low temperatures below -20°C a Pake
pattern is observed, indicating fast limit motion, which is characterized by the three-fold jump
motion. Temperature-dependent study yields the activation energy of 13 kJ/mol and the
correlation time of 0.15 ns at -20°C. In addition, small-amplitude fast librational motions
contribute to the line shapes.

BHAEAENMRIZEEDHMNEEKRETINNT B2 LT, FOWEOSTER) %
HMICHARD ZEDTELIHEALFETH S, AHETIIEARECS 2 BHEOE)
WEE)Z RN 57:0, 4 a-lactalbumin (a-LA)D Y IV AGKROT I/ FELaT I/
EEBEAEY AFIMEL T, 205 FERERE Lz, ZOLRBHC X ) ERKIZ
23, BEEH L EAEE intact 2o lAL R U TH 5, ¥ ZOEREELEE
PEZAbERE, BAISNLABLOAFVEIFSFERICBEHLTVLIDLE
Xbhb,

# a-lactalbumin® 7 X J # D ¥ 2 F)L4tiIentof & Dearbon® FEDIZ L 72455 TD20
BT holce REICLXYNRE Y DURASEERO7 I /A PRIRNICEKREY A F
MEE b, BREERE L 2-3E 0 EKRENMRO HIE idBruker MSL-200(30.7MHz) T1T
Tolze ANZ MVIZHERL 2-3:TH &, BHlllIRIZ1MHz, 90°7V AIEiZ1.5us
TH5,

Fig LIZEKENMRANR S M VORBERFHE R T, TOARS FVid13x2=267 D
AFNVEDEREDLETH S, WE LIREER CRESKER25 A FVvERE
WENF, KBAOAF VEERC L) 2BB2FOEBRBICHEZ LERRLT
W5, -60°CLLF Tid36kHzN MNER S BUE L HOMKFWA RS P SBE S5,
CHRIZT I/ EOBEEFIEELTWAE 25D AFVENEFREFRCHOTLY %
+45ELEELTWAZ EERLTWS,

F—7—VF; BAEAENMR, o7 7 P TATI 2, HFEE), DAaFNE VD, TIE

COLBE LLEAAKR, B 00, NVAIE=FN, 204 HEVAH
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Fig2lZ EAKENMRARY MVONERSBBEORBEEFHEZTR T, KRTHRUNE L
336kHz D BRI R 2kHz & D /L, GEEIANOERPHFET S L &R
LTws, BERLI-AR7 VORI HISIEHBR 2262572 < /MRIBOE
libration BSF5- LT WA Z L 2R LTS, SHIEL DRD 7 librationd K & &(r.m.s.)
iRI3IZITH B, ARV, FEIEIBRI L, WELSRILLEGED S, BEROANY
FVIERR D 70— KT, CMICIZC,HER & libration BAMZ 10kHz 4 — 57— D BE <47
ETAHIELEZRLTVS,, . ,

Fig 3ICERENMRANR Y MV Doy A DT, DimBEERFE R Y . T,id+20°CH 5
S70°CE TRIZERNCBIT S, 20°0CUTTRRARS P VDo G & o T DT, i
-y, 3| (Tl(oJ)‘Zx Tyop)s A FVEDC,EESERILRTIE% . 3-itejumpTH 5 = &
ERLTV S, ZOEBOEHILT V¥~ HAE = 12 KIimol T 0°CI2 31} 5 HABIR
Bidr,=1x100sTH B, ZhbOMIIDLval PLleu® A FVENHE L IZIZFA L TH
5, 9 KRERYRTF FEROBAFKROMERT IS L A F VEOHEITHN
(AE=8 kJ/mol, ©,=3x10"25(0°C)), ® 73/ EDBEEFLRERFICEE L2
DAFNVEOCEEIEIPRYVHAZOATVWAEZEEZRLTWS,

1) T. A. Gerken, Biochemistry, 23, 4688(1984).

2) N. Jentoft and D. G. Dearbon, J. Biol. Chem., 254, 4359(1979).  4s[ L T T =
3)K.R. Acharya, et al., J. Mol. Biol., 208, 99(1989).
4)M. A. Keniry, et al, Biochemistry, 23, 288(1984). o 1

s staaa
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Fig. 2 Temperature-dependent quadrupole splitting.
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Fig.1 *H-NMR spectra of methyl
groups on a-lactalbumin at 1000/ T/K!

various temperatures. Fig. 3 Temperature dependent Tj.
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17O—Dynamic NMR of Acetoxy and Polyacetoxy-tropones, Model Compounds
of Acyl Group Transfer process in Proteins

Yuuko Katoh, Haru Ogawa, Yasuyoshi Nogarhi, and Toshitaka Koga
Daiichi College of Pharmaceutical Sciences

Summary: A "carousel"-type degenerated rearrangement, in which the positionsof
six acetoxy groups introduced on a tropone ring are equally exchangeable with

that of the carbonyl oxygen, was studied by dynamic 17O~NMR Spectroscopy. -

(%5 ] WRLETFIOVT, TODFEMET 5T XTOREFHED NMR 2 BT 5 L Bvatidin
BEAL SR conformation ZHEICR T T EH . SF K4, "O-NMR 2BV, PRV O
BREBEHETHD 151 7L/ V] BRBHCL o T EDANKZAVBEL 77 VRO 7V UEBE
FEWESHRLE) LW MBEN (la1b=lc) ¥HEWTHI LA TES [Scheme 1l ) —H.,
Scheme 4 IT/RL7c. 7k b%v FOEY O TRRETERID T VNEEND 4a=b ORHCHIRIEN & L
TR 2, ) 4H. AF¥ 7L ¥ b 0¥V 2 % Scheme 2o TR L, ¥ 20 '8, ", RU
0. NMR % il LT D5 F4 NMR OBRRE T "EEASE" 5B [Scheme 3] #5252 L%
RET LS, & Oﬂfiﬁ}imli "0 .NMR DBEZ{LIZL o TR MBI OERMICTEATH L HFTE
Do TNINETDL, TT 7+ oy D "O-NMR OBREZLIKOVTRITAEUTOLI 2E

BHRLERIFHBLNI

Scheme 1 Scheme 2

Photochemical oxygen-bridge Preparation of hexacetoxytropone
exchange of [l5]annulenocne 1- .

a y o CF3CO-0-0CCHs ¢
¢ Cl  ATA + KOAc OAc OAc
—_—
Ci o] OACc OAc
ol 7 days at + 130°C .OAC

.

C—y—F: 0. ¥4F3vy NMR, TOVEMEEG. "EEBABH" 7V VIEEEL

OxEH @52, BXFb Eh, OFa RTLL, I LLEd
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Scheme 3 ’
A "carousel"-type rearrangement of hexaacetoxytropone
and its escaping mode to lowered degree of degeneracy

170
R, Rg 170
Re 170 Rs R3 Rz R2

4~  w—ldegenerated

R R
). 4 3
s 7 1/ R, acyl transfer o P R// . \\Rs .
[e) 1 . 1
x>
R4 Rz Rz. \ R5’7O
F(3
I/
Ry

degenerated
rearrangement °

degenerated (2)-HOAc |l
proton transfer}

yZ4 Rs Q R, Ry Ra
70 S : 4

>
Ry R,

nondegenerated
acyl transfer

1. 7Eb*> oy o NMR OBEZRL

TEbrEvroRr®d >C=0%E OAc ZMITEZ S acyl JEIEAT da==4b [ Scheme 4] 1X . PC-NMR 2
Lo THEENRTVBH, "O-NMR 2 L AT T THHIA %V, Fig. 11270 - NMR ( 67.8 MHz )
KL BERE RT. CDCL FMET B & 0°C TR 7T Y VERROFHEFR O N, § (C=0) &
463 ppmic. F72. 5 (-0-) £ 207 ppm K 2HD O Y FFME LT Lo MBTHE, THED
20DV T FIVEREE L. 15 ~70°C DILWREFRIRICDA: 5> TI ORE& Y S+ VI nonvisible TH
572 [Fig. 110 BETFF MR TTARY LY — d 8 100°C 1B L THED TRITE 5 70— Fiz
DIFNELTHELR, Fig. 1 OHERRETROZTHETHI2AFF 7L F P bOFR>D "0-NMR 2
N7 P VEBLTHTFO LS 2 FEST R TR Lz, -

(1) Y7 VoSt 722 o FNREIIZFE URERBHETB I 5,

(2) 2 o7&+ ¥V ELOEEIL 2 site exchange 707 7 AT BV TROIESHRHEHTE 5,

(3) (é) THONATRAEMES 2 L h bABEOE b o RV Hir 60 W B RHME L HBLT

RS X DBBOGEEDOROFTICOVTRIITE B,

Scheme 4 O, Me Me

: \N - \
Acetoxy group i O\C,Me A ”
rearrangement N 7/
& 170 bo - - 176 170 170 170
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2. "FHTELIEVIORVOSGEREFDOL Y v F AL

AFHT7TEPFEFYPORYDOESEKIE Scheme 2 IR THFETITo7, 7HF VP Y 7RO T LT~}

(ATA) 2HVBTE )Y RICL 2 2 DHERRFTS 05% LW EREETH2, L LI OEME
T?ecpk%%ﬂﬁﬂmzm%vﬁﬁﬁm%tr%cpg@Bﬁ@&@i%Z@@m@&ﬁOng

BRETERENDCTERVEVIFERY LHBTIE, 208VEHL— FThHLEVRZLEY, ~

FHTEPF T IORVECCL PEEBOTL MY VAFBRDEL TE U BHLEOPREESREIICIY

Y BES L 7-MBEN product & LTHESLND, CCl, @ acetolysate ¥ k7 O+ 75 74—

P, INFREREFCERYDE 7T 2 a VS LAER, 2137200084 sE—-2 L L

THETDHZ b o,

348.8 ppm

in bromobenzerle-d5

T
- ~—p——
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at 120°C

at 100°C

at 70°C

at 15°C

at 0°C .

at -10°C

O-NMR Spectra of Acetoxytropone in CD2C12 at §7.8 Mz



3. BEZFELLTIDOAXY TR L OKRY L ZDWMAMKSIRERY XV S 7 b* T PoHo

Y DER

2R 7TEREIC6 EDacetoxy £E b 07— HOBESTTH b, #O —DDacetoxy HF2 MmO
TETT 74— LB EEREBRECASICIASMERT, RV TV baRnr 525w
YE2DEELRRFBONIZ, XY I TEPFY RT3 OB RUARIHIET B [ Scheme
3o 2O 'H-NMR DREEILE FALER, WAS Y OHEIL 3b23cTi{ 3aTHorI LD
Pl IOERRTEI POE—%17) 3ad 70 bOE—%479 3b LD O WELTERLTL S
FHERTETHEREV, RET D ENMR A5RET 5 2 ORIHRERK I Scheme 3 DM TR L7 &Rz
DTHB.3al7TEIEY Foxy WOBREOFBEMN £17) IBE R VA, —72UZ 0 OH &
acetoxy ZICEZ b & "EIHAER " BEBEMICBTTAWREE LTHEEL, T v Y-t
CoHiOp TRENBAY I T L FFY P UKTYOMO congener, 3b, 3¢ khb azfhseas
&) picture FNMR I X o TR ENLDITTH 5,
4. ~F¥ Y72V POFOYD "EEABR " 7L VIEEA O EEEH

AFFTEIEFYIOREVO "EEAER" 7 YAEBEMICHLTAT SO "C-NMR 2 X 28#E555
Bo LPLMESNASC-NMR OBREEFHARS PVERYSTE S bORT Y 3a & OMEIC
BT BHFMCRFT2RBERL TV 5, ROEELZINL 2 NIERIE70 - NMR & & 2 BRI &
DEERT 5L Th B, FFETE 0 2 v F L ATA BT BEABD" 7 ¥ VEELOH
BRI o0 SO IEHT BRIFOTMEBRIIONTOE,
5. BU
AEREEH A 4T S {LEROBBES, TROBRRBOBE L MU TH 2L, ZORREEIBEICOE
Ed—5 I L TRD, "O-NMR Db 7 T i2E¥ 0 ~ 800 ppm DLEMEAICREDT, b LEL
B0 TV v FAY FFERSAL, BEELEESE NMR OV 7 5 VORIV » SIS ik L 72
o EELIETEIS Y boxy BEGOT VVEEE L TONMR 2 VTR, TOBRETEFY
FORYOT Y NVEEMRE) Y 7O FT7 - EREOBESRN TR T T Y VEEN OBBIRET S0
LakLdahbTh B, SHAHIRERRESETONMR OLERI L ALEY 7 P ERALT,
£%E mutant enzyme OFEFICHEBE QLN ¥ BIETIRROFEICOR Ezvy,
W BELORPEERRGRELTTEVE L, KRITAFEOMEENL SRR BHRLE
T o ,
1) BI0ENMR HHS BEESE I m RBWZ, SRR, MERT, L wRek
H. Ogawa, M. Maruoka, T. Imoto, Y. Kato, M. Tomita, Y. Nogami and T.

Koga, J. Chem. Soc. Chem. Commun., 1991,‘ 1775.

2) H. Takeshita, A. Mori, H. Watanabe, and T. Kusaba, Bull.} Chem. Soc. Jpn.,
60, 4335 (1987).

3) K. Kusuda, N. Hara, and R. West, Chem. Letters, 1982, 1119.
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L28 BB MENMRICE 3240 KXY 2—DHBETS -

OFWARE, FhEW, BILBYH, BRX—, NEHE,
HEt, FERR (FOERR (&) LBEETRR)

Structual Studies of Cardo—polymers by High—Resolution Solid—State NMR

O Koji Saito, ‘Shiho Teshima, Moriaki Hatakeyama, Kouichi Fujishiro,
Hironobu Kawasato, Masaya Furukawa, Takero Teramoto

Advanced Materials & Technology Research Laboratories
Nippon Steel Corporation

We davsloped filuorene—based cardo polymers which had an excellent
permiablity for oxygen permselective property. So we measured a series
of cardo—type polyimides by High Resolution Solid—State ! C NMR. On
the basis of the ' ¥ C chemical shift and relaxation parameters (T ce, T 1,
T 1 p ), we found a slight difference of both imide carbonyl and cardo
carbon between filerment and film types. Additionally , T 1 C's at imide
carbonyl carbon had a good comelation to the permeabilities of this
series of polymers. Therefore, gas separation prospectively depends on
the molecular vibration about 10™° sec of time scale. :

- W3
ﬁ&#ﬂﬁb#?l&?]‘b/ﬁ&ﬂl&bﬂiﬁt LTRETEXV M I FIE. Wk
HHhTndEELIE. A REAE, BX/EXOBRNTSREE R
BLTWS, LRPLPERRET7 1 VARDBE, HRTREBIERPBH -,
A ABRBICHED DB FTENPL EARALRYEp-T. £FCT.
BB MENMREALN ERY2—CHMIEL. FhLDWMBE HRTBRIC

WTRHLEDTHRETS.
T e
R ¢ B : : UNIT B s '
Rs R _@ N,COID:CO\N_

Nco CO/

UNITC s
Fig.1 Chemical structure of imide cardo polymer

E#kE S BBNMR, 2V RKY2—, FRPRE, BREE

Caqnes I3k, TL2 LR, REFTRILVAE, LLLS Z3nb
Phar VADK, 2 5hb 28%, THLE P55
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2. KN

NMROBMER. ABYayru—5—YAFL2 ¥ L-EXRT (%) B
EX—400('*C:100. 4MHz) 2f#fL~L, 2<D#UEIE. 5. TK
HzTaxBary7ZL, ZRETHESIRL, L7 OERIT. SMHEERE LT
AXTRAFNREEHAL. BRBBOXFNEDRNELT. 3ppm kL
7o BEIZ. RRRU 7 4 VARS S ERANVERYR—2FDZIHEALL.
BN WERFIE. ARZMVE: 2KHz, F— 5K : 2KHA, 7—Yx
Ak : SKH, QOENNVARE: Susec, 27225453000 u sec,
BAEE: 1000ETH-»72, NARY—r Yy A%, TRTCERCARSh
TWwabn:Fnz2MELY.,

3. BR:-¥XE

OEEBRIC L 2MBNZRICOVWT MM

Fig.2 = HASSBT ( UNITA+UNITB ) DRFBDNEFHE /72— RREU 7 1V
LRD'PCNMR CPMASZARZ b # Table 1iZ{LR2¥ 7 e T1RUT 10
NEEFT. RRET7 1 VARTIE. W 2L DEHFTHFICLE 7 VD2
HELh3L, BURROBLALK S, CHIIEHEZRREIIKKE. %D
DABRLIFEMb >R ERFORRBELHEFI o0 b, 28R
BETRT I IN LT o CHEFZENFR LN LS. RREBL 7 1 AR
BEOBAAESCHEBEODTIZ2IE, EEEAMEECHEFLLELOLBES
ha.

{a)monomers

- (b)filerment

T T T T T T T
200 150 100 50 0

Fig.2 !? C CPMAS NMR spectra of (a)monomers, (b)filerment and
{c)film types of HABSBT (UNIT A+UNIT B)cardo—type polyimides

- 116 —



Table ] The NMR parameters of monomars, filerment and o
film types of HAGSBT (UNIT A+UNIT B)cardo—type polyimides
wonomer filerment film
A 65.0 P 64.5 65.7
11 28.2 sec | 19°4 sec| 136 sec
Tip . 25.17 nsec { 132.5 msec | 103.4 msec
B 166.5 ppm | 185, 166.9
T1 32.2 sec | 22. gg: 21.9 gg:
Tlp 19.1 msec | 68.5 msec | 58.4 usec
C 192.1 ppm | 180.5 ppm | 181.6 ppm
T1 31.7 21.8 .
Tip §3.4 asec | £3.5 woe| Hd asec
D 126.1 ppm | 1286. 126.2
11 27.0 sec | 19; sec | 11: sec
Tip 58.9 msec | 55, nsec | 40.9 usec
E 140.2 ppm | 140.7 140.9
11 32,3 sec | 234 sec | 24°0 sec
Tip 64.4 xsec | 53.1 msec | 41.9 wsec
F 26.9 ppm | 26. ppu | 27.3 P
Tl 0.6 sec 1. sec 1.4 . sg:
Tlp 8.0 mnsec | 15, msec | 10.8 wsec
G 38.2 pom | 37.1 38.0
Ti .8 se: 1.8 pg:c ?.7 . gg:
Tlp 10.5 msec | 14.4 msec | 11.5 nsec
8.2 9.0
; Oga barrer 0.4 0.1

Q%R + NARAN REXRY 4 3 ROBMARMIIC X M
H2DBR/ICONTIE. B2 LWRHFLZERTEBY . #KT 2 TORMEN
BEE5ELTVWB S LHFTREIRTVNEY, 22T, ORBDANFEFXVS S
KieonwT. Be X @BNSRoMEr KEL . EORRETRDFRREDT

—4% ¥ & i Table 2{C5R T,
Table2 The NMR relexation parameters of some filme of
cardo—type polyimides
UNIT A { UNIT A} UNIT A {UNIT A{UNIT A{UNIT A UNIT A|UNIT A | UNIT A
CFq UNIT B | R1=R2 R5= UNIT C | Rb= Rb= RI=R2
T, |-C- =R3=R4 | R,_g=H | COOH COOMe | COO =Me
T,s | CFa =Bt Coll;a
A sec| 12.1 19.6 14.3 16.1 18.7 15.3 18.5 14.0 13.5
msec | 45.4 |103.4 | 409.6 78.5 62.9 68.9 54.5 40.5 78.7
B sec{ 12.8 21.9 17.1 18.9 20.9 18.4 20.1 19.5 18.6
msec | 108.7 58.4 |109.4 |124.5 |118.4 ]| 106.5 |149.3 | 104.8 | 66.8
C sec 20.1 11.8 14.6 17.1 13.7 15.6 14.8 14.2
msec 59.6 99.2 49.2 56.5 4.2 40.1 33.3 10.7
D sec| 11.2 17.5 12.3 13.3 14.1 13.0 15.4 14.0 13.8
msec | 35. 40.9 | 101.0 38.5 36.8 33.3 37.2 35.6 {103.8
E sec| 14.4 24.0 15.1 16.6 21.5 16.0 26.7 25.3 17.0
msec | 70.8 41.9 | 276.9 52.7 78.0 | 107.1 65.1 75.6 1107.8
a 4.4 9.0 4.3 6.3 7.3. 5.0 5.9 5.2 6.1
pOp 16.7 0.11] 13.0 2.3 0.53 7.0 1.3 2.0 2.2
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HADBBE OV TIIERBMICEFL TWS LT MEV B 5. MED
E@Hﬁk&&#konﬂi*lﬁ?bé. Fig.3 AN KRLO A BERE AL S
RANEZNEREBITE T ORK (BAUEE) L Y XDOEBEE X DRRE TR
7. BEEHVWANESZRL, CF. A2 BALLKYR—2RWT. Hicf I K
ROMHMKEIIERCE N, —F. 1 I RANVEINRANVERRBITDOT 1o DR
BEHRDBARABROBICIE. KicHRALEE ohdw, bbb, FANBER
Eii. $FOT(CHBRTE 1 0 BENFTFOHRERICEICEFELTWEIEE
ETED, IR2BNABERICR LT 0BNE. 1 S KBBXMETH2
2HIER)R—EENAGREBERLTWEDIRHLT, AN EhLD 4B
BE. TEOEARENAL LT, BRALBREDOVWIAAL VBRURY
¥ BMOAMBEZITTWE L FREINE, T4bb, ZOZ Lt RDBER
EFTENEAMBENETRERSZITNIZ L2 FRRLTINE,

O:imide carbonyl
X:cardo carbon

p Op(bareer) p Op(bareer)
100 100
Oox (0] X
X @] X
10 10 9
O x X O
O x O X .
X0 X O
OX0Ox X X o} O
0 1.0
X0 X O
4 Ox ' ) : X
-1 T | ] 0. 14 I I |
.4 ) 6 7 8 0.1 5 10 15 20
100/T,; (1/sec) 1/T;» (1/sec)

F ig.3 The relationship between 1/T 1 or 1/T 1. and permeabilities
v of some filme of cardo—type polyimides

1. &R

AN KERY 4 I KORBORIE . nﬁwaa&orﬁhrsn FOREIR
BRLEDBRNTHELE LN, 2T h6DKYT—CTOHRADE BRI,
TIEHRT S TOREBESBNTNWEZ L b,

PLERRZ X3 2, BAFHRY 2—TOHROBBED A H = XL ERMT 5
7L, EhBAMENMRIBERCEDTHI - LFBBINL.,

850K v :

, . L. Koening Macromolecules 14 1327-1333 (1981)
i% 5 Eﬁ? 42(8) (1993)

$£45 Polym. PreprintJpn. 40 536 (19381)
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L29 & {&DNP (Dynamic Nuclear Polarization)-2°Si NMRZIC X B3 Y A EHDE
RavEiz ‘

O/MNH #ET* Gary E.Maciel
203 RMILK LR CRE: ZFBE MWH)

2981 Dynamic Nuclear Polarization of Silica Surfaces

OJunji KOBAYASHI, Gary E.MACIEL

Department of Chemistry. Colorado State University

The polarization of a nuclear spin system can be enhanced by irradiating
at or near electron Larmor frequency we. yielding the dynamic nuclear
polarization (DNP) effect. The DNP enhancement of NMR spectroscopy  has not
been reported so far on any surface species. We could observe the enhancement
of at least a factor of 50 on ?°Si solid NMR spectra of silicagel covered with
approximately 0.5%ML BDPA. The depth of enhanced regions of silica surfaces
was deeper in the DNP effect from a electron spin system than in a CP effect
from a 'H nuclear spin system. We could not acquire the DNP enhancement of *H

NMR signals.

<@FUrsHic>

BEEAMBISEETIVEIC. BETOI - 7RAKE (ve) FEOBBE 2B
Hy2s EIoOBSEEMICEye/vfEbINT 5 [DNP(Dynanic Nuclear Polarizat
ion)] . EHETYH. BF P welBEORLELELTWIHA (&8, FEAEYEH) 1.
FEW weDFRBICLIBHBBROBRBRUEEEAD G-N-MY -HR) . —H. B
FHREEENTNIREBNTR, BF - BACVHAOHEERNI LV M7 Vv O%ER
HASBEEEHSNAZVOT, FARL S HICLD [++>RKED |-+>READER
BETE. HBREELT, wetwnDEEHIIBEVWTEHNEBSEROEREW ICTEZD,
MaomBosEmssdceicnzsd. (BRRENRDZVWEIANEAYR) V. ERORE
HBEVWRWHR. BEFHEEEOIRTTIESL L5 —F. BACYORTEMEMIIT. ¥
WWRELSZ2DT. COHBRI—BEEHRCEELLZWEBICIEZ Y. BFOREEIH
URERBHORDIL, ETOMHMFETHERELIRE(ZS.

Lizho>T. EEDDINPIR. BHENREDOERELERBICEBEFALC VEHEDHDNRE
EBRHICRBTEZLENWIRELBHAL TS, UL, CHETHBEOHELE
PLEHEEIEEDS. SchaeferE P K L2 BEBRYT—RAETOAEL PRV, 22T

-7k :DNP, EfAESEREEZSE MR, RE, LU A
OziE$L UwAU. Gary E. Maciel
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REGREEOERNG DERELZNMREOEIRIIEI T, BEOT) -3V A NVEREX
VU IRMIIBNTHREEEDOINPERAZERL 228592, BERERHRICBW
TINPH RSB N DR AWESTDTTH B,

<EEB>
1. B DNP/MASHIE : DNPD DA 7 1 (39.4602 GHzE E) BEH B2 W2 =
BEOBEEBSBREER ONMREE (60MHz, 1.4TATE, “EHER) 2BV, DelftX
(F5>%) BFAHEEEBICLY, YV 27N AE VY (4KHz) LU 7=, DNPEZ
F BEILIVYAAJUBROBRABERCERCHRTHS. ARETIR. v 7 BEEH9.
Mz DB LKV BB EEZ TWD (1B . D0.0141MzD B 1L 53, w e 60MHZ
FALICHIE) . BE YA 20BN -3 TH D, (FEMIIE. X3 2B ]|) .
BEOIC, DNPHROERIZIZ. FRUEBRZOREELD T LELSBIEOIT-YM R
ACF-AEFERAL . HEZKel-fTHD. (GAYM7 DY ABEHAVWEHES A7 ARSI
FEWCRBERAT. ) 9. BDPA/F UAFVVELRHC TIH-DNPD -V -\¥ -4 %2 B2 %
D% BBEELTESREEARRENR (P2VRERHAMNEATR) ORBZBZREEZHET
BEL 7=,
2. RpB/WE: Y A2 (Fisher Scientific S-679,550 m2/g) % 150Cic THiAKHE. 7
o0-7"4% 9JAR T. 48D 7Y-3Y" 4 (BDPA, DPPH, TEMPOJ UfDoxyl-Cholestane) % %% .
N NZERE. 0NN -2 B0 T RBERB-ICYBEREE Y. 0B RE
HEREZ0.01-15%DHEHETH. 6KM. Bxlk KERBEEOEHE. BHEH. 19—
MHEATMT D202, ESRAIERT- .

<EFEReEE>

1.ESR: ESRAN' JM» S, REGEBEROEMeBCTa b v e oEEMSRS,. ACUER
BOEHDHERL, . ESEXTBINAY 2B ZTEFSD2E. 0. 5%BEOHETH.
RHRALL B BHVRER S EZEL 2. GHEHPS. BEFACVORTENRE L2
PR L 28R, ZERPTIE. 1072 secH THY. 100msecl TOK AL VEHEME L %2
>TLES. —FH. HZEd (107 3Torr) Tid. BDPA(0.5%BEEcov.)/silicaR D HRIZB W
T. ¥l esecEDEMMBESHE. DNP/MSHAIEICIICOZRORBE2H W=,

2.'H DNP-NMR: DNPIHB L IR, BT oM NOSEBBHTHSB. LizH->T. DNP
 -NMROFERER L LT, AR TR, VEF-D>HODEF-->2°8i.3) BF-->H-->2%8i, &
WIBBBEISNS. HMEKTS. )OBBTRINEELBIESEREH - .
HAL LT, 1)BIPAOSFEE. RT2)IMRETCOKERT (M DRIFL2EH. LD
RN EEKEOBHRTCZON VLEBHTENS.

3.2°Si DNP-NMR: BDPA (0.5%BTEZE) /YyIr MRIZT. BF AL /2SI IANDE
B BBEIC L > CONPHREZSBAITE . (K1 ICIICP/MIMSE DB TRT. )

CP/MASHITE & REEE DS/N LLSDNP/MASTiX. 1 09 1 DBIERETESs . HWA
BT, S O0BOMBBEERTETWD. £z, 3ARDE -7 ( A:Si*(0SiF)4:-109.3
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PPM.B; (HO) Si*(0Si=) 5:-99. 8% O°C; (HO) ,Si*(0Si=) ,:-90.6) D — S 5EREELL 45, CP/MA
ST. 2:9:67MDIZX L T. DNP/MASTIiZ. 2:10: 14 #&F T2, 7 o-7 fEEB LV EWE
Bhh 5.

K25 (RD) KFEHTH R 3H»5250I YHLEELRBIZOAT.
EHEE K -/B.ORXLBESOSEMLTWVE. 2oBHIEF. DEXEES LI EFI
NCEL RTFENBEAEN. ) B oBRAEC T L AR EENETERN WY1ID
BOWRBEOTHSS. "

X 3id. DNPHROBEH v/ 2 uFREEEEEE2RYT. BEOINFEEOE/{LERL
TEBOVZZTOMBERES v, JuRBHICIZ2HNLZENBROEAEICLZLDT
£, BRRENRS 2V IRNBAPRCLZIPHBC LS LBHP THS.

ZDEILIPHBESR. ACF—DI7—54 MECE->TELLBEBINE. &
FERTIZ, 1BLULAEABEI 2L HEBREOEAOLDNPHESHEELLZ. SHIFT. G
AYIAT DEEES AT Ak BV EINP/MAST O— 7 DEASLINS.

5i-DNP/MAS(BDPA(0.5%cov)/Silicagel)

RD : 3(sec) ¢

BDPA(0.5%cov)/Silicage!

*Si-CP/MAS

RD :1sec
NA :40,000

#Si-DNP/MAS

RD :500msec
NA : 10,000

200 100 0 <100 PPM 200 100 0 <100 PPM

1 : BDPA (BB H0.5%) /945 A 2

: 29Si-DNP/MASIA JM D S BRI (KE 1t
2951 -DNP/MAS T TFCP/MAS RA" b1
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a ' b

#Si-DNPMAS(BDPA(0.5%cov)/Silicagel)

RD :500msec
NA . 5000

Frmw
m -
\MMNMWWW o = |

(w-we) 2 (MHz)
_ ,

%MMW 1.5070

WWWVN 1.5020

MWWNW 15060 .
The 29Si DNP enhancement of BDPA (0.5%Cov.) / Silicagel
as a function of the microwave offset frequency, w- w .
wio MW

Y

. .
200 100 0 100 PPM

—
T

=]

DNP enhancement (arb.unit)

({The MW frequency (fmw) dependence
of DNP enhancemsnts)

®3:DNPIYU AV E DB v 4 o OB B BRBIKFE
(a)DNP/MAS ZA" JhA.b) L -23% )

4. Xk

1)R.A.Wind et al, Prog. in NMR Spectroscopy 17. pp33-67,1985

2) Mobae Afeworki,Robert A. McKay, and Jacob Schaefer, Macromolecules 25. 4084-
4091, 1992

3)R.A.Wind et al,J.Magn.Res. 52,424 ,1983
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L30 ' BETAZERIRFHESASS '°C NMRick3
BT on-FEERT

GRRAL®Y) BIRFREsE. BIMA . AHIEE. ~EH X

Analyses of Molecular Motions of Polymers by
Variable Temperature Selective Exitation SASS **C NMR

T. Beppu, N. Takaesu, M. Ishida, and F. Horii
Institute for Chemical Research, Kyoto Univ., Uji, Kyoto 611

13C chemical shift anisotropy (CSA) spectra of natural abundant CH carbons of bisphenol *
A (BPA) residues have been measured for BPA polycarbonate and polyarylate, which is com—
posed of BPA and phthalic acids, by the selective excitation switching angle sample spinning
(SESASS) spectroscopy. Doty double spinning type rotors were 'partly modified by use of a
screw cap for variable temperature measurements. CSA spectra obtained below around room
temperature have been well analyzed in terms of the two site exchange model considering the
distributions of flip angles of the phenylene ring around O° and 180°. -In contrast additional
motions such as the fluctuation of the flip axis should be introduced for the phenylene motion
above room temperature. Two dimensional SESASS have also been measured for the character-
ization of slower motions.

1. #8

BRFOHN 5 2REICBT 210~ 10°-03 FEHRTHHEHR LI GBBEL LoERN
B EECEELTVELELOATVWEE, 205 FEHORMIZIFLALHLH K
ENTVEV, BABEFEL 7 POREH(CSA)ERKE L 7 HBHE P NMREBKIcX D T
NoDNFEGEITEIT>T&7o AMETIR. EIREh#Esvitching angle sample spinnin
g (SASS)ICL D ERT =2/ —NA YA —FK%— b (BPAPC)BXUBPARSHTBEHEYTY L
— F(PADBEHEIC DWW TBPABRE D CHREDCS AZRRY FVAZBUTOBE2ESUEL
OBETHEL. 291 I RBEFARCIOBIFLAERERE ST 2. . ZRORHBE
HEHRESASSIc X A EFEEFORIAFLR >~ T dBR~N 5B,

2., 8

12c NMRHAIEIR. JEOL JNM-GSX200433b3Hc X 0 L. TTOBBIBE T TIT » foo BIREIE
SASSEEIC X B —~RIERUIRTTEREZ <=2 F VORIEIX. Doty Scienticfic Ine. BlDDAS T
2— TARHWTH »7o 'HE & B13CH 0 EEREES®E 7 B1/27 1362, 5kiz, RMOHE
BERREC= I FAY FBBETE 3TkzE Uico FEIRBIE ITIIDANTED 22 v X 27
ERWAN, SO VIRFBRBOEERNE BT 2 FiHY T 2EERE o

F— 19— F: BEIRGHE SASS NMR. fL¥ v 7 rOEFH. 294 FEREF NV, 180° flip

Rl ThOE, hhid OEZ. WLE F&EE, B0V 2Afh
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L45°%F 7212 47°(of £ magic angle) DI THEE OEEMEZFHE Q0 sLIR) TYID A 2o &
METIR. BEUTCOSASSHIE ST -8, DR HDotyBl Ddouble spinnige— 5 Dk
oo 7ELTEFSRDOF:+ » TEERL 120 .

VR EERBOE R 72/, —VAFY A —F R~ F(BPAPO)BLUBPAET
B(FVIINR/A V75 VEE=1/1) HDSRBEEYTYL—r(PAT) 7 4 VA TH B,

3. RRUZEE

(1)BPAPC: K1 i, —RITEIRGHASASSIC & BBPAPCOCSHEE D CSADBIE (25°C) 2R T o
T, (a) IRDANTE/ €V X RFl ic & 3 BIREHE DR E & ‘
REoHEROKEBLFA B 5, Ficnagic angleid
€y FLTCSHBEERROCRELLERTH 2. 08 (D)
NTEDRBIRBIEBENTH D, RE=V Y 4 B F
BIREAEENTB W EBDM B,

13, BIRGHERSASSIT L D AUIRE L 72 CSIRFE DCSA
ZR7 PATHD. BERBEEOBEICHEL~<THBR
DEDBEORIBRBEAEBDSNT, COBAR
HER(CABRIETEALLELONS, T B5
hi-EBHRER, AHoEEWHEBHBIcXL T s=45°
HiItTREL T WS, EB/PHLEGILELTRY -
Yy 7R Ff==(3c0s®0 1) 2RI R Fr —nEdhTW3,
RKi(dicizd, 2 - 2vHEZOPHEREICHIET 3054
AT FVERT, 200 100 0

2, EREHRICEDEe ORETRIELCS - oom from tegSt
MROUSKA <7 F A ERRCRS o 15°C THRBAN [n, O e st
KLY 7 b F Yy Y VOEMlo s BICESvany (c) SESASS, scaled C5 CSA specrum,

(d) descaled C5 CSA spectrum.
~-BBRDSh Y, BELERCHE-TIDY s
NI -BHEL. PRORECT 3. Ch50
HBEOFREHET 2D, 291 PRKE
FHILELBYIab—vayEffal, Thb
Ll 7x=VvVRBZOKESHMOTDLY T Y

y TEHETLZEL. FOTY v THSBLU
7Y o TREEEE R ELTCREDCSAD & 3
ab—vaYyEfF-oV, LhL, Cho0E
AR PAVRBRBA—-DEESDO2H 14 7Y v
TEHICHT B IaL—va vOBERERE
—H LBV, COZEBTa=vVBD7Y
vy 7TORBRBLITC 7Y » THIESHBEET . _
it ELON, TORFET - 120 . —

X'z 10512

§ 260 100 0 ¢ 0 1200 180"
H2icid. ERICSARRZ P VIEBOEL — . pom from Me,St )
o3 s . e 5 Fig.2. CSA spectra of the C5 carb £ BPAPC at
ﬁj— A¥3av ¥a yRXJ b lV%ﬁ&ﬁTﬂﬁ different“. temperatures. (—): ob(s):rsed, °
Lio COBITIR, £ 210%zTVWh W3 (==-)¢ simulated.
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first linitTH . S ROCBLU180°Z L e LAy REKTCHEN I N B SHGBEET
BEFEE Lo I5°CIRBVTRERIR R brEYIab—yayZxZ FAVIIEL—K
T3, LdrL. BEOLFcH->T, BHBAOR—BHBHKRT 3, COIERBTN°CLUL
TR 7=V yOEEMEEOEHLCAZXR R FVOTBREHEET Z260EEXL SN B,
FHETHONLERIE, Jones® SO TN FH A FPRBEFATOHRHAELTH 345, 7
Yy TORERBESRE >N, °H NMROBHRERDP PRIEBRIT1ORBITHERE—X
LBV, 44 FOMEBREELRVWTVWAEYLRYA FOEESS LB ETHE, w4579 A4
FEREFAVOFIHACIHMESS2EEL 5N 5, ‘
7=2=VYRO7Y y THEOA —F—%2MbH, CSREOT 12 CPT1 Fhizfafn
kel BLrOBETAE LR, K3icik, COHREZEOT 12 HEFEoHEKicd LT
2y Lo COTIOBEREREERL4DORELLEEFAL IV —OMOBEVWPY L 0ERL
oo THRHLE, 722 L VBOEHHSWC2LOHEWRHIYRS v FAREHOEREE T
HREhz& L. 2hooEHOMEMEME TR R7 P VEET o(w)id

150 100 20 ] -50°C

N 27T i r
Ja(w) =K Z Ay ——, q=10, 1, 2 w0t 110 Mot ton
i=1 1+ werciz Y ygrtol
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TEbLENB, T T, Ko=2/5. K1=2/15, K2=8/15. A;
RBEEORYETH 2. 3 DEHBIN=2LLIBED Y L
s;v—wayoﬁﬂfﬁéo%ﬁ%%&vi;v—y:%
a VORBRELS KT 2, COREBONAERT D ~ |
BEKEEERS EMIcR Lk, i=2iciiNT 508
BoMEBEMSC ORI EEBERKTIOO~10TsTHD .,
H NMROBHIEREDI LB —BTsiepo0E o, . .
BE7 ==L VBO7Y ., TEHTHLLRBEIN S, '
—F., i=licHY T2 EHR 7=V yBoE&#z b

i Raoid Fluctuation
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Fig.3. Temperature dependences of T1

DOEF Yy v VBMIEEORVEHEFHEEL o0 3, :alues for C5 of BPAPC. o: by CPT1,

: by the saturation recovery method,

Lichs>Ty S50 ERHIRE 2 iRl 2180°% dh & (): simulated by model-free

treatment.
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SNERR+2TH5, UL, Mgl
—RTECSAR <7 b VBB ED Sh, B &
AEREEC-7RBEELBVILBbD S, &
DL, —RECSAZR <7 P AOBRIBEE
T 510%Mzl Lo EHLA I 1 BEEDO S 1 4
Ry — N TRD LN EBEBFEL BV EVL
3, BELVFRECOBEERH > VWTEKR
HEZT->TVB, ‘ ‘
()PAr(U-#Y=e—): KS5iik. PAr
T4 NLDOEBICBIIBECP,/MAS ¥C N
MRZ~7 FVERT, BPABREDOCURR
DEBROSMIDOKBRTH 5700, oK
%ﬁmoufBPAPcmgé&ﬁﬁmﬁﬁ%
fToto W6 ik, BIRBIES ASSEITLD
BroBETCRELALPATr DCLUREDCS
AZRRZ P NVEEBTRT: BPAPCODCS
REOZEBICBIFBCSARRY bviclb~T,
PATrOCAREDCSAR®RZ PRREBSB
LU -3°COTFhoBERBVWT LR DR
BILLTWB, £/, 100°COR <Y bV IZHH
SHhIcHEHRRA NI PVERRRB-TWS,
BPAPCOBE&LEMKE. YIa2b—ya v
2iT-tco TORREK 6 OBWBRTERT, <
OBA&b. 7Y v 7HEIRfast linit(x =10°
Hz)TH D, 7Y » 7THIKIZ0°L180°FH L

T r—r—r—r AL SIS S 200 S S e S ST e

200 100 0
ppm from Medsi

Fig.5. CP/MAS 13C spectrum of the PAr
films at 25°C.

x 21030z

100°C

I
i
(1L
]]]Tzrf L

L1

200 100 [ o
. nom from Me St (11n angle 7 deg.
F.ig.G. CSA spectra of the C& carbon of PAr at
different temperatures. (——): observed,
(=-=): simulated.

LAY ZRSHEBEETEERE L. TOER, PAroBE&ZRLUTOBEGRER
AR PNMEPRBODEVWY I alb—va vyART PABE LT,

—FH, 0°CODR_Z PARBELTRZY v 7THOSEHEOBLEIISOFFIEIC & » B E.
KRR PAVCHLRBROVIEVERBBON, 2O &, 60°C TR0 —~180°7 Y » 7%
BEX LTI EHE-FBHNEDTVWEILEEBRT 2, 2L T, COofiBIIBELERL &
bILE SR EN, 10°CRBTBFMBAMX NI FVOHBAR BB ->TVEHDEE
AoNb, SHIVEEREFVELVPArORFEHOBEBERSLICTETFETH 5,

1) Horii, F. et al., Bull. Inst. Chem.  Res., Kyoto Univ., 70, 198 (1992).
2) Roy, A.K. and Jones, A.A., J. Magn. Reson., 64, 441 (1985).

3) Wehrle, M., et al., Colloid Polym. Sci.

265, 815 (1987).

4) Horii, F. et al., Bull. Inst. Chem. Res., Kyot Inv., 66, 317 (1988).
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L31 EREHBEEE'C—NMRICE 3K IYAFAL T 4y OHEERI

O#%Ak BRI ffxx Y. mE Hm.
# EBEO. Ha HmO
DETA TEH. VELEE () BEWER

High-Resolution Solid-State '3C-NMR Spectroscopy of Polyolefines

Akira Aoki''?’, Takeshi Date!’, Makoto Demura!’, Tetsuo Hayashi?’

Tetsuo Asakura'’ 1)Faculty of Technology, Tokyo University of Agriculture
and Technology, 2)Plastic Research Laboratory, Tokuyama Soda Co. L';d.

The packing effect on the '3C CP-MAS NMR spectrum of isotactic poly-
propylene was examined in detail by taking into account the intermolecular
chain arrangement. The peak splitting observed for the methyl and
methylene carbons of isotactic polypropylene with « ~form were interpreted

in terms with steric shielding effect proposed by Grant et al.

1. B8 .
HKYUFL 7 4 YOBKSHBREC-NMREZIEAFRIEIRVIFL 2D Z2IEL
DTAVZI7F w2 Ryl (i-PP) Ry Yy 79y RYTITDE
LY (s-PP)'T AV I7F v 7RV 1 -TFrOHEZO>WITFbh, £0'3C
—NMRARZ P REHFHEHNAIVE =X a YRORBRPOHFHOBMEN (/X
vERYT) NDERRBICEMT B I L ARESRTEL, ’
Fig. 1iCi-PP ( @ -form) DE#E CH
SEBEICC-—NMRANRZ ML %R
Lz, XFNVRFEHARE., AFL ¥
BRELEBNTE—7 ORAFE o
FaEhnsz, —|/IZCKVFIL 742D
BHE&E, B, EHhzEzRbLITE—7D
5Bt PC-NMRALES7 b
rYHBEFODISEA—aEH -
BESHTHEIATELDS, Ly ’ a0 . 0 0
LZehs, Coi-PPEEKOHYTFHE POm from THS
BIEI3I ANy ZX(TG) . THH. Fig.1 CP-MAS '3C-NMR spectrum of a-
ZERODERBICOWTHORBER T - form crystalline of i-PP.

CH3

Xx—— K RBlhSHERE'2C-—NMR, FUYyruabt Ly, a-forn, L NWEjHE
OhBE HES, T L. TS I L. BRL TOB. H&8<5 THB
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POERTLZrBROBEBRAEALTHD. rHROADPLEEC—Z7DHAFEL LW
CENFRINEG, ChLDBBOFERICOWTBunSIZi-PPOBERBTFHRBIT
Z2HTFHEFIRAOBY (N XY I7DE) THELERLTWSY, LLLLY
b, TOERFEZEBLTCERNICARZRLS Vb E2RMELALLIT TR ZVWOT, K.
BAEADBELLPEVIEBEHREZOWTIEHBLEHBEATE TWELIT TR LW,
FHRDOBEMIE i-PP (a-forn) COWTXBEFETHEIR TS ESET
FONFE Ny F B, CCARYIMEIBERLEYIFHECE SN
TEBRNICFHET 2L THS.

2. £8 :

ISPPY Y7 lidmmmmARy Py REEHFLISLD ELoSTHRBARMERY oL
YERAW, 140CT4HE#ALET I LIREDIEIRE2 L a-Tormliz WL 7
(XBEHECIOBE), *CEGKSHAHWENMRAFIZIJEOLBEGX400X
RZbPaX—% (13C:100.4MHz) 2 FAWVWTER T4, EHEEIIZ Ins., BE
EIfix400, MASHEEIZ6. 2kHzTH5,

3. PC-_NMR{EFLT bDFMEHE

FFHEBONKEE (NyX > I7DE)
M. C-NMREZY I M5 229 c\/\
SrRET 2D, Grant' S5NK % e ’“\04
AW, GrantSiZ Z o kEHEICL S L 6( "1
£ NVOYRBEREGARAALORR g -
HEERHIREET L L LTEFOHEZL Fig.2 The steric relationship
TORRE>TEBLT WS, between protons on 1, 4-carbon
8C'°(ppn) = 1680 X cos@exp (~2.671r ) atoms of n-butane.
ZZToC3(ppm)IZIEBL TS RER
FHRETFELLAWHR, 613FHEHLT
WERERTLEEEALTVEARK
FLOTITRIPE BREBELT
WEIARRFERET LI ARBRTFFZT
Ry PAOBEOBE. r DIEFEELT
WAKRRFEBETIAZERFENE |
BTHS (Fig. 28R) , ORI FE
Ricow—FnXFNEN'PCRFEY
ThrDEBRTF—IDLRKDLLDOTH B
B, BEDA-InitodHB VL 3
AVEA—Ya YEFEOFES T PHIR
3. COXTRBESIh R L L <HAB Fig.3 Crystal Structure of a-
LTw3, form of i-PP.
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1EXDHFHBIKFEOVENSEBFATELLIICPPOIRKEL. ZOHRRED
SENBHICHFETLISHERCOVWTILANVWYROHBER TN, BEKTFFD
DFHOBEINBNAICOVTE., Natta'2 SO XREHRICL 2 HEME HWL (Fis.
3) . FHLLREBRFRFIg3ICRENL LI ~6 DN TFHOODNEIZHFEET S D
DTHN., BREBLOVWTHDOIFTDONTFHIPLRITL L NWHRE LR CED
WTEELZ,

4. BRRUEE

Table. 1{T. Lo A~AW Table.1 The calculated shielding effect for
PDROHEEREEZRL L, each carbon atom in i-PP with a -fornm.
RPDEFIIFig. 3thi-
PPRFEESICHIEL T Carbon . & C'3 (ppm)
LTwa, EEFIZON type 1 2 3 4 5 6
T. BLLENWHPHED
NS {E % 0ppnk L. # CHs 1.50 1.62 1.89 1.71 0.00 0.01
HEELTRLL,

L NWHRDFHER CH. 0.04 0.00 2.12 2.12 0.29 0.41
RicEIVWT, BIEE 1
ppm& LA T XRY CH 1.06 0.95 0.00 0.00 1.81 1.74
—Z7ELTRRLAZANR
7 MV EFig 4z L7, The positive value means high field shift.
PTEEREHRHBRICO N
THHICHBERT 2 #D
5,

Zppm 2ppm Zppm
— —— P

2 F ) iR FEEIR N

1, 2, 3, 4ADH5FH
FOXFIIVRBILS, 6
DHTFHEHPFDOXFNVRERE
£h1. 5~1. 9pp
mARKELZLLANWHR (
BERBTL) E2RITS,
ZEDRH2FICHTHELLR
-7 FRENR. £D
BEHISESHOE — .
7 EEHBoC -7 0 CH. cH CHs
2% b, THOHHED

HMITEBONMRRIXANR  Fig. 4 Peak simulations based on the calculated
ZrVORERERIET B, shielding for '3C-NMR chemical shift.
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AFVyHERES :

3, ADHBTFHPORAFLUVERIZL, 2, 5, 6 DRFHEIDAFLVRFEL
DLB2ppmARKELZLLANVHRZZITE., 200, ZOHBTE2FOE—
I7BRTFRIN, ThOnBEREEBHBoC -2 FE@#BHo -2 28 %
3, TORBBEHODNMRARZ ML ELILSERT 5,

X F v ikBERE

LEANWHRDHEARBEPS., 1~6DXAFUYyREBTLLAWHROAEST R
KELEASELL, =7 0HBEBRAS LW TFRENE., ZOBRIIEHEX
RIZMNWHTAFVYREFBBRTE. C—20HhHBPIELEALBEASI R W L ext
B35, YIab—YaroRER, EHOARIZMVEIDBRBEILELS Z>TW5,

EhEHBEECC-NMRARZ ML EZEHRLS aBDiI-PPOEC -2 DiLHEY 7 b
R2oWT, Ny Xy I/ A ORZREIBE—7OH UL ERVCREBEIT AL 2R
Aiz, ~BF—RAEHBL2 L0, BMLOAEIADARZ MLV EBB T IEHTEL,
CRETRYVAL I 4 o D1IFDRFENAILRA—Lar L *C—NMR{LEY
ZrOHBEOWTIR, 7HRIRI->TERBNICHATEL LB RINTE L,
BLEZFHBEBLESWIHTFHBAON Yy XV 7Y RITEDLRENL13C -
NMRE—-Z7DBEESPTHE L X » 72,
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L32 EF B EEENMRIC & 2 BERERIE (1)
REDORIZ & % *C-PNFE% 5T M BEBE I 2 0 B R Y
OmE &, BBz, KEM—, & B Ak B
(EBETA - B, *HL) P —F L5 —)

Measurement of Interatomic Distance Using High Resolution Solid State NMR (1)
Precise Determination of *C-"N Interatomic Distances by REDOR Method

Akira Naito, Katsuyuki Nishimura, Junichi Ogino*, Satoru Tuzi, and Hazime Saito
Department of Life Science, Himeji Institute of Technology, *Toray Research Center

Accurate determination of internuclear distances using REDOR method has been examined
for the doubly labelled [°N,1-"*Clglycine and its Cd and Zn complexes. Internuclear distances
between the amino nitrogen and the carboxyl carbon were determined for glycine and the
metal complexes. The origen of slight discrepancy from the results obtained by X-ray diffraction
method was discussed by taking into account the contribution to the dipolar interaction of the
natural abundant isorope and the scaling effect by finite lenghs of = -pulses. Internuclear
distance between ["*N]Gly* and [1-"*C]Gly® of pentapeptide, [Met’ ]Enkephalin was determined
to be 5.7 A. It turned out that REDOR method is usefull means to determine. fairly remote
internuclear distances in the renge of 2.0 t0 6.0 A..

[Ftwiz] BEfERE B UEFHOBEEER, ¢ 2bbBEMONEFHE
VER 2 BHBICEET 5701013, ZERMAICL 2 _EEBL CCTHREQEFT%
BEIRWICEET 22 LTz T, Ba@ELRLL 0 BFHEEHZHES &
BLEPLETH D, COFTHIZEBEMOL R ZEHO FEEREL5 25
REDOR(Rotational Echo Double Resonance)iE% F W2 FRIEBAEICOWVWTE
B 24T % o 2O THET 5, '

[REDOREE] BB L¥HE AL T 2wy A M2 RERMATIERERL 2
PC-PNAIZR 6 N5 WERESE W RN MM F B £ MASORHTHIEL /-
Ba, FA4FNY FOBES K, ART PUVOKERD OB TFHEEROKE S
PRABACLEINETH D, S0 &) 55 VRBELREABTAREEMH & MASO &M
TTHAEESE, LR EEE IR T 25 5EO— 2P REDORETH %,
REDORIETIE, BUAIBLS) L BB FREZ b2 (DOHRBREELD /3L A % [HER
BYHORBICHEAT 5, SO 7/ VAL > TEEBO SEEHO K MFREL
—ESEOLEL I —0E (Sf) AT I—HES)IH L THIT 5, T
2 — DA DERESo-SHIZIE FHEMERDORE JITEFTH2DT,2HL I —DR
SOREPLRBFHEERORESSZRBELI LN TEL, ST L VRO
R ERICRET 5 2 EDTREE % 5,

REDOR, JETFMIRERE. MBFMENER, FVS vy, 2¥5 770>
Oh\ved HEb, ICLED »o0%, BED LwAnb, o0 &&3
2wk L - ‘
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[REDOREDERE] REDORDEER# 1T ) 720DEA/ OV AZH %K 1 127T,
BEBETE#R 213 5 IZI3REDOR &£ UNREDORD — O DEER 2 T2 ) L EhdH b, 11T
PNEZBIET 258 0V ARFIERT, 20 RF T3 EEDELE IZREDOR
WEDEE LS 23— SHPEBE I NS, "CHICIZRIERBOFBIZ 7 7OV A
MG L TREDORMIRZ I L TW5, SNEBIZES L 72 SV AL o TIEE S
7 MZEBEFESEEE LTS, UNREDORD/IV A RF TIINB TS TH 5
BCEEBF L AVERSIT AWVWE T O — BE(So)% B %, REDORD EEI
Chemagneticstt CMX-4008 L U =FEXBH U - 72 FHL TB I ko7,

REDOR

H ( l cP " DECOUPLING

Z
@]
Lo~}

—*
-

0 1 2
ROTOR
| | |
UNREDOR
H
CP DECOUPLING
n So
Y [e] ] )
1l 2

0
ROTOR |

1 REDORDFEAR/ M)V Z K5

[REORR] AEBRCET7I/EOBFRLINVEFIVNVEORERYFNFN
PNEPCETIZEER L7V VERWTC, Y Y VA, C-7) YUk, BE
UZn-7"Y) ¥ VRO BRTRAB L, 22T, ZEEHS) YV oFRRIFAE
N, 20%,10%,10%TH 5, LBFEURTF FOBRERIT~OICHBI & L T,
[PNIGly*[1-"C]Gly’ T E#E# L 7= [Met’]Enkephalin & [Leu’]Enkephalin% . Applied
Biosystemstt B 7 F FEHEHC L VA L. EIOHH,0 B & U'MeOHH,OEH A 5
FNENRRLAEL 72

[ R] 21220% 2 FIR L 72 ZEBAE# ) ¥ V5B OREDORDE R 2R T
2a%* HREDOR L UNREDORD LI —BEICK ELENH B L b b, 612
COXI—-HEDOHENTOMIME LTHEI LEEEK 2biRY, 2 TNcid
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3¢ _REDOR

A0

15N.UNREDOR

poe .

(S, - SIS,
1

7]
AN
1 L. 1 (7]
2.0 40 60 <
NcTr(msec)
NeTr (ms)
2 1) OPN-REDOR 3 )3 vZnEEROPC-REDOR

O—%—FEH O, Triu—4 —OREFENTH L, ERIIHERITEI O KD -8
BMThHb, CORR, "NECHEOEBIZ2.75A0 R b EEREISEWZ E2%HBE L 72,
312i3zZn-7 ) ¥ v $ERDPC-REDORDFER 2T T o = T4 ADBC-NMRES
PHEbIlz, TOEEOFELVXHETOFERIIFRE ST v, EROZEN
BrLAEBED ) VUV FOFENTRBRENTHWIEEL ZORRIT KT 5,
PC-REDORDEERN? L A RN 7)) ¥ 3T OKHEMAMIICRETE, 2754
2.85AD 2TEMEDOEREIBO Nz K412 "EMEE L /2[Met’]Enkephalin?® °N-
REDORDFERZRT, OB FRHIEEM 28T LR, UN-UCHIEBEIXS.6AL RE
T&7, COFRIT, BET THFhextended formZT K L TWAT E2FZHELT
W3,

[FE] FR1ICTRT LS ICREDORDERFLESLN-BEEEMR L. XA

DERIZIIRELEZNDHDL, COERE L TRRANELSOFEB LUV AE
DEBIZOWTUTOLI T L2 M EEEL TWARWEMNE, B3

— 133 —


takai
鉛筆

takai
鉛筆

takai
鉛筆

takai
鉛筆


("°N-12C, “iEEEE) o

#4IIREDORKI R % BA T Tyr-[">N]Gly-[1-*C]Gly-Phe-Met
2@ &5 5O TREDORB

L F'UNREDOR®D . 1 —i# s
ErbZoHFSGEELFIL N-REDOR

VE DL, COHFHIE
0% IZFHRLI7) 0o
BN-REDOR®D & 1$1.5%F
EThb, 3612, (2)
BEEEA L -FME (5N 5N-UNREDOR
Be.Bet, *IERME) Lo ‘

REDORZSE % B LBV D
%, ZHIIREDORR) R % 1
m¥ s HFEICER L. 1912
EOESIIhDb, (3) 4 S
CEW O R e A e
HEXICETTFAOALD -
THFHOESLZERTA 1.0¢
VENHb, TOHSEFZ
EEESFERRERELD :
SFCHERTLI LI LD 6.10A

SECRS 2B EH -

T&5%, (4) RiTar 0 20 40 60 80 100

(So-Sf)/So

xﬁbs\ﬁgﬂ"é}) ;a) : k b: J: NcTr(msec)
ARBFHESERDOR 7 —
VU T ORRERERT HL 4 [Met’]Enkephalin® "N-REDOR

EhH L, f/SVAEOT —
Y- T AEIERdE
T5ENBFMHEERED 7 — #1 REDOR Y156 7= 5N CE T dE s
Yy b BIddE B, AE :
BT — & — REDOR (A) X-RAY(A)

2000Hz CRCHE L PNEED 7 /8 corrected
N ARAE LT 116ps,201s [*N,1- ClGlycine 275 251 2.48
THEDTI2%D AT —")

% Cd-{*N,1-*C]GlI ! . _
S PR ERE Lt g 09T 1Glycine 300 274 257
Lo, IhbOXER Zn{"N,1-*C]Glycine 275 256
L CHIEL 2B TR 285 265

BoERLPE1IICTED D, Ty["N]Gly-{1-°C]Gly-Phe-Met  6.10 5.57
TOEPLLIE LI,
REDOR&X—@?}?@%%%F%H% N ETFHEERIFEFTICR w—ik%:fr’é‘ b
5, L7245 T, REDORZEIZ6ATEE T TO)?VF‘EJEE%E@)F%(HUE EFEICHERTD
B I & ASHBA
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L33 SN NMRIC & 3# U AT F KOBSBEIRT :
KUY (B-RLTI LT RINTF— B)

O, 17 H. RGES. 8 W
(BBAL. BLAI")

Structural Analysis of Solid Polypeptides by *N NMR:
Poly (B-benzyl L-aspartate)

Mikiya Ashikawa, Akira Shoji, Takuo Ozaki and Isao Ando*

(Department of Biological Sciences, Faculty of Engineering, Gunma University, and
*Department of Polymer Chemistry, Facully of Engineering, Tokyo Institute of Technology. )"

Abstruct: The relation between the chemical structures (right-handed a-helix,
left-handed o-helix, left-handed w-helix, and B-sheet conformations) and the N
chemical shift tensors (o,,, 0, Gs) as well as the isotropic chemical shift (0o Of
poly(B-benzyl L-aspartate) containing "N-labeled B-benzyl L-aspartate residues
[Asp(OBzl)*] was studied by means of "N NMR. It was found that the diso of
Asp(OBzl)* is conformation-dependent and is also sensitive to the helix sence.
Further, it was confirmed that the '*N chemical shift tensors (01,; 622, O33) are useful for
conformational analysis of solid polypeptides.

1. #
Ba3SETIC, BHRSHRE N NMRZICE3—EDEFNRUNRTF KO
BEOHME,S. ROAEASHICLETY (1) EHM NILES 7 Mo, BE T
UNAERS T b F U VIVEE (0, Op Og) B 7 I /BEEXOER. 73 /BETIER.
BIUPALKA=alilE&KETS; QO ERESLIVTL-NYLEED 6,
ERRUNRTFERLNIENALF XA -2 a VERICEHTSHS BL, FUP >
BIUL-TSZ L EED o  BY SEERYNRTFERENIEDOAL R A~V 3
SERETIDBELY) ; @)NEREIITRFLUNDOEEo, . RURTFF
RLNJEDAL KA - 3 VEFICENTH B,
SETCOHRICAVAEEFARUNRTF RELRAVINRTFRFOFERIR, wThb
A—HHATR—BREOAL KA —aLreshnbD (B2 TEED I K
~Sa HRETILD) Thotso LELANS, LRI T PETLRA— g E

i

BEESAHFHENMR - KU (B-N VW LLFRNSF—F) Y7 h-akAt-Y 30

BLbb #E®. Le>L 5%5. 58& £<5. HALS> V&S
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ORFEELVBRICT 2400, A—RATHEDI R X -3 %thE¥hE 3
EIERYRTF FERVWTHRETICEDPUVETHD, CORT. KU (N>
SN LTRNSF— ) d. A—BHD S REMEPHMEBETIC EICLY ., A%
a-~"Jy 7 X (azhelix) . E&Ea-~Jy TR (a-helix) . TEZw-NIYT X
(o—helix) . BEUHFFTB-¥— b (B-sheet) DEEEORLZILHKA—Ya >
kB, MIEMRELTRATVS ™7, HIC. $ECR, BARLILFX-Y 3
it og-helix & B-sheet HFFLTH >, T2 Tl o—helix ¥ w—helix FEZD 2
CEA=YaUIDWTHHERTES, BIC, ThETRELCTLXNEELDT I
JEBERECODVWTHARTELY, AN IINIXATFINEERFEOTI JBEEATO
ENALEY 7 FORBRBRIEETHIEELSN S,

ZZTCHHAETIE., "NIBRB- N U LPANSEUMBEEERSE RY (-~
T L-PRINS5F— ) [Asp(OBzl)'], AR L. ThE BB 3HNELTHE
BN KR X —a (ag-helix. o-helix. @-helix, B-sheet) {ZDWWT N
{E3E 2 T B (o Oyys Gz Oap) ERIEL . "NIERL 7 b EQLKRA—2 3 L EDORBFRER
N0

2. 8 B

2.1 2 H

A% G /= [Asp(OBzl)*], ME¥HE . N-HILEX ST JBREKY (NCA) EIC
SHEBRLUE, B85 n=HIC1399% "NIEST I /BIHN20%EEhTVS, &2
PEA=a ORI, (NERLTELZOXEOBLD (a-helix) . (2) 700
FRIWVLBEDPSEREX v X P LAET 1L (o-helix) . (3) EREFI£150C T 3 8%
BN LS D (o-helix) . LU (Q) EREF £220C T 2B NE L LD D
(B-sheet) TH 2, EHHD LKA~ a3 >8I °C CP-MAS NMRA~X Y pIL &
FRABRZ Y RIS & W T 10 |

22 # ®

"N $& U °C CP-MAS NMRX 7 FILDRIE L. JEOL EX-270WB S3EHo & V).
27.4MHz ("N#) $&LU°67.8MHz (*C#%) THRIE L. NMRAX~NY MLOBEIES
i3, ERERERY : 2ms, BYRLBEM 1 5s, 90° /YLXIE 1 3.0~58pus. AT ML
18 :20 kHz, F— 2K 1> b . 8K, MEEE : 200~15000 ET & > f=o “NILFE
7 b3 "NHNO, £ 41 88%#% (8 =0ppm) & L. "NH,Cl (8§=18.0ppm) % =k&
Ll ‘

FIMBINZA AT bivid, JASCO A-702 23St BV, KBr§EFliZks L U7 s VALK
(2 & ) 4000-200cm™ OFEE TRIE L 7=, '

3. BRBIUEE

3-1 [Asp(OBzl)*], P>k X —% 3 BRIk

BIRMIBE - 3BNBICL > THEA4BEEORHOBES AL R X — 2 3 I FRARIR
A~ PV E BC CP-MASNMR X727 MILICK WIREIL /=0

— 136 —



RUNRTF KOFABRANRT bIVICED AR A~ 3 > OBEBIE, I, PR F
| LN FENFTo5 0 ag-helix (72 F1:1660cm™. 73 Fli:1555¢em™)
a~helix (73 K1:1663cm™. 73X K II: 1557¢cm™) . w-helix (73 F 11675
cm’. 73 KIl:1533cm™) . B-sheet (73X K1:1638cm™. 72 FlI:1520cm™)

Kic. EthS9E2EE °C CP-MAS NMRANR 7 FLDAIERRICESVWT, KU~ S
FREOEFEHNAZNL (FIF) -7, FEC, E—7. BLIVRAHC, E-7D “c
R 7 rENALRA—a &L og-helix (73X K CO:175.1 ppm,
C,:54.2. C,:35.9) . o—helix (73X KCO:1720ppm. C,:52.1. C;:35.3) .
w—helix (7 X K CO:1723 ppm. C,: 525, C,: 34.4) . B-sheet (73X K CO:
171.0ppm. C,:51.1, C;:39.36) o

LlEDE HIC, zkﬁﬁn‘cﬁﬁut [Asp(OBzl)*], me?ﬁEw%*ﬁﬂt: Baoh a5k X
_/E/Et)jg_tb‘ﬁg T%f:o

3-2 Asp(OBzl) D "N ILFE > 7 b (Gyor Oy1r Oaz Oz)

MIENCDENFhELBILKA—2 3> % &S [Asp(0Bzl)], ® N CP-MAS NMR X
~Y MNIVE Figured (Z. ¥/, 85hi o, E%Tabled ICRT, ZDRBR. ROAHN
s pICh o7 (1) ag-helix (99.2 ppm) I3 B—sheet (100.4 ppm) & #)1.2 ppm 5
BiBICRbh3, COERIIE. ChETTAETLFNAHEROT7 I /BEED o,
NBEERS—BHLTWS, (2) ag-helix (99.2 ppm) (& a—helix (97.0 ppm) & ¥
22ppm ERBICS 7 FLTWVWB, 2hiz, RY (D-7P5=>) OEEa-~JyIX
CEZERE LA BREDER (ag-helix © 98.8 ppm. o,~helix : 96.7 ppm) &R T
Holo 8> T Asp(OBzl) BED o, AUy VXL XICEATIRBERMBTI &
£Z5h3, (3) w—helix (96.8 ppm) (& o —helix (97.0 ppm) DfE EFFITEL,
Zhiz. LR A= aOBULABMAERBULEDBDTHEIEEASNS,

Table.1 Isotropic "*N chemical shifts of [Asp(OBzl)], with various conformations
(ag-helix, a,-helix, o -helix, B-sheet ).(ppm from "N H,NO,, 0.5ppm)

sample conformation 0,0 PPM)
PBLAsp o—helix 99.2
PBLAsp-1 o, —helix 97.0
PBLAsp-2 o, —helix 96.8
PBLAsp-3 B-sheet 100.4
¥/, [Asp(OB2)*], D EhZhDIALFK A= ar ENILEY 7 bF YN (o,

Gy Oza) & DBRIC DV TR SV THMICRERT 3,
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a ~helix

Figure.1. 27.4 MHz N CP-MAS NMR spectra of poly(B-benzyl L-aspartate) in the
solid state; (A) a,-helix, (B) ag-helix, (C) w -helix, and (D) B-sheet)
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Structural Studies on Aspartame Crystal by Solid State NMR
- Spectral Interpretation by Molecular Dynamics Simulation -

Kazuyoshi Ebisawa*, Eiichiro Suzuki*, Ken-ichi Fukuhara*, Satoshi Kumon*
Sigetaka Yoneda**, Hideaki Umeyama**

*  Central Reseach Laboratories, Ajinomoto Co., Inc.

** School of Pharmaceutical Sciences, Kitasato University

In these years we have studied the crystal structure of Aspartame (AP) by using CPMAS
®C-NMR, and could have determined almost the all carbon signal assignments. Considering
the X-ray crystal structure, these assignments were reasonable except the amide carbonyl carbon
(signal 4 in fig.1),which was observed as a doublet. That should be observed as a singlet,
because AP has only one conformation in this crystal form (IIA). A reasonable answer to this
problem was found by Molecular Dynamics (MD) simulation of AP crystal and a consistent
N-NMR result was obtained. The details will be presented in this symposium.

(%3]

FA X, 7 AV F— b (L- « -aspartyl-L-phenylalanine methylester. LA TF. AP) O#% &
kKowT, Bic, RFEBRCBVT, PC- ARSI HENMR ¥ AV - HEFEOEB L HE L
T&LY, 208, V7T VORBCOWTIR, BERETORELRE L+ HER I, HRRE
LBFBEAE (D) 1£27 3 FEABMOEZE (ON) ke LOEBERANSL LT, 1122
TOYVTFVORBERT LTS, £/, APERICIE, Beotarv 7+ —lEIEL
EEFMOoN Ty, XEHEAEEFTOKE. TARI2VWTX, E&PK 3074
R-BHEETHIL, T NARKEOVTR, FREADIV 7+ A—Y a3 YPRA—-THE T L
PR oTnd, £IT, IROLDOHMALERNMRIZ L2 ZEOBRITEREBETHI LT,
BADARY POV T, LT, H—HL2BRERY IO 2 HELTE L,
BL. TARD7 I FEAMOIVFZ VERICOWTIE, fig.llkRT £ ) . EHSNMRY 7
FNOEEF2ARCHHELTEY, RV 74+ 2= a VHFE—TH 5 L) XEBIT
DEERTI, HMCHERTE2WRD, BEE 2TV,

—F. APOERRBIIBI 2 LEBELZ E2MAET I EN T, IAROBEYIaL—Va
VEFoRER, LROBEHIHN LT, 10088 RBRERAVWET I ERTE,

Bit, DASTIE B FHICLFFOAPL 25T OKRKPFEET 5720, FRADMEH
FEEC, APAFOMBEZRT I LICh20 XBRTCIR. ZREHZEAILTW /2D,
A5FRFA—DaY 72— LTEBTIN, EwIBRFEON-OTHET S,

(KEY WORD) 7 A3V 7 — A, ERESHBENMR, #BEyIal—-Yavr,

OzUeh H»FIL. §F& 2vnbs), &L FAVL, (bA S:L
LhE L. HID¥E UThHE
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EfANMRIE 1213, JEOL EX-270 R U EX-400% A L 720 % 72 D AR O RHEREICIZ.
HvT) v VERT - IR—ARBHFIN TV EXEF— 2 EFNVELTHAL, BEY I
V=33 vicid, LBA - BLBFCBRR SN 7075 ATHBAPRICOTR ERAICA— T3
Y7y TLEbDREAEL K,

[HR]
DIARDOHEEYIaV—YaviZBELT
OEARBICBI2APHFOBNLZEL FOKRE S, XEHERITICEI(RERTOMHE
YILBBLTVAI AL o7, o T, AEICLZBEE I 2L—Va Yy
DR, LToER BT, T4, BEHLEBIBHREGF2ABDDEELOLND,
@APD T I FEAHO I VE=VRE R, SR THFRARESEHEL TS,
BEYIab—VavOER, COSTFRKEESOFHN 2B, BRKONHEL
RELLT, 2EEORERZERTLIEFHL P LR o,
2)°N-CPMAS HIEic & 2 TARDEE Y 7+ Vol
DARHF LD & o, £ 2EBOSTFHARECERLAL WD ETE, F0T 3
FERFEOEMANMRY 7+ Vb 2188, B ShaWEsH 5, £ T, "N-CPMAS #ilE
&Y, TARDBEMO BANMRY 7 F VOB 7oA, 7TI FEEOV IV
B, TIJEODEOYIF MK, H2BOBIBTHE I ENGTY, T FEROHE
BiCit, 2HEOY S F VB ER-TWA I EMNTFBR SN, Shit, *CCPMAS BL U
LEOHBEERLFETEDOTH S, ‘qm'
2CH,
(% o o } HiN-CH-& - NH-CH-BoOGH,
TAROHEYI2LV—Ya vOER, 73 Fo S o
HANVE=ZNVREY T IVOSEE, BRNOARE 2
SRS RO HEEOZE LTI, 2HEFE 8
THIEWLIDLDTHAIEFRESNZ, TD 0
BE. 2EROAEESEROER, H01ATH Y, 1o
HRHEONHEOR ) REE NI VEDOTH 2, 1 .
HoT, vt AT, XEBFOERIZYT ,
HH, KRB, MOBANMRY 7F Vic2nTit, 7
BB &), BREOMEZRZY, L2 L. 5F 10
MAEREEOR Y FT— 2 2BBELTWAT I K 8
BBOAINVEZNVRFETR, FOEEEHROMNE 4 1
BALHEENMRY 7+ Vit KB L, 23REBERLT A
VB IRFEE ICRRE G, $7-. "N-CPMAS D5
i, PC.CPMAS D&RIE &, o7 F VRN BT hmdd

Bavd, MERZXFECRBCEBETZ2d0E LT,
BEHCERCELEPSEETH S,

Wl

T T T T

%0 T &
1) #30EINMRA RSB B4 (p.269) (1991) PPM
E3ENMRARIEEL(P.263) (1992) fig.1 IAS®C-CPMAS
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Development and Application of the Liquid Crystal NMR.
Sample Spinning at Near Magic-Angle and 2D NMR

Tetsushi Kano, Tatsuya Takagi, Atsuomi Kimura, and
o Hideaki Fujiwara

Faculty of Pharmaceutical sciences, Osaka University

A new version of the liquid crystal NMR spectroscopy has been developed
which utilizes sample spinning at near magic-angle. Two dimensional NMR
were measured under near magic-angle spinning for tyramine dissolved in a
lyotropic liquid crystal, for which normal 'H NMR spectra were heavily
complicated and overlapped preventing a successful spectral simulation by
a program including direct couplings. The J-resolved 2D spectra showed
well resolved multiplet patterns for each methylene and aromatic protons.

The Liquid Crystal Near Magic-Angle Spinning 2D NMR (LC/NMAS 2D NMR) is
expected to be applied more widely, withdrawing the restrictions hitherto

observed in the original liquid crystal NMR.

WENMRER. HETIH»I2PBRNOEERLERELE 5 2RTHOBEE
BRELELLERZ, BEBENOBESTEIERLEATHENEHCEEH L TH
2N, RREFEAOERFBES LR -bBEHMoEBEEAER (D) ¥DLRS
BV, ZODRHEEERLEEHNIEBTATVLWEDOT. DOEIIVHENOBHREE
EHIBILENTER, COII5RBERILZEREOHES. UL DY I H
BOBEGTR, 2 AhABEOH R ARSI EHREREL TSN 2. & Z AT,
DOMEEZARI M DSEHALIER. EERARIIVIBEFRDIPLBELERBZZ LN
TV, EELWE. BLWL 20BN ARERAT (FRCEXREESF) K20
T. 2L LBHHE2HELTEE, £, BRTH., COLIRHARAIRE
A2o20H %,

EAHETE, BRI VVEFRO—-BELT, E-HENMREONAMKL2Z
B3 HBLELT. MEFAMOD Magic-Angle B COMERX L2DDRER
BLEHAL., ZXEANMROBEEZELARF LE BWEY Y7V REFS IV
(Fig. 1) T&% 3.

¥—-v—F: HENMR, “XxTNMR, ?YV v /7AREKE F53I
PO TDL, EHE k2% FLs HOBHR OLUDSE VTHE
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[E&] WMEBIZR VA PO JBEEREAEY, BEOZOHMOHEERHEE2%S
K& H Magic-Angle ELCORBEAGEE LIV BHEOESHBIEDIZLE2#IT 32
. HEZ &% %2\ Cesium Perfluorcoctancate 2 X RS L T 23HF AW =
ABNEO&EICEHRO CP/MAS & HlE 70— 7% AW, Varian VXR200 2 X 2Bic &
b 200 Mz WCT'HNMRZ2H#ELE. CORBRODHEEHEIEEHzTH 2. BEH
HE. EEHEHFHOESRE 27 ° CAETC—FLEI M-V T3Z2LEZIDHEF-
oo E2WEDD0ESII Lock b=,

[(BRLEBEE] FSIVOHEBHO'HNMRIXARZ piE Fig. 2 OLS3TH D,
BRNSA - —DHEBHNIWEIELREREZDTESODELRIDBEL L~
BREZWE—-ZJLPE5XF, COFTETERELVWVEFRIEE D 2. A EHGEHE 2
Magic-Angle 5 2° KREWABEL TS TCHELEARYZ PV Fig., 3 & & 3,
COXTE4EEDOHD,, L Ist order WIEWNRY - & LTEBAZTN 3,
Magic-Angle » 5 8° REWHFHEZ T H® = XIRT dIV (Fig. 4) T, FEK'H
FtOMEZDBRITW 3. £, XFLUHAE Fig. 3 L AKCHRBEH
quartet, (KB & » doublet triplet TH b, CHEDERBE LTHBETE 3,
Fig. 3 0BT 7 PHE (COSY) XA PV E@ET 2L Fig, 5 &
b, BEBHOAFL Y (H;, Hy) &EFR70b ol RrEY—7 (M
OOH) #HBIAON 2, #->T. AR MVERHBCSREIEZI RS, Z
NOD'HODHBMEEEREDODARZEIDDRBRZRI DL D, £, ZORELE—-TJODOH
RiFZ. H32 HBARV P LVBIEBEVWADOAF VLY THDLTHIREEZEIZFLTW 3,
SLEABRORKBESHETTCHE LEI 2 (hom2dj) X M %E Fig. 6 &R
To ZTOX®D multiplet BRI AP BZ LA AMEERLEDOD Fig, 7T T
B3, COLIE_RABET 2L EY. ~EXTARIIMNTREEOAY -
‘l‘é@t:&)t?.ﬁﬁkﬂ%&ﬁokd\éZﬁﬁ}?‘%@ﬁﬂﬂﬁt?ﬁﬁﬁihé?_t‘b‘ﬁ}b*éo Zh
SOOI~ ORRE. DR X228 (BEOSFBMBMORART PV TR) Ff
CREVIBOBMIEIbERBEHS Z2ER LT bhRITRERS BV, Hl X &
AFLYy 70 b ALODS SRR -V RELBEEL, H: b H B EX NS —
YELTARKERDIZE S doublet Z R T DHIDDIZ &L %,
%§F§7’D}*‘/®Jﬁ}ﬁﬁx&ﬁ FVRBIBZSENRNI-VREBNTZ. BHE
fllosER O R Z>DDIC &3 doublet doublet /8% — > 2R ¥, KEKEH
ODE—Zi>2WwTlE.,. — R doublet TH3H», HFEOERZDICLS doublet
doublet DR L LT, AMOE - VBEIPDPRIVFLIHTWI LERTEL S,
HEOD—-—REBLTZKXXTNMRIRZ MJL%E LAOCN %@7D75L\Eﬁﬁb\f§
McEF T2, BERBTH CH %, ACVROBRPEEODERIZOLYD
W~RTZARIZ MNP SDOEIERDSNREWVWEASTSH, #HE DNear Magic-Angle
Spinning —“®3xTNMR (LC/ NMAS 2D NMR) ic&bh. BDELRDOE
HELhZLHHEINDL, LIETCEERZZRVWEI22E. SEBELOLEYZE
WMhEFB3cicihBRLTTEREN,
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O AO #&38
- AVAMAT ¢ F v 2B HRRERS

The Sensitivity of Magnetic Resonance Experiments
O Norio Iriguchi ‘
Siemens-Asahi Medical Technologies Limited

When the sample is conductive, noise is caused by randomly
fluctuating currents in the sample. The inclusive resistance
can be defined by R = K. + R;, where K. is the coﬂ resistance
and R; the sample inductive resistance. Any noise contribution
from dielectric loss is neglected. On the basis of formulae
given by Hoult and Lauterbur, these resistances are expressed
as R. = a wd* and R = B & Both ¢ and A depend upon the
coil and sémple geometries. In addition, a depends upon the
coil conductivity, and £ upon the conductivity of the sample.
For low-loss samples (e ®@s? ) B we’), the SNR (signal-to-noise
ratio) ¢ o @™ ¥ = B yY*. For high-loss samples ( a @/, {
Bwd), ¢ o wsy = Bo y>. For physiological tissues, since the
specific conductivity ¢ varies with frequency, the factor

must be included in discussing the SNR.

BAEOBAFALCHD L &, BERBORBBER. roll (1+1) T3
LDOEEZLNTWS, —FH, @wo = 7 Bo THBH G, BMBEE »’I(I+1) B
KHAL. b UBGRESEB, 5% b, BEBORBEED »°1 (I+ DicHWT 3
ZrohTnd, BRABEEIZOWT, 2] 0P SREBREORMERIhTSRX
hTtwnsd, faiE. °Cik. HEH L CL6%OREBERZ BT B ZLithkoTEY, 20T
CRIELfBLONTHnSE, EIANRERICE. "CRHIZNLT 2~ 6% U LoREERE
EHLTWS, 2OMHE, RHCE, ERR[NCEFORTIEIPSTCHS. HitlkE
BEY2ICC &Y HRE LG/, HENICEC ORBEBERERZSL oh T LY
HEV. (D50, 'HOBER. #REXShTHEIYBHEL, )

SNR(signal-tonoise ratio). ¥ 7NViEEEH. MER
nwH<hL DY B '
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AANVICBHNEBRER L CERABIRET S & &, FILBANAEOBAY VBB
OWRFERTTCEOASNICHEH I B BEBHEMP)X. £s = (37 OB - My)
TRIND., © BAEKROBILONY Mk, Mo = ny® 21 (1+1)/(3kT)

TH%. nTRUABBEOAE  OY. rEBSRENEL, 1 A VR, kR y<
YORB. T. BV INOBECHSB. AR 0" NIV ERIIBLE, EMF O —
V. &s = wlny A1+ 1)B /(BkT.) THY. woky— 7 ABMKT

b5, —F. BEEMF OEPHEL. &y = A kT AFRVCEALhS (AF R
EHRE. RIEET BV 3 H59HH#H).

YTV HEEREE T L E, VNPT ARET 5. BAHLEHE.
R = R + R TCR#Ih., R. 32 VoEH., REY Y INVOBERECHE., 5
BHRTES IS (2 NVOREHEEFE L/NE K 308 3), Hoult & Lauterbur
OAK&-C, BHEE. R < ¢ 0/ BIUR o« g ol t&EIh3, @
HAHERD - Y OEFHEFIEGNR) ¢ &, ¢ = T2V £/ 2V £y) YO

¢ o< T nwd’ yI(I+t1) e @+ B wsd) V2
rxRaEhd, “RBael B ANV UTVOBRE RECEET S, ald. 210
OHEBHICBEEFEL. s, VU INOEBHIHLEET S, R, EAHRIC BT,
HEF o(Q'm”) FHEFEBOC & > UIIEHBYIE{L L. BI00MHz 2 B4} 5 BA
AL, BMHz CBUBEEERE Y B2 ~ 4 ERVERCHB. OROER. BEE
ZR LS5 5NMR oHMBRBERERTH S,

" SNR at a given field
Nucleus ’ SNR at a Low-loss High-loss ( @ @¢* & 8 @)
1 7 given freq. ( ewd”* D L wd) o = const. o o< log we
BT yI(I+]) Y1+ 1) y2I(I+1) 77log V2K

HoOV2 2675 1 1 1 _ 1

By /2 252 0.94 0.85 0.89 0.90
12 108 0.40 0.083 0.16 0.19

i o3/2 104 1.9 0.37 0.76 0.90

B 3/2  8.58 1.6 : 0.22 0.51 0.63
“Na 3/2 . 7.08 1.3 0.13. . 0.35 0.45
BC  v2 6.73 0.25 . 0.023 0.063 . 0.083
Bl 41 | o4 0.015 0.063 0.096
YO 5/2 -3.63 v 1.58 0.048 0.22 0.35

BN V2 200 0.10 0.0018 0.010 0.018

“N 1 1.93 - 0.19 0.0019 0.014 0.031

1. D.L.Hoult and R.E.Richards, - J.Magn.Reson.24:71,’76

2. D.I.Hoult and P.C.Lauterbur, J.Magn.Reson.34:425,"79

3. R.R.Ernst and W.A.Anderson, Rev.Sci.lnstr.37:93,'66

4. N.iriguchi, J.Appl.Phys.73:2956,"93

5. H.P.Schwan and K.P.Foster, Proc.IEEE.68:104,’80
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Pulsed Field Gradients HMBC Spectroscopy
-Application for Natural Abandance SN Spectroscopy-
Jun Uzawa, Hiroaki Utumi, Hiroyuki Koshino, Tetsu Hinomoto,
Kentaro Anzai :

Recently, pulsed field gradients spectroscopy were widely applied for 2D NMR
spectfoscopy. In the case of HMBC, however,there are some introductory reports in
spite of its usefulness for structural studies.In-this symposium we report pulsed
field gradients !fMi-Detected Heteronuélear Multiple-Bond Correlation Spectroscopy
(PFG-HMBC) of long-range proton-nitrogen correlation for natural abundance *°N
compounds{tubercidin cyclonucleoside,thiamine hydrochioride and nicotine).

In the PFG-HMBC spectra, useful cross-peaks were obtained and tl noise were
suppressed drastically.

1. BX

Bif. ZWANMROABH CHIBAE NV X (Pulsed Field Gradients, M TEX TP
FGL#HT) Lo THEDIL—L Y AZRBIRTIPEENEAMLL. Re B3R
FELZIGHEATWS, PFGTAE— VY ADOBREFTS CLEZRNMROMHH» 5
REINTCELEIETHEINY ., 7IF4 TV RENETO-TORRBICE>THIHT
KAt 2ok, PFGOEFNRFHEIIL -V ZORRENEZ LI ALETSZ
LTHBo -

—7%. HMBC (*H-Detected Heteronuclear Multiple-Bond Correlation Spectroscopy)
BEIRREBIESVOBERTOAF CHEIHENTWIERESNMRAMEETHZ. COH
EFEEDORA Y PEHOOUYEHDZ ' AKICES LEMBEOY 7 F v EBEELRTIMER SR
WL THD. COEBNDEDREETEN NI LEEOIMMEEDLD LOEAEDETITST
i, PFGILLARI—VYAOBBRICED LIV A X2 BLEIRZENTERIETT
HB. UL LAEMBSE, PFGEZEHMBCLHlAGOLEEMIENERETD | BENZL G
W, WESIEPFGZHMBC NNV ARFOPICHARFZ. W 2PDEMEHICHE
EFHEFLZOBEWLEREF UE, PFGEESAANEC-HOHMB CERIRASORIC
Lo TRMEBENKEZABICHYNTES L. 2ORMOA RIS ARSA Y FEBEDPLTC
OABEZREIVRIIENTCESZIL, L1 XEFBNICBDEIBIILEOREFREF
STWBZ EE2HERLE,

e, BEFTHEINLTWEWISSN - HBOHMBC X7 b VIZDOWTHREHLE.

¥—g— R BHBHUENSIV A, HMBC. N—15NMR., ¥7nux74VL¥y k. =aFy

S5EDLLWA. DDRVSEHE, CLOVSYE, VOBLTD. HASWIAESS
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BHEOUN-HEOHMBCE T PCORRBREUELDLIRTH B DICH~R, SNTK -
0.37%2$91/3THH . t1) 4 XFEMKELH B, EBIL2~3 Ry RBTEZE - KEHO
AEVHGERIHEE - KBERDZh RN SR DMES S S CRBICES, 2IT.
PFG-HMBCZfHEsZ itk TtHRAMEShB L 2FHE LA,

EHB/L T, C-'HMOPFG-HMBCIC X3 EAMIEMRL., *SN-HpHM
BCRILOWBZIHUETE3MERT., St THERGZCRALOYBER 2RND,

2. B
NMREBURZELZVWHCRAFETH

aB60O0%ZHW, FGaz=y e FGSu—7

(smn¥EH{X}) ZM4BLUCHALE, PFG~ ‘H rrv 27 H -

HMBCO/A W ARFNSE L HOED TH 3. P Sm§§§&

PFGOBER, ZMCREUG/ arDE, ” F t ]

NV AEI0.6~1.805% L GlE620DHIK3C

90 180

TiE2:1. SN T2 LE, low-pass Lfiter G &
ﬁﬂuyanx7btvkuﬁﬁbﬁ%®“*FG ﬂﬂ K
EHEHEOLOEZAPRERICEI UTHA el
Lo SNOE®EY 7 NZDMSOICEML 7=

USNHLNO DR OPPHE L. ERBE + & L, %1 PFG-EMBCG) )NV X R 5

3. SN-‘HEoOHMB CEDiEH

(1) Y27u27uAv Rk EESEBARULEWSODPORXI LAY ROSNIRT MV E
BEARRINDPTED ' HEZBRMICEHE U ZINDPTE I Lo THBELLEY 7V BXUACVE
EEBRIOVWTHE LEY,

BoMizEDOU, B R e e
LB E#WPF G A N oo | -
WRWTHELRESN-H * ¢ A
MBCZRYZ bV THBo | -

EFFETFLLCMBRO | -
| FNEZDH5OLL
JAXBKRECHTED, ,
—RFEARYT MV OV A" ©
B7o0vy . ROL0BSRR) A °' " 4
HBOT. JuA¥—7 | '
)4 XEHMTED D
OO, —BRIZIE N -
HEOHMBC X% b
PR SR I0SE 51 A0 S
BELEPSELDTHB.

o
~
o

*cOE 8cde O

y
oty

yy e

B

er 8018 4t A a® O D Gmes W Orlre - mOO GBS Be . O= s

0O B eO. BEICETOC @ §IDOE 0 O PO -+ COB CHO OO e TG0

.
. - - .
o = oes sbeiade

#W2H tubercidin cyclonucreosided) ISN-HMBC 2R
7 M VRESI1398mg/0.6m1, PEBITDMSO, EEIIGX-400
THp—-7c@A. RiERE5 48k
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SEMFELEPFG-HMBCXRY MV AB3EICTT .

t1) 4 XDFELA RN
TUAE—IBNESEhBED
Tk, B2EPDINEPTT
AP oz0-1"2 5
OrZOoIA¥—-7/BbHhiE,
2. 2PPUAHE DL ) £ XX A ¥
VAN A VEBEERTHDE
MEMNELS ., NV IRDIE
LEEEELTHhIEHERZS.

F7=, A2%120nsk U,
7B I SR TRE-2"
5N¥-9, B-5’pBN-3AD 7 O
AE—7 O, B-2» 5N-99
B-8» 5N3AD 4R Y R (W
FR) ZEVEAICKB D
AE—-7 8B BNiE,

(2) #73y F73Y
OPFG!ISN-HMBC x~
7MW EBARICTET, SN
AR M VE oS va
vickb@=,
CDESBREZIUIE
W SN - HRD 2KV R
~3RY RBTEEGRER
Boh 30O TRERITICHL
DTHAHS5 L. FETHEDN
EfcHoBROLEYY
Moz svarvickd
BElbhdokick>TH
FHWEERS O b S
BitrroEmEd LD
TEBRESS,

L2y 7 MEEHED LD
BILRHETHE L 2ETH D,

CIT 34mg/OMS0 FGHMBET 2048 12816 FGHXS 2h1dm

NH, 8 7 T 45
e

e
/\z-‘
\
)

/3K tubercidin cyclonucleoside®PF GIiSN—-HM
BCZARZ MV REIT34ng/0. 40l #5IK1XDMS0, PFG
BWEE366T1. 2ms . PEREML 2 BeR 134

Thiamine/DMSO+H20 FGHMBCT FGHXS AG00 Bmin30sec

opn
T
140

T
180

1 ] |
NH, cr
Me
0

X .
g NN —cn,
MeéN.// (“\s Bt I

T
200

T
220

T
240

4 thiamine hydrochloride®PF G *N—-HMBC
27 M REEIL64ng/0.5m] ; PFGHE726G/cn0.8
ms. MEE L 2 B ERKRE 8 4308 !

(3) =Z=aFy —aFviRE2EOZENHD . HEBALRSTWAOTREKEZD -
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B, BlcPn U YBOZBEREISLOTub b AV VEAETIRREEEH DI, 0
BWwFhbhEWERFEXI S, ﬁiﬁ%‘%ﬁ‘kﬁﬂélﬁ‘)//ﬁ%ﬁ@?ljzﬂ A" 4
JaxX VAT RPFTIE
AROERERLEDT. $5

Nicotine/COCL3 P11=120 PO+ACOTH=3 TLDI1=1.3 GR=98 B/20 10nradain

BizPFGiN-HMBC X~ 5
7 M VORBBBBIEFRT . A
7u b > OREI - HC0SY I

¥ M-13C COSYiz & D4FLr. NOE e \ ,
BART M VICXDUBGEBEZ N 1
ERLE, B—-B50'HEE
BiBra, EBEEDLTS.
BEEIZ K54 T4V IEF e n i 0
W X3GtkEBEL 70XE— Le
TOREXIZOVWTRELER
BERT, £'bedapsiErn
AE— I REL 2 L5 Al B
RhEwn, M- HEEET A
—75XOMENBER - b ,
YElcbBD IR — T D& %58 nicotine®PFG!N-—HMBCXRZ k)

W7o hIBRERLSOBDE W I H30%, I CdCls, PFG~- WV X
RicHDB, hEWITORAE— 1446C1.3ns, FE R 11050

OHBZ37 P EVWThHBREOBRORREIR
EALE7ubrcEREon—-UyR7TORHE
L7 VFOBRICHBEBDI O,

4. %
SEOBMENTRT LS5, PFG-HMB
CERZESHLEMOHEICLEDTHA
THY. COFFOWMELCRWCEMKTES
borBbhs, £k, a22ELth3 &
Sicizb, JOMEWXE-HEOHBETD
t1)4 XDl RrwWraA—-r2BAlcEd f
&Aook, 4Ry RO I wueSBH SO #6X nicotined G
5. AHICHEAM2HzZUTCHUAETHS,
utwﬁb*&mﬁwfﬁmfﬁb %ﬁkmkﬂﬁéﬂ%%@t%bnéo

1) A.Bax,P.G.Dejong,A.F.Mehlkopf and J.Smidt, Chem.Phys.Letters,89,567(1980).
2) R.E.Hurd and B.K.John,J.Magn.Reson.,91,648(1991).
¥.¥illker and D.Leibfritz,Magn;Reson.Chem.,31,287(1993).1
3) K.Anzai and M.Matsui,Agr.Biol.Chem.Japan,37,301(1973).
4) J.Uzawa and K.Anzai,Liebigs Ann.Chem.,1195(1988).
BB KRR BENMBE R MRE R4 H(1987).
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Development of high temperature (1800°C) NMR apparatus

and its applications to inorganic materials.

OHideki Maekawa, Toshiaki Nakao, *Satoshi Kato
Toshio Yokokawa, **Shigezo Shimokawa
Department of Chemistry, Hokkaido University
*Showa Denko Co, Ltd.

**NMR Laboratory, Hokkaido University

High temperature NMR probe attainable up to 1800°C which has an ability
to measure less sensitive nuclei such as 2°Si is developed. A molybdenum wire
is used as an electric heater which is wounded non-magnetically, The heater
current is supplied by a stabilized DC power source. The electric power
required for heating up. to 1700°C is 600¥. 23Na and 27A1 NMR spectira of
Albite melt have been recorded for the temperature up to 1700°C. The line width

caused by the current flow was less than 40Hz for 2°Na NMR spectrum.

[(F&H] BE EBEEGLAYOFNE. BEBITICMAS, DASEREZORERELBY.
NMREZHFAVLNB IS RKH-TEL, Fhd. WALALUEBEE, EHRGETTCOME
HEBIERE-TEDOH 5, HBBEAKSZ VIEELEWICO VT, % HERM¥E
REORE,»SER. BERETOEBHATFXBIIELEBIEETH 3,
MEALESMCHTIERTCOESMENMRAER, FRECBRILVBESLOFER
BEOCBELHNABONA, SEOHEBOA VX L0MBREcAIREhRD%2 S
XHTV3E, HE TO0CETRETELSEMAS-—NMRSo—-7EdHREhTH
35, 1000CUEOERTCORBICHICEAATEZIEIMENMRI o-7113
PNhN—Fick-THITICHERBEINTWV S (1-3) ,
Coteb (DR V—F-—MHABEHVT2000CERAZEETTCONMRBELRIILT
W3, V—¥-—mMBFXE2HAVIHEAR BERABETLLLSBrE6hEILETH
2H, BELSEShLGY, EBELEEEZFHBALIIS L, RHaALOERIFHBEIh S
HDEREGEBEOMELAHRBVI LB EOREL»OMEYD 3, bhbhid. BE{LaYD
D 2955, 25Ng, 'O DO EREKEN 1 SO0 CETOEBEHBBH TCONMRRBENTAZ S

F-T7—-F: GAREFBENMR, 58 (~1800C) . BEEEHMHHE. <7<
OFAHhbUTE, BhBELbE EH53F&L. KIbhbElE LbbLDLITES
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EE2HEBI, BRMBFRACXETu—-T2EMELL CThickd, ThETcoBMTRE
BE (1400%C) »o536EBE~BHMTAIZ EAHXRZI LI KD, WNRET29HE
BHRWRINBZZ EHNMFIN B,

—h. RENLZBERE T35 1 BREBBRI /O EFNItEMEEL NS, <
FIHhoDKBRECPERELZZLAIBRIBAOMELERT I LREETH I &8
BRAAORMBBEEHL ML ->TOLARVWI ENEL, TOBERRRNICBETE T
VRV, AFRTR. Yy I REBAOBERTOM. VS X-BAEBHROBEEL §
ECORNEHLTLOBREBILEHELTVL 3,

[#%#&]1 Brucker NSL200 wb(150mm) (e AT %% NNR HIRXZERE) k. BEOEE S
~ 7RO, BELOMBEINMRCAVWIBEERAORNBICERBEHETEY
BEABLBROVEFETCERF EHAALETH 5, RAELHIB. EMHESEROEL—F —
TEVERBABRHERFIREZ L, BHELTREBYVIFT U FU7RF0, S0 %
VERAL, RRE&HHEZE ) 77V HOBH Y-V FTBIHBAY, FHIRTLT Y
B2VWRTNTY /KRKEBEHNREL, AREIBES RUTE—-5—-FHHEIZ. ThZ¥h
KREEATVWE, MBI, BREEABRECLIOT-THEH, AP IHLIT00C ORI,
HEOND BN ERE N 3, RHAIA LG, EHE lon OFYIF UV BTV V)L FRT
& 3,
BRMBAFARACIZ2—FBORHER b5 -FWRro 3BMBoBHEThicEbuS
AMEOETTH 2, A7 —7TD1600CTDAIbite (WEF) MED2Nalz 0
NNRAARZ P Vi3 B —DLorentzE TMH 4 0H 2z THh - 71

[AEA] AhoBMEAVTH. FLEISRERMUEORBICE 3E 5P %R

RUEER>2000CIKL2RMEOFMMIcL O EHAELIREENIBOCTE ~ THEEIERER
Bov, g/, BREHT-RIL LD/ A XHKEL. GDEZAH2SIBEORMELIHLYL, &
#. RRUAOKIKR, HE BBEZOXFREICIOVDEBML Y #02°Si NMRESABIEL
v, B, RABEELMBHIGKHERFCEEL, 2ht- 5 -BAOBRERFL
TV 3, :

references
(1) Farnan,I. and Stebbins, J.F. J. Am.Chem.Soc., 112, 32(1990)
(2) Cote,B., Massiot,D,, Taulelle,F., and Coutures, J-.P.,
Chen. Geol., 96, 367(1992)
(3) Shimokawa,S., Naekawa, H., Yamada,E., Maekawa,T., Nakanmura, Y. and Yokokawa. T,

Chem, Lett., 617(1990)
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Multinuclear NMR using pulse field gradients

OHiroaki Utumi, Atsusi Abe ,Tiharu Yamazaki , Tetsu Hinomoto
Mamoru Imanari
(JEOL)

Recent advances in pulse field gradient technology have led to the incorporation of pulse
field gradients in many NMR experiments. PFG make it possible to decrease in the limited
number of scan and t1 noise . Recent reports proposed free method of pure absorption
PFG heteronuclear correation spectra . We ,therefore, propose a PFG-NOESY-

HMQC, TOCSY-HMQC experiment in combination with the pure absorption methods.

Fram
EE, MBARANVAZAWEnmr 22, Thhd L 5kR-T&k. MBAK
NNVABFESZ Litk->T, 2 OB TRIEMERKStL) A X 2BPERBT L
BTESB, KA, FefE Iz 1H BRIREREEI BT 2BBAR IV ADMER
ZONWTERLREZA, 4E. NOESY-HMQC,TOCSY-HMQC  ifRFEEh3 2
3RTIZBLTERE, EREZTokDOTEREZHETS.

REBRE IV AD 3 RIG~DOF| Ak :
BARKRITTWS, BIBEE UV A( pulse field gradient) DERAF kL LTIE, K&
KKRD2BHUCHITOND.

a) AL — LV ARKOER 2 BPARANVAEZAVTITIZ LR EST, ERFER
BOWETS.

b) BBA RSV A% BHERE FEARS AV RL LTHAL, PR LA IV 7
ANBZEIRES>T/ N ADTELEEHEL, ERLBIBEEBOBS%EFS.
BAEOF,DQF COSY % RMEZMHBINIE R WRAFEL T OHMQC/HSQC HD R
R IZIX a) D3 — L v RAEEBH O T L,13C, 15N %enrich LieEH
BED3#3 RTEOERIZBVTIED )OIV ADRELEOHE FEA L TH

F—~17— K pulse field gradient, NMR,HSQC,pure absoption, 3XITNMR

OV AHE HIDH. HDOL BN Litsd PELE. T2 VOdL
FbDH VWERY
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3.
LH»LAL 3 &RTHETHNOESY-HMQC, TOCS-YHMQCizfRFEND 2 #% 3 KT -
HEI BT AHMBOE N AT, a) Dab—L Yy ABKOBREFZAVWLNEZ &
BPREND . EZT, RABZZID2HIRTOERIZBIIHHIBHE NV ZADHH
Bz oW TER L. ‘

¥ 72 NOESY-HMQC,TOCSY-HMQCZ D 2 #% 3 KD EEMIZ, Zh b0 3 RITD
ARRREELT TOUEOFAERNBH Y £ 52 L THE. 5B INbDOHEDH
AL AhbETERL TR

BMBHREANVZAEAWEIH SHEREZHEB AR M2 B} D phase sensitive B OE
.
%9, 2 8% 3 ILNPHMQCH L < IZHSQCE 4 Dphase sensitvieFRICBA L TRE L
. BEOLZA, MBARANVAEZRANWZI -V ABKREEBIRLARNLph ase
sensitiveliZ 3 HiEIXR O 2 EENPAM LN TWA.

1) ak—L YR 74 VE-ik

2) p-type,n-type %3 EIZ I L Nagayama method % L < iXStates methodDFERIZ
BT DHk .

ZOWAICELT, HiLOME&EERAE L.

P, ab—V VR4 NE—HIZBALTIZDa visb DRBE L SNV AV —F Vv A%
RATHAE(figl). TOFETIE, MBAERAVAEZRERE (t 1) ZynhnT
BCOMLBIHIZIRENBEBTAL —L VA7 AEZ =L LTMATNWD, TD
FkE WD L% Ophase sensitive DF L (tppi,States) M, FOEEFATEDSZ
LEWR L.

DEIZ. p-type.n-type DIHEIHME 2 RFEARY N ERBEIZHET D HERHS. 20

PFG-HSQC
"~ o0 1 80 20 180 90 180 '
1744 |1/4s 1744 |1/4a0 ACQ
TH

180

8¢ 90 90 180 90
. - t1 . ; ] MPF8
X ) .
g1 )

. L s

fig.1 PFG-HSQC pulse sequence /2 —L 2 A7 4 )V ¥k
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EA T DF—RX, T OEETIZHR DOphase sensitiveLE N —F > CRHET 3 = L
IZTERV. FZC, Nagayama method TRLET 35, LLIX. ZOF—&%.
StatesDHE—< v MNZEETILEND B. oo
Nagayama method 3. FFR#RE: & b RIEIp-type .n-typeDF — ¥ DR D4 %,
7—Y &R L, flilicappodizationBd¥% 21 72%, n-typeF—% = DL ERR
REZEp-typeTF—F LR LAY, (A2 7 —) 2EBRTHHET, BERL
I1Z, PFG-HMQCANRZ A TERL 2.

RIZZDEL T DF— 5%, StatesDh—= v MeERT B3 HEIZOWTHBT 3.
— RN HEAHE 2 T AR MR, 12 #hARS A3 (real imaginary) DR EH - T»
BT, ' ‘
2D_data = {[(real(0),imaginary(0)),,,,.(real(t1),imaginary(t1))]

LEEHRED, foT, ptype n-type DF—FIFRD L 5 It Kb T LBTE S,
p-type data = [(real_p(tl),imaginary_p(t1)),,,.]

n-type data = [(real_n(tl),imaginary_n(t1))..,.]

TZT, ZhbnF—2%2TFidoRKiz., HHETHZ Lick » T, States methodiz 3
I 5tl_realpltsr. tl_imaginarypi2 Z1ERTHZ LN TE D, |
tl_real data = [(real_p(tl)+real_n(tl),imagnary_p(tl)+imagnary_n(tl1)),,,.]

t1_imagnary = [(imagnary_p(tl1)-imagnary_n(tl),-real_p(t1)+real_n(t1)),,,]
CDEOSIRHAETAZ LItk o T, #EKiENagayama method TR L TWeF—#
% StatesDLBEN —F L IZREDZ LB TED, »

WA, BV ExPHig2ie7T PFG-HSQCAVAY —# v X THIELE2) O

p-type,n-type X R EIZHIET B2 HETH B LEF—2 2\ A O0NE, Thbb

PFG-HSQC sequence

90 180 90 180 90. 180 90 180 90 180
- pen pouses oy ey
1 T
LI
180 90 180 -9
tl MPF8
emcs———— T T
15N
- I |y . .
gl t=1/4J
O=1ms
g2
G f\

fig.2 PFG-HSQC pulse sequnece / p-type & n-typee 2 BIZHIE TS 5 FHit
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Nagayama method 38 LT, Statesth—= v h~DOEMRBED 2 i OMT AT, 121
FUEESIZAR S = L 2 FERR LTz (fig3 ; Nagayama method ,fig.4 ; converion States

method ).

L%, $H—DDIAL—L U ATALAZ—HED L OB E 2 8 3 RIT~DHELIAL

EITS5FETHS.

9.0 8.0
i I

6.0
1

80.0

90.0

95.0

100.0 -

“{F 0.0

+ 100.0

fig.3(A) 2mM 15N enrich ubiquitin(90%H20), pure absorption 1H-15N
PFG-HSQC spectrum ( nagyama method), fig.4(%) (converion States

method).
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A.Ross el , J.Biomol.NMR .,3.215(1993)
K.Nagayama , J.Magn.Reso0.,66.240(1986)
A.L.Davis el, J.Magn.Reso0.,98.207(1992)
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Structural Study of Stearic Acid in the Crystalline State
. by *C CP/MAS NMR Spectroscopy |

Susumu Arata, Hiromichi Kurosu and Isao Ando
Department of Polymer Chemistry, Tokyo Institute of
Technology,Ookayama, Meguro-ku, Tokyo 152,JAPAN

The cross-polarization (CP) method has been widely applied to enhance the peak intensity for rare spins in the
solid state. Magnetic dipolar interactions are dominant in solids containing C and 'H nuclei. The CP method
utilizes such interactions to enhance the peak intensity. The interactions are well known to be proportional to R,
where R is the distance between nuclear spins. For this, it is possible to get information about the distance R
through the observationof the peak intensity. According to this concept, inorder to establish a methodology of
determining R, the CP experiments of stearic acid were carried out, of which all the hydrogen atoms were -
substituted by deuterium except for carboxyl group. “C CP/MASNMR spectra of the deuterated stearic acid in
the crystalline state were measured in order to elucidate the relationship between the peak intensity and the
averaged distance R. From these results, it was found that the peak intensity of any specified carbon in the
vicinity of carboxyl proton are decreased, in approximately proportion to R®, as R is increased.

DIZTHIT

BAEAERE C NMRIZBWTRESEE (CPH) BRAFERO
BNPCHOESEBRTIFRE LTELAVLNRTNS, —RIZAVDLH
ZEERED' H-PCORTIR., TELBEERIIIET — DB FHAEERM
Thd, CPHRIIZOHERAZHEACHATIZLICIYICRAEVRE
'HRAE Y ZOB TR N X —OBRBZRI L. ZOKREL LT HAEY
Enb'PCREY :
&P COfE B iZHartmann-Hahn D& ERTFHE I EN TR B EAITIIB I F
4 RASND, TRAX—BIHOEESOEHR LD ERFRM (T
w) RHIBERGBF B FHEEROBRI 2REBLTRY., HEHRITIE

AFT VU BEWESHENMR/RES L (CPK)

ol <AHTVEHL HALEINESB
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RRNIRT LY T o 1 EBBF— B FHEERAOZRE—A > Mckh
BB EBHMENTN S,
Tey=(1/2)sin” 6 sin* 0 M, I (A w ) ‘ 1)

PoT, BASHIEPCOESORENSB/OLNDY Tk’ CLEIBTF
—WEFHAEER LTV HE OFERERIZIX 1/R SICHB LIcBEENS D
LEZBND, FIT, KPR TIIBASNIL > COESRENS'HED
PREEIZ OWT DO MAZ{LZ E2BNE LT, IARFINVED T v fh v
A4 T@7UF/%im$TEmbt277)/@%mm Pccep/
MAS NMRZANRZ MIEEIT o7,

2)E R
AR & L;CFlg mncé"ct 5RINRFVNED' HERWELTD'H
ZEKETERLERAT 7Y VEEEER L Oprotonated LT A5 7 V) » B
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Fig.1 Structure of deuterated stearic acid.
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| B Y R N o

. - . Ry - 5 5 °
Fig.2 Crystal structure of stearic acid C-form. 3, b, 6y o
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deuterated 2577 U Y ERDPCCPMASANRYZ M ER L. ZHEDXH
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BT3B, deuterated A7 T U VBDAXRT MATIRIAVRF TNV
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Fig.6 "*CCP/MAS spectra of deuterated stearic acid C-form

hemical averaged . .

carbon ;’hff‘:(‘;‘:;‘m) oAy TcH(ms) asa function of - contact time.
12 Tc,‘(ms)' L T T

WpnHx ) 181.7 2.84 123
2 34.5 3.76 1.96
3 23.6 470 3.31 9 I 7
4 30.8 5.02 3.53
5 319 6.03 5.29 O
6 . 328 6.56 7.56 - : 4

Table 1 Determined chemical shifts, relative intensities, Tepsand R-6 for

deuterated stearic acid C-form. i rF CQ
(D { 1 1 '1 1
72’55%)'(@( ! o 20000 40000 60000 0000 100000 120000 RS(aj
1) J.H.Van Vleck,Phys.Rev .74,1168(1948). Fig. 7 Plot of Ty against R 6

2) D.Demco,J. Tegenfeldt,and J.S.Waugh

Phys.Rev.11B,4133(1975).

3) C.H.Hlein Douwel,W.E.J.R.Maas,and

W.S.Veeman,Macromolecules.23,408(1990)

4) C.PSlichter,"Principle of Magnetic Reso

nance,” 2nd ed. Springer-Verlag Heidelberg,
1978.

5) M.Mehring,"High-Resolution NMR
Spectroscopy in Solids’ Springer-Verlag,

Heidelberg,1976.
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Semi-automatic assigriments of backbone NMR signals of proteins

S. Ichikawa, H. Hatanaka, D. Kohda, K. Nagata, and F. Inagaki.
Tokyo Metropolitan Institute of Medical Science,3-18-22,Honkomagome,
Bunkyo-ku,Tokyo 113,Japan.

The program system was constructed for efficient and rapid assignments of protein NMR
resonances using triple resonance 3D data. The system comprises the home-made C programs
searching for the connectivities of the main chain atoms, and Felix macros, which enable us to
inspect the corresponding connectivities on the CRT screen. This system was successfully
applied for the assignments of the main chain NMR resonances of human ubiquitin with 76
amino acid residues.

)i

REESZRTINMRY AV -JIEE 2 EAGbEBI L I2E ), Y7 F Vo5l L LBk
EOLLVARI PVEBEILENTE DY, TOWBEIBART, T RTCOBTEABOF
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BHABER Y INP— 5L LTHW, 7977 AOBRN 7o 7o
£8
¥ /OS50, CEERLIADDLTHEAONMRT — 4 LEY 7 + Td BFelix(Biosym
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A new development for structural analysis of fluorine-containing organic compounds by 'H,'*Fand '3C

Triple Resonance NMR method

OEtsuko Katoh”, Kenji Ogura® and Isao Ando”
1)Tokyo Research Center, Central Glass Co.
2)NMR Application Laboratory, JEOL Ltd,

3)Deperatment of Polymer Chemistry, Tokyo Institute of Technology

'H,"F and "*C NMR spectra of fluorine-containing organic compounds were successfully measured. The obtained

'H broadband decoupled *C-"°F COSY specira and '°F broadband decoupled °C-"H COSY spectra were analysed. On

the basis of results, sequencial analysis of these experimental Poly(vinylidene fluoride)(PVDF) was carried out.

1.

"E 7y FEBUHABILEWR. TORBBHERACIVE  RELBOETHAEONS

WHRLABFRICAIN TS, SO OBBLPERT A 20013, oARILEW & FIKICNMREED)
FRELRL, "FEEULEBESWONMRANRY M Vid, HECFE OB FHEAROZ-DICHERE

DB REEL 2 BBAVH L, FOL ) RILAWONMRANRY MVEBHIT 2200 FEE LT,

Tonelli” & 1°C NMR % 52 L y —HROBEEHOTET v R -0 E7oTV b, 7

F-U—F MLV FVX (ZERR) . §FEENMR, PVDF

ORES 222, BEL AL, HAE) wEls



Hughes” 513, 77 F#hELI VAT 0L FIZDVTHF COSY% % BV THIZERT LTV 3, 20,
BHENMREHVE 7 v BHEERI Y -2 BT EZ L MESHTVEY , LaL, 20X 2t
EYORLALE, AEY 1/ 20'H, FELTCHPRRBICHELET2OTRAEY A vy P v 7k D
ART PVEBHMEL ), BEERBICT 2245, ZETHARE DI, '] FCHIcL 3=
BERBEONNVAY =7 Y A HCHR L, 2OEGHOVTRI Lz, 2048, '°C NMRICEB
W, AR FVOBMERREDH EXFROLN, 7y B2 LERLEWIH LTENTH L = e
BRTE T, SRR L LTHRBERLFTRY v — & LTHS N APVDFE 0\ THEBN & 17 -
AL

2. EEB

2—1 BHE | HCFC-245¢a(CF,HCF,CFH)I3CFC-225cb ¥ BT T2 2 Lic X N8 7=,
PVDF((CECH)MIRE =) 7Y 7V T4 F(CE,=CH)* SO THREBEAT A LIL VB, BARE
BT 5 BIsAHENCI2, di-n-propy! peroxydicarbonate (H AJBE) % A7z,

2—2 WOBENMREIZE | FBRIZIEOL A0 RIS 'H/ °F/ CEEBRB 7O — 7R EBE L Tl o 70
'HEU ' *C NMRICDWTIRTMS %, ' F-NMRIZDW T c;tcpcw%ﬁ E L7, AEERICERELEN
WAY =72V ABRDEBY TH B, (1)°C IDCH/F decoupled), (2)°C-'H COSY(F decoupled), (3)"°C-°F

COSY('H decoupled) pulse sequence % Fig. 1 1273 o

v o v
180 %0 180 %
! ® ﬂ 1 o _ H 1 oo
13C PD
Fio '1/44ch> vucuT\
136 | PD
V 90 90 20 90
decoupled | u decoupled
19F ] decoupled | 1H " i f | 19F
f2JCH . 1/2JCH
W] decoupled |
| ‘docoupied | W decoupied

Fig. 1 Pulse sequences for a)'°C(simultaneous decoupling of both the 'H and'°F nuclei)
b)*C-"H("F decoupled)COSY and ¢)"*C-"*F(H decoupled)COSY
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3. BRLER
3~1 ZEHRB/SVAY—F ¥ RDHCFC-245calt AW~ DI
Fig. 3 I2HCFC-245ca® C-"H COSY(“F decoupled) A7 MV ERT, ¥/, (EROFETHAC-'H
COSYA% b V#Fig. 2 KR,
Fig;2 EFig. 3MARY MVERETEE, FBEIPHLEDA vy 7Y U 72k V)ﬁ}ﬁs%l,rw:”c
NMRANRZ b VA —HBRE % o T, ARZ PVREMIEEh, FRCRESRNLT S Libio

AN

T T T
' ' v 12000 11000 16000 9000 2000 2000
12060 31000 16000 %000 000

) b
CF,HCF,CFH,
123

000t
"

005t

000t
"

a0t
i,

! . ' v
' g 3

! . ' v
? f 1 #4
3 3

Fig. 2 Contour plot *C-"HCOSY of 245ca Fig. 3 Contour plot *C-"H(*F decoupled) COSY

The positive countour only is shown. of 245ca The positive countour only is shown.
3—2 ZEHBEEAVIDRU2D NMR % AV 72PVDFOE S5
PVDFid, BFEU TR KU~ — HT

LLT, BEESRTUAHETHY .
HES L ORIRE STV,
%72, PVDFIZIZ WL o DEERHS : ‘
PHEETLIZ LML TEY, 20 by
REHSGORERVEEY, Z0MHEE s
REAT A0, —REELYBIT 2
CLREETHL, 20L& LBEAD
HNMRIZ & 2 BERITICSOVWTH EY

T T r' - T
% 400 -108 10 -115

Fig. 4 “F(H decoupled) NMR spectrum for PVDF
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FEWTE DEEEEYRITT 234 %47 o 720 Fig. 4 I2”°F NMR(H decoupled) AR 7 MV #RT, =
DARZ MLV E T TRENZ SR TwhnHlth Y- 7a,b7§*‘6§§£'<“ &7z, $7z. "F COSY(Fig.s)
L'HF COSYFig o)DM DR, KX~ DRBFEPL 2o,
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Fig. 5 Contour plot '°F COSY('H decoupling) of  Fig, 6 Contour plot *F-"H COSY('H decoupling) of

PVDF. The positive contour only is shown PVDF. The positive contour only is shown
Y—Za~fid
1 1 3 2
CE,CH,CF,CH,CF,CH,CF,CH,CH,CF,CF,CH,CF,CH, -
a c d f e b
LIRB L7 '

ZEXRBDEROFEICOVTRE, HRACBVWTRET 2,

BE I

DTonelli, A. E., et al., Macromolecules, 1981, 14, 560
2)Hughes, D. W. et al., Magn. Reson. Chem., 1991, 29, 387
3)Casis, R. E., et al., Macromolecules, 1984, 17, 1932
HYagi, T., et al,, Polym. J., 1979, 11, 353

5)Tonelli, A. E. et al., Macromolecules, 1982, 15, 84
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Pulse-imperfection effects on CPMG-like sequences for observing
the Pake doublet of the ' °C-""N heteronuclear dipolar coupling and
the solution by a new sequence MLEVS/8® :
Department of Chemistry, Faculty of Science, Kyoto University
OYoshitaka Ishii, Jun Ashida and Takehiko Terao

Approaches to determine the “C-"N distance in solids by observing the Pake
doublet are studied. Finite pulse-width, offset and flip-angle error effects are
disscussed in detail using the average Hamiltonian theory and the multistep
numerical caliculation for "the dipolar CPMG sequence", in which two
CPMG-like sequences are simultaneously applied to “C and “N. Such
applications of CPMG-like sequences are found to yield a double doublet
spectrum. A new sequence is proposed to solve these problems, enabling us to
correctly determie the C-N distance.

[FEsh]  Boridigih UTohsRERSERC U PC & NI ERHIC CPMGEL L 2
FHABET ACE IO R—2 X T L v FRERIL . PC-UNEIOIERS FREC K
»277a—F (dipolar CPMGE) 285U, A7y b, 7Y vy THOLS -
EOIFERBRMENRENIZERE L AT P VICEEBE2EX 22TV —UNINE =
7 (AH) 2HOKEEE Y VF 25 v T (multistep numerical calculation)
Wk DECTRU e, BI3E, FUCPMGHRSI% PCE PNICER L s, 7V R
BNCHE U AEBEMONMRO DA T U v FHR2BW /AT EMNHALMC T, &
fo, TORMROBE S U ORI 2 K 2RO RRFBIRET 5.

(%] BEZCEFC TS 232D T3 BAICH>0T. EEih~s,
<1 AMRIEMR> CCTHEY LW Sdipolar CPMGD Y —7 L2 2% M 1 R
T, BEZAEL ], SWMNTAEERTONINV =7 UE .
Hg = Hpr+ Hose + Hp (1)
EERINB, KU PHEOHE (o) . 78y F (Q) . MEFHEEER (D)
ZRWTHyr, Hyfe, HD i3I RD L HWHRE 3,

Hyr (¢ )=w () +og (£)Sx

Hyfr =4 1, +Qg S,

Hp=DI, S, ‘ (2)

F—U—F  E@k'°CNMR, CPMG, WEEMRAE. RESEIUGETEIEER
OublhwkUrkd, HLEUwA, ThiFOC
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CCT\C@AEwFLT&K&%?DN?*&*?@EWﬁiﬁK%D‘AHE%
ZHEAT 5. 1ﬁJ7wm2ﬁ®nﬂwz%@mmxxfmwé%émomwAmi

={0) == (0

Hp )+ Hyy' —Tcylde (2w {PetzS:+1y8y) - 22ty QsS4 o
EEHRTES, CTT/ANRER [ ESTHELLHDELT (Tw) | A I A4
BB Toae=4T+2T, E LT, R (3) 5Ty F OMRIERLTLES C &
PADE. b LIA CT 2R % T BB, OROAHE K
DESIKDENG,

—m)

Hp = ;ﬁpnria§g5%o+hpgg)
RS : (LS, , [,Sy|=0&D. m
N (4) it Tayy rrxy
— R =T 3 =2 Y XLBHNT,
BICARY FLVOHENTES, X

YU LR L, 2 BT 5 & C

D1=D(1‘Tw/Tcycle) (5) mix H H l—l
Dy=D (6) —
DZODEZBD2EOX T Ly b N :
BERRINZCERRB, ¥ Tk Yy §‘k T | 2t
FORVIBE, DD EMSTICE L
WTHCOTEBEL WEHILF Fig. 1. Heteronuclear dipolar CPMG sequence.
A7y TFECEYRENS (H2) :

(4)

mix Decouple

F__

<27 Uy THIS-TkAHE> |, T
BIALAH T AU R % HiF % dipolar | 2.5¢
CPMGRHITIEA 7t v } CEBEAT 2

ORODAHIZ 0 &2, CORMTE | p s
FHWIHEHTETONNL 2R hITE DT
7OV AMED L S5 —NER L iy, J\'\\ ‘ :
COMPEEAHIESRE O THEE U | |
fER. OHzOWBIC KX v — 2 2B 10*JU\\ JJU\\
DNBENSTh-Tc GRITERLUIK) .
M3V F ATy TiE () E0X - T
DOAHMLDFE (B) wivBonk 500 500
TITY Y jﬁ@li"‘i])}) ZD*%’:%@ Tc=200H, D=-1273HZ (,0/27[(Hz).
dipolar CPMG2~ % F LR 7 3, . .
TEERERRC U TOBCER o vy mtts oo O MO
Hns, |

<3.F7 vty o> BHSFHRTH T £y P BTHICRENE ZCT 13K
LOIRMBANRY F VR TELVEERRITET (M4) . OHzZKEbh T3t
=23 1 ROAHZ k32800 73R THELEBbh2, 1ROAHMKD SN
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fam (RdEes) | Tk
F DSRUBTAE S LA CERE
EhREnEEI L, Sk
B3 2IEDOAMBAHICES T &
BaMhole, TOBE, <
2 > & FIRRIC IR 3T
T& T, OHzfhEDE L 2—
N FRE5R 5T ENEET
¥ VIial—varOiR
RIIHATE S, UinLiH

Oth AH calc.—————l I————Multistep calc.

1:190°
S:170°

1:190°
S:190°
1:180°
S:180°

BT &, 78y PR K 500 o

EALUTWKE, BUE—R

T T T T
500 -500 0 500

w/2m(Hz) w/2n(Hz) |

VEMWNEL D, FokYy
FANI D E ZI I AR
Fv (f) HEshdECH
MHBT EBThole,

< 4 F{E/ U AR5 MLEVS/ZR>
MLEVS8ZED /L 25T 7 U v TROL
S5—DF Tk v MUEWHETIRZTRY,
UL, ThZ2BAORCHITEE (
MLEVSE/8). chEF Tt ki 55X T
Uy FPB2EITL T AT FICIL B,
TR SIELS, BAHOFICEEN 5
JeHThH5, Hrld, MLEVS (xxxx
xxXxx) %1 AEIC, MLEVSOKH
AREURYFA 7L (XXXXXXXX)
S A IChT B0 R
MLEVS/8*%12 R U, c DV — /T v
RBEH T EC LD, ROBENF +
BLIN2EL k>t TL v FOFEY
MBI DOXTLy FOAMBEBLND
&, MLEV3/BLEEEDA T v MIC

Fig. 3. Flip-angle error dependence of calculated
spectra. Tc = 200us, Tw = 9.09us, D =-1273Hz.

offset(-kHz)||

spectra.

Fig. 4. QO dependence of calculated

T¢ = 200us, Ty =14.29us,
=-1273Hz. ® shows the Ix term of the

YT BIHENRTEXECT ENY I 2L — effective AH with each 13C offset.

a k> ThHEMDBNK, TVERY Y

F LR % FWIOSASMLEVS/S OE MM I HICHLMIC L 2, & 2T, Wil
779 290x240y90x % CPMGRFNC {5 & LS, DEDOHLB5TLS, . LS, LS,
DOEBORODAHICEENS, ThHDEDYD, MLEVS/SRIING 1T (X
5F) . MLEVS/8®%51Z A CETCDEONTARPMYELC ENTE S

(X5T) . COBFBE,
Hz (19%) HEE(LIEZICT E 0,

1 OkHZLIADA T v MCUATY v MRz s L €5

[3EE&%] Chemagnetics CMX300 spectrometer (& E{ED =818 7 11— 7240
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Hird, 2-PCEN %R6%H TSN LI T Y oo OBEER A FO T EBRA1T -
7z, Cross polarization & T2 —% FL CRUE A HEMRL . "CRBEEIL 7o, o7
D73 134 INETE L 1 7SV AT e, #ERTO 2 SOIEL iz 5T
D55 1 DLEXNTHEFTOABRESNTHS (MB) , T T IVRETFTHy TY
27 &0 H-"C OREERSEL . O C-HEONETFAEE/ERE R H 0
[EEPERFICGERILTUES C LS, MIET 3 3al—2a2RTIcE
A5, MLEVS/8

@] Lt L5 CE®No | 4,
HEICCPMGEL D 3L 2 751 % IR 8t
U. C-NEIOEMEPRELESET
4|00 2

L& BIRASUVRIE. 7Y v T
Io—, 7k FOEBEC LR
IRFRD ST - 2T b - Hilc /e BRI HR

|

T T
-200 0 200  W2n(Hz)

OHBEMEC 3T &2 BER DR~ : MLEVS/8®

7 PVOFEEERD GIESMICL | b

e, TDE54%T ERERL THE

NRE—=2 (=2 H Ty ) db

C-NEOZERE#E% Kb 5 E K &g

EEPHUBZCENKD, TOTHHR T T A I
-400 -200 0 200 w2 (Hz)

FUIMLEVS/8"#5% fil 3 & i ‘
KYDEEEMLE2Fy B L Ty Fig. 5. Multistep calculated spectra for
Mgt DCRIFT B R —1) 7 MLEV8/8 and MLEV8/8R with a composite
P R—BEETEARKTTIELL pulse of 50x240y90x. T = 51.8us,
C-NEIDIEsS KD 2 EMT 23, D = -907.35Hz, 90° pulse width: 4.81ps.

[
=2

LERAEE B R A A A R LA A | d T T L T
T B a7~ | -500 0 500 || -500 O 500
W2n(Hz) w2n(Hz)

Fig.6. 13C di ' : Fig. 7. Simulated spectra for those in Fig.6.
g6, ~C dipolar CPMG spectra obtained The center peak was added to both spectrum

by (a) MLEV8/8 and (b)MLEV8/8R. to represent a signal due to natural abundant
Tw ~10.5ps, 7=43us, ¢ = 772us. 13C. A ratio of the center-peak and dipolar
, CPMG peak intensities was set to be 2: 3.
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Structure and electronic state of polypyrrole in the solid state by high resolution
NMR spectroscopy
Mizuyo Kikuchi, Hiromichi Kurosu and Isao Ando
(Department of Polymer Chemistry, Tokyo Institute of Technology,Ookayama,
" Meguro-ku, Tokyo) :

The 15N CP/MAS NMR spectra and 15N spin-lattice relaxation time(T{}) of
doped and dedoped 15N-labeled polypyrroles(PPY) at various temperature in the solid
state, prepared by electrochemical polymerization, were measures by means of
high-resolution solid state NMR and related to electrical conductivity. From these
results, it was found that the 15N signal of PPY consists of five peaks which were
- decomposed by line shape analysis. Inorder to obtain systematic information on the
structure and electronic structure, quantum chemical calculations were carried out
to assist in assignments of the 15N NMR spectra.

(#E]
BRIZEMNEZRTRITEFLY 74 VLADRERIUNR. 2L 0EELR
BFROVWTHRITHONTETN S, RENZREBELESFDO1OTH
HDHEFHRRBRRY v —ni3, FigliZmRT X 52200k ZEERHD Z
EBROENTND A, RY <v—DFERME. BEITHT ENEEORD. £
OHEEIZIRE+DITRBEENR TR, 20D, FOMELBLREES
BOBRIZOVWTIZHL,MZENT VRN, KFETIE. F—E itk
ZRYEr—) OEEER LUOBRKNEBEOEILEEFEAERLN N
MRIb#S 7 b, BREABELELTHAR, £k EFAEHVWERFI
FRIRICED, F—Er i3 FREOEIICETIFEMRMRER
5ZLEHME LT, |

RY ¥R -/ BEEED T/ EEEIREDN NMR/ BT L$HE

EL<b AT BT VBEL, HAES VWEB
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{a) aromatic form {(b) quinoid form

Figure 1 Aromatic (a} and quinoid (b) structures for polypyrrole

[525k)

RV v—A#EIX. BDNSRA L —A%2p— MV ALK Y
BFrh) ULARRREMEL LT, BR. TAHIAVFHATTERESIZ
IVRAMUI. -7 EBE2REITIZ LIV FE.

BREBEORZDIEY ¥ u— VAR OWTOEAEMEREISN NM
RAIEZ TV, BHIENIARY MO RN 2T oTc. BHEED R
BEISN NMR A2 MviZ. CPIMAST 7t 4 Y —% B L AAE F5
GSX-500NMR AR b u X —4& (&REHFZERT) 2 MV, 50.55MHzT.
¥7/213CNMRARY M Lid, CPMAST 7%V —% B LIcHAEF+H
GSX-270NMR A7 ha 2 —& v, 67.8MHz T\ b Zig THIE %
fiotzo ION NMRARY M VIZEEEE#IZ0,000E], b 7 b OEHE L
LTIRAMRERE L LTONZ ) S 2MW. 20L%Y 7 M &211.59ppm e
LT IS NHANO3 K ¥k 20512 A U, TN FIl R SUIE 13 Torchiad 75 5
PHWE, BRZEEREIZIMNSEFEB IV THAEICLVTo k.

[BFL¥RTEH]

NMRPEIZ &> THONIEF—H ST, & VBEOERETT 5 e,
BT 72 —F & LT, DN NMREKEROR FLEHA 21T o,
B FEFAMALAWIZH L TIZFPT-INDOK 2 AV, i, WEHRY E
B — L iz#t LT ldtight-binding(TB)& 2 A W RE . N> K¥ v v 7
D FEEIT T,

[#ER - ZE]

Y ¥ 2 — L DISN CPMAS A% h ViZIESHR 7 1 ADERTHB.
INETRAZDPREBIDDOE—IPOHELTNWBRZ EEZHLPILT
E T[], BFRIZBNTIE. X HIEEBHDOBRWRS 2T 54— b
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HEF Ay 7Y BT VR LN ART MARBILRE D CP/MAS X
R7 MVEFHEMICRFHT A Z LiICE Y. ZOIEMRESIXFig 2R L &
OIS DOEAPOEHEATNDZ LEHOPZ L. BRIZEHORR
DRBUZBITD. FRFh O —7 OMNBELILE. BREEEOLR
WY — 27 ¢ OMRENREML., E—2 y OREEXEM L. ¥ —
7 e DHBERPr O, ZOC—73RVWEREEEIZEETSX /A N
HIZHYTALELDND, ZORK., E—7 vy OHNBRERIRYESIE
HEHEORVWRBTHRILTVWAZERARS M2rLDALHLTHY., B
bz, F—7REOHMZE>TERBEEENERL., ¥—7 yiITHIET
DREEN, E—7 e THINT DHEICELLLIERLBRTE 5,

FRB I T-1000CTHO BN R Y — & F BT N ORI #E S % Table iz
AT, IRENTRD CEEMENEL D) LTINBRSRDZEPH. &R
U ¥ a— ) 05Ed)iZslow motion regionDEE TH A Z &b b, BRT
DTINDAEIZX 0.35s & 13.8s5s T. BPPOHEG{HLIVE —2 v (5.29) . o

(4.2s) WWHARTHIZI» 20 EBHHOR VRS, BETEHEHEOE N
BLNSZERTEDS, KEBETOTINGD. BIR TIX &N EE M E
K BROTNWBE, Bz —27 B OTINRELRY, BROMBICHETER
BB REL R o TS, EFRENTHIE? L. RY Ea—Viciddkf
HIZHENEREREESEETIZEBHEINTRY. ZORITORE
FOHEDORI E g —MIEBRE LoTWERZEBREINTHS, E
—7 B OFEEMEDOTE RS L. MMORSITEERP R Y TINBRNWZ 55,
IDEIBERFEEBOEETHAZ LRPRING. REICX2EXRES
HoZEbiZ. |/IE TL7X10-2S/cmDBERI=EE 27R_ T8k A3-23°CT5.8X
10-3S/emiz/z » 72 Z & H 5, BRETEREEEMET T3 M RINT.

X512, NMREIETEHAINEZRIET — VDAY b F—F
VIR EDEFIREOEILITES EEILOE#RE /DD D, FPT-
INDOMEIZ & BIED FEFNALEWOLNEREROHERB IV, TBE
ERVWEERERI o — L OLNEREBROHERTo2. BATFORE

HACREMEEEAZ ZR LUETBENERAVWEHEZX VB Ok
EH. RNV FXEr v 7, 2N X—%Table2iz "7, ZOFHEEILL, B
FRRWBEDF /4 FEEICHA, BHEDHZIHEOX ) 4 REEDE
ROEBUSBRERY 7 M THZ L. FEEMELX /A4 FEETIEX/MA K
BEOHPERBUTHDZ Bbr3, BROBEICXVIEREHME
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BBz T 7 M B2 LiE. ¥—7 vy CHIET2REEN. E—7 ¢ TR
TABEICEIET AL, E—7DFEY 7 NIERMBI 7 NI LEX
BLTWB, ¥/, P—2 B Lyid. ThENTEFRESE. £ /1 FiEE
b B ESHEORREI D b RENT. £, FERBEEICHAX
JA4 R#EE (BRI 0. 1) TEAY R¥Y v 7HNELLRoTNDHI LR
bbb, BEOOX/ A FEEZIEVWERRELRZ2E DI LBHFETE D
BREBEBECEARTIZRIAX—NRARETH D, ZhizstL. Bk
BoXx /) 4 FEERECREETD LEX LN, FEEEEICEST
Ry REY v 7i34.93eVH 53.45eVERE QB> L TR, ARV
REy v ZIIBEANTOBLRGEDO LRLTERRLTBY., ZhboZl ey
LRV — L OBREEIMPAOBREE IV Yy BV R KBERR

1

HRBEINTWDHEEZOND,

—— OBSERVED SPECTAUM
—-- THEORETICAL SPECTAUM
—=— DECOMPOSED SPECTAUM

Table 1 T.n values of polypyrrole

Tin(s)
room temp. -100°C
B 0.35 7.0
13.8 -
v 5.2 7.2
) 4.2 7.1

Figure 2 15N CPMAS spectrum of polypyrrole:

( @ )the nitrogens in the oxidized form,( 8 )the
aromatic form,( ¥ )the quinoid form(polaron),( ¢ )
the quinoid form(bipolaron),( d )the nitrogens
which have the hydrogen atomis in the neighborhood.

Table 2 Calculated !N shielding, band gap
and total energy of polypyrrole

model o iso/ppm band gap/eV total energy/a.u.
aromatic -222.5 4.93 -30.79
quinoid -225.1 1.176 -30.75

(chrge 0)

quinoid -228.3 3.45 -30.79

(chrge 1) :

[3Ci#R)

1.M.Kikuchi,H.Kurosu and I.Ando,J.Mol.Struct.,269,183(1992).
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Heavy Atom Effect on the Nuclear Shielding Constant

Mitsubishi Paper Mills LTD. Tsukuba Research Laboratory
Kazunaka Endo, Kyonosuke Yamamoto, Ikuo Fujita, Masayuki Aida.

For nuclear shielding the relativistic correction due to a heavy neighboring
atom and a heavy diatomic molecule can be approximated by third-order and fifth-
order perturbation theory with nonrelativistic functions. The contribution to
shielding by third-order pertubation theory comes from the cross term involving
the spin-orbit coupling and I-S interaction, and the external field-orbit inter-
action. We calculated the Si and Ge chemical shiedings of SiXs and GeXs4(X=Cl,Br,
1), respectively, due to the X heavy atom. Furthermore, we explain the highfield
shift of C 1 of chitosan for interaction between chitosan and I3~, using the
theory. We studied theoretical models of the interaction between a grucose unit
and Iz (or I7), using the semi-empirical MO method. In the fifth-order calcula-
tion, we discuss possibility of observable field-dependent chemical shift due to
the heavy atom effect for metal molecules in NMR experiment. For Pbz molecule,
the shift is estimated as 19.4 ppm at 14.1 T.

BEBA SN 2 XBEMEYE (S=0) ONMRYIIMY 7ML, Ramseyic & » THRIBA N BHR
L3531 RORMUFEL 2ROEHMBETEc L > THHEENE, cofvodhTit, BFoD
AV VREZLEZBHETEERT ALEBERLL. 2EHEROBRERERUFEIKER
IBETHREEZZhE LV, LB T WEPEZSOERTFSREL L&D 13CP
THortwyrMi, BRCEBBcBlshz L3, XA TVE, FFRELBVT
BFHT 2R FRUBEBERTFUERT G /EBE 1) EBEBRKEV () 1eViciEw) ©
BA. CovbEHBET A, WEFEL TR, 2 yBEL-Ss HEFEZE L RTINS
W, (ZOL-S HEMEAR., HHEHE (relativistic termd—>Td3.) EFETHE
k27 M AL VIHEF(L-S. I-)2ZX L EFNS50T, SREBREA VB L,
2EHEAROMEREL LR, SERJ{VCIEHEERER LA GAE RSV -2 (AL,
COPTR, 1BTHEOAEREITCVS,) COoBRFHRCBLTR . EYEEED
WEI BB (relativistic function)Y 2HVLT. 2 ROBHA/TLHYETE 3,9
AT, TLERASIHATOVRVERTFHRC L3I L T FRNERTHER.
(DS THERFHRE. OBBIKREEMCABEL . EEBPM3 MOET2HVTHE
T3, (), QMBEBLAERTHR X 3l0o—BRD 2HBIcR~3,

BEBhoaFicwdd aNEOB TR DOHaniltonian (A’ yELEHBEERA 2 L) &,

N
%= g [(1/2m){P, - (e/c) A, (@)} + 288,  [Va X Ay@)]  4AL, - S, + V(z,)], 1)
Ty Av(Q B, kBEHOBFICERTAN IV 5w THED. T k3 icEiF 3.

Ag(q)éé[nx(rk—q)]+[“AxrAk]/rA3k’ (2)

HL, HE—EWB. pald. EFARBIT 3HRE- I/ TH 5,
3-y-p :élﬁ%s‘aﬁ%a:;5&&%@27@?@7&%1%5&%/\::’;’ At oyrb, > FHERTHE.

QRAED Flsh, PEbE Ex50¢H, SUE VB, bV T3k
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EERERUCHERECH T 22EHEAKEXROBKICsingle determinant TERJ 5
180=(p1a)(@1B) -+ (@pa)(@aB)y
18,.,=(010)@18) (011 8)1/V2) {(0: )@, 8)~ (9 8)(@; @)} @sa1 @) - - (@nB);
(psaXeo;a)
33y =(@ra) (@18) -+ (¢¢.1B)§(1/‘/—2—){(¢4d)(¢13) +(¢iB)(¢,a)}§ (piaa)* (9.8
(¢:8)9;8)

(3)

ST, ORERRE. 10, it 1 EERERE. 0> RIEEHERE KT B
REHBEKTH B, < OMO ¥ (k) ik, Hartree-FockifEEF o BEHMMTH 5,
BEHETFAOY-¥ () EHEH L TIROBBHREZA V. gl Heic BBl T 2HE (W—K
ERT)BVHEBIE, v i) EREREZDITH 30

o e B(UR2E)

E,-E,

T [<o|sc|z>(z|sc|m><m|3c@_] —(ofxe|0y D Fomcm’)@’mcmz}}) R

0 mo L (Ei—E)E, - Ey) ol (E.—Ey

(1)
ST, OIREERE, il Al <l RBRRE02BEHEAKER T,
M. Q. OREWRRALTAHZECERTHE,. WROAELOBIHRTELIHD.
RamseyO REHEH & B HcHIE L. BIAFEKERFHRCLBL-)ITH %,
COBIAFHOXEMALBELZELL BT IROKRICKE S, (notationR X)) EBEDO &)

occ unoge 1 1
By -4 2 2 x X x x, A A
ULS(]-)" 377Ka Is(o)l {Z{; !Z’)' [Cixcj]u[cixcl ]uC&! Csl [@jl-EO)(sEj'l_EO) + (17E”_E0)(3E!" _Eo)]

N o¢C wmoce oce wmoce
+ 5 torxen, ot ot (G xetl, (8- BaCE - B - B E (erxpicnxen,
15 . KG
oce wmoce A A
XCh CNH{CE, - E)CEp ~EQF* +{('E;; — E)CE, - EQ}] - iZi' ? [CFXCF], € C5[CIxCT ],
0ocC wmoce
}{CE; = E)('Eype = Eo)f ' +2 2 Zj; (Cx €31, [CaxCh1.C Ch By - Eof 2. (5)

m

(DBIVETEMY LY (SiXas GeXa) DFibNYTE
e V) EA & o 3, FEIBuTENY ALY ONMRYT M
HEEHLU.EEBMOBEIZX - TG6aCla-nBra~(n=0-4) ®Gakiy7}
~1000 1 RECKEEC I - TRESH. FHBEER AR» 5055
' LHBBFLOOFELEBMLESILIRRIBNEVERR
TW3,. BIRICOBERICK 2 X MEHEIZ. Flygare-Goodisman
GeK, F-O)ORBUEEOEUR cHHIGT 2 2B~
Ak, RFEIRIC, SiXe.GeXs{X=C1.Br.1)DSikk. GelZ D
YO ERME- 12 e T 2P-GELKROEERL 2o SiXsD
g CSIVIMERER . KEBHEOFEORKR VB EICH L. GeXaDE
</ AR BB T2RICAZLZS, S TR.EFZBRN PHIET
i 4 ERHOVTSiIXsR UG+ DERFHRICLByIMERG)IREL- T
ok A7, ®l10O (Table 1)
EREEE— SiXsicBAT BEER SiCls |[SiBra |Sila
-74.
721.
-296.
350.
-179.
-326.

obsd,/ppm

|
v
(=]
(=)
i

F-G Eq./psp?rg X, EBM0OHFS Odia -54.2 | -66.
ZEATCOBHECTH M, ERECHT I Opsrs | 593.0 | 584.
AREL—BLTVW3E, XBESEFETBIRUI oL-s -7.5 1 -21.
KkdoL- sOFEN rROKEVWI & B o (totanrf 530.3 | 491.
EhfoGeXakPILTR.EHEESLKECER O (calcd) 0 -38.
HEHEHHETE LRI TERL e RID @ (obsd) 0 -13.

D e O O o O
0D WO e OO o
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oL-s . EBREOEMEE L RLTVWSE & (Table 2)

BYIMB, STl PSETEIVEBTRZD N GeCls |GeBrs | Gels
YINOERFHREROFESR2EBTE 2B, GeXa O1L-s -21.0 {-103.31-279.1
OERBREICHLTIE, BKERERRB. CoFE O (obsd) 0 -62.0 |~1111.9

TREERZIICEDLOLS, (PITON - )-PERELEVCBELTOLDTE S0 5).
Bif. i . RSP R, ERBMOEEZAHVWT [Gelbt &YW D Geky7bE. EiC o paraic
Lo THHEINSE ] 2RNTW 3B,
Bippri kLo FRIMEEMERICES C 1 GBI
$MYEIIRE DS FEMEE ML TR, (g 2)
IZEB e Dls (I &SRB, )D 5
Kb HHB, RE BES IV LOoBET. B
HEEERI L, 13 CCPMASHIRE (Bruker AC-250
CPMASIZy MEE)ZTTW. RIoBBERE2E .
WERBHSHEIMNT 3 LSRRIy D CIH,
ESREE 7Y GSppm) T3 C EBBAI E T,
COBFRI L ZHHBYTHE, LR (5)RKic ¢ &
K-> THHPFENBZDOTIDRAE - EKHK A » -
UL . XENBERESEE A CRBZ{L o

~C-3,5

——C-1
—]
<-C6
= C-2

oo CHy

or-s = (2/) 7 X a?|S(0)]2 (3E;i-Ea)2X b)
X (P2xgsa+ P2vgsa+ P2z8sa) (6)

COBMRRITERFHRS, IHKEC1ED
AR TEEBIIE25X2 5] &K c) ,
LTWa, ST MIEELTIVI-RE oo L e

i 1 0 5> T RIH T 4E B % PMSEE T T » 7o i)
MEEHORII, 12(XE.17) BUC 10EE, o

(MC 1IIEASLTVWB0HO0DE . (M) ¥1-R AT .
I LOBEERDVWTEL, BBt ()

150 . 10 ” )
TOI-&DFRFHMERS 3 ADBE, 0. 16ppn®D 0 % ppm 0
SHByrES L (BLU. BE T) ¥1-2bulk CP/MAS '*C-NMR spectra of the partialy
HEDoGgiak oparal DEEHIZ. -1, 59ppnD & acetylated chitosan-lodine complex film

BBy MC i B) 5. ETHEEREE £ s e, YO0  DIC-084  OLC-134 DL.C=1.56
oL.-sWOgial O para@égf%ﬁﬁl/—c%migiy7f%%ié &Ebﬂ%.
(ERTOMBKGEET

NMRYSONY-H7 47 EBROBBEER X, DE VA, Ransey'P OBIBLIR. KL CEHE
ChhrBRERVEAEIOHEIRINLTVE YL, LAL . BEOHAZRENROEHIBL
KL»C.ERFOMAEGYOBRER MBEKERY/IPBRATELIBBECRZELELTES.
ZOBEHE BERFOAL VBBEEAERPARES BIRLMW -B/PME WL STH 3, (HEH’
KZDEIR. 1eVicilE< R 3), BHESILL-> T, BIMRFARELTHEELARTH 335,
Bk Ramsey DRIBREMET—BIELAZOEERZH W X . EETF T 2 H L VRIS
KEVIREBRICLI2FLE/MBICR~S,
O BYM AV RSDVWTHBKEEEAL CF-T-BEATHE,

ol = o + (t1+ T2)He?® + =+« (M

CCT.oRBEOYVV 1/ ERUWR. HeDHFHK~NE B, WU OBEHE»SWHX 3. 1
3Ramsey. TRERFIRLIMBEFEHTH S, COXNEHRBEERCKRATHIE.

o = (1— ¢"yHe = (11— e)yHe — (1 + v2)7 He® (8)
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(MATR. oBHPIIKBELTWS, y- 417V 2RDB 1. g-HolclhPlF 2HER
BahERonRnWhoH, BIBEEY ¥ 17 t1He’. vt He? b EEHSRIc L > THES N, 4R
RUSROBHELR S, I ITCHROEFHAEZH A, Haniltonianid (DR 2EHEHK
., —BHciR.BRBEIONZOT. S ERVWVEERCUTOERGBREED S HL
EERESIEEOESR.'Y XD TMEBMLTR 2R HT 3 08ENS 5.

SREBEEIC X SHMBEKE OB EE T,

{(t2He?)zz=(1/8)m a®* 2 1S(0) 12(Ha%/E*) (P xy Qxy-P yyQxx-PxxQuy-P xy Qxy)
X(PsxQxyQsytPsyQxyQsx-PsxQuyQsx~PsyQxxQsy) (9)

CITC. Par+Qav=2 S sCH 5%, ERZENLRFEIINW -Tdh %,
BETFLAMELT Pbe RU

(Table 3) Sne IKOWT. PMSA TMOTE
P sx Psy Pxx Pyy Pzz L., (ODRick 38Rk EY-
MYy 2RKD BB . Pbak Sna®
Pbz -0.1654 0.000 1.028 1.000 1.000 population® F3ITR U f2o
Sne -0.1738 0.000 1.031 1.000 1.000 Riclk, REBEIWY -0F
HEEN DD REEEIINY -).
(Table 4) SEH IEHoREMELIV -
BEBREING -(a. 1) ERFHBATRLU.

De? 3Ei;-Ee !'EBij-Ee A (a.u.) [S(0)]% IEH~OREHEINY -T
L1eVRAiR TH 3 » 5 (PbeD
Pbz | 0.0299 0.0223 0.0407 0.0354 18.8 SEIFBE 1iME - 120, 6eV).

Snz | 0.0726 0.0293 0.0477 0.0354 8.16 COFETORMEIIN - %
‘ 0.0367a.u. (leV)E L TR
(Table 5) Bo7.

RKISDOER TR,
T 2He? T 1Hp? Pbo D&, THAH 24600
Hp = 14.1(T), 23.5(T) ; He = 14. 1(T), 23.5(T)| MHzONMRC#20ppn®
HBEREyMSEAI S

Pb2 19.4 54.0 -1.5 -4.0 hao&ichkhs,
Snz 2.6 7.3 -1.0 -2.8 SHRBBEKEMN
BRAEEIEbNh 3.
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Cross-relaxation studies on the state of water in synthetic copolymer gel

and mouse lens

Seiichi Era, Koji Nakamura, Masaru Sogami”, Akihiko Takasaki®,

Yasushi Nakagami®

Dept. of Physiol., Gifu Univ. Sch. of Med., “Div. of Mol. Physiol., Inst.
for Compreh. Med. Sci., Fujita Health Univ.

¥e studied the physical state of water in mouse lenses compared with
those in various kinds of synthetic copolymer gels using 500 MHz 'H-NMR.

1/Ty values in synthetic copolymer gels and mouse lenses were gradually
increased with increasing W (dry weight (%)). In contrast, 1/T:s values in
copolymer gels were nearly zero at W of ~ 15 %, and increased gradually or
steeply with increasing W, indicating there might be changes in the state of
water and/or polymer-water interaction in copolymer gels. 1/T:s vs ¥ for
mouse lenses was approximately straight line with the slope which is almost
equal to that of copolymer gels synthetized with HEMA and GMA or HEMA and
N-VP. These linear relation between 1/T:s and W for copolymer gels and
mouse lenses might indicate that these kinds of copolymer gels have almost
the same physical states of water as the living systems, observed by the
cross-relaxation NMR techique.

1. EL¥»ic

1970 RO D 12 'H-NMRA F{ ¢, Damadian(1), Hazlewoods (2)idEE 4~ OEE
HEBHNOKDT,, THAEEMBAOKDT, T L0 bEVWIEEZRWEL, ot
i, BIAEAHBHNOSKEDEZEDAILLEbDTIRIEL, KBEEDHLI:%
R L7, ZO&DBRAEGKEBHNOKBEDRENMIEE LT, BLARESETIRY Y

F-U— K ZERNRE, SEES TV, KRk kEE

2o VWE, BOESIIL, FABEXZ, HHAIXHEI0T, BHLAEDPEL
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WRIBDYN - FNVEER(S), Ty MEE - BEFES(4), 5 v MEW - ZEKE
#(b), v MEE - RIEEBAFKEMHMBR(6) 2 & OKBEZELZ, 360 ¥Hz 'H-NMR
WWEOELLTT, 77 BEDKSF~ORFRIKESFRR (T, ) 2H0E L,
BT s EBHEBRICE T 2 KBEZ(LEHBICRBLEZ ZEE2RWELL, &
BliE, 500 MHz 'H-NMRiC X b SESEKRES FrLE LTy 7 bbavy s brox
(SCLs) 2V, ZOMEREBAICELIEE I LIck > TESKBORY 5 7:SCLsHD
KEBEICOWTRE L, SEEBOEFIVRE LT3 Y RKEERDOKEE & B

Tl

2. BHRIEHHE

SEHERIL /SCLsDE /) <~ —HEIRMME X 1 1<RT, SCLs& LT, N-vinyl-2-
pyrrolidone (NVP) & methyl methacrylate(MNA)E D IR Y v — (S/KR, 18.4~79.2
% ; O), 2-hydroxyethyl methacrylate(HEMA) & glycerol methacrylate(GMA) &
RY<—(BKE, 50,6~74.2 % ; @), HENALNVPED IR Y < — (AR, 48. T~
83.1 % ; ©), GNA, NVPENMAL DR Y v —(BKEK, 22.6~80.1 % ; @)% SHL
7oo N HODSCLsZ MHERICIMIL, WNEL 1 mONREA 5 AFHEICAN, pny 7
FIEE L UTDNS0-de % A7:b nnp ONNRRARIEICHA Lz, 72, 2, 4% 71488
Eoddy< 7 XKEEEANES. 2 mONRR A 5 R HIEFIC AN QER~20ME, 4EEB~
15fE, SEE~10M), SCLsDFE LMk, oy o HEEAANTD m¢ NREBE

(& 1) KA L 2SI BilE
Weight Ratio of Monomers and Water Content ( % ) L7,
in Soft Contact Lenses 'H-NMRi Bruker#t:#J AM
HEMA GMA N-VP  MMA Water conten¢®) D00 'H-NMR X R%& b A —
copolymers of N-VP and MMA 7—%H», ZhFhoRE
- - 339 58.1 18.4
229 491 285 DT, (H20), TisH0)%AIE
- - 519 40.1 400
- - 609 311 533 Lo Tis(@0)4E7.13F 724%
- - 69.9 22.1 64.7 :
- 789 13.1 73.2 ~4.00 p.p.n. % yHy /27 ~
- 87.9 a1 792 } ]
69 HzCf.BBH L, inversion
copolymers of HEMA and GMA .
27 759 - - 742 recoveryiE (Akasaka, T)ICk
453 544 - - 67.2
65.0 347 - - 59.2 i -
83.t 16.6 - - 50.6 D RE L7
997 - - - 40.8
copolymers of HEMA and N-VP
199 - 79.8 - 83.1
399 - 59.8 - 76.0
59.8 . 39.9 - 627
79.8 - 199 - 487
copolymers of GMA, N-VP and MMA
- 417 523 55 80.1
370 463 163 69.7
323 404 269 575
277 346 373 450
21.0 262 525 22.6

HEMA, 2-hydroxyethyl methacrylate
GMA, glyceryl methacrylate
N-VP, N-vinyl-2-pyrrolidone
MMA, methyl methacrylate
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3. BRLEE
TKEBIKIZIKEE %, 7 >/ EH33 %, ZTOMOYEL %2 LIRS 1 2 BKEORSR
KIS VEBEEETH Y, ToBHMEEIEEIK-7 VXV BE-Z0tiOMEBEWERO
Z=EBOTGHEHREEHAONS VRIS D EBIN TV S, 0zakis (8) KR ED
BALE KRG Y ) BOBBEICOWVWT, FIUARECLDSDERT v MKEEk
ZREL, SKEROKEES V0 BOBEELIZERIDAEL, 6 AT TK
ELELT B EERVWE L, BAeDBIddy<w Y RIKEAED3I60 Mz 'H-NMRBIE
BRICBOWTH, BROEMLICE Y REOHERBINED > @EEOAKREITEWT
WE), 2, ARUSHEBO< Y ZKEERDOT, (120) DFE B KT s (H20)(7.13 p.p.m.,
69Hz) DFBAHEREBWNENICH LT oy FLALOEZNhZFNKIA IBTH 3,
F 7z, SCLsicB i 2MERRE <Y AKBEOERLEBLRGOLE /- HDEX2(K24,
1/T1(Hz0) vs W(%) ; XI2B, 1/T:s (B;0)(7.13 p.p.n., 69 Hz) vs ¥W(¥))iZind, X
MTIRT & 51T, SCLsicHWT, NVP-MMAR I A Y < —(O), HENA-GHARI A Y < —
(D), HEMA-NVPZ K Y < —(©), GHA-NVP-MMAZRZ R U v — (@)D FNh H1/T,
(H20) vs W(%) Yoy bTR, TV RAKEETEHSNWHR(@) LEROBEREZRL,
VX DOHME & HIc1/T, (F0) W 59 iclmd 3, RicihofigsaR L 7Iz.—4A,
K2Bic/RT & 9, Tis (0 DRERER TR, w7 AKREOER(@ LB &KL
T\ 5SCLsIZHENA-GNAR T R J = — (D) L HEMA-NVPR IR Y = — (@) ThH Y, NVP-
MAFZR TR Y = — (O)RUGHA-NVP-MIAR I R Y v — (@) 3B - - BEEZ R L1,
oD EnS, ABHRES TS VRAOKSTFOEENCEd 2581, T.HE
PoRBIEPEBZIENTES, ¥, THMERESF/SNVHDOKDFOEH A
BICRKBLTWB I ENH B, 351, 7 RKEEOEREBR—HL -AKRER
BSTFS VAOKOEERRERR, NRIICA TEEHBROZNICEMLTWSE &
JAVIN R (W pal ' (5 1B)

Ll T

. 1 /Ts(H0)
INVERSION RECOVERY WITH {,-RRADIATION
(K 1A) 30F AT TU3pem AT /2T~ 69 H: 4

MOUSE LENS (2,4 ,8W; o)

1 1 L)
28 .
1/T{H,0)

20 MOUSE LENS {2,4,8W;e)

™
)
L
1/ Tio{SEC™)

1/T,(SEC™Y)

o 25 50 s 100 o

DRY WEIGHT (%} S0 & 100

DRY WEIGHT (%}
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20 SOFT CONTACT LENS (0,0,0,8 )

17T, (SEC™H

0.5

4. X

(& 2B)

(K 2 A) ' )
NVERSIONRECOVERVWWH(.—RRAD!ATION

30 AT 7.3 ppm AT ¢H,/2TT~ 69 Hz

. ' . SOFT CONTACT LENS (0, 0,0, }
MOUSE LENS (2,4,8W ;9 )

1/T, (H,0)

1

MOUSE LENS (2,4,8W; o)

i A G
2 -
o | S
0 25 ;o o 7; 100 100
DRY WEIGHT (%)
R
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(1)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

Hazlewood, C. F., Chang, D. C., Medina, D. et al, Proc. Natl. Acad.
Sci. USA, 69, 1478 (1972)

Sogami, M., Nagaoka, S., Era, S. et al, Int. J. Peptide Protein Res.
28, 130 (1986) ; Era, S.., Kuwata, K., Sogami, M. et al, ibid. 33, 214
(1989) |
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NIRRT oOFl #K WIRT LB B

A Structural Study of Substituted Polysilanes in the Solid State by 2°Si NMR [HI]

OToshio Takayama® and Isao Ando
(*Department of Applied Chemistry, Kanagawa University,Yokohama,
Department of Polymer Chemistry, Tokyo Institute of Technology, Tokyo)

The 29Si CP/MAS NMR experiments have successfully provided very useful inform-
ation about conformation of polysilanes in the solid state. In this work, we
study structural behavior of poly(diethylsilane)(PDES) and poly(dimethylsilane-
co-diethlsilane) (PM-co-ES),by means of 29Si CP/MAS NMR spectroscopy over a wide
range of temperatures. PDES takes trans conformation in the solid state. The
copolymer is more flexible compared with dimethyl polymer{PDMS). The 2°Si T,
data indicate that there is a large differences in molecular motion between
PDES and PDHS. ‘

1) ## :

FLOMEBELXETIRUS S UV olECEARB7 VS VER) 2 BAL -HE, BAT
HYSS2-(-RSi-)n-DEERED K S RBBOEHEMBDP W SN T I LIk
BICHKRYE DS, ROBRERIZ K> TEEAMBIRRY, BREBHF1I~30BEFY S50
@@ trans planarTH B3 L FbhTWB., UL, RR2OFY (FxFuv5Y)
(PES) RUSHY (S RAFIW>5) (PDKS) kDAY < — (PH-co-ES) DIBEMUIIZEE L T
BOEESDRTLRATOR LRV 2. RHRA TR, WAW3REE TOPESRT
PM-co-ES 288 & D @BEH L ) T YR ICBEFE VD) BHS B IR NMR(2°5i,
OBEBACDCLBAEHTH L 2EBRTS.

2) Km
2-1 PDES EU PM-co-ES D&KW Trujille® OFHIZTiFo 1=
2-2 VI-EMEEMIE NMR #l5E : JEOL EX270 #E % AT CP/MAS R U GHD/MAS#H:
(CoSiIMAH 53.54MHz, 3C MPAHEK 67.80MHz) i TIFRV, {LEY7 MZLT
THS ZEBIr BB Uiz, A —#HFERBSH (T,)BE Torchia it TiFo k.
3) #RLINE ;

3-1 PDES: Fig.lizPDESOBEDMMIcH TS 2°Si(a) BT 3C(b)-CPMAS NMR A%

PVERT. 29SIANRT PRI RERE{ERP O, 13CARY P (BTC) TR FIVE

EMEE ML 2°Si NMR - PRV BREUS S « BERIT- a>bhA—-Say

Ol:pRELLE - BAYSIVWEL
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DIEDE - PO ABLTOIT L XV 2BEOBRBEBET S L 2HRLTHWS
B, BEOLALE>THEELZ, COTLEDVWTRREERMHTH S, GHD/MASHKIZ K
BARY PIVHCPMASHED AR MVER U TH o1, ChXCOBBEREE TR >-M
BEELTRWI L %2RT. KIZ, PIESOSi @B HE RS M3 57-8H122°5i
EU3CoH T, %Lz (Table 1). MERPDNSD25°CT DT, #i32°5i:494s,'3C:11.65C
HY, ChEHET 320 ThoT, bk 30ivE L. PDESIIPDMSL H#i L ThiR Y X
KTHEIZLERS. CHETFNEBAFNVELDVERENKE S, Si@BizeR
transifiBR L hix0 i kb, £z, BED LIS TSRV T ik Th
HPMAT SMMA LR LIz, ik 2O EEE TPDESHBPP Bk (T, 2 H T EMOHBEE TR
ERT)IZBIT S fast sotion WHICH DL B>,

3-2 PH-co-ES: Pig.2izPH-co-ES®?2°Si(a)
EU13C(b)-CPHAS NMR A ¥ MVOBBELL
27¥. BEDOLRIZHESTSiRTISCAR
2 MV K EREMRR 2P ST, 12, BCIZ
By BT 4(s) i%2°5i (PM:30.6,ES:11.2) B TF
13C(PM:CH;=3.87,ES:CH,=1.23,CH,=0.94) TH > 1=,
ZOfxTable IOMEHMT B, aly<w—
DESBO R FERZFERY v — LHAATKRE R
EEF20R, Mo FEBEsERY v - &
HARTRESBEERITWE L ERT . EiX
EOEREHETOMERREIDTRLRRT 3.

a)
125°¢]

CH3
75°C 75°C

e

a) b)

125°C

75°C

)

25°C

|

T T T T T
20 0 -20 -40 -60

CHy

[
Ir

T —
20 0
13

b)
125°C

_JM

v T T
40 -20 -40

2%5i &/ppm ¢ &/pem
Fig.1 Temperature dependence of 2°Si(a)

and '3C(b)-CP/MAS NMR spectra of PDES.

Table 1 Temperature Dependence of
295i and '3C Spin-Lattice Relaxation

cHy | fen,

PM

] Tines(T,/s) of PDES
25°¢C 25%¢
Nucleus Temp. / C
ctty | fety 25 75 125
PM
NMJ 298§ 10.1 16.8 u.9
20 0 -20 -40 -60 40 20 0 20 -40 13¢
29518/, 13 .
. - e ¢l 131 L74  3.15
Fig.2 Temperature dependence of 223i(a)
CH. 0.36 1.18 1.95

and '3C(b)-CP/MAS NMR spectra of PM-co-ES.

" 1)T.Takayama and I.Ando,J.Mol.Struct., 222, 275(1990); 243, 101(1991).
2)R.E.Trujillo,J.Organomet.Chen., (27,198 (1980).
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Structural Analysis of Aromatic Polyamides and Polyimides by '*N Solid State NMR; Makoto Demura’,
Joo Hong Yeo', Tetsuo Asakura', and TadashiAsanuma® , 1 Faculty of Technology, Tokyo University
of Agriculture and Technology, 2 Central Research Lab., Mitsui-Toatsu Chemical Inc.

The structure in atomic level for aromatic polyamides and polyimides, was determined in the
solid state by using “N CP NMR method on the basis of the anisotropy of N chemical shift
tensors. The '*N chemical shift tensors were determined by the simulation of the observed
powder pattern spectra. The '*N CP NMR spectra of the oriented samples were observed by
setting up the block samplesat parallel and perpendicular with respect to the magnetic field.
By the simulation of both spectra, the angles between the NH bond direction and the fiber
axis of oriented samples were determined by using Euler angles defined for transformation of
the principal axis system of the samples. Both the crystalline and non-crystalline structures of
the polyamides and polyimides were discussed in detail.

Digs

EACNIEEY 7 F B AL PNCCIBFHEERICEBT A LICE), KYTIFR
BEREORT LA TORMEBERFSTETHS Lh I NECIREL TR, 1
Iy NCEZZEN-HESLHER L ORTAENINO OB P LERRETELDNT, X
R PWNRT—Vb, FER, FREROSHEL LD ICELOEBRIL ICLEOEYAREL
FORESHEERDONDL, £/, RIRTFFTR, BEFA P O°NTR CcosNY »
FI&oT, FEHREOHNIHEA(H,Y)OREICDIBHTELZ LERLTE L,

AHFTIE, BENNMRENELEFRRY 7 I FBLURY 13 FOEERETICER
LBRICOVWTHRND, £, KV 7 I FREARHONLEY 7 M 5% ON-HEES L
REEE 02T AECED TRETHLI LR EREBHRPOIEFHT 5, 51T, KYA3
FOBERITLADLET, "NMEEY 7 FEBE L OBEICOWTRR S,

< 3 ‘
- FEHRRY T I FREME LT, polyparaphenyleneterephtalamide(PPTA), polymeta phenylene
isophtalamide(PMIA), poly-4-methylmetaphenyleneterephtalamide (PAM-MPTA)% . KRV A I Fi#fi

F—-J—RK: FEFEERXKYTIF, KYUA3IF, B&E®N CP NMR,
Bh. L7 b5V
TEHLEZE. E5L WA, HBEILEToB, BEBELEL
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ML LT, poly3-3'(4,4'- dioxybiphenyl)- diphenylene
pyromellit imide(TPI) % Fv:72, “NALZEY 7 b 7
VU OMER, BERRICRE LR 0PN CP
NMREIEZ TRV, TEDARZ P VT Iab—
YavhbRELL, T2, BEBIU T 1 VA
D—BEIE 7T v 7 FE(4x4x12 mm) VR8T,
MRS MR O TAEL 0F (B1T) £/
i, 90FE (EHE) WKHEL. "NCPNMR%Z #HllE
L7z BARPBDOARSZ PVDTYIalb—Tavy
& D, EMREMEHRAFNOEROY [T —A
o RE LY EhiT, RUA I FOEHR
RS FEHRCERT A5 — o, B P RET
572012, PCEN ¥ TNV IRUN(T == V) 7
FNVAIFEER LT, PC-ONBUBETHEMERM I
oTEVab—brENIRYF—NRI—-VDY
Iab—Yarvdbay Bk RELLY FEDHF
MizoWTiE, IEEBRY,
“NCPNMROFIEIR, 70y 7 REBOAERE
BIEZ N5 70— 7% 4§ X 7-JEOL GX-400
NMRANRYZ b X —%F—%H\w, 40.5 MHzIZ T
17 o720 CPEEMIIZT ms, #2YELEFMIZTsE L
Zo PNALZET 7 FIINHNOZ HHEE L7z,

RRCER | |
1IEY 7 3 FREARBOPNIEEY 7 + ON-HE 25 200 150 100 S 0 50
A@ﬁﬁﬁ{ﬁﬁ ppm from ISNH4NO;
=]
RYT7IFREHTOY 7R 0PN CPNMR Fig.1 "N CP NMR spectra of polyamides,

. . R - silk fibroin(Silk II), PPTA, PBLG and PMIA.

ARZ MWy =g, 70y 7 RBDO—BEM  Spectra of the uniaxially oriented and
. random state samples are shown as solid line
KL R E D% THAREILL o TRECK and broken linegrespectively.
¥ %, Fig. 1 IZ7R L72°N CPNMRA XY h b
(£#) .- #7 1 704 »(SikII), PPTA, K Y |

-y NV Y NV-L-F V¥ A — FNPBLG), PMIAD K[ E % W1 b BEE IoxF L CHAT(0E) 1
RELIEEDERTH D, BRERBE I VY AULEDIRAEDONRY Ty — Ry —VERL
THEY, ABEHOKRELEREIRD OV, LALERYS, FF#MrEREELTO Y >
RETIR, "NEEY 7 FOEERIENETREN T 520, RBEA ON-HEA & 45T
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L OETHEICE o TELLRERA L #RL TV D, XA F 721 BMANMRIEN 5
PR SR TV S ENPROKEBON-HES L EAEE 02T AR, 0,4 7 4704
¥ (Silk IT) T L 90, PMIA T 1375 % 7213 80BE, PPTA T 266/, PBLGTIRI3ETH D\ B, H¥h
EVIEEE =7 (0 )PRE CERBEY 7 b L7, -

UNALEY 7 R TV VW@I%ﬁ#Bﬁ%m%itﬂﬁ%%ﬁ LA AT —Fhioy B, &
B AV TOLIBTF DL S ICRT T L TE B,

cosOy, = cosPcosP, + sinfcosacosaysinf, + sinBsina sina snp, (1)

Ho LB, fLFEY T FTF YV NM(0,<0,<0) Lo BARE ERTVRIE, 0, lda, BP0
BHELLTRDOOND, £Z T, 0,,,, 252 5KK

2 2 . 2, 2 2,
Oporater = 013810 PBpC0s @y, + G,,8in' B sin“or, + o,,c08 Py 2)

REICLT, EFH Do, FHEZ 2 Fap B
BOMD &0, NHFAMBEEE L2 (Fig. 2). 0<

By < SODTE TR LI DEP S, 0,k & . —hE—— A

B EC, o MERE Y 7 T B LERENT 62 40 ‘“\ ‘“\ 1
Wi, BV L, BR7Oy 7 ABORME | = N B
BRI L CERACRE LA b & | “‘: ﬁ '
O DR D B IIE, 0, OFEFBIHE T X 40 b ~—hHh 'f‘?@é
BILERLTVE, $bIC, BECRELLRX , ”‘w |
RT PWINY — VOB EEAEDE Ta, BlE o0 30° 60° 90’
BRET D, BRI00, MR KD T L AT | ONH

. T e o, Fig. 2 Plots of 0,,-0,,,(ppm) as a functxon of By,. O;
ThHbo @ @, O, @Liﬁﬁ@&“}ﬁ# bRTE SN natural abundance silk fibroin, @; °N Gly- lab?led silk

fibroin, &; PBLG, and []; PPTA. The regions painted
%%QJH—@BNHLJQ i Toparaml% 7y PLIZDOT by the horizontal and vertical lines are correspond to

B0, WFRD ERBENTHARBANICS 5, natural abundance silk fibroin and PPTA, respectively.

The op,-o,o values of naturalabundance silk fibroin(Q® )

(@) are ploged using the GNHvlaues
D/&ﬁﬂ@ﬁﬁ%%%@%kﬁbf?ﬁb&

Table.1 Structural charactarization of various polyamides based on the YN Chemical shift tensors.

Aromatic Aliphatic
___PPTA PMIA PAM-MPTA  PBLG Silk(Gly) NMXD6 Nylon66
o,,(ppm) 48 51 52 33 22 31 19
O,,(ppm) 68 66 70 56 54 66 65
O55(ppm) 195 196 198 195 186 200 206
O,,(ppm) 104 104 107 95 87 99 97
fraction (%) 100 4 17 39 21 18 61 100 80 80 100
Opu{Ppm) 90 68 105 160 72 106 149 182 42 42 25
0y\u(min) (deg) 53 65 48 25 64 48 31 7 48 54 58
O u(max) (deg) . 66 ‘83 58 134 83 59 40 38 88 83 66
Oy NMR(deg) 58,65 75,8050,5527,32 79,84 61,66 42,47 13 89,91 54,84 49,79
p (distribution /deg) 8 3 9 15 9 24 29 45 10 22 .20
Oy Xray(deg) 66 75,80 - - 8694 - - - 13 925 67 920
crystallinityXray(%) 75 25 25 20 40 30 50-60
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LIZARY PABHRLIZHE, EBFABCOC,,,, 0 5 FHIC0DHFEFFEIRD L

% (Fig2DKEIABC) o #R%Table LIZF & D72, Al

28 4 3 FRERHOMES L UERBOBBHE | ()
Fig. 313 7 = — W E NI EMTPI 7 1 v & DEL[H '
WA ZH2THERELALTT Y 7 HE DN CPNMR
ART FVThbH, RREERKORAB OO0, BE
i, RO EE L FABLUCREICREL.
BA. ThENG6500,11000ETH 72, FATL EE
IZRRE L7: ¥ — 7 O RIEIZ#15ppm & 130ppm T,
KELEL D, "NCPMASNMRARZ b b
bNLEFWILEY 7V BIUT VT AREDIR VATAYO— V)
BOSY Y =088 =Y b, UNIEEY T BT, sy cp spectra of plyinwie, TPL
183,192 ppm B L7ze TOOF ¥ MRS, P Oben and prpendiulr (ower
Fig. 3D FATHBARY MV ORS ZE RS Apo R spectral simalation.
%5 2 B A (60%), B(A0%I5HE L7z BRI A
DRVBRAFAVE BRI ERLBEENL OO, T3 P
KREF I & 58S #20% & STV D, f @ 3
2 C, B4 DG FHEIBRBED IV AA-—T Y f//<::>
LD RHH L EOSTFHOEMMESRE LT L ° o
BE L B E R SRS, ?i}gl.z:mli)cﬁ:e;lt;%r; f)f N Chemical shift tensor of
FIT7, BERBEOMANRY PVEBRTAY IaLb—Ya vEPNLEY 7 bF vy L%
BwTitwy, EMRCEERROLZ T AR B2 HTA,BICOWVTRDZ, B2V TK
FHEECERENI2L2E, 0X2ELREEIND N, o 2V TREDKFHIRIZLAL
Bhotze T2, PCENFTNVIRUN(T 22l) FINAIRDNRT T =88 -V DY
3ab—Y 3 VP boyBpc®0, 1065 & HRE L 72(Figd)o BT A,BDA I FENDC'1-N-C2Z
DV Tl Oy, @ SNHDI/NT A= FPOLRIET S &, TREN11247, 170£4FK & 10647,
1744 2o SNOLDERITT = — WV LIZEMTPISFSHIZ. FHWITIZEFDIZEAL
PREBEDIVERA =V a Vo TRAEN, TORMBGHIEVED L BVES P HET
BIEERELTVD, |

v

On

1
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(BBAT) OB 8¢, rhif—K. HHEM, FAEHE
(RLKT) BTILE. ZF #
(EFKRTL) pAFE. AHE—H

13 C CPMAS NMR Study of p—t—butylcalix{4Jarene Clathrate in the solid state

O Takeshi Yamanobe !? | Ichinari Nakamura ' , Kazunobu Hibino !* , Tadashi Komoto *’ ,
Hiromichi Kurosu 2”, Isao Ando 2’ , Yoshiaki Nakamoto 3’ and Shin—ichiro Ishida ¥
1) Department of Materials Engineering,Gunma University
2 Department of Polymer Chemistry, Tokyo Institute of Technology
3) Department of Industrial Chemistry, Kanazawa University

13 C CPMAS NMR measurements were carried out for p—butylcalix{4]arene/alkylbenzene
clathrates in the solid state. '3 C chemical shifts of the alkyl group in the clathrates appear at
higher field compared with those in liquid state. The upperfield shifts of ® C chemical shift
is understood as the ring current effect of host phenyl groups. Based on the ring current effect.
it was found that the alkyl groups of the guest molecules are located in the cavity of p—t—butyl-
calix-[4]arene depending on the size of the alkyl group. Variable temperature measurements
were also carried out and the structure and moblity of clathrates are discussed.

[#E] o
7 x/ - ViR SR T AR THRT J%%m
BERAV IV — pt-TFAHY 2 R 3

(4] 7L Vid B BAE R >HETSH

B0 AV AT LY (K1) T DNERZE

ABETFROYGECRBEERVAATE

BLEWEERT 50 HAIX, pt-7F1

AUV A[4] FTLVidZoaRiA Fig.1 p—t--butylcalix[4]arene

RYEY, PV, FULY T2V - EBEHEORVBEEYEVRT 5. Th
5 DB LAY OB >V TR I TREXBRE AT L > ThEhTE
Ll FR M FRIAZESNDREBTHERDL TH 0. XERIMC L > TEOMNE
BEEBICEELE ST,

AV AT U YDBILBFIIECRVEVRICL > TR TE Y, RVYEVR
OREFDRRIVEENTO B 5 R TFOMBEBEL THEHRESEA T NS bDL
ZZ2o6NM5. AP TII**C CPMAS NMRZ#BWTpt-7FA4h V2 2 [4]
TLYETAFARYE Y OBREAHWOMEITEL TRAT 50 |

F-J—Fipt-FFAAVI R [4] TLv, BEGTHENR. UBLEY

OREDREIF LS Bhonbizh, DUEOHTDR, ZS5bEkEL
CATUOAAB, HDAESWEE, Uhbekildbx, WLELAVWDEAD
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3C CPMAS NMRIEEIIARETFHGX 27T ONMRARY P-4 —%
BOTiT-ko BIREEKIE67. SMHz, #pi5RiIE5ms, MASIIHN2KH
Z Tfrotte HIEBREEIZI-120C~120CTH 5, {LFEV7 bOREIT I
BYDAFULYE—2%29. bppm&LTirolko
(HREE%]

FH1IZHVIZTLYVE PATV(TL). TFAXYEV(EB), n—TaoEARYE
Y{nPB)s i —7FuENXRYVEV(iPB)DUBLAWONMRIEE 7 b, AFEENT
WIWTIVEARVEOIERY 7 e 2DEREER LI TORPODIPBI LD,
iPBEERVVTTOL, EB. nPBO X FNUEDEHE Y T MIAFEIN TS DI T O
R TWind OSHSpprEREHIIZBINL T b, T T LIRTOLIZ W THEIC#HE L
REHOCRBERYDEIC L > THERT S ZLiHRSEY, Thabb, AVIATL VD
I IR T 542007 c = NVRICE->THENRTE Y, QLT ALEFAR
VEVDAFARERENSGD T x ARy b BEHGE EZIT TS, £DREFD
BiIZk B2V T FERERTHA S ETOLY5.8ppnTH b A & . EBA%4.7, iPBA%4.6p
piCH B0 ZOT e S, TOLARBE # V2 AT LV iCABEETEH Y. BB, iPBit
PLEBCABSNTWE ZEbh b, C2HRRIZHONTHS LEB, nPBE S iz#1ppn
THh, AFNHEIVBVVMBICHE LEZEZLOSNIOTHRERIREZT T b,
—HTIPBDAF NEDIERE Y 7 MITGE SN TN b DI TH1ppnd Sk &
T Thh. bt RTaESP YR bDEEZELZNS, EB. nPBOC 2RE
OEERYESHIppnTH 5 2 2 5. iPRBOBAIIMD S DI~ TEES 1 o7t
BWVMIEIH S.

Tablel ** C NMR Chemical Shifts of alkyl carbons of alkylbenzenes included in the p--t—butylcalix
[4]arene in the solid state and and their upfield shifts A 8 by the host—guest interaction

Guest 13 C chemical shitt/ppm Upfield shift( A 8 ppm)
C1 c2 C3 C1 ) c2 c3

TOL 15.5 5.8
@13) ,

EB 109 28.0 47 0.9
(15.6) (28.9)

nPB 9.2 23.2 38.1 46 14 0.1
(13.8) (24.6) (38.2)

iPB 23.0 349 1.0 —-0.7

(24.0) (349

The number in the parenthesis indicates the chemical shift for the corresponding free alkylbenzene.
Table 2 13 C chemical shifts of @, B. ;
¥ carbons of p—t—calix{4jarene clathrates ©

"5 C chemical shift/ppm
@ B r

CH, 2 CH, 3 GH, 2CH
TOL 321 346 306 ‘ 1 CH 12 2 &y CHY “CH,
EB 36 350 307 1 CH, 721 1
nPB 333 349 305 » 1 CHs T
iPB_ 334 349 307 - _

TOL EB nPB iPB
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LELOND, THITHLT. 4BRREAF NVER T H B & 4BRE THO.50p
o A FAETHIL.5ppn. TOLOFFEREBHICRN T3, Thbd, YR FoFEt
T FAEOHAEERICENV BB L ELO6N 5,

VLAY OBER LV EL BRT 5 O ICRERYREDHE 21T - /-0 Johnson®’
S5 3 LRBRDRIMUTORTCEL 6N 5,

ne? 1 1—- p2-L72
6rmc2a AT (+p) 2+L 2] K (1—p) 2+L2
CIT\ L7 2= VRO GOREEFRETH D o 3RPOD 5 OKVERT
HB. Xigfrh 6B o BEERN. PV VOAFAEBAYZ X7 L O
D ETh B EEEL. AFAEOMBLELSETRERGELHE L LoAE2
THbo SITy ZHIEAV I AT L Y ORLNHIETTH S, TOR,SbN AL
HCZ=4.3HEWTIHD7 = = AR SRAOREHZFEL. 0dppnk 5 2.5 & & &F
bhd, fHHEICE->TRONET 22 VRE PA I VD AFAFEDONMEBERIRFH I IZ
BdFo PIVDAFARBRIIA VI AT L VORBRIZEEFHLTFEED 53.238, 7
x ZNVROHPLNILT RO EH0.91ATH 5 T kb 5o Bott® 6iEp-t-7F v A
FEHUVZRAM4ITLY —F FU DA E PV OBBEOX GEEMRITIZ W TH
HELTnB, ENitkB &, PVITVDAFAVRRIIH VI AT L YOBRETFOL
FTRHED EH3.91A, 7 2 B H3 MADNEICH B LHEL Thb, KFETrT
> RIRBWHROHEN RV EVRICE IS BDTHBE, # V7 ATL/OHE
WRUBZIELEZERT B L, ZOHEIIBADERIZHFEBIZECVLDTHB I b,
Bo Thbb, CORBEGRIZESC IV 7 A7 L v ABEDOHERTTHERHTH
AT EERBRENS,
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;
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Fig.2 Calculated ring—current effect. Fig.3 Structure of p—t—butylcalix{4]arene/
toluene clathrate
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2 TWdo COPFHIAVIAT LV E
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—90CIRIBEALARY P VB LA
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FOE— 2 ESIEL T3, Zhiiil
ELRiIZELRWHIV I AT LYHFD
HEEhAaE b, EREUTIIHFSMETH -
7= AMRMERTSLITL hEY
MICESHIZ R T ERRRL TV 5,
OCELEROARY P NELBLTAS
EAVIATLYDT 2= AEDET, L
~TFNEDRFDA_Y } BT
FELTWA, t-TFANEDAFNVRE
(339 2ppniS B S 7 F LT WS, e,
7 2 = NMROPFITEI L T H 130ppnftit -
DE—27 H 3&D 5 2HKIZIg b ELIA
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T OREELrREE TSI L%
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Fig.4 VT spectra of p—t—butylcalix{4}arene

DEAL D BRATARTHBBIL TWB I EEEHRL TS, AFAEDERY T MI
HITOTC L HBROMTKRELELR T OIREICHTZ{EES 7 FOR{EHEIZO TR
TTIRBPHRIEL. OCHETRAKIEEL TS, Th6DIEhH, IO
HEEASE TRORAROBEIELL T b e RBREh 5,

1)T.Komoto et al, J. Chem. Soc., Chem. Commun., 135(1988)

2)C. E. Johnson Jr. and F. A. Bovey, J. Chem. Phys., 29, 1012(1958)

3)S. G. Bott et al, J. Am. Chem. Soc., 108, 1709(1986)
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Structure and Molecular Motion of Poly( -n-alkyl L-glutamate)s
in the Solid State [IV]

OYoshiyuki Naito!’, Takeshi Yamanobe?’, Yoshiko Uematsu®’, Isao Ando?®’

’Tokyo Institute of Polytechnics, *’Gunma University,
®>Tokyo Institute of Technology

3C CPMAS NMR measurements were carried out in order to clarify the structure and the
mobility of the main and side chain of poly (y-n-alkyl L-glutamate)s. From VT spectra, it
was found that the side chain peaks disappeared at -20 - 0°C independent of side chain
length. At this temperature range, the rate of the side chain motion is thought to be close to
'H decoupling frequency. For the polymer with longer side chain length than PG-6, peaks of
main chain also disappeared at 20-40°C. The main chain of these polymers can attain high
mobility by increase of the side chain mobility. The mobility of the side chain carbon is
discussed through T,.

1. &

CRY TN A~ P FHBBEHEAN AN vV ABEEFHERL. BEBEETT
MERERETHIEDBAONT VS, ZORY XLy 4 — b OMBiTn — TN
FLUVEEZEALLLRYTAFNVINS A — F(PALOYR., ZOBMBERKELTE
ABREFRCEBDHERT, HABHHAOTLVFVRERESIOU LETE Y —F b D
By /7BBZEERLU. MULTREETHUHIEESHEERT 2, 0L >HHE
HE. MEELOHMBRERNONCT A LRIERILEETH S, AR oNET
BrEIBENMRYRYTAFILIILS A - VOHERIFICER TS 3 - &%
HELTEY,, FMETHE. —EOPALGR DV TEVWEERGHIE B A THE
UMSHOoME L EHHIC O >OT, BABEIBRENMRABVTERT 3,

F=9-F":8°YCy -n-ThiV L-2"091-3), '3C R E v -BRFB R,
135C CPMAS NMR. a -AU»)Ravdji-vay

OfRnEd LlLwzx, PEo~ 3L, 22> L.
FAED &P
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1) (a) M.Tsukahara et al, J.Mol.Struct., 159, 345 (1987)

(b) T.Yamanobe et al, Macromolecules, 21, 48 (1983)
(¢c) T.Yamanobe et al, J.Mol.Struct., 295, 25 (1993)

2) D.A.Torchia, J.Magn.Res., 30, 613 (1978)
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Analysis of Conformational and Orientational Properties of Liquid Crystalline
Molecules by use of Deuterium LCNMR [2]

Hirokazu Toriumi
Department of Chemistry, College of Arts and Sciences, The University of Tokyo

The conformational and orientational properties of liquid crystalline molecules in
neat nematic phases have been analyzed by using deuterium LCNMR. The *H-LCNMR
quadrupolar splitting patterns observed for n-alkylcyanobiphenyls and n-alkyloxycyano-
biphenyls can be quantitatively reproduced based on a newly developed formulation of
the potential of mean torque which includes contributions from orientational
correlations between neighboring bond segments as well as those from individual bond
segments (chord model). The results obtained in this study clearly demonstrate the
predictive power of the chord model and the usefulness of the LCNMR technique for
elucidating conformational and orientational properties of flexible molecules in liquid

crystalline phases.

(F@R] MEPC—HEMNIELBEATTFONMR AR MViZ, REF - RETF
MEAER . BB FHAEERICHE T 2 8 % splitting pattern QELREbEP L% 5,
OB S NMR (LCNMR) ARZ P U EUHEREOS X ICHKT S0 T
HY, TORFTFTRELZNE, FFOa ¥

Isotropic Uniaxial
FA-YavEEBIUEDFEREICET S 3
HMEHMREAFTAH - BEFBET LS ;
Lk b, A, MBEERLAERTF hve hvg_y
KOoOWTEKEZ 2 70— TE3 5% 2H- ; ——
LCNMR B2 %479 &\ H1KRT L) % hve ]hvm
BB FHEEMICE 5 doublet BEIE I —_—
Bo COFESHNBTHRETHY, 2@  Zeeman Zeeman + Quardupole
AEIE AV IZ C-D K Y By b VORI LY
FES,CEERLEHAT S ' h h

Avi =3 (e2gQ/h) <2 cos20; - 1>

2(2qQ ) 2 ) Fig. 1 Energy level of spin = 1

. 1 nucleus with quadrapole moment in

= i(e2qQ/h) Stp (1 magnetic field and deuterium NMR
2 spectrum.

EXENMR/-EEG /a2 vFc2A—Yarvy / BARF YV V/ 72y FEBHE

ED3HRVBHPT
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_ . Fig. 2 The interacting unit of the n-alkyl-
BWTH, ad hoc %/¥F A —% — cyanobiphenyl liquid crystalline molecule.

— 198 —



PEATEIL R LEERER P EENCHERAT I LCRYLTwE, UTTR. %
NP, B2IC/ARLZnCB AWK T2 BEAERELE/AL T, *H- LCNMR #E i<
IWVHEESFOaryFEA—Ya vl owT O WTHELZARFB LA L Z L3R T,

(452 & 282 34 nCB (n=5-8) DKET VLB T 5 C-HD) ¥> FERH

HRFEEOENE (@) LFTEME (FE#) PHBT5, /2. 5CB @ pentyl chain iZ2 »
TEAFVVEQOX AV 'EAKFEEOREKFELBITLAEREH4 R, »
FROBECBVTHERELHEME OB ERBNE —RPFBLATVE I Edb
o CHLDFICARTEIIC, 272y PENHEERRIESSFEO OO =~ MM
kb”é:x$}~vax%ﬁbl0&ﬁ%ﬁ% BERNICBRTAZLNTE S, &8,
VT T o VEONTBFMORAKFES,, BT 2EHME (GTEME) & 5CB,
0.49 (0.43) ; 6CB, 0.47 (0.40) ; 7CB, 0.48 (0.45) ; 8CB, 0.51 (0.51) T& Y. 8CB @
HEETREFEEIF VTR NAEREERL TCVEY, ChEEERRBTaT O
biaxiality ¥ #H L 72720 TH % (5CB XX ¥ % biaxiality DEHEI S, - S, = 0.07
EHREINRLTWDS),

LCNMR S5 FORMFHICHE T IR TEr L BHRERBETZ2FETH Y,
¥ /2LCNMR AR PV OBITEKRITEED NMR A RECBTAMENRTH S,
LaL, COBHELELEI. SLEFF0arvkti—Ya vBRHIEOWT L EEN A
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Fig. 3 Measured and calculated values of the C-H bond orientational
order parameter for nCB (n = 5-8).
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High-Resolution Solid-state 13C NMR Study of Miscibility
between Poly(3-hydroxybutyrate) and Poly(vinyl alcohol)

ONaoko Yoshie, Yoichiro Azuma, Minoru Sakurai and Yoshio Inoue
Department of Biomolecular Engineering, Tokyo Institute of Technology,
Nagatsuta, Midori-ku, Yokohama 227, Japan.

Miscibility of a crystalline/crystalline polymer blend, poly({vinyl
alcohol) (PVA)/ Poly(3-hydroxybutyrate) (PHB) were studied by high-resolution solid-state
3¢ wr spectroscopy. The Iy T, measurement demonstrated the composition dependence of
the miscibility between PVA and PHB and the domain sizes of the component polymers in the
blend. In the PSTMAS NMR spectra, the carbonyl carbon resonance from PHB showed down-
field shift, which indicates that the miscibility of the PVA/PHB blends is due to the
hydrogen-bonding interaction in the amorphous phase. The miscibility of PVA/PHB is also
affected by the tactisity of PVA.
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3C CP/MAS NMR Study of the Crystal Polymorphism of Triglycerides

K.Sugimoto, T.Arishima, K.Sato", R Kiwata
Tukuba R & D Center, Fuji Oil Co. "Faculty of Applied Biological Science, Hiroshima

University '

BC CP/MAS NMR has been used in the study of the polymorphic forms of 1,3-distearoyl-2-oleoyl
glycerol (SOS) and tristearoly glycerol (SSS). Five different polymorphic forms of SOS and. three
polymorphic forms of SSS show characteristic **C NMR spectra. Variations in the *C chemical shift values
and half-width for the different forms reveal information about the molecular structure. The chemical shifts
of glycerol carbons in SOS are compared with those of SSS. The relationship between the chemical shits of
glycerol carbons and the structure of glycerol moiety of each form is inferred from given data. The effects of

subcell structures on the *C chemical shifts values of methylene chains are discussed.
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Fig.1 Molecular Structure of 1,3-distearoyl-2-oleoyl glycerol (SOS)and tristearoyl glycerol (SSS)
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Determination of Interatomic Distances by High-Resolution Solid- -
State N¥R (IT). N-H Bond Lengths as Measured by 2D SLDF/CP-MAS NMR

and Their Significance Related to Hydrogen Bonding

Akira Naito, Akira Fukutani, Satorn Tuzi, and Hazime Saito

Department of Life Science, Himeji Institute of Technology,

The N-H bond lengths of simple peptides were determined under the condition
of high-resolution spectroscopy by analyzing the dipolar side-band patterns
obtained from samples of natural abundance, as recorded by !°N two-dimensional
(2D) separated local dipolar field (SLDF) NMR spectroscopy combined with cross-

polarization and magic angle spinning techniques. The N-H bond lengths thus
determined were 1.07, 1.12 and 1.09 A for Ala-Gly, Gly-Pro-Ala, and Ala-Pro-Gly,
respectively, with an accuracy of 0.01-0.02A. The obvious difference in the

bond lengths between the last two compounds suggests that the degree of inter-
chain packing significantly differs between them, consistent with the data

regarding the presence or absence of ring-puckering motion at Pro residue.
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BEEHEOI Y bo—3—TiH two-dimensional separated local dipolar field (2D-
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1H-13C Cross Polarization with a Modified Magic Echo Sequence

H. Miura and S. Matsui
Tsukuba Lab., Sumitomo Chemical Company and Inst. of Applied Physics,
Univ. of Tsukuba

We have found that cross polarization (CP) in the rotating frame can be
achieved between proton and carbon spin systems with a modified magic echo (ME)
sequence as applied for proton spin locking. Experiments on adamantane have
disclosed certain unusual aspects of the ME CP. For example, when the'flip angle
of the sandwiching rf pulses deviates from the nominal 90° two distinct carbon
rf fields maximize the CP carbon signals. The carbon signals thus obtained at
different rf field strengthes are same in amplitude but opposite in phase.
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X X
LT | 27T ! 2Tt LT
[ I | [ |
r///J )
n times
90%[7
1
H ecsen DD
c)
13¢ cp

KHz

\/ e
lsnl|Lu||£xnninux;»sn|$|n||_|‘nun_|z||u_|3x|n_[‘xrn_rsl

Fig.1 Magic Echo Sequence for 'H-13C Fig.2 Cross Polarization '®C Spectra of

Cross Polarization. Adamantane. a) Usual CP, b) & c¢) ME CP
<iﬁk>

[1] S. Matsui, Chem.Phys.Lett. 179, 187 (1991); J.Magn.Reson. 95, 149 (1991).
[2] S. Matsui, Y. Ogasawara, & T. Inouye, J.Magn.Reson. A, October 15, 1993.
[3] S. Matsui, J.Magn.Reson. 98, 618 (1992).
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Applications of 2D NMR Techniques to Polymer Blends

OK. Takegoshi, Akinori Tezuka, Kunio Hikichi
Department of Polymer Science, Faculty of Science,

Hokkaido University

In this work, two two-dimensional techniques in solids are applied to
study polymer blends. The two-dimensional '¥-13C heteronuclear correlation
technique in solids is adopted to reveal misciblity of poly(vinylphenol)/
poly(methacrylate) (PVPh/PMA). Intermolecular cross-polarization between
protons of the main chain of PMA and the phenyl carbons of PVPh are observed
to show microscopic mixing of PVPh and PMA. Further, the two-dimensional ex-
change NMR of 2D is applied to polystyrene/poly(vinyl methyl ether)(PS/
PVME) in order to investigate how the intimate blending does affect motion
of component polymers. Selecvive 1D observation of chemical-shift-anisotropy
is also examined,

RE 25 TRCAODEGLRANVF - 24U Ao 0OMABERPEELELD, =
YhPOoE-HNEAENSBEEGR. RE3E82FRILRV-—CREVLAES, R+ B, %
FRAKOBELZEAEANMREEHVTIHR T Z3FELERALCEL, AWK TRE.
ToD2&XnBENMRFELZENTREGUOHBH E S TFEHOWKRICHAL /-,
BPUC 2R H-13CY7 PEBNMR (1) 23R8V E=V72=x )N/ HRY2 %
Z7YyVv—F (PVPh/PMA) OHBHEOHRCHEALLEREMET S, KIS,
BAZO2RAXBNMRE (2) X0 F@#HEBEARMELLZRYVIFLYERYE
SNAFANZ—=FNANDOTVYF (d-PS/PVME) kb3 5P SE#HoSTER %
HARLABRIEDVTHET S, /. Tycho b RHELASNAVRERRIBZMA
STTOICOtEy 7 FREUHBHE (3) CtBRBEXZEMOANIKBER
Lo |
[E®]

MERBFABEFHBEBIMN-GX2T02HVA, TENLIRMECPEAEZEMNER
BELBHRCODVTRITIEHMELL (4) o ¥51, MASTTOLEY7 FEM
DEBDIEMASHBHEEEHARZLAMEL TERET >k, d-PSUARTHERO L

F#—9—F:EENMR., 2KRENMR, #Uv—TL > F

O#B3IL JFXxob, TFh bxob, Ikt lusb
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EFH v, d-PSREARIELLALR
FLrv&b 74 BEALTHEL,
[H-13C vy 7 FPHMBENMREK]
MlicHuwiSLRAEMERT, &
RV ZRMICBVTEH.ITHOm |
Xingd!HLSIBCADHAED
En32o0s te pEBE®DcroO
ss—polarization (C
P) Z3TIoE¢vwrMiELLTDLA
TVw3, M2aicPVPh,/PMA®D
ZNR7 PNV (CPHE=2004#zs)
#RL%k, CPHRREAN200 2 sETF
TWEHIHomi xXingdShBRIFEE
TREL. B FROFEELKIHELS
COBDPAICPIcXaHEBY—7H
HbhTwd, H2bicCPEE=1
000usOEDORRZ MLVERL K,
PMADC=0&t(PVPhOFEHFK!
HEoBiHBEE - 2720883 hx
(B2bicboxTmli)., TOF
- J70RAELTE (i) CPOMO
PVPhoFHEERIHEPMAOIHE
DREVHEH. B, (ii) PV
PhoFEK HEPMADC=0K
ZEOBEBOCPHELLINSE, 2O
ERICIDPVPhEPMARIHD
ZAEVHEBERLRICPHRESEE (~
108) EBELTWE i, e. £X
RELTVWBE I EMREhk, RE
UHMECPERF NNV RRIGEZL
ohad, MARBOKEENA -7 13
EfLTVwW30T. HBohsBAES
OB SEHOBMENLL 2L REE
ECHEEZLGNS,
[*D -2 &XTX#®NMRE]
H3icAVWAERLRAENERT, &
BO2XRTAZABNMRETIR t1, to
s t220S3o0REEEII 0E
NRARTCRoh TS, BEO?D
DRBEBNMRZEIBOVTE, MEHA

Y N X

(49

, cp

H ol | (BLEW-48)xn X ow
2 X

13

C | (BB-48)Xn cp
} tq T —4 ty

Fig.1 Pulse sequence for 1H-13(

heteronuclear shift correlation

PVPh .
P‘AQA l, -— CHL - C'l-| bl
- CHz ‘(‘:H— @ﬁ
5
0=C-0CH;3 é o
CH; €1, 2

M 1 T T T T
120 8o 40

'
C Chemical shift/ppm

Fig.2 1H-13C heteronuclear
shift correlation spectra of PVPh/PMA
with (a) 7=200pus and (b) 1000 s
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—Fmt¥ T A RREERAD o i mEy
BAEL_HHEL=FADONREIFL 4. Sm M; M;go

TEALZEHE>TOE, £<F [ D%M J} ﬂ llllﬁﬁ\
EEro—ETHMTE AL ICR%RII0 L | Ll

FERALZAMEASOSAhTHWS, BETIE tn §tﬁ tm §A§A§t2
10ms %, -z -BHAKC20u ) : T
s RV,
d—PSHEORELIT-HER. 10
OBLUTTIR2ZRTARARZ PILIciZIEXRA
B3RO Hh-7 (Hda) , B4bicd—PSD120EicB33AXRY M
ERTo —REDPANRZ bARKIFPSEHOFFEH L RELAFTRUL - 1o
2RTCEBHELIOMSs EVSBMAAYy—LVTHATEIET, FTFEHICX B3k
ARBAVP2ERAARTI PLNICHLPATOVEILEGH D, COXF - 6P SEH
DR FEBHILIVEKEZONEBOFTHMERBLOAENREMNAL., TOEMLBIIEL
CENB L ot, THODEPSEHOBHRIEEOH A IO jump TIRAEL .,
HEBTH2EHIh 7, ‘

B4 cicd—PS/PVME=50/50060FIcsFB3AR2 bPVERT, d—
PSBELRERED, E5H-VWPVMEEIZORBALTWAALDIKE60ETT TR

Q2

Fig.3 Pulse sequence for 2D-exchange
NMR for 2D

SBFEBHIc LG ERIVERH IR, NI LOEBIZIDEAIFI-PS
DEEOEHOE—- FRBEELEI WIS 5,

-450-100-50 O 50 100 150 -150-100-50 O 50 4100 150 ~150-100-50 O 50 400 150
kHz kHz kHz

Fig. 4 2D-exchange NMR spectra for d-PS at (a) 80°C and (b) 120°C,
and (c¢c) that for d-PS in PS/PVME=50/50 blend at 60°C with tm=10ms.

IMASTTOI3C ¥y 7 PEFHEA]
MASTORKF#HIZSAS S (5) CTHEKHBHRATELZN, SASSODTo—7
E2MBBEETE, TychobEMASHIREFABPLAMOD Oz XLATIFEL T MR
FHEEEETEBZ3IEER L, BOoDHER2RETITbhAN, BRBEZHV
TREDICoEEtoAEZBEE L. —BIOMASKHE (420780 %) ICEBEL

— 215 —



TFIDF—%42WORAL I ET—® one point

ETHEDICOY 7 FREHEDOH % % jgggp“f:g l
. -~ uises
EHMICAETE S, BB/ SVRR 13, X P
FlERLE, EEEEIZS5000x3 Ry 163k
selective : Hz
HzitREMALAL, THE3CDr f TAPF] 903 5.
Wi (1808 SAZBHEO | A
. . . 90 one rotor cycle
Cross Polarizatio ;
1
n (CP) #B<dic.3Cor f H cp Decouple sou
z
WE63kHz, 'Hor f ®ES50 .

kHz CEB%*1T->n, CPIEITAP )
Fig. 5 Pulse sequence for 1D observation

Pk (6) gV, HE D ‘:fﬁ A of anisotropic chemical shift under MAS.
A5y (POM) o LEAD
13CARY PNV%EFRT IS DNV R
BEIcXDODMASLEZEPOMIOEHL—
RILANRY PNVERG ailind, B
180 NNRDOAEBLEINLLEDOESE

PRI LTS,

(a) Under MAS

(o) Static sample
Fig.6 a) Spectrum of poly(oximethylene)

(POM) obtained by the pulse sequence
depicted in Fig. 5 under NAS.
b) spectrum of static POM.

T — v T v T v T
80 40 o ~40 -80

[Acknowledgements] Chemical shift/ppm
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A Structural Study of Peptides Containing Glycine Residue in the Solid State by
17
O NMR Spectroscopy

Shigeki Kuroki®, Akihiro Takahashi®, Isao Ando®, Akira Shoji®, and Takuo Ozaki®
a) Department of Polymer Chemistry, Tokyo Institute of Technology, Ookayama, Meguro-ku, Tokyo
152
b) Department of Biological Science, Gunma University, Tenjin-cho, Kiryu-shi, Gunma 376

Recéntly, high resolution solid state NMR techniques have been developed for studying structure
of peptides and proteins in the solid state. We have already reported that '*C chemical shift of the
carbonyl carbon and '*N chemical shift of the amide nitrogen are closely related to the nature of
hydrogen bond.

On the other hand, the universality of the oxygen atom in intra- and intermolecular interactions
and in certain physiological processes, and in particular in hydrogen bonding in biological systems
makes this nucleus especially suitable as a probe for investigating the structure and dynamics of
solids and solutions. '’O NMR studies of amino acids, amides and peptides in the solid state are
virtually non-existent. In this study, we attempt to observe the solid state 7O CP static NMR
spectra of polyglycines I (B-sheet structure) and II (3,-helix structure) and oligopeptides containing
glycine residue, to obtain the values of three NMR parameters ( nuclear quadrupolar coupling
constant (e’qQ/h), :isymmetric parameter (1)), and chemical shift (8) ), and to reveal structural
information through these parameters .

The three kinds of NMR parameters were determined to be ¢’qQ/h =8.3 MHz, n=0.27 and §,, =
280 ppm for form I, and ¢’qQ/h = 7.8 MHz, 1 = 0.3 and d,,, = 267 ppm for form II, respectively. It
was found large isotropic chemical shift difference between the forms I and II which came from
hydrogen bond length.

1. #S

EFE, BRRETOX > R BOREMEICE KRS RENMREANLND LS
ZRoTERY, ZOFHEEY., "CILEL 7 NRUPNEZEY 7 hDary R A—Y 1
UIREES RS, PCIEEs 7 REPNIER Y 7 MRV ary R A—Yvay
DRENPZENTNEY, HELIZBEIZRSF RO I AN R=NRED ClLEY 7
MBI OT I FER O NILE S 7 bbb BEKE Brb O kERESICHET 2SN E
bNBZ LEWPLPIZLTERY,

—%. "CRUPND X 572 A BFEI=120UND OB AENMRDS = Z BEER
HEnood3d, HFICBERFIIEESFDCELAEND LT, B0 FOMEE
BIOEEDORBIZARKNZHFELTWATD, DN A TNMREH W RERME—

BHETONMR, RBY F U vy JERgE / ayk A ay

BELTE B LDHEVS HAELIVER Lr5LHEL BIERLLB

—217 —



DROA=5/2FRT F KB LUK >R BORSERENIZAS £ TOPC, PNLidiE-
TP ST 7 a—FTE DGR EZHDTND, "ORIIRARTEFEEL 0.037%2TH 5
DS T T, AR W e HITHE Y B U2 4 < U CRAR RN ORBEESE %<
EBWEETH D, —H. BETRTIRZNIZFEGL BNDIZE VR LR %248 <
THZLEIATRETH Y., RREERTOARY MHIBIZSDOL ZARETH 5
DT, "0V ) vF T NETBLERDD. T "ORRNEE T TH B .
BEBMAMZEOBEL., BUBRTFE—AY " BREL D, ZUWBRARICHDE
BRAREMIETHEER 2 0. ZOMEERIZE BT 2MoMEER (1t
27 RS BT —PBFHEER) LY DIEDIPITKREN. ZOKUET
HEERZ2E -~ HEEROBE L LTH S &, HRBBC12<—1/2D2 1 K8
BTy 7 hEhRng, 2REBHICE-TY 7 F &3, THIEMAS (vVy
7 AR Lo THERTAZ LIIARTMETHD. LichosT. ZDO2ROEE)
XY BB — 2 ONBRY 7 b T 5, BRRAC LB TARZ v I a
L=y ar BT 2 itk Y. BUEFEAER S qQh. BRAET VY VDI
W RNT A —Fn. BEIEYD 7 NOERRETDHZ LNTE S,
FHETIH'OTRALERY U B B — MEE) . IR B~V v R
BE) ROV UBRERZA DIV IRTISF RE2ERL. ZOBEKEHEREO
NMR A7 fEBEI LIz, BONTEANRY b OB TFEEER 2aQ/h.
FEXRFRNNT A —Fn, ILFET 7 PORF/T. EDELDINT A — & DEE R T OIS
ZHETIEDL I BRERER>TVEILEZHLMIZL. §BRT7F RETF TR
DOEBRES FIZHEF'ONMRIZE 2BIAERATHBZ L2B5,

2. ER

1) #AB AR

T FY SV RAFATAFAENA'OH/ A & ) —VEFHRIZ X > Tk3 %
ZERZEVIOZRY) v FFY v B, BWIKTONMRIZE Y =2 Y v F RiZ
57 TH D Z b h o, ZORBMERW. N-AIAVFRZIT I BRIEKRY
(NCAEIZXVR) 7Y SV IBAEER L. ZhzIBIcEk L. 7Y v BHEs
SV AXRTF NIZER AT AVEBIZE V&R LT,
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B2 EEE'ONMR A2 f X, CP/MAST 7Y — %A@ LIt BAE T
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BEBUIE500~9000HTH B, 1bFES 7 b DHRE L U TiIAEHEEEL L THOEH
W, ZFOEFEY 7 M &EOppmé Ui, BEBIEEDRETHE L. VAV —F7 v
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SunV — 7 X7 —3 3 »TatE L HiER iR % NECPC-9801 85— Y A ar B a—

ZOCRTETHRIENTZARS b EERELERZ LIZkY.,

CMEZT 7 FdBIE LT

3. HEREER

Figs.la), i ZNENRY 7Y > 1
DCPEIT & 5 36.6MHz3 L 167.8MHz
DEHAE'O CPNMR AR Z MV 2RSS,
36.6MHzT DAY M XTI R F
MAEERIZ XV BABEW > EWIZ IR -
TRY., HADNMRANRTS A —& %KD
HETRERBENELCD. L L.
EREIB D R M AD &G B
AT IR A2 2REZZ LI
V. BREBDARY Mhbikss
TR MICETEIRT A2 2/B
TEMERBIIRD, ZDX 5T, Bixo
TERBIZRBITIHEL Y OO L5 72
Vi CTIIARTH D Z Lx3bh b,

RY S Y ¥y IO 36.6MHzE O
67.8MHzIZ 3 1} % [E# "0 CP NMR A~
I hNEBREDEINZHRANY K
L% Figs 2 a),DIC FNENRT, AN
JMNATIal—3aryOERELR
TENMRAN T A =& 2D XT7F KL —
& Table LIZ/R T,

IS DR D H% 7 FHONMRAL
YT LA UMMM S ER
S qQ/hZ Kk EMREEIEEE (N--O) lzx L
T7uay b LEdDEFig3lzrid, K
REAHEERNE D LE LY
"ONMRAL# S 7 b o i3 R pIiz o

7 b L. BUERFRSS E Be'qQ/hid/h
S RBZEBbpolc. HimitE%:
BOERITHETEAD,

e’qQ/h. nB X

@

/

. /\wwf y

1500 1000 o S
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Fig.1 170 CP static spectra of polyglycine
form I obtained at 67.8 MHz (a),
36.6 MHz (b), respectively.

67.8MH:

o ﬂ
\_,/ v\//\\‘:“

,l ppm
1000 500 0 -500  -1000

Fig.2 36.6 and 67.8 MHz 170 CP static spectra of
PG 11 with theorifically-simulated spectra.
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Table 1 Determined "O NMR parameters of peptides
containing Gly residue in the solid state.

chemical shift tensor (ppm) deg. N--O length
sample ¢’qQ/h n 611 822 633 diso a f ¥ (A)
(MHz) .
PG 1I 7.8 0.30 550 550 -300 267 O 24 5 2.73
GlyGly 8.4 0.45 550 550 -280 273 -4 26 5 2.94
PG1 8.3 0.27 570 560 -280 280 0 20 4 2.97
GlyGlyHNO3 9.0 0.38 595 585 -315 288 -7 26 12 3.12
-=@= 1 shift —{—e’qQ/h
260 T Y T T 9.5
E 265,
& LR o 490 &
L T <
g 270 - . / ’g
275 | St 485
g a1 2
g 280 |- 'S i
7 . 480 ~
9 285 "'E/ ‘\‘
- L
290 1 i 1 L 7.5
27 28 29 30 31 32
R &)

Fig.3 Plots of the 'O chemical shift
and the e’qQ/h against the N--O length.

AT

67.8MHzD AR MV RN T &R BERHRFURAT — a v
WBEBRY AT LOAAEFHE GSX-500 NMRA M EMA LAE S E TN
BEFELREZLICEHLET,
SCHER
1) Saito.H and Ando.l, Ann.Repts.NMR Spectroscopy, vol.21, 209 (1989)
2) a) Ando.S et al., J.Am.Chem.Soc., 107, 7648 (1985)

b) Shoji.A et al., Macromolecules, 20, 2441 (1987)
3) Kuroki.S et al., J.MolStruct., 245, 69 (1991)

4) W.P.Power et al., J.Phys.Chem., 94, 591(1990)
5) Kuroki.S et al., J.Chem.Soc., Chem. Comm. 5, 433 (1991)
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Quadrupole Effects in '®*C-CPMAS NMR Spectra of Uracil Halides

OBunsow Nagasaka, Sadamu Takeda*, and Nobuo Nakamura
College of General Education and *Faculty of Science

Osaka University

Asymmetric splittings in the **C-CPMAS NMR line of the carbon atom bonded to
halogen atom were clearly observed as triplet for Cl- and Br-uracil.These split-
tings arise mainly from the residual dipolar coupling under magic-angle spinning
between !°*C nuclear spin (I=1/2) and spin (S=3/2) of halogen quadrupolar nucleus.
A calculation of *®C-NMR lineshape was performed to analyze the asymmetric trip-
lets under the adiabatic approximation. In the lineshape analysis for Br-uracil,
scalar coupling as well as dipolar coupling was taken into account. The spectra
calculated for both compounds agreed well with the observed lineshapes, from
which the signs of the quadrupole coupling constants could be determined and the
scalar coupling constant between Br and C was estimated. For I-uracil, '3C-NMR
signal of the carbon directly coupled to iodine was not detected due probably to
quadrupolar relaxation.

[(F] E#HBEIBRENMRIZBOT, v Vy /7 v/ )VEE (MAS) @3tV 7 +o
RAEPRAEVHORBFHEMFAZHITERALCFROLIDTH S, EIAHDPBRTEH
AEY 1=1/2 ORFOVZBEBFELDORF (S21) LBELTLEHE, EAEVD
BEFILHOFRAINBRLLZLHDICINSOAE VHOMBIFHEMEARMA SIKL-> TS
T BHEINTIIES, COBR. fIZIE VN (S=1) THALK °C (I =1/2)
DYTFIVFEMBE_ERIIHETLII LRI HOoNTSE [1]

FENICER, COSRBEICKHEER. BUBHEFRONSRIZORFE., B4
BROFHMEBEANI POBTAHERDLIIENTE S,

MUBRENS =3/205F/IdEZLSNEN, '°C& *°C1 (°7C1), '*C& "Br
(B r) OBRICREEEVLAMAROPESSEBBIINETHE SN TH ST [2]
SEEUHT P*COYVTFIVOPMGBREBULZOTINSOMEETRET S,

F—7—-F:'C-CPMAS NMR. BHEBFHR. NoF Lo 5L

ORN&EN BRAETH. I3 3RL. BHrts Dl
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(8] BHBEHEOC1-wF Y, Br-w32 ), 1-93 Y VE2NZFhKRNOH
BRUTHW/, '*C-CPMAS NMRRAXZ F)VIZI@BRUKER#OMSL 200
FRHO. BEE®EEE 50.32 Mz, <V v o7 o7 VMG 3205 zTOWTFhERT
BEET » 72,

[BR-E8)] Cl-vSyiliE20THELNL *C-CPMAS NMR2ZRZ MILIC
BIFALCL (PTC 1) WAL “COVISFLOREERail (%) TRT, 20
BKDOARIZODOTOREBITEIUTOLIICLTIT oo WBERND b & THNUER T4
$2C1 (*'Cl) OBAEYORARELZ, HEMIKANAI NV =T 20814 T 52
EWLE-TRDI, ZOBEBFREEFE-T 3°C1 (P7C1) & COMONBRFMENE
BAitkd “"CORBHE VY7 2 —REBTHEL. BRXXRZ7 MV (Rb) 2872, 20
BT, EHHUMOFTWMEIBEAN 7 bVI—HI B, ERNBH/IZA—-F n=0%FEL N,
BBt A KM e*Qa/2h= 37.577 MHz (3°C 1), 29.64 MHz (*"C 1) L% HRE
WRc o, =1715 A BREMESFE -7 [3, 4], CORR. *°C1 (*'Cl) OKNME
HEERHORSLATHEIEbAD T,

Br-w 3o VE20THRABEIFOF/ENVBHENT, TOFREFHT L DT
BWEBRFHEAEFRAUNCAAZ—HEERBLUVESAROETMEHZBN7 MloFhick
ZRBOEZLANILERS >t ZOBHFEHS "Br (*'Br) OBKNBHEEERD
FERETHEEEZONDS, BAEYWERAHETHEBELEROFENEL LD,
Cl&Br&THENEF
E—AVIFQOHENE Fig.b calculated lineshape
BAHZEILEB,

Fhl-v3 o0
Tk 171 (S=5/2) I
ALK “Covy T+
EHEELBH LD -
oo ZHIZ VT I OMIEE
FHEEANPREZOHI &
E PN IEOBRO D
EEZIOND,

150 100
PPM

Fig.a 'SC-CPMAS NMR spectrum of Cl-uracil
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State-Correlated 2D NMR Spectroscopy.
Application to Order, Conformation, and Interaction in Liquid Crystals.

M. Kimura, H. Kawahara, M. Imanari, K. Fujiwara, Y. Okuda, A. Naito and K. Akasaka
Faculty of Science, Kyoto University; JEOL Co. Ltd.; Faculty of Science, Himeji Institute
of Technology; and Faculty of Science, Kobe University

Using State-Correlated Two-Dimensional (SC-2D) NMR spectroscopy, one can separate a
complex multi-proton signals into a set of simplified subspectra (cross sections), which arise
from transitions of each individual proton under dipolar couplings to the surrounding
protons.Theoretical consideration allowed simulation and analysis of the subspectra based on
density matrix calculation, and gave information on local order parameters as well as on
conformation in some favorable cases. Differential spin diffusion rates found between
different chemical groups within a liquid crystal molecule or by mixing with another
molecule are expected to give some insight into intra- and inter-molecular interactions in
liquid crystal systems. In the present report, (1) priniple of analysis of the cross sectional
spectra, (2) determination of local order parameters, (3) possibility of using spin diffusion in

molecular interactions, will be presented.

bhbhiZIhEF TOWRIZE T, BEAREMEBE_KITNMREHZESZEREL.
CHhEANTN L DD HME X RSB MIARISOVWTHE LI, ZOH LINR
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Lo FERD. DRSS VADY, WERD FbB, JLbo JALLA
I B WHLL BES bES, ObhIh HTwsE
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Hbo —Ti\ FWPTLRLMELIGE, T AR MVOBTIZ IVZRIIF DX
EYFA4F3 v 7 R%EB L THUBRMBEMTEEREX TR h, FEICES V3

ab=Ya UIHRETH B ENHII LI, FRRAE VI BRRRVICEY AN/E
HOLAETH B, ChoDHRERET S L, REHEET D b ZRTTNMREOK &
NOBERIZLYBONS (XIIF[REHDH 5) 1FHRIZ. RO [T EDB T ENTE

%,
<HKREMBI 7o b ZIRIENMREN SR SN 5 HH >

(1) &BEET O b BB FHECERZ O R B DRE .

(2) 78X€7 230DV Iab—Ya /lkbEET D b PR FHEER NS
A — 5 —DRE & Z D5 FHEERT DRI A

(3) REIEERA UicaFRa-F MR O,

LI o OFEREREICF EHT 1 HOERFEME LT,
(1) ¥TART MOFENTLETH B &, (TN —FHHH DOER R

S OICHRT S EEERT D)
(2) 70Re7 Y3 VHPEETD b RBTHEEAORESD SDITRTIRE,

ROSBETHB &, (ZHIIRHBOISIRIUREERT S)
(3) S FHEXE ALHROEHR

REBBEEEZ ShB,
PDEDKEE ChFE TITbh i (D DFR (4-n-pentyloxy-4'-cyanobiphenyl (SOCB) .

4'-methoxybenzylidene-4-acetoxyaniline (APAPA)., ZDfh) OEFIz L > TH U £7-40F
ENORLEEET D,

ZOWMRIEHFHEOEBIC LD LI bDTH 5,

BE
1. A. Naito, H. Nakatani, M. Imanari, and K. Akasaka, J. Magn. Reson. 87, 429 (1990).

2. A.Naito, M. Imanari, and K. Akasaka, J. Magn. Reson.92, 85(1991).
3. K. Akasaka, M. Kimura, A. Naito, H.Kawahara, and M. Imanari, to be published.

4. A. Naito, M. Iinanari, and K. Akasaka, to be published.
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Orientations and Conformations of Local Anesthetic Dibucaine as studied by H-NMR and Molecular
Dynamics/Free Energy Calculation

(OYoshihiro Kuroda , Masahiro Ogawa , Takahiro Kawabata , Yasunori Kiyama , Yasuhiro Fujiwara ,
and Terumichi Nakagawa

Faculty of Pharmaceutical Sciuences, Kyoto University, Kyoto, 606-01 and Kyoto Pharmaceutical
University, Kyoto, 607

Orientations and conformations of dibucaine which is interacting with membranes have been studied by H-NMR
spectroscopy and molecular dynamics / molecular mechanics / free energy difference calculations. The *H-NMR
spectrum of dibucaine-d, which is deuterated at the butoxy group showed clearly resolved quadrupolar splittings, when
it was allowed to interact with multilamellar dispersions of mixed lipids composed of PC,PS,and PE; the magnitude
of these spliftings increased when the membrane contained cholesterol. In contrast, no clearly resolved quadrupolar
splittings have been observed when the dibucaine-d, was allowed to interact with the erythrocyte ghost membrane.
These observations and the results of moment analyses indicate that the butoxy group of dibucaine is penetrating
between the acyl chains of lipids in the case of the model membrane, while it is not penetrating deeply into the
membrane in the case of the erythrocyte ghost owing to the high lateral pressure arising from cholesterol and
proteins. The calculations of free energy of binding with a phosphatidylserine monolayer indicate that the interaction
between the polar side chain of dibucaine and the polar moieties of phospholipids is likely to occur at the beginning
of the interaction as expected; then, dibucaine binds with membranes more strongly placing its quinoline ring and the
butoxy group more deeply in the membrane.

REREAIT. PHRTHERE 8 LERAT
NFAUBENR D, NOF v 2RIV OO WEICAE CONHCH;CHoN(CH,CHy), + HCL
ALUTNSQHAE|HT S5 E0bNTIN B, 1o l‘\
FHEIZ, Na'F» VRV UICRBO B A 7
FUBESE S HATERERIZL. F+ o2V
MELZELIENTOMAZEIET B, LI #E Fig.1 Chemical Structure of Dibucaine HCI
BH 5. TOERBIZIE. BB S EEBIEER & O
BfEHMEL Db - Tn5EEZL LN 5,

FEEONMRFFRE TR T +/ ) VROMEBEKFLLILOTHA V(Fig1ye 8K L. 74 #K M
RERCY VIHE_HEEEOHEEREZEKRNMRIARY Mt DBFULEREHE LT (D &
FMETRI ST bFVEBEZERBILLIDTHA 2GR U TEKENMRZIRY FIVERIZEL |
HEDONMRINRY MLEEBITE— A Y MEIZTO, VT A4 VOBPTOREE T RA-Y 5
vELDBELIBH LKL, £, BERREDTHA L LOBEAO BB RIVF-FOFEET. T
FNF-HITEF TRECHEEZRI Lc, ThoDRRERET 5,

' ' 1 U

N7 ~OCH,CH,CH,CH;

F-7—F:’HNMR, V7 H4 >, ) VK, FIRE, 3F8H%, Bl iLFE—
O AEZEILVA, BEDEIVA, b0 A. EREPTOY., I UbSPTVA,

BIHTSH5
bBRAE, TVA L ALV FUKRASH BAWRT  §RE. BAHFERASH EMRR
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[E=8FE]

EFVIREE B CERTIR., BEBHENS. A5 /=700 RIVLABHERE LU THEREDL D,
£ ZiZ310mOsm Y v EgbufferZ N Z . vorexingZSA3M1T »7ce TS, T bR UVEEEKREMLILDT
#14 > (Dibucaine-g)3mMAEZF N L. < O MBI % 5[0 Freeze-thaw-vortexing L 7. NMREIER Y 7 )b
E L. 7THHRMBMBERNNERTIE., RMEREEHEICE - THRY L, 310mOsm Y Ebuffer ToE
L. R Ubufferfic MBI H 7o, £0T— X MEEHKITDibucaine-d3mM)% 7N U 523 Fvortexing U7z &
SEFR R ULNMRAIE BY b & Lico, Y v ERbufferd 8843 . Deuterium-depleted-water’d Ji v 72,
*HNMROBIFEIZ. BRHEEDT 0— KXy F7 00— %45 Z 7-BruketAM-600iT & b, PIEF T I —#iC &
DT o720 HNMRR R FILDE— X ¥ b FHEIZAMS00THE SH7NMRIR 7 bV EX3212 T
ICAMP-DXOFEHIZTE - F-ASCIER I T + — <y PEHLIH, RISINDIGOIZ L DAT72, ¥/, &
FEHEE LT E BT 2 ¥ — 5812, Molecular Simulations3 NMR graf 5 & (XPOLARIS % f v T
IRIS INDIGOIZ & B 4T » 7=,

R EEE]
(1) B T@Dibucaine-d,D’H-NMRHIE

Fig.2 {Z Dibucaine-d,c> PC ( Phosphatidylcholine)
PS ( Phosphatidylserine) . PE ( Phosphatidyletha-
nolamine) EEBEE T (Fig2a) LU\ £hicav
ZFo—LE &L (Fig2b) IEE O H-NMR AR 7

kv (pH7.4,300K) %7573, PC. PS, PE. D E I
B3t MRIRBOAMIC BT 3PC, PS, PEOM @
RE—HXETLL25E L, 2K ETVRF O
—WEDENEHRB. EPMFMERBEOMRK (
lipids:cholesterol=7:6 E)LH) I La v XFo—-Iib
SEEVUT LTz, Fig2DARY PUIZDNWT, &K
—ZWIARLRES (1,2,3.4) EFigloBERF D ‘_/_,JJ\
BERMIET 5. 220 AT MVHEDO NS | 18 5 5 B3 oKz
Dibucaine-i3 I L X570~ V2SI EBEF DIES
M. T hEVED EDIALIT DWT B JE L quadrupolar
splitting2 R Z &tbhh-7c, 2O &L, FHEER )
FIZa VA7 o=V EESLIFEIN. LD ordkrdE +
RETHEAELTNBEIEERT,

Fig.3{Z Dibucaine-d,> = — 2 r MEHM+ (pH7.4, - 1 o
300K) 26135 'THNMRRX R hMLART, d— Was ' 2
APETR, T Y EOLOEAK LI vq_x.m‘”io
quadrupolar splittingZ /R X 75 » 72, e

RIZ, TNHDANRY MILOFIROEALEBUENIC
EBABID. BEETHUEIN/HNMRZ A b
NOE—-X U NEHERTT- 7 (Tablel) . BEEHE
s DDibucaine-d DA pHT.4, 300K TS=6.73*10"
THHDITHL. aVAFo-E2ELE, R%HE
TS=9.12*10°L Z L Loder @ { 15 » 72 E %R L
Tb, ey AFA ROV T A VRFERLEE
TE5pHATOWAETH. IVRFo— i34 2 ET.
oderSB L Mo fe 2 EDURE NI,

U L. I—X b B DDibucaine-d T, pH7.4T
Scp=6.39*10°, pH5.2T55=5.89*10° L1V S5 & 5 iz,

Sl L LT b, ZOLDIK. T—X T3,

Fig.2 (a) "H-NMR spectrum of dibucaine-d,
(3mM)-mixed lipids (PC:PS:PE=1:1:2.5 molar ratio
70mM) solution at pH 7.4 and at 300K; (b) as in (a),
but contains cholesterol (total lipids:cholesterol=7:3
molar ratio).
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DTHA DT M VETorderh BN KRBT BT
LT EEZ OND, Al BBERPICD L
25— NESL &L, HITBP LTS,
COERIF. AVARTFO-MZED, VT AL LD
T hEVENREE - 2B % & D | order parameterd
FEBNELNE e, EERENSD, LML, I—
A MFRTIE. A0.T762EBHTHOAJHIE ohv iz,
DI EDS, VITHAAL L OT PR VEEIEES
B4 & 53 £ O 1287 order parameterdD 43 BAHTK
E{ B EEBREIND,

_,__,,_,..,—»—'*""'/

10 s o
Fig.3 *H-NMR spectrum of dibucaine-dy(3mM)
-ghost suspention at pH 7.4 and at 300K.

T ——

-5 =I0kHz

Table.] Moment Data for the Dibucaine-dg-Mixed Lipids (PC:PS:PE=1:1:2.5 molar ratio), Dibucaine-do-mixed lipids-Cholesterol(total
lipids:cholesterol=7:3 molar ratio), and Dibucaine-dg-Ghost Systems.

Membrane Temperature M;*10-(s ) & M,*10-6(s2) 2 Scp*103 % At
mixed lipids pH7.4 300 - 2.04 9.38 6.73 0.670
279 227 112 7.49 0.615

pH4.8 300 238 126 7.86 0.649

279 2.44 12.0 8.05 0.497

mixed lipids+cholesterol pH7.4 300 2.76 13.7 9.12 0.337
279 3.29 18.2 10.9 0.245

pH4.6 300 2.72 137 8.97 0372

279 3.23 17.8 10.7 0.265

- ghost pH7.4 300 1.94 8.92 6.39 0.762
pHS.2 300 1.79 9.99 5.89 1.32

2 Mn= f:w"f(w)dw/ f:f(w)dw~ b Seo= 2N3M{(e*g0/F) s €qQ/k <16TkHz. ¢ A= MofL3SM? 1.

Q) PSLVTHA L EDRAOBRIRNF—F

{LDEE

VIHA VHIEEEPTEDL I LERAE 3 kA
—VavhkEBREEIROREIHFETIN L0
ST EARNTRY, EFIVEE LT, PSOHS
FEERO, BEICHT 2V T7H4 OREDAR
IRIVF-FOFTE EFig TR U FRICH-> T
oo RICH 41X, PCHPITBE T, VIHA
BASFIPERELTHEELTHAIEERHE L

(2) o 22T, FigSiIZmd&3R897Th4 O
SITBLT EEDa KA - a VABLUBWE
NWENS A= —ELTELELLEFVEEL  (
Dibucaine AA,BB) . # 7z, Dibucaine® J§H i~ D%E
AR D WTIFFig6IlR T LD W BHEOEF IV
%#Z 72 (Model LII) o Model Ij3'H-NMRDSEEAI X
NABIHBEESE LY THA A2, F /Mol
I E°H-NMR{Z 35 4> T quadrupolar splitting% & 15 % 13
EIRBELIDTHA U EBELLDBDOTH 3,
Ao, VITAA DY A2 —RFFigNiIRT LS
163 FOPSOHRIESXIET, PSEOBESOEH
IRINF -FLDEFEE1T- 72 (Table2) , HF 4
VENCBL TR, VUL DI vRA- Y g vith

1.[Construct Structures of Dibucaine A and B 3nd L- a-Phosphatidyl Serine.]

2./Construct Structures of Dibucaine Dimer(Dibucaine AA,BB) and A
Monol ayer of 16 PS Molecules.

3.

Calucul ate Atomic Partial Charges of the Dibucaine Jimers by the Q
Equilibrate Method.

4.[Restrained MO/MM for the Dibucaine Dimers which incorporate NOE
Oistance Constrains.

5

Construct Sofution Shells of Water Around the Polar Moieties of
P516(H20-PS16).

6.[ Calculate Atomic Partial Charges of H20-PS16 by the Gasteiger Method. |

7. Canonical (TVN) MO for HK20-PS16 by Nose's Method. Ternperature:333K;
Time Step : 0.001ps; Simulation Time : 10ps.
¥

MM

8.{lnsert Dibucaine AA or Oibucaine B0 Into the Hz0-PS16. |

8B-H20-PS16 by Nose's Method.  Temperature 300K ; Time Step

9.{Canonocal (TVN) MO for Dibucaine AA-H20-PS16 or Dibucaine
:0.001ps : Simutation Time :10ps  ~

10.1MM for Dibucaine AA-H20-PS16 or Dibucaine BB- H20-PS16, —I
¥

11.|Recalcul ate Atomic Partial Charges of Dibucaine AA and BB by the

QEquilibrate Method,

1~11: NMRgraf

12 : POLARIS

S
V2.1 Calculate Free Energy of Binding af Dibucaine AA or BB
with H20-PS16.

Fig.4 Scheme of.calculation of free energies of
binding of dibucaine AA and dibucaine BB with L- ¢
-phosphatidy] serine monolayer.
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Db 57, Binding Model IDEBHAE LD LEDH
. BEEOHBET AVF -—EADN LD RECRDHE o N By
LD BERRICHRAETH I LDD T, Hics iy

Binding Model Il }Z 354 T3, Dibucaine BB >k 2 JZ Ti
—¥ 3 v OF »Dibvcaine AAX D bREIKEET S " |
CEERLTEY, FigZRBOTITAS DT b e 7

F 3 #3 BB 75 quadrupolar splitting R Ui & & & B He

AT B PHECH LTI, #EoBHTRNV A 5
FoRBEDMWEEE 1o DI &R SRIAVWCE H t ¥ +
BT E—HEOFETRIT A VORNDR | J
ARSIV b o E-FfL (AS) BELLERSH m; Q
TWig e &R Hh 50 Binding Model LT 1 ML©M= o=y
T AFA VR ERBIIAVHR A —Y 3 VBOE DA ’ _ M\M
£ D BAECBEBEIRVE—ORILEET U, A-a 8-

Fig.5 Schematic drawings for the association of
dibucaine A and dibucaine B.

ff%\ fﬁ%x OO0O0O0

Mode 1 Modelll OOOO
Fig.6 Schematic drawings for the binding model of O O. O O Fig.7
dibucaine dimer.@: Quinoline rings of dibucaine; /: O: PS , @: dibucaine dimer
polar side chains. O Q O O

Table.2 Free Energy of Binding of Dibucaine AA and Dibucaine BB with Phosphatidylserine
(PS) Monolayer. 2

Binding Model I Binding Model II
_ dibucaine AA dibucaine BB dibucaine AA  dibucaine BB
cationic form -78.8 -80.7 -28.8 -64.7
molecular form 14.2 20.2 48.0 44.1

a Energy (kcal / mol).

€D '

FIBRIERD S, DTHA VREFNVBESRTHFigSBOXIN IV R A - s VT T FVEE
BRHICE A X BEE E- TR EELI SN, 'HNMRIZ X B ER & VIBAEICIV AT 0
—WAEELEFNVEOBRE, 7RIV ATFo- itk D, odaDE L8> TS HER BED
PERAERE D2~1061D A F L Y EOHD) KHEET HcH. IVRFo—VEFEROETFVREPITES
L7:Dibucaine®® 7" b F L FHEL D DR Doderh B L > TNB EEZ 6N B, ¥/o, T—XFTHEHL &5
KaAVRTFo—VERNEL . EXBI 30 REOFBTLY ., TVRTFo—IVEERETOME (
lateral pressure) MSPEEICH 2, T FUENE I ETRLEESTEY, BERIGAVERICEE -
RERAEESTIRBEETIEEZOND, HoT. COBEOVITHA VOAEER I VKR A—Va v
UTIIFigSAREZ 5 L TE B,

[References])

1. Y.Kuroda , M. Wakita , M.Ogawa , Y.Kiyama , Y.Fujiwara , and T.Nakagawa , The 31th NMR Symposium
(Japan) , Himeji , 1992 , Poster Presentation No.28. '

2. M.Wakita , Y.Kuroda , Y.Fujiwara , and T.Nakagawa , Chem.Phys.Lipids 62 , 45-54 (1992).
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NMR analysis of intermediates on decarboxylation
by Arylmalonate decarboxylase (AMDase)

OShiho Teshima, Koji Saito, Takayasu Kawasaki*, Hiromichi Ohta*,
(Advanced material and technology resarch laboratories,

Nippon Steel Corporation;

Department of Chemistry, Keio University*)

Methylphenylmalonic acid is asymmetrically decarboxylated by Arylmalonate
decarboxylase (AMDase). This reaction accompanies with the configurational
inversion on a-carbon of substrate. To study the reaction pathway, *C labeled
carboxyl carbon of substrate was monitored by NMR. Asthereaction proceeds, two
peaks were newly observed on '*C NMR spectra. These two peaks had constant
intensities, and they disappeard when the enzyme was disactivated. Therefore, it
was confirmed that intermediates peaks of this reaction were observed by NMR .
According to the *C correlation with 'H, we can suggest that these come from the

substrate-and product-enzyme complexes.

[ wiz]
7TU-ven ERBLIR BEBE R (AMDase) . ROARFHRKBKICZMELY . o6
BRMWBEBELLEL L2V, QRS AEREL - TH#TT22 &L v %

% ) T v Z) o
Me AMDase Me
ph/k'"wCOzH - Ph/kl”H

CO,H 13CO,H

IHE TIIEEPR LTV RENRG T 52 & PREKSTH/MEEFUITCNRSE S
EREDHRAFBEONTWE A, Z0HEM%2 KSEBBEHS T2V,
T, —HOI $EERPICTIN VL R RER AR T HVWEBERRIE 21T
W, ZOHEFTENMRZHVWTEHEI L. 20 REPHRMEICHRTZ2HK0DL -1
CEBEL, 20 2 MBOBELEE (55 VIEAERY) BAKOFENTRE S
72DT, TORICEBIZOWTEE L,

"*CNMR. Risd %k, BREEHAGE, BRREER
OTLE L, dwi) IHL. »bEEF 22RF, BBL U2a4bL,
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[EER]

NMRTRIEHEELZ BT 57200, RE, pH, BBR L EEovib o, &
BEOBRBE, BREOBE2ZBLACEMHERE L2, BE L BB 7120 FIR0/ER
D'ECIN ME (220mM) X, 2NMAEERREM & . INOKOH (0.4ml) &ML,
KBPTHEHL L HS AMDase (0.17mM) Z2MXES CREZ AL 2. HIEK
BRIV RBEE AV, SEES3.Sml AR T 7I-TMS 2 Fiv, EXKTuy) %
Pz, KIGEETNMREEF TITV, NMRIC & % £l % &K 1914008 %
TERL7. BEIHAETHSBRALBIERE « 40012 TT107' 1-7" 2 Hv, RE
WEHEBEIZT-520.1CIKHBL CHIE %2472 726

(RREeE 5]

REOET 2 ERE B L CERYOIV 3V VREL -1 OSBRI X Y BERL 7
(FEE1000[], FEkEM355). 60T THEBY O -)EEIXIML /245, £
DBIBILL Zhole ZDEE179.0ppm(t’ -7A), 182.4ppm(t’ -/B)iZ 2 D
DB &N, SO OBEREEMRICEVELEVD, CORB
OHERICHET D LEZL NZ(Fig.1)o 51X, V' -/A BYEERERBOA
M#chw b, RCROBEROBRFIHEUINI0% TH L L 2HER L. X
72-5° CT DR #EE B (Km=7.6mM), &KL HE(Vmax=157.9uM) & 0, ] & 1
7- 8% FUG i Michaelis-Menten® 1 6E O BH OBER IR wx o T CTHLY
“JABYFHRBEICHET 2251, REORTHICIBEETZ LFRENRS, L
L. SRS IEFS50HBIR OEME T (Fig2) —ENME Tl sz, 22 THEER
COFEM. BRI L) BRERFESEHE, U -IA BRIEK Lz, RIGH
FOEEY 2 SEECH IRV BAEICLY IR HEELL, 2% V5 RIOERR
TREBYWORBEFE S RIEROFEH» Fo Twizizdic, FlEICHEK TS -
JABBZO L) CREHBAINZDDEELZTWVS,

300 . T . ;
Product

Peak Intensity []

50 100 150
Time [hour]

Fig.1 Time dependence of peak intensities
( 1000 FIDs were accumulated .)
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a) b) c) d) e) f)

P |S
s
¢ A B,
180 180 180 180 180 180ppm

Fig2 C NMR spectra
a) after 8 hours d) heated to 75 degree P product

b) 14 hours ) adding acid (HC) S: substrate
c) 50 days f) product was removed A: peakA
B: peakB

Ko BB EITR O -7A, BIZ DWW TPCNMRIZ & % "H/ v hy7 Y7y, BIRE'H
F Hy7 v . BLU2DIYY VY C-HYIMVEBE OBIE 2T o e ' H/ v 7 YY)
DRSS, U -7AIR3.8HzD 4 B L . BIRKHF 107 Vv A 50.98ppm®D ' H
LRy Ny BiH B EFHL MR o7, 72, 2D VY C-HYTMEBIE T
bt -JAIX'H=0.98ppm & DAHEE /R L. IDAN I ORERE—FK Lo U -IADT
BNy B LR HE OHBER S IS E AR LU VY hy7 )y EHIMFTE
B, U -IBIXAN VDB DRE TR Do 7225 2DAN SO FER & D 1.23ppm &
2.98ppm®» 2O D'HE QPN H 2T LW bhole D2F ) Table 1 IKRT &) IC
HEMAABIZ FNFREE. EEY b THIRELR ZEFEVIOT 0l RO
WeEzLN 5B,

-
> Table.1 Chemical shifts of intermediates (ppm)

Substrate { Product

3C _COOH 181.6 183.9

H -CHs 1.00 0.70

b) ' -CH 2.98

Peak A Peak B

'3C__COOH 179.0 182.4

R .Y *H -CHs 0.98 0.80

757 1791 1790 1789 -CH 2.94

Fig.3 'H non-decoupling spectra of pea
a) selective 'H decoupling spectrum
(‘H=0.98ppm was irradiated.)

b) 'H non-decoupling spectrum
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a w ]
°i Tris buffer

Fig.4 2D long range C-H shift correlation spectrum

IS DR HAMDasell £ B 72 iy ER OB RER B ICIIA B C L b 2
BEOBMAENEETAIEPHALSHTICED, NMROER» L JAIZHE ¢
- IBREFD L OBENESA L HEE S Nz AMDase D IEMEICIZ VAT /3R 205
5422 0bhoTB 0, #H-1AvOESKEZHEETHE, RO &) D
EibNd, ZOMCHVBELOITVEAKRTHLETREDD N, BEOERE T
BRHAZEOVWTNATHALILEZTWEY

 CH, CH, intermediateA CH, intermediateB CH,
)Q'E?COOH ———i '1§CO_S-EnZ. — unV-}g —_— “"V,’g
Ph COOH Ph COOH Ph co—S-Enz. ph COOH

Z o, KGO T ICEY, 2E, EBY. U -JABOPCNMRILZEYTHIE
LzwZ edhsb, SRLIB VIO VI DL ERVWEGEE>LEZ LT,
—H, BIFRSIETTEHICOoN TS LD, 0MRICE—EDHIAIC %o
7o TNRKEFEL KON THEEBHIEL RS E2RL, BEORAIC L
LRIGEENET L —HT 5. CORBOEAICODOVWTRERRFLTWTFE

Thb,

[ 3R]

1) Miyamoto K., Ohta H., J.Am.Chem.Soc., 1990, 112, 4077.
2) Miyamoto K., Tsuchiya S., Ohta H., J.Am.Chem.Soc., 1992, 114, 6256.
3) Neil E. Mackenzie, J. paul G. Maltjouse, A. I. Scott, Science, 1984, 225, 4665, 883-889.

— 232 —



P27 s+z25vz2varxby)—EBXo -2 7 betBEICXS
2 v B O ABREEENT

BIRI : MiE - AT - REEE
EEREEHAE NN

HAEBF® WL ey b HEHE—

Structure Analysis of Proteins by A Combination of Distance Geometry
Calculation and 'H-NMR Chemical Shift Calculation

° Jun Kikuchi', Tetsuo Asakura', Mitsuaki Narita', Kimiko Umemoto?,

and Kenichi Fujita®

'Fuculty of Technology, Tokyo University of Agriculture and Technology
*Department of Chemistry, International Christian University
ML Project, JEOL Co. Ltd.

A new method for protein structure determination in solution has been
proposed by a combination of distance geometry calculation (DADAS90) and
'H-NMR chemical shift calculation for proteins. When the ring current
shielding effect from the aromatic ring in protein on an a -CH proton is
larger than 0. 3ppm, the distance constraints from the aromatic rings to the
a -CH protons are inqorporated into the process of DADAS calculation using
the co-ordinates from the X-ray diffraction analysis. The better structure
for BPT! (Basic Pancreatic Trypsin Inhibitor) with a good correlation
between calculated and observed «-CH chemical shifts, and with small value
of the target function is obtained by taking into account such a ring

current shielding effect.

#E " NMWRICE B o BONEBERTER. 5 v EBEBERERET
BABPICB I ABELREAT I CEBTES” LW ERELELEE»IT 2, L
BULBHES, MBS ESBECOEDL LS, "BEOXBREI "2 M AL TWL
fedicik, ToHEBROBMICELZCOREEZET b0 LEbN 5,
FrRINET, NEBEEHEZLEAN O, UABEHECELEZERAV S
22,0 otca-CHTm b YIMMEEY 7 oW T, BEBRME. MKEHH
B, BEVWROME L THEMT 2 HEERELTEL 'Y, COoLS3BI¥v 7+
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Solution structures of ET;, selective antagonists RES701-1 and RES701-2
determined by 'H-NMR

Ritsuko Katahira, YuzuruMatsuda, Moto-o Yamasaki, Mayumi Yoshida
Tokyo Research Laboratories, Kyowa Hakko Kogyo Co., Ltd.

The structures of endotelin B (ET},) receptor selective antagonists RES701-1 and RES701-2
have been determined by "H-NMR in DMSO solution. These peptides consist of 16 amino acid
residues with an internal loop between y-carboxyl carbon of the 9th asparatic acid and amide
proton of the N-terminal glycine. The structure calculations were carried out by the combined use
of distance geometry and simulated annealing methods. The results show that the both peptides
adopt highly ordered structure; the antiparallel B-sheet between the segments from A7 to D9 and
F12 to Y14. The hydrophobic core associated with the orientation of the side chains in the
antiparalell B-sheet structure would be indispensable for the activity.

(FF) =Y Kt Y v EDIX. ERBZBRNNERMEERE2S OEHEEERSFRTHY,
HEE TIZ EI-l, EI2, EI-3 0= Disopeptide 28, MEENLTWD, ¥k, Zh
LDORTF ROLEF¥ —iZid., EREL,,El W5 ZBROV T 4 IBHBT L
PREILNTWA, ETL 7% —iZat L Tid. EIM, EI2 28 E3.& Y S affinity 28558 < .
ELL &7 % —iZx LTI, El-, EI-2, EI3 3 iERA U affinity 2R 3. ETOHE LIE
P DHBIZOWTIINMRT b % £ DWIERR &, CROTp R Tink&te CRFIED
Bk a7 OHBED, FEHRICHETERVS EHEShE, 0k 5 REEEEmEE
BEHEHTIHE. 7oA IR OBEERARDIER Y Ky VoERA2ERTS E
TEELR-TLD, B ELLVYE7Z—RRAT7T U 2d=R Mgohifigsh
TWBM, ELLE7Z—izxt LTk, IRL-1038 (11-21] E-DOARHE SR TWE
I, SRTEEDBERIZONVTRREFESh TN, ZFITHRAIIZ. ELL
X — BRI R T F FREST01-18 X I'RES701-2% 87, Z O itk % .
distance geometry ¥ & simulated annealing 3 %# WA Z LI & o THRE LTz, RES701-10D
— R WYX, GNWHGTAPDWFENYYWT (7012k2 %L Tix . CEKR D T
7-hydroxyl-TryptophaneiZ 25 2 7221 DB D THB) . IBEHOT ARG EVBO v
FINVERoNVENKDOT I R7a NUBREA L, == BA—T7REEE2HLTBY.
SRTCHELICHEERFEENSD, SEHLMCRSTEINLOBEN L, EE LS

% — 17— K : '"H.NMR, ET, antagonist, three dimensional structure, distance geometry
DEOD VOZ, E0K WTdH RFI&E LB LLE A
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DT OW TR LT,

(E5) SmgDY > 7N %0.5mld DMSOBKIZE LT, 30°CTNMRHFIEE Lz,
NOESYGE & 300ms) , DQF-COSY, HOHAHARIZ iZ1%. BRUKER AM-500% F\>,
NOESY (B & 100ms), ECOSYHIIRE IZ 1XJEOL INM-A400% Fv iz,

NOED#EEIX. TITAN EONMR2IZ L o T 7 V% volume integration 5 Z & iz &
> T, Bz, 'Gly’AspDBRREEE %1 5 %12, MolSkop JEOL L) T7 ANSE LD
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Tipa i 1DARZ M X YHEZIY . T HIECOSY & Y e,

(BERRUELR) 1) RESTOI-1ER 20 &k#E  NOBSY, DQF-COSY, HOHAHA %
Ry MAVERAW, BERREST'HY A OREEITo%. RES701-1ONOCED
connectivity ., X 1 IZR L. ATH» bDIDEE & F12 b YD iR o ©
antiparalellDB-sheet IETH B Z L3 h o, T OREEIX. REST01-212oW\WT Bl
Ahiz, NOBILAELN 129 (RES701-2iz5%t U Cix120M8) DEmMERSH & 118

(RES701-2iz%f LT HRIE) @ phi angle constraints, 8ff (RES701-2iz3%f LCTiZ7) @
chil angle constraints % i\ T. 400 D ¥ H SDADAS & % fTo . &RIT.
DADAS T8 biviz izt UT. 1000K2> 5 100K ¥ TIREE 2 FiF' 22435 6ps dynamics
HERTole. FORE. REST01-1, 701-2 126 L THEKIIZIZENEN32E,. 248
DE PR LIHEENBE LN, EHRETFIH LT O msdit 0.42A (1-16REH) .
0.55A (1-15B&3#R) &7 -7z, RES701-2j%. RESTO1-UZHEARTIPERMRE L 2o Tz 8,
ZHIZRTE D CREAPBREIZHRTELNVWTNIATHILEL TS,

2) antagonist FEHEIRLIOHEE  IC,DEA 5. RES701-113Y > ¥ ((1-10]JRES701-1)
DOHDIBERL. T — A4 ([10-21]RES701-1) DA T, IEM-EFREL>TLES =
EBbhroTNWS, o T, V7RO ET—AEDPO—HPLHRHO>TWVWD
B-sheet ME DB T RIEHIZELBIFE LTWA b D EE % b, 72, RES701-21%,
701-1 & HRTEENZDDO—ZBHL D Z & b CRBAOEE S IEHIcFE L TWS
bOLEZLND,

() 458 DORES701DDADASEHH &Iz Y /2> T, JEOLOMHE B ic i EIHE X
FLeEE. BEHBLET,

1 5 10 18
QaNWHGTAPDWFF NY YW
4, %] - — EEeE—
et -
d
oA ———
o=
daald)
dNNGD —

— R
daNGD

Fig. 1. NOE connectivities of RES701-1 in DMSO. Fig. 2. Solution structure of RES701-1 in DMSO.
REFERENCES )

1) Urade, Y., et. al, FEBSS Lett. 311, 12-16 (1992).

2) Robyn et al., Biochemistry 31, 5640-5645 (1992).

3) Tanaka et al., submitted.
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The Shape of Hydrophobic Cavity of Monosubstituted Cyclodextrin
With Intramolecular Complex Formation.

Keiko Takahashi, OToshiharu Shimata, Yoshio Shigemori and
Kenjiro Hattori

Department of Industrial Chemistry, Faculty of Engineering,
Tokyo Institute of Polytechnics

Several monosubstituted cyclodextrins(CD) which have aromatic moiety (carbobenzoxy
group:Z) and flexible arm with some weak interaction points (hydroxy group, amide bond)
were prepared. From the 1D and 2D(COSY and ROESY) 'H and *C NMR measurement,
the structure of macrocycic ring and the position of phenyl moiety in macrocyclic ring has
been represented. Z binding CDs displayed here include Z groups in their cavity forming
"intramolecular complex".  The distortion of macrocyclic ring, the position of Z group and

flexibility of hydrophobic cavity depended on the length of arm.

D-ZNNa—ZN6~8M@a-1, HEELIRRAY I 77+ X M) Y (CD) &
ZDHRROBKEERICEL A FES A MNELTEREL, BREFTNVDAL ST, o
FEEORMRLE U TEB L OMENLINTINS, KRFRETIXC DO FRE DM
EAHBELT. CDEO—oDKEBEEIZHIBEEDOREHE (7T—L) 2N UTHERK
ABALTE, V992 DL —SEE1C DRIFEFENODIXESY X MM+ & UTHUK
MR EMHBEER LEER R MEMEERT 5, €U T, ZOZEEFRX MERNC
D O¥EEA BT AU BB TS, PIDRAM—=FRA MDA T 4 A= g VEHS
MIT B ET, NMREROAHABFED—DTH S, SENIANRR S+ (Z
#) AEOKET I/ BMECDIZEAL, T—LDEX, 7T—L0DHE (7 NEAE
AFVUUEDINT VR HRFAICEAEE Fig D) BETARZX MERE1D—, 2
D—NMRIZTHIT LIERE#HET 5,

F—U—N:vr7oFFX Y v, BUKMHEER. 45FRaEER

ezl I, OLFER &LRA, LFbD XUk, E-&ED JALSES
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R ; -C00-CH,-C,H, :Z-A-CD

e ® -00-CH,-NH-C00-CH,-C,H, : Z-G1y-CD
% ;3§§§§2;S -CO-CH(CH,)-NH-C00-CH,~C . :Z-Ala-CD
g T o -C0-CH(CH,0H) -NH-C00-CH, ~C,H. : Z-Ser-CD
«,X" S -0~ (CH),NH-C00-CH,-C,f.:Z- 5 -Ala-CD
% y -C0- (CH,),NH-C00-CH, -C,H, : Z-GABA-CD
;b o ~C0-CH,-NHCO-CH(CH, ) -NH-C00~CH, -C,f
¢ :2-Ala-Gly-CD
S . o) [ -C0-CH,~NHCO-CH(CH,OH) -NH-C00-CH, -C i
o °\€?:£1§§9° ° :Z-Ser-G1y-CD
o R | -C0- (CH,),-NHCO-CH(CH,) - NH-C00~CH,~C .

:Z-Ala-GABA-CD
-C0-(CH,),~NHCO- CH(CH,0H) -NH-C00-CH,-C,H,
:Z-Ser-GABA-CD

Fig.1 Various Modified Cyclodextrins.

[S=8: E 4R )

& C DFfk(Fig. 1)i36-deoxyanino- 8-CDICZ—7 3 JBADMFEFHDC CHEic &

DIRGEXEEHR LUTze NMRH#EIZEER. JEOL EX—400WBEHWTIT» 7.
[intramolecular complexdDiEa ] '

BRI &5 CDERFOZEIZ, BHEDMEELRAETHACDROEALLTHOD
N5, 1DOHE. BIFIFEERDOY 7 ML, PPRBEJELT /) AV v 7RED HE &
LB COY T NTRAITE S, P ZHEDOR U E VR EDSEOT 0 b ALEEIXL 7 —
TTEEINDID. TNoDCDFERERTIE. V7 MEDERDH D BDDTNT3
2OHET27N—TER > TEEIN e THUIZENT I ) FEKIIEA LIS

(a)( A C-1H (a)
in D20 M_ J \ @

()

y )
+ cyclohexanol .J\'j\\~ DR ]

(© Ar OH C-1H

in DMSO _ 6-OH
NH NH |\ NH , 4/J\¥

T 6 s ppm

Fig. 2 H-NMR spectra of Z-Ser-GABA-CD
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TILFHBATE 9. CDOBIKHZ
HOEBTHELELONS, E
BR. SBILEMERR LN &
PHISNTNBDMSOFTIE
S5@o7Sa kN1 207 N—F
TEEINTED., (Fig 2(c)
IOICCDDORFLET X MrF &
LTHRIoNTWABE Y7 anFH
J—=IVERIMUIZEAE S DL
v 7 MIZEALT B, (Fig 2(b))
Lichis T, ZEDT 1 b o DiL
FVT7FPOEMAIZ, WS
"intramolecular complex” ZRK
LTWBZEIIRERTAEEZS
hb, £/, C1HOAELCD
ZETROIEFEEER L, L2D
REZXFFT D, FHLlTEITN-
formylphenylalanyl-H L T8

Fig. 3 Schematic diagram of the most possible
averaged conformation of f-L-Phe- 8-CD in D,0
at 40°C. Its f-L-Phe-residue is inserted into
the CD cavity from the primary-hydroxyl
group side of own macrocyclic ring.

glycyl- 8-CD (£-Phe-CD, £-Gly-CD)%& &L, £D 1D, LU 2DNMR LY, f-
Phe-CDitintramolecular complex%:iféhj?, U T-Gly-CDIRFER LN EA5RE LT
5, VIDHED. 2: 1 20TEHEINSIFEES O R N3 : 20027 )L—

TTEEINS, ZC 'C%/J\@7

LDREITHBI-A-CDHL-Phe-CDEFLEXTH

H. ZORIHintranolecular complexDEBUTHE & UicHic DIREEZRH LT

%,
Ar C1H L C2~6H J\M
- Ja “ACD . i _
Ar- C.1H C2~6H“
_,M 2O ALD ' M\xu
C2~6H )
Ar- C-1H ’N\
N Z- B-Ala-CD ! e
C2~6H
-1H
Z-GABA-CD
: .W : . i _ __ppm
7 6 5 4

Fig.4 'H-NMR spectra of Z-A-CD, Z-Gly-CD, Z- 8-Ala-CD and Z-GABA-CD in D,0
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(T—LDOERIBIUHAEAOEUICEL DIV T 4 A =2 g v DEAL]
T—LDEIZEAIES . FEERDEY 7 FOMEEL ZUC 1 HOSZMEIZHE
PULTHWS, Fig HINE AFUVUVETT —LE2MBEIELEESL. 731 NEET
IRTF FEESRICLTORBETH 720 TONMRDZEIL., 7T —LOEWIEFE
BOBHHENAKEXLAED, UL CDBRIZEAADITICintranolecular complex®
TR TS D EEEH LT B, S FNEED BB BUK MM EAER Th 5%
KEREELEBATE T, KBEPT I FEOFEENBROEAP C DEFEICHEL T
FTIERELAZRWILTNWS, VY 22T, Z-6Gly-CD, Z-Ala-CD, Z-Ser-CDTH# L
THIcEZ A, SHERERRZA NI - T,
(5 FREEER]

Table 1 IR CDFEERDZED 2 /N —TDSEDER5RT, £THCDFE
HEDHRZPDADE X, T—LOEXNENHDIFESHUBEIKRELLSE, £ LTT7—
LADOEINFE U OIS EREEOBFICEFRIIITRBIERER LI, £-TZ
NODCDHFERDAV T 4 A=V g VI>T—LOEXIREL TS Z E0350 5,
Fh, YranFy ) —IIVENZ S ETXTOCDHFEALRTA SHOBRY MBI XN,
T—LOENEDIFEKRED -7 Z-Ser-61y-CD, Z-Ala-Gly-CDIZ DT EA EE
DI olee TNOEDENIOA VT 4 A=Y a VDENIEBEEZ OGNS,

Table 1 tH-NMR & value shift of CD derivatives

Host . AJS + cyclohexanol A(pﬁm?

Z-CD 0.235 0.128 0.107

Z-Ser-CD 0.269 0.055 0.214

Z - Ala-CD 0.271 0.059 0.212
Z-Gly - CD 0.257 3 a)
Z-B-Ala-CD | 0.177 3 _____a)

Z - GABA - CD 0.181 0.087 0.094

Z - Ser - Gly - CD 0.166 0.162 0.004

Z-Ala-Gly-CD | 0.149 0.144 0.005

Z-Ser- GABA -CD} (.188 0.109 0.079

Z-Ala- GABA -CD| (.199 0.132 0.067

a) cannot meaéure for poor solubility

DX. Takahashi, Bull. Chen. Soc. Jpn. , 66, 550-554(1993)

2)V. Saka, et. al., Bull. Chem. Soc. Jpn., 63, 3175-3182(1990)

3)K. Takahashi, Chen. Lett. , 1990, 2227-2230. :

4>H. Moon, M. Wadamori, K. Takahashi, K. Hattori, J. 1. Phenomena submitted.
5)K. Takahashi Supramolecular Chemistry in press.
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Solution structure of the colicin E3 immunity protein and the interaction with the RNase domain

OMitsuhiro Ohno', Shunsuke Yajima‘, Yutaka Muto?, Soichi Morikawa®, Haruki Nakamura®,
Shigeyuki Y okoyama’, Haruhiko Masaki' and Takeshi Uozumi' i

'Department of Biotechnology, Facillty of Agriculture, and *Department of Biophysics and
Biochemistry, Graduate School of Science, The University of Tokyo. *Protein Engineén'ng
Research Insutitite. '

Colicins E3 and E6 kill sensitive Escherichia coli cells by the RNase activity located on the
C-terminal domain, T2A, of each colicin protein. Colicin producing cells also produce specific
inhibitor proteins, InmE3 or ImmES, to protect from the colicin action by binding to E3-T2A or
E6-T2A, respectively. Our genetic analysis suggested that one or two amino acids dominantly
specify the recognition in both Imm and T2A. Here we report the solution structure of ImmE3 and
chemical shift perturbation experiment between T2A and Imm. The results suggest that a
four-stranded antiparallel B-sheet constitutes a part of the protein surface, and Imm interacts with
T2A on its f-sheet and a part of a loop.

iz

RIGEREETIREEERDO2Y VVE3LENL. URY —ADI6SRNAD—EFT %
KR REIZ U3 B4k 2 RNaseiE 28D, & ORNaseiE#Eix. 2 FBR 6 Dy v
VEHOCKEE. T2AFIBICRIET 5. £iea) S OEEEHIZ. HARKOHD N
PIED Y O U ERE ST, A Y EEZ—2 27, Imm%ERRFICEE LTW3S,
E32E6fD7 2/ MEFIZIER ICHRESE . T2AL Fhizshitd 5 ImmO4EER I
DHIERR LN D, L EDOENK, T2ATI7TBREH10M,. Imm T4 12/H &

aY P UEHE. BEABEMNMEHRE. FAREZVAVTARN) —

BROZADOVA, RLELWATH. LI bUPDLEIVD, RHPL5IEDE, LZREL
T, $Z2XIZD0Z. 5BTARETL :
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EPTHDH, LHLRNRL, T2A-ImmED#ERIZIEEIZEE T, E3DEHIZImmE3
DAHAIZE Vix b, E6OERIZIIMMESOARIZE > Tz b, ZDZ &b, E3
LE6THENMZRRZT I ) BEEN, T2A-ImmiDEBIC BV TE3/ImmE3 &
E6/ImmE6D ¥ 4 7% R DDORIBERBRENERC LTI xRS, BHE, &
ABFTRoTe FRIEZNFEZHVWEZERS . InmE3TGlu-19 & Cys-47, ImmE6
THis-5 & Trp-4THRE3 X ICIXE6DIF R 210 5 B, FIORRBREHETH D Z L2357
BoTREYVEY, ZRIZAPNWA SE3IT2ATY 2 RENRERLTH S Z L8bhroTN
B ZOLSIEPRBOBRBRERL L >TEARLZ RS TRY. Hita TR
BRI LFOANT X f<v—%BRTHT2ALImmid. EAHWHEERAZEHT DD
BENRETFNTHIEE X, BRETRo TV, BIRIMmE3IZ DWW Tk 2 Kild
ZRPIZLTWBHRY, 4, ImmE3OEES TO=RERE. ROImmET2A L O
BEERAHTORIEIZOWTHRET S,

M LA

NMRAARZ ML OJIFE

ARY bV ORIFEIX. Brukertt, AM-600% 72iZAMX-500% e, #ilE%&Hix. pH
6.0. 30°CTdh D,

SREBEDRR

NOE®D# & % . strong, medium, weak® 3 BRSICAM L, Theh%7a b HOE
D LR E LUT3A,4A, SAIREB LTz, EEMOTRIZIX. van der Waals 2% e,
MARENRERT RO T WS e F gL Tk, Wuthrich® 5 EEIZREWEERED
WMIE2 T ol Eio. T DD BRD BTz oA DFIR & AFKiEED b OEMHIR b
Wiz, £, EMBOSS7 0/ F ALK VT A REVATF A MY —OREEITRU,
B 5N T O h HviolationDEN D D EB, PRESTO/ 2 FAILLD
refinementZ {772 o7z, |

Imm ¢ T2ADEAER ‘

UNTH—Z# Lz ImmECE B & JEEROE6-T2AZEA LHMQCARY M ZHllE L
feo IMME6DY ZFA DY I AN T b D& SIMmIZBI} DT2AOR AT 248 L
Tc.

HRIER
ImmE3® 3 &K
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172{E DR FENOE . 595MH DB ZEAINOE & Kk ks A1z a3 5228 nBEBEFIRR, 29
B DHIRIZESZEMBOSS iIL L WV F4 AZVAVE A M) —HH B2 Tlhotlc. &
LTz T0ME O DT, - total distance violation2S4ALLF D22/ O YL % ZE'PRESTO
iz & Yrefinmentz T ofz, BHLNIZFERD 5 HTviolationD/NE WO OREIZBIL T,
FOEHEIEIT T BRMSDIL, 3-18BOBEDOEHIZEAL T1.76£0.18A, B->— b %
MRS 53-9, 19-22, 44-49, 73-78%FIZBE L T0.94£0.16ATH - 2.

ImmE3DHEEIX. 4 AR 52 58> — bEGEE FEREF—T7 L L. ¥—F
OHAERIZ —DDORWNV—TBEEL. ¥ — MeNV—7OfizsikarT 2Bk 5
BETHoT. 220N —7D5bONKRMON—T OHRREPIZE Na-~Y v 7 A5
ELTWEz. ¥— hOBATBZEESFORAEHERL TV, B->— b2EF—7
ETAEARBELAMLNTNS, FIEDLHIZB-V— MNETEEF—7LTDH0TH
L. HLA-A2OHBEZEBEBDO L 5128-7— P EFOREIZMNET 5 2 ADa-~Y
VI AR L O THRENTHEDTdHD. hINbOPFIX. HMOERERE LH
HiEf%2T 5. InmbTALHEERTIEATHINED 7+ —NVTF 1 > 7.
RNA#EAEH ORNAKASHEEB LB L TW5, RNAKAHEBIZZFOSFRBNSImmE i
E% L, 4EXBEDOB-— FEFDOREIZ 2K DoAY O 7 AREHET D, 2. B-¥
— hOmSHEOEENET I /e, ¥ — M EOFEET I/ BOFESIMmERIZ S
BHLND, VERY —ARNAZRERWIZUIET52) O Ve EX —TdH HInm
iX. ZORNAKSEH LM L2 OBIRER > TV A dANRN,

Imm D% B Y€ i

BT X 51z, ImmTiX, E3LE6% R 57 O RERELSHNE R -
T3, BERNZ &2, ImmE3% /21X ImmEGIZ 1) DR REE D DR 3 EHAT D
7 I BEBREIZ. L HIZE-v— o REIZEENFOMB Ao THREDICEEHL
TWee ZOZEh5H. INmERIRBIIDAT2AL OREAIXZDB-V— b E2&ATNS L
HEINTE,

Imm & T2ADHEVEH :

ImmZEE OT2A L DR 2 X HICRA T 5 DITROERETTo T,

UNCH— B & N ImmE6 & JEEMOE6 T2 AR RS L. HMQCAAZ k2l L
foo TRAOHETIMMESD Y 7 FA DT I ANY 7 PDEERAT.. TORR, -2 —
NERERT A7 I BBRECEERY I NV 7 bOESBAIE ., #iIZImmE3 &
ImmE6 THIZIFRUREHE TH D4TEL LB BUTRE DN — 7 (A0FME) WK
XRBIBRON. ¥, 2EKONV—T7 D5 LCRERDON —TITIRIEE A EBILR
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RbhRhote, ZON—78453%. ImmE3 & ImmE6TT 2 ) BEFBFE—TH 5.
DL SIET2ADEAIZ L Y ImmE6HF DBEIX, 7 IHNT 7 FOELBR LB
ERbNEhoBE LIPS, I OBRENIMmMESD 3 K& E X O
HTB0REELE 25, InmE6D 3 REEIXEZIEEN TRV, NMRIZX
AT ORSR, ImmEGD 2 RiEIX, INmE3L 12 LA EFA—~Thok, EZTINHD
EERRbNie7 I/ BMEEZImmE3D 3 RKEE Lizey 7 LTAB L. BHAFO
EHO—REESZ LN RoT, ZOZ A5 IMmMIZT2AL DREA%EB-— R &,
¥— N OBRIZMBT AN — T O— B TITR>TWBEEXDTHS 5,

restrained minimization %17 - ZImmE3B 2 O F¥EE 2 CoR F A TR L.
ImmE33 3 WEESOERIEREZLTH S 3R (4.19.47)07 X/ BOBMSB IR L.

B0

1) Akutsu, A. et al (1989) J.Bacteriol. 171, 6430-6436.
2) Masaki, H. et al (1991) Gene 107, 133-138.

3) Yajima, S. et al (1992) Biochemistry 31, 5578-5586.
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P31 ZRTENMRIZE B VR 7L 77—+t HOEDEFREIEEREAT

Lo, OMBERMR?, BRET KilEE
Uhm oy MR 2HAET . AR

Low-Resolution Solution Structure of RNase H
by Multidimensional Heteronuclear Magnetic Resonance Spectroscopy
Toshio Yamazaki', OToshiyo Kato?, Masako Fujiwara’ and Kuniaki Nagayama®
"Dept. of Medical Genetics, University of Tronto, *Basic Research Division, JEOL Co. Ltd.,
*Dept. of Pure and Applied Sciences, The University of Tokyo

The low-resolution three-dimensional solution structure of RNaseH, an enzyme of ~17.6 kDa
(155 amino acid residues) which plays a key role in cleaving RNA moiety of RNA-DNA hybrid
duplex, has been determined using three-dimensional heteronuclear NMR spectoroscopy. The
structre is based on a total of 1311 experimental NMR restraints. NMR compatible structures
have been determined using distance analysis in the dihedral angle space with the DADAS90
program. A best fit superpositon of the NMR structure of RNase H with the X-ray structure has
revealed that global fold of the enzyme is similar between them except a flexible C-terminal
region. ’
<@FEL®HIC>

JERX s L7 —¥ HRNase H)iZDNA-RNANA 7V v F4-FDORNAERS & fE RIS
P+ 2BRTH 5, KBHEHKDORNase HIC DWW TidE { OBFEI A, # D4
BESHMIEN00H 5, OBERIIISST IV BREPOED ., FFEIE17.6kDaTH
3P, X-HAESETIC X 5 AR 5. RNase HIZSA D a-helix & 54D B-strand > &
BRI 5B Z LW RENTDY —EORAFROBRERERERD 513, FHEICR
Aspl0, GIn48, AspTOSEE L RE X R L TWE I EPGhoTWnb, /2, ThbHD
PRI R E T TSRO B-strand D> HHEEL & 115 B-sheet & or-helix 1 T & 722U T HICAL
BLTWSZ & EPHE SN TR, FRAMERIE L S RTNMRIEIC & ), KIEH
3K DRNase HONMR THIRI T & 2 (H,"N,PC)D 9 b5k & DB DIRIE (95%) B3 BRI 5E
LT3, REFEE, BRFOBERED A 7 =X 0 28T 5 L CEEL ML LE
T57 I BAE 2 ECAHIET2IRBEORERIOVTEHE L 72 A& LT
. BEICESH 0 TR EBINOEER 2 5 548 Dachelix & 5K D B-strand DFFFE, B X U5
A DB-strand AL DB-sheet & LW L TV B T L AT o TV H% LA L8 HICFM%2
RBEROEEZHO PITTH720IE & VE { ONOEFBVFLETH 5, 'HENCK
DIRBREREEIC, NI ZIRPCTZ= 7 4 — AEHR L 72 3B CHIE L 723k TNOESY X
Ry PVEBRTTAC EICL ) NOEFEREIE L 72, 4k, Thd ONOESHHS
N % EBERIA SR LIRS SED 5 R ¥ 5 “HABIREME L By OBERE 17 o Rk
DWTHET 5,

¥—7—F I ZKRILNMR, V)RR L7—¥ H, BREMBER. 757 GHE

REXE LLB. OBE) ELE. 2Lbb S22, a4t (ithi
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<3D NMR> |

DT OUEIRITENMRA R MV HNOERPUSE L, KEMBER L5/, 72, 2D
'H-5N HMQCARZ b VA5 FHDT ! L 2AEEREE 2o NMRAIEIZTRT
GSX-400(JEOL) % FiTAT - 72, EHIH,0BM & L(pH5.5. 0.IMEEER/ Sy 7 7 —), &
BHRE F2mM, WEREIL27°CTH o 72,
(1) 3D 'H-N-'H NOESY-HMQC: N2 = 7 # — AESEE % AV THIE L 7= A= 2 F b
T, ERFEH7 I FSo by efRI#E 7O b VB ONOERAT 24T o 720 2 OB HEEE
. ()DANTEIZ & B presaturation & , (ii)1-1 echo/SIWV AL X B 7 4 V& —El L EH L 7=
ARY P IvEZNFNAFEI BN L 2o ORKETEEOH OB O, G)IZERH
BRBEBIRNE W) REEZFEOPLTH B, (EEH LSV AY -2 L/ A%H
-1@IIRT,
(2) 3D ®C-'H-'"H HMQC-NOESY: ®C1. = 7 # — AERBEB * HO THEL 22 =2 MV
T, EEBEH o by e7IF S0 bV, BE SO Y ERRE S VEO
NOEZ% fBHT L7zo HREE L REZ A L& T 720, PCHIFAIEA VR NVRERERL T Y
7Y 7L 72(HMQCERS- I selective inversion 1-17S)V AR EA, NIWVAY —F TV A%
B-10IRT)e & DA, BEBEFRUMAGCH TR ML, PCHICEEFEL TR <
9 B0, BICEE# 7o+ Y EDONOEIR 3D 'H-C-"H HMQC-NOESY®D X ~¢ % |
VRIS WEAT L7z BIEES OBk idpresaturation % Fv> 72 25K O HYE 513
RELIGHEETHRL TV B 7O ORE % 51 2\, BRIRSHFE I (Phe, Tyr, His, Trp) %
BRWTPCIER L 28R 2 B /2FAROPER 7 bV 2 F N7 b v EBIRE S0 b
Y ONOEIT I E A TH o 72,

/2 7(/2¢ 7(/2X7(/2_‘x 7,:/2¢ 2¢
(a) 0 ; 2 L oy
'H " —11 -‘“‘n‘n—“”&”———i n26u ?.D
/2 ‘ R/
ﬁx f " ts {! ¢’Decouplmg
SN ]
~/ 7‘/2 7r/2 x
(b) presaturation 2:.': ﬁ( ; \ : \ ¢ X x acq.,
H- Wl i 1At —D
M2 b6 T2,
Decoupling Decouplmg
BC n t/2 ﬂ&ﬂ /2 A Yo

E-1 3D NOESYHBIE TCHWAENILZY—7I1 2 ZY
(2) 3D 'H-N-'H NOESY-HMQC. 7,=100 ms. 1,4£090°, 180°/%)V A %90°-5-(~90°) &
90°-28-(-90)ICB & ¥ % 72, (b) 3D “C-'H-'H HMQC-NOESY. 7_=100 ms. selective
inversion 1-1 7$)V X % HMQCE Bt )ICHA L 72
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<IEEETE>
i ETE 13 MOolSkop(JEOL) IS ML A A & nf°DADAS907°n 75 h% 7z, DADASH:
BYAEEZEERT 2B _HAT MY ERETHAHIETY, THNV MEBELERETAH
B R TEROBSHBICHS, SO ORNase HO &) r k& ks v s BORE
i, & D ERWEEDPEHR NS, DADASIED b ) — D OFF#IE, NMRA H&E PN SR
FHIBEEE S L oflfatte d LI LN AV F -2 BB E LTREL, Ik
BMbT 22 Lk o TNMREEBESR G2l 7- THEL KDDL TH D, RELGFD
RERTBE B L 2201k, BRTIBEZRBIFEF LD, Bk sMEZiTc
WPk PEOR/MECEREL AW L THD, LI LDADASO TS T Ak, BIERT
DE VT HNVaER RS EE MR LDy - VR TB D MolSkopY
AFADTS 74909 VEHBEDLETHWSZ LIZEY, ISR~/ H#E % b6
LR D X WSS A TRE L % 5% T TROTFRIAU LD ¥ Vs BoOBERTIC
BHINERE2HITTHBEO,
<{ER>
NOED N 2 & K FRIRF- B BERERIO S 0 A7 115508453 5 7z BEBERIHI SR O PIERI,
FRAEMNI91E, BEEskm262ME, FEBEREARIMETH > 7, b DR LI EHE
PoRT B156AD “HAKKSG L HARAAZENBE 2 B/MET A LItk Y, Hk
B7ETE L OREG 2l THEL RO, TV ARTHAYHBOSHONIEE
PoBONIEREED ) bHBEL S L HRT5o00BELERADELLOEH
2@IITRT, RONMRIERE B HTHELX-RTELNBELOEREGDLE R (D)
IR o CRBOEZLWTWS L ZARBWTIE, X THELNAD DL & UV
BCHBI LD b, —RIINMRE )T SN 55 FREEOFEEIR., EhZTEL<
OEMRUCABEORKSEE L5 L5210k o TkE 2, o TNMROERP LI ALD
F=y 2 ENPTELRETEIPEFL TS, ECORER., 73/ BERED
72 ) MERREE O BRI RG22 b D L ko TR B, XSGRk L 0 & YRS
HBDSTRE L 72 5 7010 I3FREU 72 ) BEREOHHSGISLEL SR TwEY, B
ESIE L OFHEMEEZIET S L BEICHIT L ED TV B, ERHEE L BEREE
DFEFBRLBIL, EHIMNECBWTHIRERLEbh, BE LBl Th R
BeonsePiFEsns,
<BEVB>
1) JEAE(1986) BEEEREER. 31, 2, 132-143.
2) ‘Kanaya, S. and Crouch, R. 1.(1983) J. Biol. Chem., 258, 1276-1281.
3) Katayanagi, K., Miyagawa, M., Matushima, M., Ishikawa, S., Kanaya, S., Ikehara,M Matuzaki,
T. and Morikawa, K.(1990) Nature, 347, 306-309.
4) Yang, W., Hendrickson, W. A., Crouch, R, J, and Satow, Y.(1990) Science, 249, 1398-1405.
5) Kanaya, S., Kohara, A., Miura, Y., Sekiguti, A., Iwai, S., Inoue, H., Ohtuka,E. and Ikehara,
M.(1990) J.Biol.Chem., 265, 4615-4621.
6) Yamazaki, T., Yoshida, M., Kanaya, S., Nakamura, H. and Nagayama, K.(1991) Biochemistry, 30,
6036-6047.

7) Yamazaki, T., Yoshida, M. and -Nagayama, K,(1993) chhemzstry 32, 5656 5669.
8) Braun, W. and G, N.(1985) J.Mol.Biol., 186, 611-626.
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9) Endo, S., Wako, H., Nagayama, K. and G0, N.(1991) In Computational Aspects of the Study of
Biological Macromolecules by Nuclear Magnetic Resonance Spectroscopy(Eds, Hoch, J. C.,
Poulsen,F. M. and Redfield, C.) Plenum Press, New York, 233-251.

10)Tanaka, T., Hirama, M., Fujita, K., Imajo, S. and Ishiguro, M.(1993) J.Chem.Soc. Chem.Comp.,
in press.

11)Theriault, Y., Logan, T. M., Meadows, R., Yu, L., Olenjniczak. E. T., Holzman, T. F,,
Simmer, R. L. and Fesik, S. W (1993) Nature, 361, 88-91

-2 NMRTREZ h7/-RNase HDIT{FigE
(A) ST ONMREEZE D EHHIN,CLCH BT 2ERAHbE. (B) NMREEE & XAk Sk
NDEREHHE ( = NMR; — X-#).
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P32 EBRIRAECL B X7 LAY FOBEFTOA VY FA -V ar
M —2 U 3 VOVEEEE D DECH)

(MPEZTER) O% XK, 5R M. bW REET

Conformational Analyses of Nucleosides in Solution by Selective Relaxation Method—

Orientation around Glycosidic Bond

(OTorei Sai, Narao Takao, Makiko Sugiura (Kobe Women's College of Pharmacy)

The "Selective Relaxation Method" (which is shown in flow chart) was applied to three
nucleosides, thymidine(1), guanosine(2) and adenosine(3). The conformational properties in
DMSO-d,, especially about the orientation of a base around the glycosidic bond were analyzed.
The conformations around the glycosidic bond were determined, (1): anti (y = -150°~ -140°),
(2): syn (3, = -10°~ 0°) and (3): syn (y, = 10°~ 20°), respectively.

LI L] ’

X VAYROaAVEA—Ya Y THELINLDIZ, @ERFO/ Sy B T
B, ) 7Y a2V VEEEE) ORI BDFIOHT HIEEOER) . KT (c) C4-
C-5' AR Y ORMDO Z/BTH 5, TOW, (a), ) II2WVTiE, ' HAEY—XEY
EEEBTHRETAHE L INTWAS, L2L, (b) IC2WTid, HT, H
NOE,” 3J (*C,'H)*® # AV 2 FiEL EPSRESI N T 2o bb T, wWohok
B —R—EFDHY . (a), ) DHER, BULIALZHELERIFTVERY,

0
CH,
. 4 3INH
Base: |5 3 thymidine (1)
61 /2& ~
H N o
o
N 5
N 6 .
Base : H—</3.9 I QN\H guanosine (2)
N"TNRZ SNH,
NH
7 s 2
N
Z 6\1N adenosine (3)
H—8
Base : 2 :
ol 3 2l
N~ 4N H

key words: selective T, bi-selective T, cross-relaxation, conformational anlysis,
glycosidic bond

BV IRV, B bB., TEHIL FEZ
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& ZHTHAIE, §TIT selective T, bi-selective T, % AV TREREM o, KD, £
Do,k WTRPOFETRHR 1, (COHER, T OFBREBEFEL VB L
EL72) Edb, 'HHMEELE, ardAr—Ta VERTTR D HE BIRNE
ME) 2HLL. INFTICW L 22DLEWITEA L TS, £ 2 TAENIL,
RNA,DNA * KT 2 EARM % X 2 L+ FTH 5 thymidine (1), guanosine (2),
adenosine (3) ZHL Y EIF, $€RDO NMR ETIIRELIZS WF Y 2V v EEHE Y O
MOREHEL LT, ZORRWEMEOBAERAL . UTICZ2070—Fv—}
ZRY .

Measurements

. {Measurements
of ¢
T BS T S 0
! ! BeT,

Discussion f ' ‘
I Stlerel:)csligrriﬁs(t)rry | Flow chart of selective relaxation method

[E5]

Thymidine (1) , guanosine (2), adenosine (3) XTI %Z V>, 0.06 mol dm™ DIRET
DMSO-dg (2B L. A A, &L THETS Y T ve L

VXR-500 (499.84 MHz) TO T, TS, T, % OBEIE L, Fl#E Lz OV AR
LR, BRRMICKEZEMSEEY 7 MV AR ANV,

SFEFNVICE o C 'H'H L RO LDIC, N—VF LAV Ea—F—T
GUMMOS” 70 7 J A% vz,
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B 3=7-]

T O#l%E % 200MHz & UF 500 MHz | T,5 T, D#l%E % 500 MHz TERENAT 2\,
TO—F v — MIBEV, 1, RUSRESH o, 2K, BNzt Lo, b ™ 2B
(Table 1)o CHOH{HNIr™ 2R TSI VR A - a VPENETNDNLEWOE
MIAVHRA—=2avThb, UTICZOBMNIYERXA -V a v e RKODLFRzBR5,

EF. DFEFNVERG, BOIYERA—T avE C2-endo(S) R C-3-endo (N)
(CEE L7zR¢o 'H-H FEERE ™) 2. 7Y a v vEaR Y Dy (KYITUR
2V4Y K LOA-CUN-1-C2, FYVXZ LAY R LO4-C-1-N9-C-4) 2%
L3 T, KD72 (GUMMOS)oe —H. Yy THVEFEYICL Y, #ERTDO SN2 Y
K= —DEEERD ((1):65/35, (2):64/36,(3):62/38) o TN b SN & EFEED ™
DIEL Y . FNENOREM ™ 218 (Table 1), 1 & WBIRE L72o €ORR, 1™
PMETAAVEFRA—Ta e LT, )y =-150°~-140°, (2):y¢ =-10°~0°, 3): =
10°0~20° 2 BB 2 EHTE, THOHPEFNFNOBN IV ERRA-Ta v ThbEER
T& 7, BB ():anti, (2):syn, 3):syn TH b,

Table 1 The r,~ valués and rifalc values for several proton pairs of (1), (2) and (3).

Hi Hj rijm / A rijcalc / A

x= -150° -140° -130° -120° -110°

(1) H-6 H-2a 273 2.87 2.63 239 212 1.87
H-3' 3.51 3.62 3.41 321 3.05 294

x= 20° -10° ©0° 100 20°

2) H-8 H-I' 3.12 325 3.13 3.01 290 2.80
H-2' 2.95 249 271 295 3.19 3.42

3) H-8 H-1' 2.83 3.25 3.3 3.01 290 2.80
H-2' 3.24 248 270 294 3.17 3.40

DEDEIic, SHETRXZLA Y FOZYad VEGEYDavrX— 3 Vid,
B8 CHORE 2 RE ST TED e D2 o 7288, A EFk4 OFF L 2 BINWEMNE L Ayl
 HEBHEBEICEEO L VWEREBLI LN TE S,

Table 2 IZTERDFETHLNIFER L, He OBRE LEZRWBEMETE LK
BrILsl,
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Table 2 Results about the orientation of a base around the glycosidic bond from several

different methods.
'HT, NOESY Y (°C,'H) Selective Relaxation Method
(1) -  ani  ami(x=-170° or -70° )  ani(y=-150" ~ -140° )

2) anti syn anti (% =-160" or -80° ) syn(yx=-10° ~0° )

3) syn  syn anti (3 =-150" or -90° ) syn(yx=10" ~20° )

(ZE ]

1) D. B. Davies and S. S. Danyluk, Biochemistry, 13, 4417-4434 (1974).

2) C. Chachaty, T. Zemb, G. Langlet, Tran-Dinh Son, H.Buc, and M.Morange, Eur. J.
Biochem., 62, 45-53 (1976).

3) T. Imoto, K. Akasaka, and H. Hatano, Chem. Lett., 1974, 73-74.

4) R.E. Schirmer, J. P. Davis, J. H. Noggle, and P. A. Hart, J. Am. Chem. Soc., 94, 2561-
2572 (1972). »

5) R.U. Lemieux, T. L. Nagabhushan, and B. Paul, Can. J. Chem., 50, 773-776 (1972).

6) J. Uzawa and M. Uramoto, Org. Magn. Reson., 12, 612- 615 (1979).

7) a)#HJIl 3§, JAPC, 8(3-4), 3(1986).
b) I &, BUUMLEE, 1989, 25 %, 46(1989).
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P33

NMRIZXBCINC, / GROODHEMRIK

OFREZ . HFNKEE, @U—H. WEHER
(Z# HIERHMT. 427 FLH)
Structural analysis of CINC/GRO by NMR
Hiroyuki Hanzawa, Hideyuki Haruyama, Kazuyoshi Watanabe
and Susumu Tsuruhuji.
(SANKYO Co.,Ltd. Analytical & Metabolic Research Laboratories
and Cytosignal Research Laboratory.) |
The solution conformation of rat cytokine induced neutrophil
chemoattractant{ CINC/GRO) which is a small protein consisting of 72 amino
acid residues with proinflamantory activities was investigated by NMR
spectroscopy. Under the low ionic condition, the NMR resonances assignable
to the exchange between monomer and dimer states were detected in HOHAHA and
NOESY spectra, while those signals disappeared with increasing NaCl
concentﬁation. In this study, the three dimentional structure of CINC/gro in

dimer state with the coexistance of 200 mM NaCl was determined.

1.4E3Ltadic

CINC,/  gr o (Cytokine induced neutrophil chemoattractant) T3 » k2
BWIHHAKOFELERAML . REONHBABRICBWTERL BRI ZHITA A
4 THHDIL-8 fanily LBIFh B 1BOS Y N27BCET S, §TIMENH
Lo TWAERIL 88347 %XNOMAKEEIT LS 1 XWEELRAL fanily
ICBETA2EPMGSA(GRO) L 67T XOHRAKEXFET RN LT vy iz

28k | P, IL-8

BAEDLULAVE 352 VTOE, DLLRPFLIL. 254LLTTT
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BMGSA (GRO) ThaLELZLATWS,

BHEZTCINC grodMWEMIT % 200 ul NaCl pH 5.3 2BV TH%L T
g0, MEDEAFRAZICBWTHEKIXENMREH W, EHBE. 2KMEOR
EEfT -l B2 FEIONOERID, ZHOHRKEHETIICIN
C/grold 2BEZHBRLTVWAILERELA., SHS LM LZHEDCINC
S EroN3RAHELXRLIIELSIERKIOTHET S,

FEIEEE (0 oM NaCl) 2BWT, CINC / gr ol #Efk— 28k Fi
CEHELTWAZLPEIRIHLPIEL >, BITECHKIERE (0 oM NaCl) 2B
LMITZHEDTVINDTIRICELTLEET S,

2. HE

AHEIRABKOEBRIZGLEEARICE T B1 J doubling # 2k 3
BohbotHW, SNEZKIIKBEHINM Jwna OHE

109 ZAWCHMLA, NMRUMEIZHFE Ala 16 BEANCE:NH-BHD F2
FGSX—-500, ALPHAS500%HAW slice.

THEIH-l, ' H=-NMRIZF IOl s * XN Juwa= T7.4Hz

TUNOEDWMEEHENKTHLTHEL
FRICFMB3RTENMREHWTHA 7,
J wnabd #8205 A5\ 22 % . HOHAHA, NOESY 2
N2 NVDOF 2AX54 X2 Jdoubling % @
HEAZ LiZkoTROE, ¥ 722y b b
2ZDBENNOE 132 HAKENOE 481 f,
AERES 25 . Juwa XD ¢ 25 . 972
2y FEONOE 22 HEMWCEHEE 4% -
2. MEHEEAEIORKIHL TR LR,
2MHDS-S BALZNEAIWOERMHE L
TR ( €9-C35, C11-C51) . M8z~
R75ADIANA, XPLOREBWTHAZ » 7,
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3. BREER

3—1 1 8k— 28K H

KIE#ME (0 uM NaCl) o HOHAHA 2X~R7 b
MBWT 1 XREELVH/FIREL 7PV E
N DL 7 IFVHBPBRUSh Thoandic
B7IFR70bryOEL 7 ORRLD .
. B7RLYOREL I FDZELVWRTH
HABUS Nk, E5ENLDTIETR
k> R4z HOHAHA, NOESY B WT KD 7
FrASBMEINRAIEPS, CINC g
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Evaluation of Histamine Release Mechanism from Rat Mast Cells Using Spin-
Diffusion Phenomenon.

Kazuo Yoshizaki, Takashi Hayano', and Naoki Arizono™ (Dept. Physiol., Sch. Med.,
Univ. Tokushima, Tokushima 770, *Dept. Physiol. and *Dept. Med. Zool., Kyoto Pref.
Univ. Med., Kyoto 602, Japan)

Histamine in mast cells was detected by 'H-NMR using a selective spin-excitation
technique. However, a selective presaturation technique of water resonance did
not give us resonance lines, indicating that spin-saturation was transferred to
the histamine protons. Thus, the histamine molecule must be in a certain "bound”
state in the cells. ¥hen exocytosis was induced in the cells suspended in a
sucrose solution, free histamine resonances did not appear. In the presence of
NaCl free histamine was detected. Thus, histamine in mast cells is released from
the granule as an ionic exchange mechanism.

(I L»ic) .
RETMMEDPTF 74 5FV— Vay 7 BEDTVIF—FIGIE<T X MBI
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LR HAEHICHBEICAGENS, DI, <X MiIEOE XS I UHE-NIRRRY b UiZ
BRIETES 2 &, X 5iZcompound 48/80ic & A BN WFIZE X7 3 OMIAAN DRI
wixh, ARCAROMET A ExFgELrl
A, TUNVT U TRIES NS v PO A MM SDE R T 3 Vi EEORRIZ IR
MBI B2 &0 XOICREVHEREEMA L, <X MIBADE RS 3 VG IERICEE
AU ERIE O, EMRENOAA LV OFETICENES) Sttld s L2HET 5,
(]
<X MRS v MERER ORI SPercol ITHEE - IE L. 0. 1% VI TIVT 3
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NaCl. 5.4mM KCL, L 3uM CaCl,. 0.8nM ¥gSO,. 0.34m¥ Na,HPO,. 0. 44nM KHPO,. 4nM
_MM%@HT3~T@T%5¢Et\&&M7FW%§§U§E@X7D—Z%%Q%M
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IERHRE. <X M, EX4 3. S, 'H-NIR. XE VRS, BOS. T UL Y
IUEE DFE. BOPD 720 L. HHED HBE
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NMR studies on the structure and the function of the lipid—nystatin complex which has
an effect on the order of the lipid model membrane

Atsuomi Kimura, TetsushiKano, Tatsuya Takag: and Hideaki Fujiwara
Faculty of Pharmaceutical Sciences,Osaka University

Nystatin is a membrane—active polyene antibiotic which has been shown to increase ion
and small molecule permeability in a variety of model and biological membrame systems. A
possible mechanistic model states that nystatin forms stable complexes with the membrane
phspholipid and that sterol molecules help to organize these complexes into channels. The
interactions between nystatin and phospholipid were investigated in chloroform solution. In
chloroform nystatin strongly interacts with phospholipid molecules to form a complex. The
results suggest that there are interactions between the cunjugated heptene stretch of
nystatin and the methylene groups of lipid acyl chains.

1. Fram

RV RMEPEITEREOERBEAS THZAV AT 0 - )V EEREERL. Fv
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Fig.1 ' H-NMR spectra of lipid—nystatin.
a) Free lipid ; b) lipid:nystatin(4:1)
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The Stable-Isotope Labeling of Protein Using the Cell-Free Protein
Synthesis System

(OTakanori Kigawa, Yutaka Muto, Shigeyuki Yokoyama
Department of Biophysics and Biochemistry, Graduate School of Science,
University of Tokyo

The stable-isotope labeling is a powerful tool for analysis of protein structure in
combination with multi-dimensional NMR techniques. Problems of this method are that some
types of amino acid residues cannot be labeled efficiently and selectively by in vivo expression
system generally used for preparation of labeled proteins. In the cell-free protein synthesis
system, highly efficient and selective stable-isotope labeling of proteins can be achieved since
the amino acid metabolism is not active. In this study, we have succeeded in preparation of a
selectively (Ser or Asp residues) 15N-1abeled human c-Ha-ras oncogene product (Ras) by
optimization of the cell-free system. HSQC experiments confirmed that the Ras prepared by the
cell-free system were efficiently labeled with a high selectivity. Thus, our cell-free system is
useful for preparing stable-isotope labeled proteins.
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Triple-Resonance 3D/4D NMR Studies of Human c-Ha-Ras Protein

Yutaka lto'2, Junji wahara!, Noboru Nakano!, Kazuhiko Yamasaki'-%, Yutaka Muto!, Gota Kawai,
Markus Walchii®, Susumu Nishimura®, Tatsuo Miyazawa®, and Shigeyuki Yokoyama'

Faculty of Science, University of Tokyo, 2Biodesign Research Group, The Institute of Physical and
Chemical Research (RIKEN), 3Protein Engineering Research Institute, 4Faculty of Engineering,
University of Tokyo, SBruker Japan, 6Banyu Tsukuba Research Institute in Collaboration with Merck
Research Laboratories.

In order to assign the side chain 'H and '3C resonances of the truncated human ¢-Ha-Ras protein
(residues 1-171) bound with GDP, 3D/4D ftriple-resonance NMR experiments were perfomed for an
uniformly 13C/'*N-labeled sample. By 3D CT-HCCH-COSY, 3D HCCH-TOCSY and 4D HCCH-TOCSY
experiments, about 80% of the side chain H and 13C resonances were assigried. The 3D CT-HNHB
experiment technique was found to be usefull for assignment of HB resonences. For the complete
assignment, additional triple-resonance experiments (HCACO-TOCSY, HCC(CO)NNH etc.) are in
progress.

[B&Y) RasZ /X783, 73 /B189%EI S LB FRU2IKD 2NV E
THY, HMROWE - HMECBEETAS FFMEERICBWTEELREIZRAELT
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F3('"H)-F1('H) liE@ %R L. ERISRLUAE SIS, B¥C-®C COSY transter, TOCSY
transferiCEBATA3 70XAE— 7RI N THY, HEBEBOMAISE'H, BCYFFiL
ICDOWVWTIRED2DODIDANRY MNVEBWAZ ETREBTAZENTE-. LHL,
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NMR studies on the interaction between isoleucine tRNA and isoleucyl-tRNA
synthetase from E. coli.

OTatsuya niimi’, Yutaka Muto!, Gota Kawai?> Masaaki TakayanagiZ, Tomoaki
Noguchi2, Nobuhiro Hayashi?, Toshiyuki Kohno!:4, Mitsuru Harukil-3, Tomonari
Muramatsu!, Kimitsuna Watanabe?, Tatsuo Miyazawa!-%, Shigeyuki Yokoyama!
1Graduate school of Science, the University of Tokyo, 2Faculty of Engineering,
Yokohama National Unversity, 3Faculty of Engineering, the Unversity of Tokyo,
6 Protein Engineering Research Institute.

4Present adress, Mitsubishi Kasei Institute of Life Science,

SPresent adress, Protein Engineering Research Institute.

Interacuon of isoleucyl-tRNA synthetase (lleRS) and tRNA1¢ from E. coli was analyzed by 'H
and 1’N-1H NMR experiments. tRNA15€ species was labeled with 15N in vivo and purified by an
HPLC. For free tRNA1, the NH resonances of all the secondary base pairs and five tertiary base
pairs were assigned by NOESY and ’N-'H HMQC experiments. In the HMQC spectrum of the
complex of tRNA1" and unlabeled IleRS, most of the IPN-TH cross peaks of tRNA 1 were still
observed at the same chemical shifts as those of the 1’N-H cross peaks of tRNA1 in the free state
and appreciably broadened. However, some resonances were shifted, more broadened than other
observed ones, or even missing. These results suggest that the conformation change in the
secondary and tertiary structure of tRNA15¢ was induced upon binding with IleRS.

73T VIVRNAGHREBRIIEER S L THET 57 3 /EBRICERN L RNAD A ¥

BRHEEBELTCTI/TINT A, COFFRBIEAEDEGRICEELRFRE L E-T.
*ﬁnfi KBEOAVOA Y VORIIBITABEBEBEBEIT AL, 1VOA4T)
RNASHEEE (leRS) BIU M VO A ¥ URNAL (IRNA1l) oSFFEIRFNFRY
113,000, 26,000 E K72 7-HNMRIZ X 2F77 1 CIdHETH S, #Z TN Y
4+ — AEZ XN RNALSGFRRAEL, #2043/ FO b VI 7 FVERBTA. #L
TEBELEARETRT A ETELZY T FVOBLRBBL T, BROZEEIZL-T
FEINBEECEEIT L.

(]

BNZZ 7 4 — AEREE :hf’tRNAl“et;t DNH4CI 2 EU R TRE L - AKEEAL
BEORNAE T2 SHPLCIC & o THE L 72, FEEBRORNAIIGIKFEAI9D & FEIC
BERIL 7. NeRSIIFEBRZRZHAVTHEEL. £ TONMREIZEIL, 100mM NaCl, 10mM
MgClz, pH 6.7, 310K TAT V>, &> 7 Vg IZidjump and return pulse & F V2 7z, FEERE
RNAIICONOESY 12 HFHERE3.0mM T, PNIZFRNA I OHMQCIZHFHEE04mM T,

F—TJ—F I RNA,73I/7 /MRNA/\BZ@?;,“N NMR
Oz 120%, TrkH Wiz, bwn “5t,t#@&§ TEhx,

DL LdHE, IRPL DEVA, THD LLWE, BEE ADB,
LoFo bbb, bl L0k, APSh 7208, LIRE LR
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DNERFRRNA1"-TIeRSEE A DHMQCIZ KB F0.4mM/0.6mM T, TN EFNHEE L 72,

(R EEE]

RNAIED A I/ 70 b I T FIVDIREBIEINOESYANRY MV ST o772, TTEX
7T AL DVWTRBEEENOL4I /U by (230 2EHFBEL, DVWTIZRiE
Lﬁﬁ b AEEMOALI SOy (7TH) 2RELE. FOER, TORNAGF

B LERM=RESEP R L TV D I E SRR SR, RICRNAITCEHMOHEMQC
xmﬂ MuEBlEL (B1), 413770 VT VORBIESWTRLIOAY —2
BIRB LY. CRIZLoTIIEALDY T FVDEL ) 2BET A ENEES. LT
[eRS & tRNA1le & DFESEIZ OV THMQCA Y MV HIEL (H2) , RNACEMD
ARZ MWVEHB L7, DA/ 70 by T7FNE, FFEOEMEDZ->TT
O— R 7LD, ALZEY 7 FOBIZBE SN o7z, LIL, WohDA3 )
TAM T TFNIZBNT, b7 PO, W7 O—F=v 7, B3y 7+ ro
HEEPBE SN, IhoDEE, BEDT I VEBERBRESERLY, &5WIKSFD
TO P EDRBPMBESI NS, ZEERBLTWSEEZ NS, L LIH-NMRTE
BEINEAI /70 b VIBERNIC, EEFORY v F U Lo THEINSBUKMESE
BIlBWITKREREICHES L TBY, BEPBRIIHLTERELTVWRY, 207D 13
27a b TFNOEE, ALr0BEFOEERBEL TWATEEEITEHW, V7
FVICEALDSEE SN 70 b Y 2 EUEENS ZRNALSFLEICELTARAL., TTAF
LAEBOIEHRICBELTEY, ZOFMNTREBELOTNEELTVWE I EITRER
2. 6, 2HOZRBEEEGOA I/ O VT FADEELTBED, NeRSD
AL o TRNALCDZXBE I AE L EEINRATWAI LIRBENS. TALD
FEREL, T TICHLRILENTWAEREBRB LU 7y V) U5 1 VY TBIFOER (S
BL1) B8 BT ¢ T, NeRSICE ARNAICDEBBIBIC OWTEE 2T o 7.

XEK1 Nureki, 0., ef al., (1993) J. Mol. Biol. in press.
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Conformational analysis of an RNA oligolmer by heteronuclear
multidimensional NMR

Satoru Watanabe!, Gota Kawai2, Hiroaki Fukuda3, Tan Inoue?, Kimitsuna
Watanabe? and Shigeyuki Yokoyama1

1 Department of Biophysics and Biochemistry, Graduate school of Science, Univ.
of Tokyo, 2 Faculty of Engineering, Univ. of Tokyo, 3 Tsukuba Laboratory,
Nippon Sanso Corporation, 4 Faculty of Science, Univ. of Kyoto

Uniformly labelled nucleotide 5' triphosphates (NTPs) were prepared from yeast or
E.coli grown in 13C and/or 15N enriched media. Template DNAs were chemically synthesized
and amplified by PCR. By in vitro transcription, we obtained designed RNAs that include
sequences of a putative guanosine binding site and 3' splice site of Tetrahymena group I intron.
First, we measured 1D and 2D 'H NMR spectra of unlabelled'RNAs. In H20 10 resonances
were observed in the imino proton region. In order to resolve and assign ribose proton
resonances as well as base proton resonances, heteronuclear experiments are in progress.

[iF]

ALEE M % -DORNADSR D5 o TSR, H4 2% H ORNAOIEIED SN T
V%, RNADSZDOBBER EHT 5 -0 IIIBRICI ) eI nicmiEEr L b2 L
ﬁi?ﬁ%%ﬁ\E%ﬁ%%ﬁﬁmuﬁ&é$&mm6hfwéo&#f%mmm%
bEMNLFETH B, NMRIZY VX0 HOBREERBITIZIL Db TWAER, #%
BROBAIIEY U BIIHRTY T FVOBELZYFE L VEEARD S, o T,
RNA DHEEFATICIEERMBIEZOEAI LDV T F VOGP RTRTH S, &4
T T, B L -RNADOBE RIEERBATIERIRICHFET HRNA, IRNAZ EIZRL T
77o S EIZRERMBIERZ L2X 7 VAV FSE) YBERBEED L EBELSHA
L., TTRNA polymerase%ﬁﬁ V272 in vitro transcription D2 % Fiv: 5 & & T, {EEDEF
DL EFMIBEBRNAZ G S 2 & 2 AT,

group Lintron (1) (3B CAREE

tex b 21 KY A AT, Tetrahymena
DRNA intronZz &W { D Hidin vitroT
LIEHEE RO, £ D3 splice site TId,

77 /v > Hiransesterificationd A X .
o (GEHBIE) &7V ) Gt T
EMKSBRICHRERI A Z L5

NTWwb, ChHEONIETIL, 10D P8 P7 l ?99 3ss

RSN AT A (PIASPIO) DI

L, E@THNEEICHLEL W) bIT T

. W OP2RBEDERZ RN

Irmutant CHEHERFEOIEAMS N B group I introntZ AT & T B 2R

F—17— F IRNA, ZERMBEE. V) AFA A HREEE, group Lintron

Obrizi &8Ea, hbwv TH72 54K UBHE VDI A bR &2k, L2%E Lifwi
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TWa, FATR. 0P TORDEELEFLTH HP7L3 splice site’®  DRNA
(P7-3'ss)G% LIZiR R FEE AWV TRE L, KER T TOMERITE AT,

[ & F k]

EANTPOBR | RERRAI3C, PNIZ 23PN S AR TR L - KB E b
LRBEPOBELOCEIEEICE 2B L D RNAES 2 RS L 72, rRNA % nuclease
PITIKGE L, X2 LAY FE ) VER (NMP) %1872 NMPEREEEICL ) VER
MUEHRX 7 LAY FEY VB (NTP) 2FRE L7,
in vitro 825 )i . T7 RNA promoter & HEIDELF) & % &1 ABDNAX pUCIH19IZHL AR
A (pGIP7A) . PCRTCHEIDNA% SIS L7z, T7 RNA polymerase % B\ 7z in vitro
transcription UG % 4T7\V>, 20% urea PAGEIZ & ) HEIDORNAZ R L 72,
NMRHZE | #IEI1320C. pH 15D &M TIT o772, BAFORER Y Y7 -7V F -
Y& —rEHAW, ¥EE&idBruker AMX600 % 721X AMX500T4T 2 726

[FR]

SR AI13C) BEBR 1 g4 5. ATP, CTP, UTP, GTP#26, 18, 11, 180D AL %185
LIS LT $72. BILEADLSMRNALRNADTHFOES % 2T, %BEH»HLNIPR
B85k HTET, invitrotranscription T, HWEHHE S DMV (30 merf2fE) DORNA
%, I0mLEJGTCNMRA T — )V (~5mg) ART DI LW TE,

T, REROY Y IVTIH OBEETo 70 BAROBETIIAI ) 70+ V4R
BMIZIEO Y 7 AHBEs Lz (H2) o €205 BEWREIFCHD . ID
NOEB & EEKAFEUOREICL VIFBLED TnE, EXPFTOCSY K IFNOESY Tid
BEESOMN /O —2 3 I SMEINTELNDY, VER—-ZADT7T b VHEBRTIEY
FrNOELR)PBLCBREIEETHL Loz (K3-ab) o COMELH
BT HOLZ T — ALK ERNMAAES S NNTPE BWTT NV Ve B
% L3D HCCH-TOCSY 2 IET A FETH %,

[(Z£]

G EFRIARERE L 72RNAY  ZIVDNMRAY — VTELNL Z L d%hh b, Biix
7 VY R2BRLAEEDOREFIOBITITEEE & % o 72 RNA oligomerD ¥ 7"+ )V D5 HE -
IRBICEE YAV, SOFEER,. RNADTFA X —Ya EFBTAZ L TYRY
4 5, IRNAE Vo 72 ERGFOBENMNBOHREFRE WA L2 WEEICT %,
R LIASOMBIRBACHEEICEMETHY, BHILBONIEFE TELTE
BRBTAIENEFND, FOEFKRTRNALRNADTH HHEIRTE /2 Z &I FEDT
HorEBEbLNS,

(a) @% B (b) .. L .
_ . "
- O g © R
R ¢ ; : R
< R P ,
= e i _— & ¥ : A :
b e n
. i
J-WM __w\/~~"/ 0
B2 4307 boyoilEdir B3 Mk (a) TOCSY (mixing time = 50 ms)

(b) NOESY (mixing time = 200 ms)
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Solid state NMR study on the phase transitions of tetraphenyl porphyrin
with long aliphatic chains.

OT. Akai, Y. Shimizu, H. Yamamoto, H. Yamanaka, M. Miya, and
A. Nagata. ,
Government Industrial Research Institute of Osaka.

The dynamic structures of mesophases of 5,10,15,20-tetrakis(4-n-alkyl i
have been studied by Solid State NMR. The rate of motion in the eglkyl chgmpgzsgzgﬁggzgg
estimated by temperature dependance of13C CPMAS spectra. 1H CRAMPS and 13C
CPMAS spectra suggested that two inequivalent sites exist for the alkyl chain in crystal and
the lower mesophase (Dy ). These NMR data are discussed in comparison with the results of
IR spectra and X-ray diffraction analysis.

[izroiz]

ORISR OBIICH I AV 7 o—X (FEHE) CR—BIEETRRShRVWE S RIGFOR
FREERRS C ERENR L IR R B TFOY A F IV ANEEL . ZhiERT BT &)V, BEFOB
BEOPHEIZIEEOAAREREN OO S S . Ba L, BEEES T U TEESIHRE TS < OWED R
INTERERNT 2 VURIEED . B HBRESROBRRT V722V V740 (TPP) 2D
WTREMEORH 2T TED . 7 2 VED P 07V ¥V EEFESELESE SEoeWT « X35
475245 (Du) EEDOAV—HUTHAILEEMIILE, VESE., CONRRMEHETPPE2 2K
DITCEFE TCIE I AEBBEDO LV IZBWT . FET 3 ABROBERAEIEEER - TRE<LEL
THEVWYEREVERERVWELTVWS, ¥

FRRTE., ZOXIRYPEICECHET 2 E2 5023 FEFIRTGFY A I U A2EARNMR

(*°C CPMAS, 'H CRAMPS) % FIW\VCEMMIITARE LERREHMET S,

AR BWTE, WEMETPPE LTFig. 1 DL5>#EEE ORIV T A1 U W&, 5,10,15,20 -

Tetrakis(4-n-dodecylphenyl)porphyrin (C12TPP) 2ED HiFz ., ZOPHEIITable. HIRT LS

TR 2T Table. 1 Phase transition sequence

CH3(CHp)n_2CH2 ~of C12TPP.
S 6g9.1819 Qe s 155°C
CH3(CHy)_5CHy CH(CH ) 2CH3 R L IR T
56
Cn TPP (n=12)
CHy(CHp) 2CH3 C oL Dy Iso.
. AH(kJ/mol) 46 14 23
Fig. 1 Structure of C12TPP ASUikmo) 152 43 54

¥—TU—F: KR E#EEANVT V>, '*C CPMAS, 'H CRAMPS

O &2 -LAT L5 -DFxdbe V&L -PFiH VAL -H&#D &3
- R’ HES
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[B&] C12TPPIE. LBTICHE LHETAR LE. ' NMREEIZIZ TR T, Chemagnetics C
MX200%H 2, *C OIBEEEIL50.352Mz . CPMA SHEIERO7T R 90° /LRI, 4.
bus. EREEESKHzE Uk, '"H CRAMPSIZ. BR—24%HW1T90° /LR 1. 3usTHELE.

[ER] ZVIVEZD'°C CPMASZARY ML, 31°C~44°C, 58C~68°CT. HIBIZELVWE(L
ZR U DS CHhoFEEINAHEREEDS . Fh2hERME,» 5D ", Do " #55 D SE~0DEx
BB LTWREEXI 5N, Fig. 28554, Do 4. DO 7V FNVEESD'*C CPMAS XX
U MVERT . BE—VORBIIAED C—H COSYRRY MVEBWTEELE * CYIhL> T
MEZRWE . EREAIZBV T, PVFVEREDC 18, C1 92RVWTUAWEIEETYT » ZhidE
EEEEZ THBEIEL LRVnW L Eh B LBTHy 7Y Y THROETOEDTHZ LHE L
5h, C8~C17EBWTEHTT M FhHY 7Y IOREE (StHkiz) 15V ES OB AEHE
ZoTHWBIELERLTWS,, 2ENESEMIIBNTI., FEOC18&C19sHEEIL THBDIZ
*F LT FOMD COEENIERED 5O EZ I CEHORBNENWEEFZ 55, D/ HIEET
L. C8~C1TOBENIEL L., LEWIZOYA LAAT—Iv L DEBIDEL R D0oHB I EmL
TWwd, DuficEsEd 2L, CBETIRTHASILL . P FNBELEDBZDH A AR —VIZHE~TE
WEEIERT ZEDDDBD
- F72. DY HIZBWTEREA FIVORBEEISESHET 5L | E—J = 2ARULTWBZ eddbD 5,
¥='H CRAMPS XX MV (Fig.3) iZBWT . BEMHIEET 220 E— D TIikiEE& LT
W3, ThoOBEER ., BEHEPSDL HIEBW TP VARES BV TRENEEORERS 200
YA MEELTWAZEERNRLTWS,

. EEEHFDC CPMAS Y MUEFig.4 TRT . BE->D: >DeBHET B> T
FLFNBEOES L ERREEORrA SR, KB ILEMEI|m < RB e rbrd, C5, CEDE
— OB E LTS, 2hECS5, C62C5',C6° DREHREDENVZLZHDETIE .
7 = Z)VEORRGERNS . SEEDSDLUICWERETIOY T FEDF A LA —)V (BH zEE) &V
FEADIBLEHFZIOND , HEEFFTOCPMAS AR MVOEE ., o7 MEREWRK., *VT72 U
BES LOHEEROWTOERESTEEZSh A, 2hizoVTid, 'H CRAMPSZRXZ b
NVOBREEMLOBRE HOE THERIFTH 2. 1) Y.Shimizu et al., [i¢.Cryst.,14,

clo ¢ , 795(1993); Chen. Lett., 25(1991).
2) Y.Shimizu et al., J.Ches. Soc.
Chea. Compun., 656(1993).

J
:\‘j\\w ‘

46°C
)
k)] ‘;C
3 1°c (Crystal)
{Crystal)
ppm
150 100

ppm
' _.ppm 10 5 0 o
e 350 0 Fig. 4 13C CPMAS spectra of Fig. 3 1H CRAMPS spectra of
Fig. 2 13C CPMAS spectra of  5r5atic group of C12TPP. C12TPP.
aliphatic group of C12TPP.
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Measurement of Moisture Diffusion in Food materials by Pulsed-Field-Gradient NMR Method
Mika Fukuoka, Hisahiko Watanabe, Shinji Shimada

Although there is need for moisture diffusivity data in food materials, only a little diffusivity data is available in
literature. One of the main cause of this gap may be the difficulty in methods for measuring diffusivity.
PFG-NMR may be an alternative which enables to measure cffective diffusivity varying diffusion time, scale of
observation. In this study,diffusion coefficient of moisture in food materials, intact as well as processed ones, was
measured using PFG-NMR.

L3LHiIZ] ASBEETH 2EMFEH I HRROHEE DS TYREOBENE L, Ll
PoRGOKE. MLEW -7 o0 AD®HH L. TNOYBMAFEY TSI EREBELHETH S,
Xm%mﬁmm\H@NMR&mmfﬁﬂ*@K@ﬁﬁ#ﬁ%ﬁ%ﬁmmmm&%m&rﬁmé&r?
BTEBELHIICTAHAIEILHS, EEHE. FHRETAGEME UTARERFITDOWTHE U1,
BEERERETEESIERE UTARBREAOCEROHES S,

[Fik] &#& UTKERTF( Glycine max cv. Enrei )5 L UBER (HIRASSR) ZH0c, BRI
DT, VIDEEFEBR LS IVRICULOERE L, KA SREEBSCTERERIHLENERS
FHiEE LUTRD T,

NMROD |2 I$, Buruker AM200WB (4.7Tesla) =4 7 oA A =Y U/ &5 B, RFa/JIVEE
15mm, JEEE25°C, Stimulated echoik TIFAL » /2, BIBHAER/ SIVAZEEZ B4 L5210 -128E
DT FNDEEL (R) BUTORTERS,

R=exp[-D 128 2g%(A- 6 /3)] )

ZOROH T, DIZILEFRE. v IEREEEL. 6@%%@&n»x%@ﬁtﬁ%‘guW%ﬁm
NIV ADRERE. AL RIS T 5, 0

U R R U %]

1.Moisture Diffusion in Soybean Seed

VRIS A a— L SR VDRER
Fig LITR Uic, RICRBRRBNRENLS 3
FRIC OO TOUEREREZBETH D, B £
BENETTEEELICZa-VTF DR
FEAVhZ R h o it LT —®
EIGE S £ B, ZORREHNTS
7D DB €5V E LT Tanner (1979) 2

0.00 0.l05 0.‘10 0.15
IZEDEINIRSUNEFNARAN Y 2 3 DIFFUSION TIME A(S)
;;; ?; :) ;Ej ;&.{CT ; ;i (Fig2) o A7 Fig.1 A semi-log plot of echo attenuation vs. diffusion time.

-]

R 2.2 - n a a)
2[1-cos(ydga)} 2 -n“n“AD, 1-(-1) cos{ydga), @
Goga? oo Z(exp‘ 2 | lwdga 2P

(2) ROPTald/ T LIVICES U7 BEORRICHY U, iRt~ S B %4 FodiEk
Uy B oANRERGCIEEA TETICHREINTOE ERELICETFNTH D, Yallb—ar

F—U—F IV RROEHATNMREE, SLSERE
O3 KHBh &5, Bad VLIAL blelix DIV, LEX LAL
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Tl 2 FEROILEAREIT DT
Zh ZhMasZE A58 %
RUTHb, ZOERIS. B
PaBENEITT S E L bITKS
EERNMED URNT OIERE
H/hELIED, TR ERBICH
BT HEOY A Xbh&liS
&N I EEFERENE LT
5 EBRTES,
2.MoistureDiffusion in fish fesh
Intact3s & MBERE L7 B
() R ->TToy bLk Fig.2 Caluculated echo attenuation by the parallel model.

$H AFig. 3 (Intact) K Fig 4

(BB U7 fUH) ISR, Intact 0

DIFFUSoN TIME A (3)
o.10 o.15

0.00 0.05
B

BBETE. EAISMER S & Rt
Th. BONIEROBMEHET -1 o 484
AUTHE I Edbhd, SO . oo
Lid. AERTHGEKERN ~ 2] o 851
(A=28ms~108ms) OFEAANT B

2. AARBRROKDE 0Lk -3 ® 108.1

EHOLBHEINTHAEEEL S,
—H. B UCRRTIR., HEkE
BAZEREL LT EEBROME i} . . . .
ZFHUNE L ST T Ebh 0 5 10 15 20 25 30

Bo JOI LG, BHLIIET 104y282g2(A-8/3)

AT OKO B L IEGE B Fig.3 A semi-log plot of echo attenuation vs.yZBZgZ(A- 8/3) for moisture in
R, TOFENBRXN T intact fish flesh.

BEERLTVS,

Intact 73 B D H DK A E B L

BT, R LA BRI %
AU ER. PRADHERTH
=T WENN S, KEEFPROK
YRR EE T D
TR R TORITDETH
KRG FREBRICBETE 52N
W2 . TOEREBREKETRT &
TR, Fig. SOERLDE
U7 a =% . D =188x
10°em’/s 2 FINT . AFEHOF
BBBEEX %X = 2DAOK 0 5 1o s 20
FREDBATH L HEOEA 104202 A 8/3)
=28ms~ 108ms {310 L m~20
m&i%, SEIEH Ll eo Fig4 A semi-log plot of echo attenuation vs.y282g2(A-8/3) for moisture in
KA FOBBR B ER =g munced fish flesh. ‘
# (EBLlum~2um) OFTRA . bo LEWERE =DM (BER0um~100um) O (HHEHE
HEDHEBIE DTV EIKBBDOP) TORTIBEEZ NS, WBIFINA%R S - EEC LTHET S
&L BIREESBIENZ D EEZ oD, —H. ARENNT S I ETHRAMROMEIIIEXNS
2, BT, BT 55 3V BIKSFORET A ETEBRICBETE K3 FNRS &
EHICBBTLZALED Uil HBILRER LIcEEL N5,
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'H-NMR Study of Thermal Stability of Carboxymethylated
Ribonuclease T,

OToshimi Mizukoshi', Hiroshi Miyano', Ei-ichiro Suzuki®,
Masaki Kojima®?, Masarn Tanokura® and Kenji Takahashi®
!Central Research Laboratories, Ajinomoto Co.,Ink.,
*Faculty of Science, University of Tokyo

Ribonuclease T, (RNase T,) is inactivated by carboxymethylation at Glu-58,
while it retains thc substrate- bmdmg ability. To study the effects of carboxy
methylation on the thermal stability, 'H-NMR spectra were measured at various
temperatures for intact and Glu58 carboxymethylated ribonuclease T, (CM- RNase
T,).For both intact and CM-RNase T,, the results indicate that the thermal
unfolding occures at the same time for the whole molecule. In addition,
CM-RNase T,(thermal unfolding temperature : 334K, unfolding enthalpy
900kJ/mol) is more stable than intact RNase T, (325K, 550kJ/mol) which is
consistent with previous studies. The model structure of RNase T, using
BIOGRAF suggests that the salt bridge between CM-Glu58 and Arg77 stabilizes
the CM-RNase T, molecule.

[£F8]

Ribonuclease T, (RNase T,)Ix. Aspergillus oryzaed b KB SN ZRNAGHEEXRTHH., B
TERYICT T/ V3V VBBOOFARI L AT VESL T 5V, RNase T, 3L 15
iR, Xk QM EMmIT 2 O/ %H» 5, His40. Glus58. Arg77. HisN2HEHRHRBHCATR T
HHTEVEPICE o TVD, BHICGluS8E, BHLZELHTT, 3~ FEERBRICTRAET L &, &
RO ANVEEFY A FIV (CM) bsh, BERKAREIR > T TWEMETEREIY, Th
TO'HM D2ID-NMR% BV EBITI2L D RNase T, HCMIEH S “REERXEFIZRANLT Y
BT ENbhoTVEY, KFE TR, BELI IHMEZILORETFL'H-NMRIITHETITE, »
oDV T FNOREBEENL LIV ERRBEZEEN LRI Lt RA 7. TOME.
CM-RNase T, F #*RNase T, & ) b B LB BBV EHFXBELDIPITL 2, T 72,
BIOGRAF(Molecular Simulations) 7 2 ¥ 5 Al L o THE L 72CM-RNaseT, D = kL ED & |
BOoN-BEREUROHEELERL /2.

[E£E&]

CM-RNase T, i, BHIOFELTARK L DB -, B L. RNase T,» CM-RNase T,
Ebic, B (99.5%) ICHBEL, BB 1 ~2mM, pHIZ4.42 L7z, NMREIE X . Bruker
HBAMX600RA R 7 tOA—F —% vz, BIERER, 303K&L NIRAWHBB L 22647 o 7,
EHOEBBEER. 0o v/ VEEBRSEORVAMSID ¢ 7T MY E | 11e90D 5 X F -
Ju b v FoRAMEEY, ERBECH LT 7Oy PTAZLICL)RD 2, EHKE
~EBTI-DOL I NYE -~ AHE., BFHRX IsK= -AH/RT+AS/RED KB Iz,
CM-RNaseT,® =k o4& 12, Protein Data BankiZ B 8 L Tv» 5Lys25 RNase T, & . 2'-GMP

VIV s ADEEL L EIHEEL 2oL, BIOGRAF (Molecular Simulations) 71 7
AICEBRELHF 25— FA4FI2RATIab—VvavkrV¥—RPMETHEL -,

(KEY WORD) & VFEF ¥ X #)u{k, Ribonuclease T,, BEREM
O&FTlL E&lLA, &%®® VAL, TTE Zwvwnubzy ., LI Fxx
Db FT33, hRL AL
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[# £ & £ 8]

RNase T, £ CM-RNase T, @ native 2 SRR IC B} 2 ' H-NMRA R S FILDH T, 11e90D & X F
V7O b veAsn8lDa 7O b3, DYV F NV ELLLFBLTEBY, L2b, 5 A
ANVEDNEYTIEND bRELEHFR Lo TwELD, SREELLCHBEL RS TH S &
Bbhl, 7, IBREHO 70+ THY | BERAPEOFERCH L L, MEBREL 2
BRIYIVFHIHBIEDPL, FFOMNBFOEN EBEGI T A ICRRVEEIRZ S
tEZONI, THHDEBRKBANOENE2 L WV EEPBLERT 52010, HIBEEL Y
—~VBENY T 7 %R L7, RNase T, CM-RNase T, &t b, BEDS LHIKCOoON T, 5 Asn8la
7oty RUHHEHIION S AF VT O bV Y FVEAENALE I KR LTEY, T#
HERABCBETVA I EHBbd o2 natived 5 EBRKBANDER 4 — 7O H &1 . RNase
T,T52C. CM-RNase T, C61CTHhH, ZoOMEXEMEBEEL LA, &5 L TKD/~ZRNase T,®
ZEHEEIX, CORPHEFITL VRO ON-ELEZABETH =Y, £/, ¥— 70 @E
Bnative 2 KL D FOFAXRER LTI LEZONLNDT, TRENDACTRETCOFHE
BrERkHond, R21C10gKMHBED Y I 7% R L1, R LABRFHER InK=-AH/RT+AS/R
D, EUHRBAEBT LD CLER T %)V ¥ —AHE, RNase T, T550kJ/mol, CM-
RNase T, T900kJ/molT& Y , RNase T,P L ¥ # V¥~ i, oo FEILL ) KD R
TEEEVEE T L
CHBEDOT EH SRNase T, ANVFEFIAFULICEL D IERSESICEbRS LEIC, B
TEMNB AT HZ &2 (8 LE350k)/mol) BBoHLiosl, T/, e X F LM TO b ¥
&, Asn8la 70 b R @R KEETA I LIL Y, RNase T,. CM-RNase T, & b iC M4 4
FoRL-BETOIRBIEBIoTWAEI L RBRENT,

BIOGRAFIZ X W% L/-CM-RNase T, EFV ¥ 7 E T, CM-Glu58D# VXX 7=
AVEARTIDY TV ANF 4 v FEREEHET A EXTRELER (RET2A) K#
ETAHEENBORT, OO, ANVERFYAFMEL L IBREEROWKRIE, —2 KR H
BHEFAICLIZLDOTHL LELOLND, LML, HES QIkI/molfEFEL EXL LN ) 72
JTIRBLEISKI/molD Xy V- ORMERBETERZVOT, FTHESERLOMES,
EELLEEOEYHEORNLLETH S,

4
100
2.
80f
] v
@ L L
= 60 < 0
x
s 40}
a —ot
20t
o)
0 A o - ) v 1
30 40 50 60 70 4 3.0 3.1
Temperature .(°C) 1/ Tx 103 (1/Kelvin)
RNase T, CM-RNase T,
@®11c905 Me AAsn81aH Olle90 6 Me AAsn8laH
1 11e908 Me, Asn81 o HY — 27 MK DBEL{L 2 RNase T, CM-RNase T,DZ# 5 i< 3 1) 5 Van't Hoff plots

[ #R)

1) K.Takahashi and S.Moor, The Enzymes 15, 435 (1982)

2) K.Takahashi,W.H.Stein and S.Moor, J.Biol.Chem. 242, 4682 (1967)
3) BEY. HiAR. HZE. B, $IANMREZKREREL2]

4) M.Oobatake,S.Takahashi and T.Ooi, J.Biochem. 86, 55(1979)
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P43 3RTNMROEZREELAMADICH -9T7EM20DEERR
M1 b % D3D PEG-NOESY HMQC XA Y b~

OffrE=, Al /&, NHEE, T & GEitXR)
MEER, BT M (BFET)

Application of 3D PFG-NOESY HMQC to Maitotoxin, a Marine Natural Product
with a Molecular Weight of 3422 Da

(OMasayuki Satake, Shu Ishida, Michio Murata, and Takeshi Yasumoto (Faculty of
Agriculture, Tohoku University, Sendai 981, Japan); Hiroaki Utsumi and Tetsu
Hinomoto (JEOL Ltd. Akishima, Tokyo, 196, Japan)

3D Pulse Field Gradient (PFG)-NOESY HMQC was successfully measured as to
maitotoxin (MTX, 1), a potent marine toxin with a molecular weight of 3422 Da. 13C.enriched
MTX at a rate of 4-5 % was produced by culturing the unicellular alga (dinoflagellates) in
Na2!3C03 media. The 3D NMR was measured with an A-600 (JEOL, 600 MHz) equipped with
a pulse field gradient system with use of 9 mg of the enriched sample to furnish a data set of F1
128(*H) x F2 32(**C) x F3 512('H). Consequently, the 3D experiment was proven to be a
practical method for structural elucidation ofa large natural product.

1. ICHic

3XRTENMREZ, FWF 7 BOBERTEL LTHREASHEETRBLTERY, #oC. ¥
YNNI BEROWTIRBRICE KRS 3 RTNMROETHIFD ), EEEO—BLLoTVwEERSTHBE
TZV, ZHTh, 4 Y S—REFHEVWEATFOIRITE (b L34kt RVEBEOERIC
BAZRELTVS, COBE. RATFELOBVECRNEFEC IV Yy F LY NS HERE
TARUEFSHLH. CHIEETIZNFESREL 248 ClRBRTRL2METSH 5,

LAL., HELOMENRTHERAREBEWOBGIFFIP LD E-oTEY., ~7FE3KREN
MROICHEFIGEECE L. Z20BEBHL LT, RRWIEF U7 BREHLES T —RITEVEL
dzy bEELEVWISE, ~HORBEDERVTEPCELV Y vy FTAFESEL SN TN L,
3RFTBEL L o THEY LTI PBOLNDEr —ANTRAR I LENEL LNDL, ~T 2 3XRILNMR
Y RAREBLAMOBEREIER T 20103, SO 2METRRTLIVENED S,

FIT, HEDLIL, 2RENMROATIEIEERHAIATETH o IBERR A F P FT V2R
¥ & LT3 3D PFG (Pulse Field Gradient)-NOESY HMQC % i€ L 24, #:&fe: s L COFE%21To 2
DTHET Bo '
¥—7—F: 3XRTNMR. 3DNOESY-HMQC. PFG, 74—V FFVLYF, =4 b bFI |
WERKRY, BIERERY, ¥ -7 Ve

Q&7 TEWwE, WwWLZ L), bk &bB,  R¥dEk L
30k VHHE, UVOdE TD
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2. EBRHE

<4+ FF 3 (maitotoxin 1, MTX, Mw. 3422 Da) &, BABBRTERTLAPE - Y HF 50K
REO—2L LTRARBENLS, ZOROHET, RADE LTRIFOLVWABOGFTHLT &,
FEFCHVEEL - R EBEESEET A LEFHEL 2SR, BERDEE SR TV ARRY
DVEDOTHD, AR TIE, MTXA BETHRLEMEESE MEEE) CLoTEEZIhLII LI
FHHL. BC-REE (NaxCOs, 50 mg/L) 2RI THEEEITo 72, 2000 LOEED b BCEM AR i34-
5%DMTX ## 9mg (2.6 pmol) BEHI LAITTE,

ZORBLELI0uLOEA T ) —V-BEY ) VY (LD)EHIZHED L, 3D PFG-NOESY HMQCHISE i
L7z SV ARFNLEE D b D % 4, Pulse Field Gradient % B L 72, HIEi3 HAEFHE A-600
(600MHz) % FIV - THSHRE (64FFEE increment) 7V . F1(H) 128 point (4000Hz), F2(*>C) 32 point
(12674Hz), F3(*H) 512 point (4000Hz) D 7 — ¥ %1872, A IZF2HI(3C)IC 4 f& Dzerofilling % 47\, 128 x
128 x 5120 3 RTLANY P VICERHE L7z,

3. BREBIUZEE

Fig 1.i2. 3D NOESY-HMQC®D 1288t DNOESY 7' L — » D, BCAb Y 7 + TOT1.5ppmAt L icxd ivg
5—H % 2D NOESY & W8 L TR L7z 2DARY bV TIE#500M8 Dcross-peaks D { KNEH L THB YR
WPHEE I CEETH 545, 3DF ¥ — b LIZIZH30E Dcrosspeaks FHRA TV 204 TH ), BTz L
AERED BN, FlA32point & A% {, BCEIEOSEEIMES o 72D T, FHE DIV cross-peakstd
ISHEBEND L —> (M 4ppmililY) KIEF->THRASIhTWEY, EF LT 7 VEES
BT LICENBERBRERET LI EATEL,

Be#ic BT 5 LT & o Tcross-peaks DEMA { % ) . NOEDEH il L 2B inz <.
BCrIany 7 bORBHES R o7, Thbb, 2K C-HCOSYR TOCSY-HMQC % ¥ DiEHD
ATHHY 7V FVHERECER o TVAES, Y/ T VORBIRESETHS, cOLILETY, BC
b33 7 P TIRSMEL TV Z L #% {, £ET3D NOESY-HMQCK B\ Tid{kE Y 7 F O WHY &
FUTERLZ T L—VICEHlI &R D,

SEDANFO3IRIENMREBRFHL IR LR, $BOBEL LTKRD 3 AR I,

1) KEZNOE:A G X HHY 7 FVICHL T, HESELBCEY 7 F S EBFEL 7L - VIS

NOEIZ & A cross-peaks? il S 115 (Singlet methyl P AE S CEHEICH L. ZOF1F2/ 1 X

#5.  Pulse Field Gradient D EH IT X » TKIBIcFE S NZ) o
OH

Me o
Mo w \ico
164 e\ X
t10 O v
Me OH Mo, OZ o’ T me l'ggog o
= 35 0130 115 0 e
140 O, (o) o A
F : )
Me HO E' Tp < T o.T o
o ()
1o} Me
Ho "M up " 1) M5 )
R 150
Q Me
o5 o
Me )\ P
HO ° OH
HO. s
o O
. OOH
HO, NaO;SO0 OH OH O,
Me 3
OH Me Me Y M.o OH pH OH
e, 5 O~ |c L2 TEY" OH 40 HlT:1]ao]x e =
° e 02 o o o L Yo
| 0
OH OSOsNa OH OH
1 15? HO oH OH OH OH HO oH oH

1 Maitotoxin
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Fig.1. One NOESY Plane at 77.5 ppm (part) of 3D PFG-NOESY HMQC of Maitotoxin 1(top) in
Comparison with 2D NOESY (bottom).

The 3D spectrum of 1 was measured with an A-600 NMR spectrometer (JEOL, 600 MHz)
in CD,0D-C,D\N (1:1) equipped with a field gradient system. The 2D NOESY was recorded

under the same conditions. Chemical shifts of the carbons of which adjecent protons gave the
cross-peaks in the 3D spectrum are those of: C15= 74.8; C18= 76.0; C23=76.3; C40= 78.7;
C53=79.0; C63= 77.0; C69= 76.3; C71= (75.2); C116= 76.4; C122=79.8; C135=77.3 ppm.
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2) RERBOBE. PCib2y 7 b L HoHE L OGRS V37 BiZEPE TR T VO T, 150ppmic
bEILEFEOPCILEY 7 F2BATALESH L4, 48O 3 RTOPCHIOpointi T 075 58
[T (RSN

3) 3RFAEF— S OUBKEA»S 1 AHEET 5,

TROMESAOREEL LT, 2) PCREFSRKRFALITEFER O 3 RITENMRHORIE SR Field
Gradient# &0 % WAL T 5 ; b) BoEEE AV CCCBOIESE 230, & 5 CLinear PredictionZ 9
BRI OBCROSHERE LT o ERFEPERALCECOFAELETD S MTX L FEY 1 X0t
BWDOBHE 0% PCHAELE LTS Z LA TE NITR R B & UpointDE T b A7 1 3 RILHE
ERNE L EbNRD) R EFEZONRE, MIXDBEEIE, BECIVEETERZOTECHOLYY
v FFHIBEVRETH o745 ZLORKPEFETELVEG,ILBLATEY, 90 HEDOHEL
FHIRIENMR 2RKRWICHERTH LCOREERELELX 5,

VLA, MTXEIAHC & YD b 45T 82000 Dak BT AP HFRR SN TE TV, Zhbiksy
DEL TR LEYTFERLZAELTEY ., BELHEROMMBICRERIS R Twa, LAL, Thbiz#
HREDOLDOHE L, BHVEWIIOVT2RTNMREDEN 2179 L VI ERDOFEFBRAETHH
—DEEBTETH ), MEREICRBEROT I ERMZLRE T 5, o T, 3 KTNMRAERALE
hiid, ThALFRRPOBERF S KIRICEDZ LR e 5,

RARPOBETIE, 2 RICNMRO A THEZRET 25T 4 X 1382000 Dal T E2 bh b, ¥
INRTEIHARTHFEO LREMEVERE LT, RAUTEITEREDOS 2T XTOBEOHLLED
BELENLATRIEER LT, o0 BITICLELRSFTED 2D OBRREIBRICE DI LIE
ZbNb, I BTOKEV T FNVEREV IV EARBTERTNIZEHOBECIETE VI &
BEL, BROMRLEZBY T HVEBHEEY A XY R BIZHRTEL B0 BHD—D TS,
BEDXICKRBMEY V0 HEZHA_RTHABE, 3KRKENMROBFE L F— 7 BITCBN TR YD
MEBEAHD, L L, KR, BCh4-10%IC Ty ) v FTEARRWICHE L Tk, BEOEBRE:
RETRRTAILICE T, AT 3RIENMR BEBICLZ 2BEFITERER B L 2R LI,

[ <4 b b %S s ORI LTI, ¥ b — WA - EARE - S TEmS
£ RECKEBSE - AR, BAFE TSR - MIIBHE, &4 ARSRORH %
B/,

4. BEIHR |

1) #l 2 i¥.a) Fesik, S.W.; Zuiderweg, E.R.P. J. Magn. Reson., 7 8, 588 (1988); b) Clore, G.M.;
Gronenborn, A.M. Prog. NMR Spectros., 23, 43-92 (1991).

2) Ikura, M.; Kay, L.E.; Tschudin, R; Bax, A. J. Magn. Reson., 86, 204-209 (1990). -

3) Murata, M.; Naoki, H.; Iwashita, H.; Matsunaga, S.; Sasaki, M.; Yokoyama, A.; Yasumoto,
T.J. Am. Chem. Soc., 115, 2060-2062 (1993).

4) Geerten, W.V.; Boelens, R.; Kaptein, R.; Burgering, M.; Van Zijl, P.C.M. J. Biomol. NMR,
2, 301-305 (1992).

5) #1 2 i Nakamura, H.; Asari, T.; Murai, A.; Kondo, T.; Yoshida, K.; Ohizumi, Y. J. Org.
Chem. 58, 313 (1993).

— 282 —



P44 BlAEKENMREDCa" " HEEHE~NDILH

ORKHEE - KAXEF - MEEHE - 5[#1#FH
R B £PBE SoFREFH=E

Application of Solid Deuterium NMR for Calcium-Binding Protein
Masahiko Moriyasu, Shin-ya Ohki, Kiyonori Takegoshi, and Kunio Hikichi
Division of Biological Sciences, Hokkaido University

In order to study local motion of calcium-binding protein parvalbumin, we
apply the solid deuterium NMR. We exchange the His26 C2Z protonwith deuterium.
The solid deuterium NMR spectra are observed in a 9. 4T magnetic field. The
povwder spectra indicate no fast motion of theprotein without regard to calcium

binding of the protein

NNV TTNT IV, FFRINOOBEKAERO I VY 9 AEEEHETH 5, NMR
BRAFOEHERETI20ICBELTWEN, KERDT TENBE2REST s 5ETR, %
DARY FWHRTHTOEHE, FFLREOCHE - (EEFH I RELELHENDZ, £
TRAVTTATIVDANY Y MG EEHTFORMABETHOLT/LETARLHICH
HEABNMEOBEA 2R A,

A4 EZTCAEEZRVWTRBELIaA VT TAT I Vv3ZGF sy TAELTHOR, 2
ANXVTTANTI 302 6 FBHOLRFYVREDOC2 e b vy EBENIEARILL
Foo TIFT B LY REOWOREE T F v ELRF VY C 270 FvOEKREL O
BEEOEVWERA L, ANV IAT 3 —LDSATTAT I %0 2MEILHIY 94,
10mM PF AR A4 b—n, pHT, 60° COKLETTCIABEADIRE LEED T v b
YELTEKELLL, 4° C, TYE=TRLZ27LH VHOKLET T2 HBBRAZEL
BAKEZAOVCTITVWEREL, B, exFvrc27n bt YHUAORKBES v F v 2L
Rlte CONNMTTNT I yOKBFEPD'H-NMRZR R 7 PV ERIELIZEIAERF Y
YOC27e byl FNOBBERREBLLT O, COH Y VBEEICIngD P F A
ZvA P—NEMA, EEEERL, 1600g07 X743 —A3 AT 7T 33 ONMRY
y I uEE, BUEIOY vy I urBkdiicAL LingDiE{ba v vy o s a4k ENA,
BB L, IVy 97200y T e LT

BEMAEKFENMRR =7 PV EIWx-T -0y -t . D7 T FRER—LV2a—DNLVRY—4
ZTCNAREEMEINE L, 6.3TRCILATORES, SR TELEFNIZITI00EREE

F—y—F: EFEEKENMR, AAvy afEEs v 08, HFES

Obbvd £330, B8 LAP, Pl &Xob, v&b (it
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LTHRAIL 7o 6. STORBHTHS/NISEC, BOR <2 bV EBAT S L RTEED -
(R o 9. STORMBITI0000E B S 2 FTRIT TR BB EBKENRR <7 b 1%
BRTBENTER (H2) 0 TOXNI AR, ANV Y AOREAIIIbSE, &

)
B 6. 37
HERRE 4L
300 ' 150 i 0 ) -150 ) -300 T
Offset/kHz
R2-1
BE 9,47

HER oL

Apo-formParvalibumin '

a0 150 o -150  -300
Offset/kHz
M2-2
B3 9. 41
HERRH 6l o
Calcium-form parvalbumin
T a0 50 o -1 =300
Offset/kHz

— 284 —

bICEOIL W,
Whwpiey s
—ZART FAT
by, ERBT
ZDEFMNE
10Kz TR
ThHBI LMD
hof, THiL
NNTTFTNT 3
YD22FHDE
RAFCUVERENR
Bkt 7 3 /8

BEOB OB

FELTWwE0D
T, TOEFH»
ANy LDE
Bichhrbod
HBRahTwa
12O THDE%E
Lo b,



P45 H <& bufadienolide D IKFTNMRIZ X ZRBE & ZDILH (2).
%2 UT o-pyrone REAZBULAHOBEILOWT

(RhZzjiR3E) 296 OB Hg - MIH
(deBRA3E) AREHBA

Structural Assignment and Application of The Toad Poison
Bufadienolides by 2D NMR Spectra (2). About Structure of
The « -Pyrone Ring Opening Compounds

Yoshiaki Kamano, OHuiping Zhang, Ayano Kotake
(Faculty of Science, Kanagawa University)
Haruhisa Kizu
(Faculty of Pharmacy, Hokuriku University)

We wish .to present the perfect structural determination of the base-
catalyzed « -pyrone ring opening compounds, 4, 5, 6 and 8, were obtained
from natural bufadienolides, 1, 2, 3 and 7, respectively (Fig.1). For
structural assignment, the 2D NMR spectral techniques as 'H-'H COSY,
13C-1H COSY, COLOC, HMBC, NOESY, etc. were utilized, in addition to 1D NOE
difference spectra. In Fig.2 and Fig.3, the COLOC and NOESY experimental
results of isobufalin Me ester 1 were indicated. In Fig.4, the COLOC and
HMBC analytical results of diepoxide 8 (C-K-Me-A) were shown. The detail
NOE result of 8 including it’s stereochemistry was illustrated in Fig.5.

#E H<® bufadienolide ik Al FPRAK - MFE LH - il - HLYAIVR
AR YSRTEHEEE2ETIEERATOA FTH B, TOBBER. A5oAq
K17 B{iflz « -pyrone B%2H L. A/B cis, C/D cis DR LZEEL D, NNRARY
MVEZE DR % RS, D bufadienolide @ 2D NMR BFZEIC DWW Tidk. RESKEEM
REENRL, HESFWDT—HDORKRAE bufadienclide DFHEMITEITH. £
DEEREWE L.V TR, bufalin(l), bufotalin(2), gamabufotalin(3)HKTF
cinobufagin(DDFIvh VIZ X 58 o -pyrone JRBAZE 4, 5, 68 BXU 8 DR
BEREL, XOREKDDHMAEBOTIRMET S (Fig.1).

Bi 14Bf1ickEE %A 3 bufadienolide % 7Lk UREH, >\ TEEIcT
5L isolkb#TBILEYB/OIABI LR, H oMo T, ToBgsE
WABERTH DI, A X/ —)uH bufadienolides (1, 2, D ERDEIHN GBS
hBEEYR. TRER 4, 5, 8 OBEEETBIHDTH DO, =X ) —VHDK
¥—17— F: H<#H. bufadienolide. a—¥' O BF/LH UBIZL. 2D NMR, NOE
PEDLILDE, OBISFOAN, THITHRD. 2TIRBDX
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IS TR, ethyl ester® 5 X 71-, k7. THOEDEFW(isoth)id. AU HRYEL -
SR (hv, Noy PIa—IH) LB ORBLEY LE L A—PTHEL

Bbhpol. —FH. 148, 158 -epoxylED 7 v h VLI X B 5h 3{LEWit.
WR, E0LKKETHoN. SE, cinobufagin(?)% 7Iivh Uy, Bikird 3
&, BRI b S57 4 —LBRBOEBYEEX B Lo, 205 bE
HHEOAR Y PERTEERYEBEE(C-K-Me-4, 8) L. BEAREL(Fig.1),

o] OO0CH3
Cco
VY
Rz
/4
R2
[¢]
_HO 1:R1=Ro=H
H 25R1=H,R2=OAC HO ggl_—tﬁzﬁ oA
IRi=OHR=H B S RI—OH Footl
CcoocHys

HO
Fig.1

$EHBR  sample: 10mg-50mg#%0.5plDE Y u )V AIIZER, NEEIKEICTHS 26/,
DBEZIGUTELY S 2H W, BREIN-EXA00ARY v X—2—, BlEdk:
(a) 1D NMR-'H, '3C, DEPT, NOEEANRY PMIVHIEZI{To Tz, 'HIKX399.60MHz T,
13043100, 40MHz THesd:; NOEZEA Y MVHIREis 1) AR H /N7 —1% 250 % 7~ 13300,
(b) 2D NMR-'H-'H COSY,'3C-'H COSY, COLOC, HMBC, NOESY $iE%1{3-oi-. '3C-
H COSYD&E S ER K Icn=140z, long rangefiSEM i Iccn=10.3Hz; NOESYiZ FH\»
7-mixing timeld PI;=700nsTH o7,

RR

1. Isobufalin Me ester(4), Isobufotalin Me ester(5), Isogamabufotalin Me
ester (6) DERERE . « :

Isobufalin Me esterD#&HEik. Ptk & A Y MIV(IR, UV, MS, 1D NMR) K ¥,
14 B 3p 5218 ~Detherfl & 2 2L 0> 6 UM ~DRB ~ B SOFES DI Y, BE
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2 4 LHELU, —EEADIM#IE. 15.50zTH Y. transTHBZ LHBbh ol
DWT, 'H-'H COSY, '3C-'H COSY, COLOC, NOESYZ:3* 2D NMR R #EMii-#RafL. #8
B4 BEERUM, COLOC Iz XV, Fig. 2R d & DIz, 26 hTh1M,
1747, 2067 & DB S S, X SIZNOESY HIlE (Fig.3)ic kv, 2112 hTh
8 B-H, 18-CHs, 22-HX DRIIZNOEX B X h1z, CHEDIEN S, Isobufalln
He ester(4) DDR & IS DONEEEICH L WHIRIZ SN,

UKD RAEHKIZE Y. Isobufotalin Me ester (D) & Isogamabufotalin Me
ester (B) DB HIAMC R DTz, Fhe, @A X 7 —IHRRBHI X VE ORI
L. TRTRHhSDEEYU, 5, B) L ESRLKEALTH .2

COOCHs
24

30.76
ey @04m @ LT8m B)

35,36 H 32.49
(1.601d) @1m a,1.9m 8)
.74m) o > gg{ngSY ~«—»NOESY
Isobufalin Me ester Isobufalin Me ester
17200 516
24 (3.69s)
40.29 COOCH3
(2.73dd .7
,2.574d) 5,

35.48
(1.80m
,1.67m) 20

TV H 78.1168.27m)

52.69
(2.29ddd)
82.08(4.55dd)

R H 60.35(3.40bs)

3949 1538
(1.19,  (1.06s)
1.62)

8
(1.96td)

—» HMBC
== COLOC
= H-H COSY

C-K-Me-A
Fig.4
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2. Cinobufagin(7)DF I h UBAEHE C-K-Me-A(8) DHEEIE

cinobufagin D7 IVH UBAZHE C-K-Me-A(CosHs60s) ik, 4% « A2 FMIV(IR,
UV, ¥S,1D NMR)FiEdh 6, TD@E%: 8 LH#EL /-, 8 & cinobufagin(D XV
carbonB—240 0, 168D P FINESEL, ZEKEEBEELRY, —4.
16 Bz & 226 iz ether A BEL . 2UHIORBOREHUVETH 0/, Bk
WAHTHIELU -/, C-14088 8 Dpeak L B Y, F7-C-102C-20Dchenical
shifthBERo/z, L L. BEUIUOHTHIET I L, COERIB T &R,
TH-1H COSYSEBRMP &, Fig MiZinT &S RC-150SC-250 2280 Bbhol, 6
iz, COLOC EBRIZ XV, ester CH; &C-24> DM E Oh, F£/-, HMBC FEIT X
Y. C-232C-24DFHB8. 1667 & 2267 & OB PHE X h. Fig SR iBE 8 %
PBTEl, B8 8 OMBEBEERHNT IO, NEEAXRY MVERIEL:. £
DR, 21-Hix ofz e, Fig Siemd &S st Esrgeohi-,

' 1.686 .
1310 N8 \H 2735

15.4 H
H CH

1.965td 165 r
H

~/TA  NOE

H 1325 Fig.5

28 AROER. 148-00FK%E3 5 bufadienolide D 7IVh UBIZEIEH,
HEHICE > THEORBUEEPLALUTHo T Lk, KISHEOL» 5 A%
BHEETHD, /-, cinobufagin DEEEMEIX. SEDEERY C-K-Me-A DT
HLERYBEDHY. THhoOBEBXTIBALIC acetoxy EDRWLAYDOBEEDOR
HRBLETHD, £/, ERPONZEBEERIT -0, BEEL. BEZEIL,
BHSHRZ SRR LI,

BRE RIS ONNREE I R 7= 2SRRI SINRIE M D I I B v X A
BIOCBHT - EEESE I RER LT,

Xk

1D & B, M0, 2FEE. KBEBA BREZLHOSHEFELR(1993).
WBHTHAIL, P.503 (No.2 HI 11).

2) Y. Kamano, H. Yamamoto, M. Komatsu, Chem. Pharm. Bull. 17,1698(1969).
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P46 ETASEINT I/ BE#RP450camDONMRIC & B5SET (2)

OB, GFE—8 * &8 #°, BEFX", KT °, AHR®
(RERAFTFR®, BCKFERR® BRIRAFERR")

NMR Study of Recombinant P450cam Mutants (2)

Keisuke Wakasugi *, Koichiro Ishimori *, Isao Morishima *, Hideo Shimada ®, Ryu Makino °,
Yuzuru Ishimura *
( *Graduate School of Engineering, Kyoto University; " School of Medicine, Keio University;
¢ Faculty of Science, Himeji Institute of Technology)

Site-directed mutants, in which Thr-252 had been changed to Ala or Val, were employed to
study the role of the hydroxy amino acid”. The amount of 5-hydroxycamphor decreased in the
mutant enzymes with respect to the wild-type enzyme®”.  In order to investigate structural
difference between wild-type and mutant enzymes, we utilized paramagnetic'°N- and 'H-NMR
spectroscopy. Based on their NMR spectra, the Val-substituted enzyme exhibited the structural
alteration in the presence and absence of the substrate. On the other hand, the substitution of
threonine for alanine caused some structural changes only in the absence of d-camphor.

1485 P450cam I%, d-camphor®DKER{L % B S 2 —H FERRININBER CTH S, BEED
EHALCEELRB X 2 T4 2 6N 5252Thrw Ala, VallZ B# L 2P450cam Z/ESL L.
BEEHLRALER. £ HIT. camphorilxf§ 3

heme methyl
IKBRAGIEMED, BERICHEELIETLTRNS . e

ZEdbho 7;:1)0 LaL. Ala %iﬂso)&i?ﬁ% 283
R, BRI L ZEARETHEH, VAR W

BOBEITI, BFEROHIPBEETTE2-T

VB ENHL MR oY TDLD) BEVIE, J— 3
73 BERET) L CHEOLSMEIEL

B LIt o e b L DD, FIT, M
BPARL, Ala ZRE. VaEEREOVFHEE, I
ANMEBEOHEEBRET 52010, ERECN-B vazRg
X O'H-NMRARZ M VOBEIERITo 726 Y

DHERBLUFE W1, EEELT gy
d-camphor A5 & L 728k 3> 7 Y EONMRA~R T30 26 22 18 14 10 & RGN
o PVERT, VT U NARCERET B @, d-camphorf& RSO > 77 1
) BESLIEBASDEFVO—TLEEZL T P450cam®'H-NMRZ 7~ % kL

keyword : P450cam, > 7 ~4&. "N-NMR. 'H-NMR, $3ffi{X >

K& b2 TEFndily wLdhZiwnwbsr) dhLEVWEB LFEFLEUVTB
FEXDOHhw) WLLLWTS
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LHTERE, MERKFHROUERZE,S, AR 82
D113ppmD Y T F ik, NLADAFNVEDO YT
FVZRBENTWAEY, 2OV T VDY T ME  mam &JWJ "

3, TEGTOEFAR L ZIZFE CEICE o7, L d N .
L., HEEDE67,-64ppmD Y 7 Fid, AlaZ TTT—
FETIL6.3,-6.4ppm& 1T & A EEL L Vi3t

L. Val ZRAETIE80ppm, 72ppmE ¥ 7 b5 pummp /
DOHFBHONIz, TOT b, REEEHE : j L o :

gy ”W*mnwm'/

(+cam) THE. ValZEREDOANLEEEEIC L Y K&

LGEMAPELTRBEERI LN D, KiIT, BHFE
HEHCam)D Y7 VO HNMREBE L 72 (5 VIERHE \/J
2) o BARIZBWT, 19.5ppm, 11.5ppm (2B J\J

..............

=X (AR ab A - Sl i = I Nt 3 s SRV /4 ob T R
HH, EHTAFNVECHRTLIDLEZLN [, d-camphorFEfE SR D /77/171<
Bo TNLDYFFNMIT, ALZREIIBVWTHR P450cam®'H-NMR X~ % kJL

REV L 3R DNB BN SN, REFEAET VaERE (am)  F
ALEBHEC BT b ERARBEILAR - NWWWJ\WWWW

-8.0

REEERELTOS, SHECOZEERMCE |
BT BB, AAEBOWERCETRELE ol ntioihond
BT 2 EHEMEN-NMRE HIE L7z, B3R

791, BRHEROVALREOCNOY T BER Pl i
FVid#H40ppmd V7 b LADIZH L, AlER

BOYT MEGBAEREFEALRLTH o0 vamrs |

L L., REHEESRTIE, FAERDSAlLR M\NWM
T 27ppm, ValZEEA Ti360ppm™> 7 b L TEL 4es

R, ERFHEHTE, ALRRE, VaZR mw

e HI22BFEB DT I BRECEROEEN

KECHERTWRIEARLTWD, Shic, # FE2
Z(d-camphon) DM EH A BET AL (K1) .

AR L AlaEBA LT3R L (., VAZE KD 700 's00 500 400 300 200
BRERESEON, EEIEELLT VI L x F3, CONEON-NMRZ AT fL P"
RLTVD, SO ERVAERBOBHEITIEANLE

BORERAMALORES EHKE 0T L EFRL T men| M VA
5, DEDERETLOD L, E’Eﬁfﬁ?ﬁ LTwiwn -
BT IX Al VAERA L b ICTh2520B#ICE 9~ | qap | 30 | 34 | 71
POEB BRI EL B4, EE (d-camphon ™ F 1, d-camphordfREETE 3
ATAHIEICEY, ALERATREFER L ZRFACEE2EETILEZOND, —4.
VAZEATIREBERICL Y BEEGHMEE THEERESRATEY, EELHFERO
EIREEBICEAET, NEBEOBELLLTAREBELEVWI E2RLTWA,
3.8EW 1) Inrai,M. et al. (1989) Proc.Natl.Acad.Sci.USA 86, 7823. ; 2) Poulos et al.(1985)
J.Biol.Chem.260 , 16122, ; 3) Keller et al.(1972) Proc.Natl.Acad.Sci.USA 69, 2073.
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P47 ’3C—E]1$NMR?£&;J: 3F 82N 780 T D FEHOMZE

(ZEEREH - WEUKEA) OFEY L 2 - WHESE - BBET

Study of the molecular motions of TiOpc
by '3C-solid state NMR

(Mitsubishi Kasei Research Center. Tokyo University of Marine

Sciences) o Toshie Harazono, Etsuzo Yokota, Tokuko Watanabe

13C spin-lattice relaxation times(Ti) for A-TiOpc with
different lengths of crystal size along C axis(Lc) were
measured in order to elucidate the relationship between the
molecular motions and the sensitivities of TiOpc in laser beam
printer use. T1 of C1, which is carbon atom adjacent to
nitrogen atom, was shorter as Lc decreased, T: (C2-C4), however,
showed the opposite tendency. These results mean that the
relaxation mechanism of Ti (Cl) is considered to be different
from that of T: (C2-C4). Detailed investigation with respect to

the molecular motions of TiOpc is in progress.

BYEE. LY -—T7Yr¥y—-DCGM (BEREYH) L LT F¥INAT7PaL T2

Y(TiOpc) BHEHZHUTWVWS, TiOp cRWLOPDERALET I, AR

EBROAFBEBTCXERBIREINTVWS. V7%l 72 (Pc) 25TiOp el
2E. 722NEPLTIi=00HIETFRRNEZE. TiOp cDHFEHDOKE

XH. HRBEEANDERELL —F -7V Y -oRBREL#HEED L I L IZowTlR. K

IHRELZL.2BHSE. TiOp cHOBRELXIRIIHAFEHLNMITHHNT. Lc

(CHIFMODERTORE) DRL->IARM-TiOp cHT ZHELDEECHREL.
FEHOMEE T 12,

WEYTiClep cEN-RXFAEQ) FUPLHELNIZA-TiOPc?DP’C—NM
R%Bruker®MSL —3 0 OTMREL 22, HERHFBUL75.4 TMHZz, *C. RU.
HD9 0 "R ARVTh$4.9usTHY, HEXKIZ4400rps, a¥P7}7
4 L8.5ms Thote, T lIEWRTorchiakiZ Tir»> 7, XEEIFIXPhilips PW1T00%
HWTii-%., CHAMDERTORE (Lc) BLc=KA/Bcosd YR, 2
T.A=1.5418A_ 8 (radian) X20526° 15D (00 4) Ot —7DF{llE.
KEEBT1THS,

FHZAT7IRL Ty, PC-BEHRNMR. XE Y —KTFENRE. &g

OWHFD kLx. kIl Z22FIH. bliexX &L
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HEHRYA-TiOpcOfTHELH] . HREEGEEE2IIRL, BIZ.A-TiOp
c@”C—CPMAS NMRARZ FAEBESIERLL. 7 FAE. KRS, C
.C2.C38. CARRBEN, B4k, Torchiatk CHIELARZ FATHZ (¥

Y7ANo.5. i) . A5HME. ticAWT31nMz (Mz : Bik) o7y F£H
SicARL7z. LcORLY-7A-Ti0p cDBREEIBIT ST 2 R1IRL.
ZR) T OL cifktifi%2 23, L < L3I ORTT: (C1) BE<L->THY.
—F%. T1(C2~C4) BRL ksMurbdsd. chi), T.(C1)&T,(C2~C
4) DENERERE>TWAEBbha, EY Y 7TADC1ORETHT R HXBE.
LcH2T5AENORL BT HFERIIRLS L)Y, @ERBL 3L CELhT,
B%5<. 3000 s toETCE WM Ebhd, ThiZHLTL 27 0ART
23 T il c BEWHIEL > T3, B20sBap% 5. TiOp cDC
WEFOTiOpcdHNEZ. 4 1 ALDPEBRTBLT. A TFREIREFHEEHI GEET
b3, 372, C1ET i REHLTWINEHEALTWBZE. BXU., TiE—Mii
EZ2ERL TWARAKHFET 226 MTFRANBRAEC BB FHEEAL 2T
TW3, L cikFEICHBERET 20, FIZ. 2 FRIN-"*CRETHEFHTH I &
HBbhai, BrEBFREOHAFERIZEIEELH 2PV LhY\Vw, C20T 45,

DT R TRV, HEL TWAHFRL ., 2o, L TORFEOMHEERATC 3.
CAHRTHFEHFEMZ S5h PS5 THIEZLLND.,

No. 4D}V 7N DBBETHT 2R BLBEF LR T 22 ORT FEPLTWVS,
TiOpcOHFEH. RU. HFEH L YEE DHGICOWT, X525 <H%EhT
53,

1) W. Hiller and J. Strahle, J. Zeit. Kristall., 159, 173(1982).
2) T. Harazono, |. Takagishi, and T. Matsuzaki, Analy. Sci., Suppl., 1301(1991).

acif ¥
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F2. A-T i Op cOEEHEE

N C2
C3C4
H
/s
425
375
JllLlllLlelll‘JJJJlllJ 310
200 150 100 50
PPM

250

3. A-TiOpchD'*C—-CPMAS
NMRAXRZ MV

=4 . TorchiatkClBEL 72'°C—CPMAS
NMRARZ MV
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1n Mz (arbitrary unit)
&

3 1 " L 1

1 h
100 200 400

wait time T

H5. ticddadln Mzo7avh

Table 1. '*C spin-lattice relaxation times(T:) for
A-TiOpc with different lengths of crystal
size along C axis(Lc)

sample No. Ti(Cl)/s Ti(C2)/s Ti (C3)/s T1(C4)/s temp./%C LC/R

- 740 550 620 RT 400

1
2 - © 900 670 520 RT 320
3 - 1300 650 700 RT 275
4 700 310 ~ 300 280 140 270
4 2800 960 450 500 75 270
4 3000 1400 800 1200 RT 270
5 2100 1400 750 1200 RT 235

- means that T: is too 1ong’tovmeaSure. T: is probably longer than
3000 s.
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P48 BEHEKENMREICEZPBLGHUMEOBH MY

Odt#® B. FHEN. 8B BE
X T

Side Chain Dynamics of Poly(y-benzyl L-glutamate) by Solid State ZH-NMR

° So Kitazawa, Toshifumi Hiraoki, Akihiro Tsutsumi
Department of Applied Physics, Hokkaido University, Sapporo 060.

In order to study side chain motions of poly(y-benzyl L-glutamate)(PBL.G), we measured 2H-
NMR spectra of PBLGs deuterated in v, €, and « positions, respectively. The line shapes below
about -50°C for each sample are similar to the static powder patterns, showing the absence of large
amplitude motions. The slightly smaller quadrupole-splittings observed suggest rapid and small
amplitude librations at each site. From T} correlation time of the librations is of the order of

10-11s. Remarkable intensity loss is observed at around 50°C, corresponding to the glass-like
transition temperature of the side chain. With increasing temperature, the spectra recover their
intensities and become sharp, due to the multi-internal rotations. There exists at least two
motional modes for the PBLG side chain motions. One is rapid, small-amplitude librational
motions, and the other is large amplitude motions caused by the multi-internal rotations.

poly(y -benzyl L-glutamate) (PBLG) BEGKF TEEHIZICOKLNEE LD
MOKEZESODZDIHEEILRETHER a-helixBEL22>TWd, ThETHR
R EETPBLGHIEOEHEIAL I, EREGETEEZ7EN T 7 ARY T —
ODETYPEHICRLN ALV I AREBVFHMEI L TWEY, HECEHORT %
HEICHGZAAETICRES Lo, MEEHIEARANIIEEC-CHEAEDLD
OAREEEEHICERALTWE3DT., MELBROEHORTFEAMBICEBTEEARIC
BUA2BFOCEHOERYLELL L, FCTAMETRRAFNZ2I TESH LS
REEDIZEFEICEHNLRFETHZ2EEXRERENMREZAW., PBLGHEOED
AEMBEITHBR S THARBZIZD . XYY NVEONIAM (L) EXRVINWAF LV UE
(efi) . RUYHOAF VUV EEFRTFRhERFLLL, ARTIPVOFEREL XY

Y- EFEMEM (T 2MELE, whels\ o0

Fig. 1k PB L GHBOILEMEEZTT . Pl =L
PBLGRESORKIZT x ZVREAEL RN
TW3, o7z NBIEC.—C.HOZE / h
hbhicGRO 7y T -7uy 7 &Z#%L ==K

TﬁU\ZwﬁﬁKMRTCz(3W5§Fklﬂwmmmmmmmdwu}
LEELTWAZEHEKRKENMREZAW
FHEICE>THENMIRB > TWS, PRISEEBO A Iy T - Ty 7ED
NDEEBIZTFLENWOT. BEXENMRARI MILVIEC.—C,.HESOESHZ RMBT
2, bLC,~C.HBEOEHIN ML IFHUOKTOERH I CERATEIHOT

#—U~F:E¢§K§NMR\PBLG\Mﬁ\kﬁﬁwﬁﬁ\HMHmn

OFkEXbhb %95, U6BE LLEAAHA. =DDOH HEVSH
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HNE. CHDARI MNIEZHBANOERHEAUCEH AT IR T THEBL, T
YRDARI P BBERBZIELI LT, HERGEOEHI L OS2 D 06 -
TWABDOBBEENIZE B,
HnwrZagiE, RyINBEONSHEEKFL 7~ pely(y-{x-2H,]benzyl L-
glutamate) (PBLG-«4d.) . RYIVNWAFLIEFZEKEILL £poly(y-[&
-%H,]benzyl L-glutamate) (PBLG-§d:2) . RUY —AFLoyELZBEBARELL
L 7Zpoly(Y -benzyl L-{y -2H.)glutamate) (PBLG-%Yd:) T3, NMR®
#l 3£ 1 Bruker MSL-200(30.7MHz) TfTW. AR M RBHEERII-ZEIZEIDEA,
T.ltinversion-recoveryWEE I I —#ICk DB A, YIS a2alb—Y gy 27 K
JViZGreenfield » OUXQET2’ Z A WX,

ERMOEKRENMRANI bLOBEERFESE£FiIg. 2I2R T, -50°CETTIREW
THOBRBOARI MALBEIHLNBOHMAFTLHEREN AR FLIZHEL .
ERUVOC-*HEMOEHIIEEICEBELHBEINRTWEILERLTWS, LL
FEELHLERBOBHLEEELZ-TED ., XSV FEBETOaR T BE < 2,
RAkNDARI PNVICEETH D, 3 FHEBSHEIZAThBLRBOMED
LEMZHAI W, THIBEETH/NEB TEEDlibrationBOEEH VK HELEL TW
BTEAETFRELTWDS, BEX LR XH 5% Lexchange broadeningZiE£2 2 DB .
WETNDRMDART PN LBENBRL2ICEDPLTOCHETE NS, Zhit
COBEERTHEOERMICI00kHzE — Y —DEBNEB I > TWBZEAERLTW
2, SHLILEBEEALAIBALERICIoTEINAEART M DBER, WT
NOFEDARI P LIFRBOFHEMNHEILHEICHEEDOLELELL, 12
LD ARY b idsinglet-likelz e D ( YD ARY b IZ S EHEH12kHz Ddou-
blet ARV e B, AMREMETTRERELYHADOART P ABRKELETILL
TWB2es6, lIBIEC-C - HMBINVWIIEC.-C.HETDbI oL EMAKIBETE
BLTWAZILAR2TRELTWS,

(a) Temp/°C ) Tenp/°C © [- Temp/®C
130 129 [V 130
VAN /\ A JmLi_

80 A 80 70

s

. N . L : f L L
100 [ -100 100 [ -100 100 0 -100
kHz kHz khz

Fig. 2 Temperature dependence of 2H-NMR spectra for (a)PBLG—Kdl,
(b)PBLG-Ld,, (c)PBLG-yd,.
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ChEDMEDERMUOEHFH 2L D EBOCRAT I EDIEFEOYIab—Y s
vEfTo R,
(DlibrationB O EH

librationB D E#H2BERT 372D
i23-site jumpET N EHWwx ., &
YROEBEBEOBE Y 21—V 7
ETFoR, COL EEEHE C -
CHE L OB TAIZETNIASH%2K

EFLZ. EMND-105COER AR Y (b) (c)
FPERHERARY ML EFIEIRRTT,

(a)

J-site Jump®EF L EHWAY I 2 L
—YaVARIT ML GEERICHLRE ' e

DY Ialb=yayART PN EW  Fig 3 Simulated spectra of PBLG-Cd, at -105°C.
I MNMEESEGBLHX (a)rigid state, (b)3-site jump model, (c)observed.
oun. RS EDOEBOEMARY +

NWOBBPIEELZLBESERZIRA T W

%, jump ratelZ BRI 3 T. ORI

MORDOENAEDIGHzE L. WY XSHOFAIFI4° | EEEEZS LR
OoNnE, EEFEHARBEOLRE LS ITHRICEMLTWL Z RSN 2,
ChElibrationBROEFHOEBEPEEZEO LR L EDHHEMLTWLZEETLT
W3, HORNOBETLEERABOEENBsIE,

QIARFEEDES

EERTEHMECHE > TEC-CHEATHLNOHREGENERITHD MELSENE
AL TnWd, BCHEESE TRBEOANBEGEIC > T2 N EELREHE LT
W3eEZHNL, LI LEHIESBBMENEZANT PLIEEHLEIATH S E
O, Bftkzi-site junpEF N ZRAWVWTINEDARY PNV EBERT BT LW
THb5. HEREMLC-*HHLr O T ARSI ENREEESH L 3C-*HHBOTY
BEhAZERT 2, £, EHDLICLEICOARY LK T EIERAFig.4lzcHm
T BTOHENBLSEBRIATWS, Z 2 Tjunp rate, MEEEe C —2HEL
DBEITACFEFTIAZHARELMAE, AZICHET 5/ A= %ixTable 1i2R L
e YHIHELTRIAREGEESNLIC,-C,HM Ca-CoEEFDDLAEILRZ N
D, FEREROBEDLNILT. G*'. G O=Z20H A M42REL. HFELEEE
L Z3-site jumpEF N EZRAWTEHEA{ToE, TOHEFETIEC.-CHFhbD
MEEEDI-site jumpBEH A THoTWAZ I, BB ERAY - &%
T 5,

BERBOT. . OB ERTFES%2Fig.0cT T, BETEWITIROT . ¥ HasDF —
F—THD, BELRCHEVEICES LTINS, EBEC A ELLHES LED .
WIhLWINCTERNERZE S, BNEPGKRD-EHOEMEFMIX110°C T5ns
THbDo ARV IMNOBESKEHAEZELE D . T l2XEETIXIibrationiR
OEHN . BETHAUEL U Z2ETCARBOEHV T ThIBRONITHIEE RS
Uz, librationREHOE 22 REL2 20 BEYIal—-yaryTtHshr
NI A - HFF W, 2-site jump. 3-site jump R U I — YA TOHdiffusion® ==
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Fig. 5 Temperature dependence of T;.

.,,:- Vs

Fig. 4 Simulated spectra for (a)kd, at 110°C,
(byxd, at 60°C, (c)td, at 110°C, (d)Cd, at 60°C.

Table 1 Simulation parameters for the motional model at higher

temperatures.

PBLG-kd1 PBLG-Cdy
temp(°C) <0>(deg) o(deg) <0>(deg) o(deg)
110 46.5 38 49.0 3.8
60 - 375 13.0 37.5 13.0
56 37.5 13.0 37.5 13.0

4 37.5 13.0 375 13.0

DEFNERFHRHEZHALIHELELZA, WFROEFATHLEERLESHOHE
MR- s B SR E,
UEDERPSGPBLGHEEIZR PR LB ODE-FOEHIFEL TV
MG Mmoo, NEETEEOLibrationd . C-CESEM T LY OWNEMEE 2
HETI20E2B0280REEOEHTH . GETCTOAREOEGHOEETIWS
hOBRNOARI PADPT. OREKREHICLIENLTED . BMEN Y U»PHEHL
TW32LEFRLTWE, BRERENMROBEET.OBRZ2- 0L >0 FE
FRAVWTERIRTAZLICED . b3 EEHOEVWIDOTHEHOEXDE— V4 it
HItHRB I ENTETHEIIEN Mo, CITHBOAENTI XA —Y DIEIZY
AMEORBORFEZRBML TV BHOTHN . SHEBITHBLRANOLANE
Fahiz,

1) K.Matsuo ei al., Rept Prog. Polym. Phys. Jpn, 32, 495(1989)
2) M.S.Greenfield e{ ai., J. Magn. Reson., 72, 89(1987)
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P49 '"HPGSENMR-'°CPST/MAS NMR&EZRIE
EATFINHOBEENTFH L VEROHE LS TEHOHE

(EIX IT) OZKE: - BFILE - T B

Structure and Dynamics of Network Polymer and Solvent in
Crosslinked Polymer Gel as Studied by 'H PGSE NMR and
" CPST/MASNMR

Hidekazu Yasunaga, Hiromichi Kurosu and Isao Ando
(Department of Polymer Chemistry, Tokyo Institute of Technology)

'H NMR measurements on relaxation times ("H T,and 'H T,) and self-diffusion
coefficient (DH20) of water and °C NMR measurements on T, of network polymer
in the poly(methacrylic acid) (PMAA) gel were carried out to understand the
change in molecular motion as a function of the degree of swelling and the degree
of crosslinking -of the gel. From experimental results, it was found that the
molecular motion of water molecules and the network polymer in the PMAA gel
decrease with decreasing the degree of swelling, and that an increase in the degree
of crosslinking in the gel leads to an increase of the restraint for the molecular
motion of the water and the network polymer even when the water content in the
gel is constant.

1) RAFTFINVORBHRNLBHERVCERE S VOYHEOBBREHSMNTT S
CERFEBICEETHS, TOLIBAFORBEPLEEEZFA S DICNMRE T
EBICERARFETHD, FLOBIICAWAZ LIV E-TARNEBON 3
EEZONG, ARETE., B4 UENMREZHWT, BHUEE LGS TSIV
OHAELEHEOBFZEHONMNIT A LE2ENELTNS, A0IE. BMTE
DRIEBZRY A Y 7 YIEBPMAA) Il DKO HOH B (Do) 2B
AR Ex a— (PGSE) %2k KD, FHPMAAF LHDKDRE v -#
FREBABHT) - XEV-RE VERMEMN T2 K E MO # (R)H% -
Carr-Purcell-Meiboom-Gill (CPMG)E:THIE LY, BT BE L KOS FEEHO
BRERT, 51X, BRESBENMRED—DTHBPCr OV ZBHBE
< Vy 7 AHEE (PST/MAS) NMREER T, Bh TED R 3 PMAAS LD
WERSFOEBERANRILPOTHET 5,

EAFYI - BHEARRE YT a—ik - /UL, < ¥ v S BEEE - BT

PTRY OTHhT - KBFT VAAL-HAES LIE
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2) X577 }b& (MAA) v%N’N,')( FU Table 1 Determined 'H chemical shift

VEZXTZYINT I F (MBAA) 28E0FH|. value, THTq, T2 and DH.0 value of water
4. in the PMAA gel as a function of the

ﬁm&ﬁ VO LEHBRIELTS VANVESR degree of swelling (q)
TE., BHRODLMAKTEEEE S E T, comemsnit 7,75 T, /s Dol 10°oms’

PMAAZ )V E &R LTz SO &L EMBAADIH gpom
AsH (F= (MBAAOHHEOR) / (MAADHY) 04 448 o000 o006 137
HOR) X 100 /molB)E AL T, "B 27 1o 15 oom  re
g;&gﬂgg 7 217 427 2.06 0.191 1.90

° 416 329 0577 216

v ®7J(U)T &T 132GSX500 NMRf}j'ﬁigmse 4.16 3.78 1.095 2.19
(500 MHz, BABFH) EAVTHEL. T 5 '
EFRBIAGL-ARBANRERXELE
# L 7-GSX270 NMR4} %% (270 MHz, H
FEFH) ZHV00KCRBARKRESE £ 307
3.8-5.9 Tm' & ULTHMEL . BHh&E S BEE ,_« 25t
NMRZARZ bV, O-Y v 7 ffe—% —iC

2 7-PMAAS )L AGSX270 NMR®E (BA ™
EFM. 61.8 Mz (°C) £ M 1o, "cE 5]
PST/MAS NMRETHE L TH/z, VO 101
BAFHEEDORE - #HFEMER (PCT) 05}t
{IPST/MASE:Z4FFH U/-IRETHIE L7,

3) BHhTEDORWICEL > THBEEq

Q@=45NVOoRBEER /¥ IOLKREERE) q
$%3.4-105.8 & 75 o TV B PMAAS L D7k @ Fig- 1 Plots of TH T4 and TH T5 of water
6257 M- HTi+ 'H T2 » Dok 24 & in PMAA gel against q1/3 at 300 K.
HTable 123, KD{LET T MMERED
JEXEMU TIWRDT 5 L IERBAIIC > 24
T7h95, CORHREISRI—EFZERLI

1/3

KDIEY 7 MEBKRESERDIRIT S o 2 o/ ©]
KONTEBRBUICS T PFI3L0IEHER g 59

ENS. BROTEOHMICE B 590D © o
KE>THIVHDKDKERZSEENRP L o 18}

T Z ERTRREND, S 16

¥/, KO'HT1'H T2l a0 T 312D é al

NTHAV TS, HT1e'H T4 LTS 14 |
Oy U R %EFig. 1125793, 'HTiz'H

T3 & ISP HET T 3 IC >N THEBEMHIC 12
BB, COKRLD ., FIHDKIZBPP

B 5 BERSULARICSH D BH Fig. 2 Plots of self-diffusion coefficients
BORYE EBICFNHOKOERNFA S of water (Dps0) in PMAA gel against
hBZENbdhotz, X512, Dmo%qic qBatsook

1 2 3 4 5
q‘llil
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HLTTay bLAbD %Fig. 21TRT

Diob Pt AT 3 e o W TEB IR  Network polymer

5o LitioTe FILOBBENEYT 5 |

DN TH LDk FO MBS b FM X e

N3 ENbhB. LE. Fig. 3IRTES ; !
K EERM,)OREAATEEL, 10 s N

DEX DO S EFE LIPMAAY LEE X N

5 &, ,
Fig. 3 Schematic illustration of a cubic
r = Aqm (1) volume of PMAA gel containing water
w3 and a constant amount of network
A= (Mdry / o swollen) (2) polymer.

M, : FIHrOMERSFOHE
o swollen : }}r}bo)%g

HABENS BV . AREREEOE/LICHL
TIEFFT—F T, r EqVHEAIBERIZHEZ &
Ao, HT1-'HT2.Dnodr ICHBHENH
B3lEMbMB, ridMERSFHOER L
HEEZLDDT, BOTEOHARIZELE S
WEHRSFHEEORADICE > THILHDIK
OEBVFEBINE I ENHSHITE -7,
—J . PMAASF VOB (q9=3.4) 2—&
IKUTEMIE(F)DAEZEALIEBEIT.
Fig. 4 1IR3 & 54 )L DK D D20l F D
@m&&§mﬁ&15°:@§§\ost [ 08 10 15 20 25
0.31DFH TIE D 4, AR BMICTEA T 5 DIT  E/mol%

HLT, 0.31< F <2.00@HTRYEL Fig. 4 Plots of D0 of water in PMAA
1ZoMII B, ¥IVFICEENIKOEIZ— gel against F value at 300 K.

ET. BHFHEETOPMAABEOERE b—F
THBEZENS, SO XHBEARFIBI

FET ZAREEGK - FRAK - NVTKEE) 0 5 13¢ NMR chemical shift of
DOHEBRDOEALTIIHHETER, T T/HKD PMAAgel as afunction of the degree of
B C R MOE (LI M E H5F OBl ic g SWend (92 300K

%%%‘jﬂt‘l\ 5 @?‘i f&‘(l\ﬁ\ &%2_ Bn 5 ° q €=0(rr) C=0O(mr) C=;:::1:e:::al s'-‘zt-/:::;mm) CHa(ms) CHa(rr)

Do/ 10¢cm? s

- =" -
T =T, PMAAYOLE OB B T OU i i i B
- = . & - X R 8 .3 .
TEGESBENMREHOTHNR ., BRE o w2 ., g1 7 m7 lez 17
34 1825 181.5 180.8 54.6 46.0 223 19.8 18.2

DRIE B3 PMAAS )L DALY 7 bl % Table
21T, HUIH LTEY 7 MER—E
T, QDELICE B S FEDOHBBEE(LIIML
V7 MEMSERBAI IO, fFOH IV
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AEIINE (C=0) Eta-AFIVE (CH,) &
MEHABICESE3FOY S IVERZ B,
ZOHEBHEISTNVFORESFRAEDIULER
MR, DY Ty K774 74 —-T

rr:mr:mm= 67.4:27.1:5.5% &RHS
N3, K, B5NIC=0 - 4RE (-C-) -
CH,p"C T,%10/qict LT oy FLIcKE
%Fig. 51ZRT, MDD C=0LCH,D"C T,iZ
QO & & DAL, EHO-C-OT 3R
P B, (DM FEEEFDSLI &I
X, SThiZMHARMRRP T &ICHY
45, £Z TBPPERBRICLAANZ T, IO
C=0&CH,I3 MM L& H: %A I HERIC
H0, EHO-C-REHOBOERICH S &E
ZAohd, Lich-T. ¥V oOESFMAE
KEOTHHATEHI D OEFEILIBNZ &
PHONNER T, “IVPOBERFFICE
T, FHEBEIFIKE-THOHRETEDS N
BlERE-TZOEBMAREBINTNB &
WX b, £, AIYDC=0LCH, CiIIEHE
DOEALICH T2 EEIOELDHANRILS Z
Ehbh b,

oI, PMAAF VOREE (q=3.4) %= —
FBICLTEMNIE(F)OA2E(LIEE S
ODMEB/SFOCT,E, FENLTT oy
b U7c#R%Fig. 6 1ITRF o -C-I3F O &
EHICHMU. C=0(rr) £ C=0(mn)i3— B
Uich &ETHMT 3, ChEFig. 5O0R &
D, FIVOEKEN—ETHLENMNTIEOH M
EEBICFEFHOERIIEBEINLIEWZ S,
CHhRTF NP DKOEBICHEEERIILT
WAHBI ERFRBEINS, /. C=0(m)&
C=0(mr)DT,i¥ F #30.31 mol%THR/NETL D,
CCTRNOMEBILRRKICESE Z &b 3,

w
~
l_'- I
Q 1.0t
0.51%
\ CH,(rr)
obo—c—— A =
0 1 2 3
qa'x 10

Fig. 5 Plots of 3¢ T4 for the triad
carboxyl [C=O(rr)], a- methyl [CH3 (rr)}
and quaternary (- C -) carbons of PMAA
in the gel against 10 /q at 300 K.

2.5 A v T ™

2.0} -C-

13C T/ s

0 05 10 15 2.0 25
F/ mol%

Fig. 6 Plots of 13C T4 for the triad
carboxyl [C=Q(rr) and C=O(mr)] and the
quaternary (- € -) carbons of PMAA in the
gel against F at 300 K.

1) H. Yasunaga and I. Ando, Polymer Gels and Networks, 1, 83 (1993).

2) H. Yasunaga and I. Ando, J. Mol. Structure, (1993) in press.

3) H. Yasunaga and I. Ando, J. Mol. Structure, (1993) in press.

4) N. Bloembergen, E. M. Purcell and R. V. Pound, Phys. Rev., 73, 679 (1948)
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3¢ Nuclear Relaxation in the Alternative Copolymer of Vinylidene Cyanide
and Vinylacetate 1. Estimation of Ferroelectric Domain

Fumiaki Ishii, Teruto Kanai, Akihiro Tsutsumi,
Manabu Kishimoto® and lwao Seo*
Department of Applied Physics, Faculty of Engineering, Hokkaido
Univeristy and * Advanced Material Laboratry, Petrochemical
Co.Ltd., Amimachi, Inashikigun Ibaragi.

13C-1H cross polarization spectra of -CH;,>C<,>CH,,>CH-,>C0 and -CN were
measured as a function of contact time t. transferring 'H magnetization to
13C spin systems. The intensity of **C spectrum, '*C magnetization against
tc was analyzed from a cross relaxation theory which the relaxation of 'H
spin system depends on a ferroelectric polarization flactuation in the re-
markable structure domain. The size of the domain was estimated by fitting
the theoretical results and the experimental data. The average size of the
domain was 14.3A. This value agreed well with the value of domain size,
13.24, which 12 monomers obtained from the dielectric relaxation strength
near Tg put in two-dimensional order

§1. HWUunic

EZY7 07T (VDCN) & E™ZR7e7-M(VAC) DR E B AR [P(VOCN/VAO) T K 2 R E B
BRU. BEBHINTHI3EWMEIWEY,, CORFRHORBIUAXRERNE
FREOMANEOBRFHELBRUTVILEDLNIBERBRTH S, BABUEGY .
PCVDCN/VAC) D — B HE fiidh AL T8 24 BALZ 2 W TLHNMRZN I MO E 21T V. DT HNMR2IK
HEEQEMS M E BB OXAHIHT SNMRBEHT D & ESULEM A I EH» B U.
B DTEARDONE L EMBICEELL. 2RTHTRBEEU 2ETREESILNZE
ET32F2WPoHRUER. SHEHUE. COEBAEBO -1 (REHSBRIZ L S22
BERE L. FOMEL H-CRMIERE t cOBRLERINABD > X W RV
BERP»OERL. A THOSXEMEV M/OMELBIEBENTS 3,

VDCN/VACHEE G, ONMRZZSH B, MR, BEENL 27, 2 IR, b M7

%Uv4 II% M FRb YT TAED RUEN ERTT ® 474
*BH XU, &F BA, & L, BF ¥, #HE &
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§2. ERAHH
- A HOREBHIPCVDON/VAC) DN, N-Y"AFA7 73T (DMA) ZFHE b & DMA % 80°C T24R;
DI TRESEIMMEERU. VWA THERERR. BEEHRU 2B X60unDir2}
LT B 3.
NMRENSE © A\ 2 3518 X Bruker?t 8. MSL-200%Y FE & & A W EEFTNMRS e 5T C. BT RI#
HIIS50MHzT & 5. B EIEEZDONMRINIMIICP/MASIHE: THME I h. BEIHBRRKRDIL ) BT
BUMRRETI o ERXZEBHRMTen X2V IMERE OCPIEMFERIZEIL» B X h 2o MAS
OBEEHIL3.5kHzT. WEEERIE20CT~110CEH 3,
§3. BX

Figure 11£20°CiZ ¢ % P(VDCN/VAC)
DI3CNMRINIMT B %o MLY%
BEL U RAREKBOpmERTSH 3,
PCVDON/VAC)DEBER DA IML Jo s ®
RE->TREEHTEY. 21 ppm, 32
-ppm,42 ppm, 66 ppml 171 ppm TOR
XHBURINIVMEEZEREL -CH;,
>C<, >CH,,>CH-&>C=0D X, 116 ppm
D70V RNV NIV R R
>N Ri2E->TW 3,

CH» -C- CH3

C=0 CeN CH

Ju,
A AV A.\,wyf ('™ b\/’\.‘

1 1 t 1
203 159 1q9 54 Q

Figure 2l2 20C2 B 58 ED3C
NMRZA /M RSREE (ML) C ERMIEMI t .
ORRTS 3. SRORILTEMER
BiwTL-9EL. TO®RELULTL
%o ~CHs, >C<, >ClH & >CH-DBR XD
t mid2msec T, >C=0E® >N XD tn
X1msecT & 3.

§4. EER
RERHN TR BFRNI I MY
BACIRMHEERA BBOIIAL IR D S
PO VRN DX ESBR. HRIEE
hEZEhBFREMEERL. Tlosk
Tlp OBANR THEHIRY.,
EPUCRIINREVGLVOTRER
AR TG HREMHEFAL T 3,

— I, Ten<Tlpu<<Tlpc ¥
DB MR tc ORI

M(t) = M(0){exp(-t/T1 pu)-exp(-1/Teu)d}

PPY

Figure 1. CP/IMAS 13C NMR spectrum of
P(VDCN/V Ac) obtained at 20 °C.

o 0.00S 0.01
CONTACT TIHE (SEC)

Figure 2. Plots of peak intensities as a function of
CP contact time for P(VDCN/V Ac) at 20 °C.

€D

TRIN 3, MODBERY/TexDEXITHMU taTRRERY. EORU/TIoaTHD
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T3, ThUEIMA)BEMBEEBOBWIHIL VROBFIBE XZBIEKRELTVS
CERBEHKUTWS,

WE. RATPICN/VAOMMH CTHRINERRY (5 - VD2 MG X BENBRT
BB ERLU. BRUWBICOE—BLREMA/TELSBOZEMBS X TEU. TOB
FE I Y B ERAFIPOE UTHERUTL AT MIE - R &> THEERL T
ZERET 3. ZOUHBEIL IH S D3O ERILR

dM(r,t)/dt = DOV 2M(r,t) - M(r,t)/T1 pu(r), 0]

TR T 3, ST MO DERAt R SIHM rORHBILER. 1/Tlpa(rid
b r QAL VRFIEE. DAL VBEE TS 5.

MCr,t=0) | e = 1&dM(r,t)/dt | o0, L0 = 0 OPIHRHBPRAZH/HLZAHV S &,
(2)ONM(r, 1)k

M(r,t) = M(E) + M(r,1)s, (3)
T5axoh 3,
I B D RV RORL T,

M(1) = Me-o(0)exp(-1/T1pn), ¢y

IR BB L 2B EIL T,
M(r,£)s=(1/V)E{ 8 A(-9)/Dq2 IMq(t=0){exp(-t/T1 pu,q)-exp(-t/T1 px,q=0)} (5)
Tt5xo6h%, TITs
M(r,t=0)=EMa(t=0)exp(iqr), § A(g)=§ & A(r)exp(-iqr)dr,

1/T1 pu,q = 1/V § drA(r)+Dq2+1/V2 £ q’=q{ § A(a’,-4)/D(q2-q’2} (6)
EUR,
MCr, )R SADBREI"L"O N M/ TR

M(r,t)= Mp_otELn-qMacos2nrl, 8A(r)=E..; §Ancos2nrl

EU. B OM(r)= expl-{r/(L/72-A)}2], L/2-AS A, OVI2B3H 2 U. SA(r)H
L2 BL2THRRBRELLVTWERET 3E,(3ONM(r, t)IXBLMII

M(r, £)=M(0)exp(-t/TLl pu)[1+ B {1-exp(-a t)+ 7 {l-exp(-da t)}] ¢?)

XL BY, 22T a @nr/L)2(D-Tlpn ),

B = -(8A L2782 Y(M /M),
r = -(8A,L2/7167 2D)(M2/My) ®)
TH 3, A AABRER D UBEES TRAROHERE " T 5 &
D = 0.13a2/Tlpwu C))

THEA6h 3, Thi. '"H-3CREHBR BT 5 CRIL Mo

M(t) = M(O)[exp(-t/T1 pu)[1+8 {1-exp(-a t)
+7 {1-exp(-4a t)}]- exp(-tc/Ten)] (10)
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T5xoh %,

WHREBNN MMM OFM . Figure ERINA TV ESEMBERCH T IBERED
NIMBEOSEINOERMECEZELLUBRMET. Tholl&EHEZORM
HErZ2hZPhIEFCRSHLTWS, (1008 E 7 DBRBEEIZHhTHhEEREREL
£698=2, r=0.5 THY. a. Tlpg&Tcn®@lkTable | WREH TV 3,

@ E@ERAV. a=SALEBHED al@h S5HH I h P(VOCN/VAC)IBLD R E R
M LOERTable IR EN TV S, -CHs, >CH &>CH-BITEBIIIZ IHE13CE BE

AUTVLE0OT. ChoOREEMICA VEBEBIERIRBEN S, Thig. &

hoD7 IS RG> LLOFPEIZI4.3 ATH - k.

—=F. TN Iy NEBEEEE TERRABEORTE NN 12U-WEBTOR
FAEBRE>TVWEZERHIDPRUE, ZORET-OMBY 3 -IBHEHR2ET
KU, BB AMIBEBRU TV S EEETSE. TOVAMMILITEE 11.2
g/ccE UT-OHNT | 164g/molh S, 13.2 AL FHXh 3. ZOERNMRER» SO
11.AERLS—HBUTV S,

Table |. Domain sizes and best-fitting values of a. Tlpy and Tcu,
wvhich were obtained from comparison between theory and experimental
for >C=0,-CN, >CH-,>ClH,, >C< and -CH: groups.

>C=0 -CN >Ch- >Cl, >C<  -CHs.

o 0.1 0.3 0.4 0.8 0.7 0.9
Ti o u(ms) 14 14 25 20 20 33
Teu(ms) 0.5 1.3 0.3 0.3 0.4 0.43
L (A 36 21 18 13 14 12
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Spin Diffusion in Polymer Blends

Atsushi Asano, K. Takegoshi, Kunio Hikichi
Division of Biological Sciences, Hokkaido University

Spin diffusion process via the 'H dipole-dipole interaction homogenizes the
heterogeneous magnetization. Therefore, homogeneous polymer blends can be
described by a single spin temperature.

The T.,u decay curves of polystyrene (PS) and poly(vinyl methyl ether)
(PVME) in the PS/PVME blend including 50wit% PS are a single-exponential
at lower temperature. At 38°C, however, the T, decay curves are cbserved fo be
nulti-exponential. This is due to suppression of the inter-polymer spin
diffusion which is caused by the molecular motion of PVME. Futhermore, the decay
curves obtained by the phase-separated blend are also multi-exponetial. This is
ascribed to nonexistence of spin diffusion between the phase-separated domains.

HRUYZFLY (PS) ERYEZNVAFNL
I—FNL (PVME) O7 Ly ROEERIZ
BUS'HALY —BFEH (T 2. # gg
5 ZRGEB AL FOEE T E— OEKMKE o7
MEZB, LIAMIBCTERAROEHME oo
THETLIHBL LTRNZ RS, CORE  J°
MEEE 1 ICERNET Oy RLE, OlZPS 1°°
AFPVMEDA PFYE (OCHs) . #L 0.2
TXIXEPVMEDOXAFE (CH) £hiEs

NEEMOBHBBEERT. CCTEHELE oo 08 e
WOIE, ISCTRMBRZPVMERNIZBWT

HOCHECHDT 1.xld—BLTWWHE N Figure 1. T..a decay curves of
WHZETHD, CRIFPVMERDAE Y PS/PVME blend (50wt%/30wt%)
HHUPDRB BT BN e EFRT. 2 at 38°C.

Nz e T UETRTFEMIZE-T
F——F: RVEUVERH. PS/PVME., 'HRVE > - FEAEMH

Ohzxn HoHL. rEPFIL 2LDhH., UVEBL 2k
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PS¢PVMERMOAE VHHBORENF B B> T dbDLHFELIHNS,
COIEAERBNCERBTAEDIC. AL UREIDRFIFITCEITCHD, PSO'H,
PVMEDQWM#ETHAO0CHsD'H, R LTPVMEDE#EO 'HO3IWMBETH 5, 3=
DAL HOXEBIRELRELL22T. AL VHHEBHEN BN TWEINE SN
EHBZENTED, SWHO'HEH2IREW3LSICA VM CrE@iH4EL
TRLE2XRT 3, COALUVRRBII3BLOBRTHFERIRAORICET S,

Ma

Sv— Moe

dt \ u.

ZIZT. &1 = Kat fokan + fckcas €2 =
Ks + fakap + fckoc. €3 = Kc tfakea +
fakacTHD . MiidEhEThOBiLEEDbL.
izA, B, CiZlicPS. PVME DI
OCHs, PVMEQEHTHB, E'HOD
ENSE, K(ZHEOBARMEEDLT, ki
BiBEL I BHOAL Y HOXERILEE %
£bd. HEFL L TEEHBLLEMN : Ms°

C=fa:fa:fcBE, HIERIN TS
ik EA»romitorMBiL2Es oL
WTEDB, 1 DERIINTA—F—Ka.
Ks. Kc. kass kcas kec2 B X TEM%E -
ERCHBELAEEZAVWTHVTWS, Th Figure 2. A model of three H
S OMEIEK 4=0.40Xx 103sec™ . K »=1.06X% 103 spin system for relaxation
sec™!, K¢=1.85X103sec™t, kap=1.0X10%sec™?, process for PS/PVME blends.
kca=1.1X10%sec™!, kec S 100sec™'TH 3,
Viab—yvarvprbRBohEAORMEEIRT VY FHROP S & P VME OHHENE
BLRVW—HERT, REFHEE kslkcalZkeck D H LHUEEWH . ZHIEPV)
EROAL  HHEINDBPSLPVMELORY 2 —HOA L VHi#OHEH & D 2RV
BWTWBZLERLTWS, PVMEHNTIZOCHOMEREERIC L D "HUEFHES
ANEsfbahTwadbneEzrzbohid,

ENRMOBS RV —A, BZBALELE, Boh2BMRMIAEELINTH
12DEARYEDIRIEYIab—-yayLTaZeRY 7 —HOZTEBTEENAL .
FORT—BRNEIEELD H10-100FR B FhiE 6B W ehbhrd, PS /I
VMET VY FOT .u®DBELX10%ec™ kD LR XEFDE S 62 W & BRI
Pt hzn, FICXEBNEEF ALY ROPT—FBWRILERE L D H4- 10158
E.TVYEPERONSENRMET L FT3FEELeRWEE L THEHAZNS.

HIBEEAPS /PVMET LY FOBHBBOBIFIZONWTHHRRY —RERKICH
na,

-£& fakan Takca Ma
fakas €2 fakac M»
{ckm\ fcksc '5 3 I"Ic

lattice
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Dependencies of Deuterium Isotope Shifts in '’C NMR on C-H Bond Lengths

Department of Applied Chemistry, Nagoya Institute of Technology,
and *Menicon Co., Ltd. R&D Division

* Yasuki Nakashima, Toshiya Suzuki, Takashi Teranishi, and Kensuke Takahashi

One-bond deuterium isotope effects on '*C NMR chemical shifts ( 'A ) for a
number of organic compounds are investigated in terms of C-H bond lengths. All
'A investigated linearly correlate with the related C-H bond lengths. The
correlated straight lines are obtained for each hybridization of the observed

carbons. In general, 'A are expressed as a simple function of C-H bond lengths.

(Ea>
FFHOETE T ORKATERT 5 &, 20HEOETHO NVR L2327 bhvha 2
t¥%, ZOBKERAMLEY 7 FERFU, HALMOENTV 2D, BEDF— 5 13HE
WD HAH Lk, FEAIZ, "C NMRANRZY MV ETEE & h 3 EARERM
Hy 7 (A) FRBEHICHESTVAEY, ZRhITIC, SLOERMLEWT "A 2HBTICH
ElLe D 'A%, KT 25 CHBEAEHE 7y LA E A, BRUREDORRIKE
TEiZ, FREFN C-HAEGHEEE (ry) & A XESHEEERT I Eb o, IhbiL,
K- IKFEREE DIEFERRICESCET VI L o TETHBETE

F—U—F:! "CNMR. EXRRRACAERNR, CHEEHRE

OPLIRTE, TFEELR, THIZLAPL, 20k LIFTAT
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(HERD

J31) 7 ¥ Gemini-200 FT-NMR 465 ( 503 MHz ) % FV, KEKREBERZROREY T &
Be LT, "C NMRARZ MVEET, 'A 2l Lz, HEHSEIX, 0.005ppm (5 ppb)
EDBRV, AL, 1478 - 4722 ppb DEE Y 7 P TH oz, "C NMRANXZ RV
OBEE IR o 1o ity RAIRANZ MUVTINL C-H H#EIREIE %15 C. Mckean 5D
RL-BBRA2EHAVTRE 72 SHIRANRS R VIE, a—1L v M3y H— F GCIR

VATABROI FAZ T b5 7+ 59658 FT-IR M8 TE7,

D Cis
Csa
aRYs
S S
1 40Hz |

~ |

=] =2 —| <2
—>] ]<~ Iz
Kl FA7x22EF4722-3-d DREEYD *C NMRAXRZ F L

(FERBIRDIA neat, Zig) CD hvyF)rrkedbil,
TURIFV IR (AYEY BRI 7 (A)DEEIS NS,

GRER - BED

Bohlz'A &, BT h 1y D70y FEF2ZRT, REORBRKEILIC, EEE
DEFAEIRONT,  BRICICERISELALZ LR, CHESOMHHIREDIEFM
ATV A=T%, BHREORBRIREICL > CTERZAZ L2 EKRTHEEZLNS,
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500 T

400 |-

Sp

1
A fppb

300

200 |

100 L i N L L L L
1.05 1.06 1.07 1.08 1.09 1.10 1.11

C-H Bond Length / A

H2. 1y & 'A OHE, sp ) .sp'(Q), sp’ (O)BBREZNENTHEES
Bohsd, Yruriire. BFIRER IZERRBEHERT,

M2 @TRTLIE, vr7urunrpbirzunsyyroyrayivih YETIER, K
REOBRICEST, F—5 i, sp? RERZOHEERSS sp° BREZEOHBERE
DV, Yru7unyor—% (H203) i sp” BERZEOHEERICOS, ¥
ya7unvoRFEE. sp* LD b, LA spP BROWKZIDEVDbRATVRSE, K2
DF—5 b, TNERLTVE EELLNA,

. 25 (sp'), ZTFLY (sp?), TEFLY (sp) E*FD 7z VERED S
Ty A ]y EERERERTIEFTMONTVSEY, DFh, A EREDOS HEHE
BoOFoNEY, ZHIE A Ly EOBIRICEZRBRI CHETE S, E X5V E
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HWRE LT, 2OKERAFVESIVE 72 VETERTAL X CBRSNS A i,
EREOBICHIIL TRAT 5, °OF D, A K B B AR R I AR R SR ¥
Y, Zhbd, BRICHED rm OBKOBERLLT APBAT A LTIHATES
(®3)

H Me  Me = Me
D—(IZ—H D-(IZ—H D—(':—H D—(IZ-Me
H H Me Me
N 1870 284.0 375.9 472.2
Ala? 97.0 91.9 96. 3
C-H BEEHRE (reg) 1.0921 1. 0964 1.0995 1.1021
Arcg 0. 0043 0. 0031 0. 0026

M3. 'AKNTREREHREL. CHEEERIIST 5 BREME X FVE)

Thbb, TTO A OELIR, rg OBRLEBBRTITA ZEDTE, 'A DRALIIRD &
JIHBTED, 1oy PERIMES T, C-H MEIRENCTT 2IEMMBEFS AL, £
DFEFRE NMR ¥ [ AR — V2B 5 RPTORKEESH r,C-H) & r,(CD) DEFKEZ
{%2% ZORKR, HEOL¥ES 7 e DEROLET 7 Moo XY RERE, T2bD
A MEPEND, A CH BEHEBOEMZEEE LT, H—HICERTE S LV b,
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P53 NMRIZ & & Diphenylacetylene® 7 )L 74 V) & B8 0@ 08 BF

OF {ITELTNE i -
WK ALER

Direct NMR Spectroscopic Studies of the Dianions from Alkali

Metal Reduction of Diphenylacetylene

OYukihiro Yokoyama and Osamu Kikuchi
Department of Chemistry, University of Tsukuba

Three diamagnetic anions are generated by lithium reduction of diphenylacet~
ylene and characterized by NMR spectroscopy and quenching experiments. Reduction
with 1ithium for 3-5 hr yielded dimer dianion 1 produced from diphenylacetylene
dimer anion radicals. Reduction for 10-15 hr yielded 1,2, 3, 4-tetraphenylbutadi-
ene 2 and diphenylacetylene 3 dianions. Reduction for 2 days with lithium yield-
ed diphenylacetylene dianion 3. Thus diphenylacetylene dianion can not be inter-
preted as the product of disproportionation reaction between the corresponding

radical anions.

TFLYITAVIR BFREBIUVREOBRA»CARDZHFETHS. LD
L. ZOPHEIRZHBRPTARN, BHchTWi2W., —F. ZOEFADFTHEY
Tz W7FL i, BFARZ MLV EOBFREEHTWS. V) LdL. HEEIhT
WBI D 2T RFLYIUZ =4 OBEPERBRBICIE. o088, +h
SEERPHeLTREZN. CTOZLZ. BEBLHEITA2BBORMCH 2. NMMRIZBEFD
HlA ST v EOREEFARALTEWTHAH, P70 FF LY U724V OMR
WL, kEREhTWEW, 22T, Brlt, COY7oFvolBES X UERBEA
NMRIC K AEHEBBRHIC X VBHSPIZTEII L 2RI R,

[sEEk]

HRBRHEIZ. FTROLOEBK. BRUTHOWE, 7o vRBRIERE, BBETTE
WAL THF-d I RSP, D722 A7 2FLYE2ERYF A LEMEY, Bohaig
FEOBBASBL. WREHEICHEHL . RIDHEIZ. BURELad ., £ 720-665/0
DOEET CNMRERRME LT, P20y FHBIE, BARBES Ly )~
ERAANTH -1, NMREISEIX. JEOL-INM-GXS4005 W T B otz {LEV 7 ME. 7=
FURBTREROBBBY —2 (THF-ds: 5 (*H)=1.750, & ('>C)=25.40) ., 22> F
HERMTIR, CDCLAhTUS R L L 1=,

Keywords: NMR, Diphenylacetylene dianion, Alkali metal reduction -

Okz®zE BEDA &L Ay
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[fREREBR] a)

Fig.licfBohl-7 =% V1 ( Y
1-3) DARY P AARLE. & e ‘o
fzTablelil 7 =4 »1-38B LT R
FARYOT oA RV
ToAVSOMEEY T R T
FOEGLG BLUKRYEY (6
('H)=7.27) L DEAL XY EY
RISY LD OEHIB T MAL
1BTINET 2SN ERT ==
Bo¥NERLE. 220 FER o
X B#RIE. 7=FV1,30F
ERMIEFhFhcis,cls-7 b 5
T2 NTIIT s, URVYINL
Thote. 72F 2T, cis-,

trans-1,2,3,4-7 57 2 = )L-2 2R s ' 5 3 epm
~T5vca.3:1THBON. Th Fig.1 'H NMR spectra of anions 1-3.
SOERPS, 7=F 1T

all-cisOiiE # o488k Table 1. 'H NMR Data of Related Carbanions in THF-d8
7=y edHY. =4 Compd Chemical Shifts / ppm

V2ARBUER T T =4 v Deis, ortho meta para G AD Al N

-

cis-1,2,3,4-F b3 7 2= 1 6.48 6.7 6.34 .63 0.64 3.20 4
NT ST F v, 6.8 6.7 6.56
FPoAVIEO T2 AT 2 5.66 6.18 5.17 6.17 1.11 5.53 2
FLYUPFVTHEE 6.66 6.61 6.27

#r06h3, Y707 3 4.96 5.99 4.02 5.21 2.06 10.3 1
tFLYYTPot BT 5.26 5.82

BNV, AFIE. S 4 5.02 5.88 4.71  5.51 1.76 B8.80 1
MTHD 7 == LEHEl 5.73  6.21

Li-MSAMAC L5 5 5.5 6.12 4.79  5.64 1.63 8.16 1

3, 8351, Tho6O7 =
B 3DICERT A PSS, D722 VP EFLY

VP ARV TN
CFLYSVALT = VORYERISICLVERT 20Tl

BHSHEL T,

EMRICHID. WMRIXLBBEOEALHFAL THWE () NY 2 LERFEBISERHRO
W HE e WEAMTICEHNBLET.

[BEH]
[1] G. Levin et al., J. Am. Chem. Soc., 92, 2268 (1970)
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P54 SiEONMRESIESEIECE B LI FOMERITAGEE)
' w, hetero half-filter D1 DIbIC & 5 %iHisH I\GJZDUDLRJCH(DEB'J
(:Itk%) g H. O?m:t,IE

Structure Elucidation of C, Molecules from a Viewpoint of the Non-equivalency of
Equivalent Nuclei in NMR (Part I1I). Discrimination of two ““J,, to equivalent -
- protons by 1D w, hetero half-filtered HH correlation. -

Jun Kawabata and Eri Fukushi
(Faculty of Agriculture, Hokkaido University)

In a C, symmetric molecule containing a CaHa--'Cbe-'-Cb'Hb'--Ca'Ha’ system asa
structural fragment, discrimination of Ha/Cb and Ha'/Cb correlations was achieved by
a 1D variant of the o, hetero half-filtered HH correlation methods. This resolution-
enhanced and time-saving 1D version was constructed by using an unprecedented
PASS (pdred satellite selection) technique. In some case, discrimination of intra- and
inter-unit NOEs would be made by the same concept. - '

1. (ZUHIT

CHESFILEBEDNMRANRY PILICBVWTEERI= Y F2DHDL I FILBER
2 THNB S, BERELEVTVW DHOBENEL S, 1=y FEEFICE
EACHHNTFERT E(Fig1). ThENDE(@ED)(Z. EBSOFDHONKRTE
T, ZDEHEIZIE BEBEDNOESYH B LNMINOEDSR RS ML TH-a&H-bDREIC
ﬁ:ﬁﬂéhéNOE(i

v s RIONOE(H-b'/H- a)(r‘J b%@)&?‘% EHIR)
a= vy FEIONOEH-b'H-a)(—FH D AELE & fh A DRIE)

D2ODFEEMSH Y. BEOFE
THEERIETERZWN. LL. &
NODXFUIFA BB INETIT
> TE =/ FOESRIFOE
ZBEOICEY,. —HDOEICCEE
B EICEYRDES (CATEE
E123, PCOXRKFEELIX1.09%
EEWC END, —HOSEML N
—RUCEH L THHSFEUT

Fig.1. Inter-unit NOE or intra-unit NOE ? .
Keywords: C, symmetric molecule, isotopomeric asymmetry, equivalent nuclei,
1D w, hetero half-filtered TOCSY, PASS, Intra-unit NOE, Inter-uint NOE.
PbIEELwA. HSLAY
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DIDDT AV bR —IZHET B(Fig.2) L(ARFH AC...97.8%. B—HHCHS
—HM7C..2.18%. (OmMAEN C..0.01% 155, (AIZF°CNMRTHRREETHY =
NERNTDERY D99.4%MBITHY . "CESTARETIIIENHZBIDH 58
ALTWBZELED, COEECICERELATO RV HD)EFNERTHZOKX
=R, THREL, hERJITES, TSHCDPClE2-3ERLUADTO MY (&
ZIEH-a)ERBH Y TV S LTEY. o hetero half-filtered #8B8:E> DB E—2
DONEZERO Z ENTFETH D W EEMOBEBBE—S(CE, H-b/H-a'&H
-b'/H-aD2IEXADIABE S EZ DA REE B H B 5. ETDEF(EAC-b'/H-a") &AC-b'/H-a)
DEDBNCE>TITADETTHD. LHLRERD2DETIIChS 208 TSI(C
FRRELBFTTHTHY. FLREOLEPNTID2DANRS MLE+HZBETHE
BICIBRRAMOHYTES, £ T. 2D o, hetero half-filtered HB8:E T U, £ KD
BEICAND2DDRSA RICHET 20D TARY MILEBDIDEERAB =,
ZD2DDAS A RIEH-D' B8, OIS AC-bH-b) LK Y BRBLABDEDT, BE
DIDLETH X ICHD  ERIFAETH D, £ZT. A—KRKVDORER/VRICINA
T, BHEEBERMETA LV ZAOEAERRI(ODDZREEMAEDLET, 2D
DY TSA b JFIVER % (ZRNET BPASS(paired satellite selection) ZBF L /=,
ZDFEERESALT2DDPASS-TOCSYRRY MO E—o DT hhd h 52488
DRI DB LT,

(97.8%)

Fig.2.Three isotopomers of a C, symmetric molecule

(0.01%)

2. PASSIC & B w, hetero hali-filtered;xM1D{k

1DIEEDMTHE. EFIALAWIC1-butanol (1)Z B, BEDLITOCSYTITo k.
1M, hetero half-filtered TOCSY X% M ILDF =H- 1885 DX £Fig 3[R =D
HLHEIC 1M CTHITAY bRI—EIDEIENR TS, E—FFFARIICAER
U THEL, HBE—S DI FIVIFRFRICC AT ThTRAS, COE—4%
BB2DDF,R T A A(Fig.3b,c) ST 52DD1DRARY ML EEL T B1DARY
ML TH 5, BE, 2DDIDLTHR/VULREERAL. t ZEELTITRDNIBN, &
DBE. COFIETEF2DDASA ADEREHOEICHYE T H1D HMQC-TOCSY® 2R
I bIVD"RONDIDHTH D, PASSTIE. ZD1D HMQC-TOCSY® refocusing
delayZ1/(4Jy ) ERELE BICO2EH1DYTS5A FO—FICBL &LV EDY T
SA FEBARASARICHETEIHTARY FILEBBZEMNTES (PASS-
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TOCSY, Fig.4). 10%5#8iE%SI-(CH)-CLEEL., DL -V ATARLEE
DI YAHBRUCE T BLOERBEFEBACHETIHEDHLRT &

-LycosQ1, (A-t)cos[m/Ha(A+T)]sinni, stcosQL,tcosmJHHtcosm i, st
-Lysin€2, (A-t)cos[r/HH(A+T)]cosn/i, stcosC2L,tcosm/HAtSINLSt. . . ...« [1]

&E12D(A=1/2N,8) s CDEEFEERTEV@NS) ERETHEH1DY TS A FD2D
DT FIIDMBIIENIOETND, THICO02EH1DY TS5 4 FOERIBEMOD >

THIVEICELS L&EQ=nfis £Y,. ThS5ER[NNCRATSE

-1/2(Lycos[rJum(A+t)]cosQu tcosm/umtcosti,st
-Lycos[n/uH(A+T)]cosC2L,tcosm/HHtsinLst). ... .. 2]

A B2
d) . Mk
i -
22 J\
o_JL AV n
b _J| J\ JN,
1 3
13g 2 4 4
1 Ho” TN
2
2 _J A 1 M
e go— 1—
= > ‘ g8 —io— | **
L ——T — T T v T T T * T T T~ T T T PP"
! 40 s 3.0 3;3 2.0 1.5 o
Fig.3.(a)Part of 2D w, hetero half-filtered TOCSY spectrum, (b,c) its slices and (d,e) PASS TOCSY
JIas
spectra of 1
frsttomn _A_/L 8 ___/L
IAIAI 8D I IITP MLEV-17 TPIW '—-—3;35
.¢, bs second tarm T/_L 2
« —1
Fig.4. Pulse sequence of PASS-TOCSY Fig.5 Schematic drawing of eqn.[2] and [3]
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E13B0 PULICDWTH B EFEIRIIFAME. F2WIRMBTHY., ChdHDEEL
THEBNB1DARY FIL(Fig.3d)(E RS 4 RbICHE LTINS, FHEICO2EY TS A b
OEHIBEDL I FIAMBIZELS &

~1/2(Lycos[r/rm(A+T)JcosQuteosmJamtcosm st
+Lycos[rJHH(A+T)]cosQLtcosm/HAtsin®JLst). . ... .. 3]

ERY, 2CHOME LTRSS A RelTHIETH1DARS MIL(Fig.3e) 5% 5 S(Fig.5).

3. PASS-TOCSY(C &L B MHAFOEMETO b AD2DDPU, DXE)
1,6-hexanediol(2){3% M1 =y b

3
HO-CHz-CHa-CHz-hSth it & 3-4 TR IEh ‘214 0 6 on
AN N
EREEEMTH D, BEDTOCSYRARY HO )
FLTIR. TRTOTO M BICEBE—
IMEZBENB, LpL. F2ERUE H3 —o

Lo OWLBENTE. H- A=Y A '
TOCSY)B L UH-6A( = v FEITOCSY) . | '
D2AEFDOHEBME LAIBICELR > T3, ] !

t
]
COEHOBEBERRNT 0. 2034 i v 0 :
DPASS-TOCSYZMEL. H-1B8LUH6 MW
ADBEBEER L= (Fig.6b(02{FH-3YF5 b
£ FOIERIES T FIL). 6c(ERID). o, ,,J\A/L‘
o

(iﬁﬁB%E%LlWOC-Hl:#ETé@’C\ 3
nTW3 MU Ty REEDDH B3 AC-3/H-1)

=+4 2Hz SEH NI, C-3/H-6(i4¥§‘8’§ ‘ 3.64 . S.SZPPMS.SO 3.58
hTOWBDTTNIFELZMO, Fig.6. Part of PASS-TOCSY spectra of 2
4. BbYIC

SEARLUPASSICL Y. BEDFETEATETH o o, fiteredikD1DLICR
Hlie, 1DLICKBNBEDHE LICKY PIhEE—DTNHOSHE Z EDFSEME
S5CENMEINBDELDCH R, . ZOFERERVWEMBEEHOLI= Y FANOE
3=y PEIDONOEDRFZDWTHERFPTH B,
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P55 CeolERINED I TR YE YD MV v EDETEIRE

(BA®) ORE %, WO %k
(RTKTHFE) @hEw, L B \4 @

Inclusion of Benzene and Toluene in Solid Cse

S. Takeda and K. Yamaguchi

Department of Chemistry, Faculty of Scilence, 0Osaka University,
Toyonaka, Osaka 560

T. Tanaka, H. Kawaji and T. Atake

Research Laboratory of Engineering Materials, Tokyo Institute of
Technology, 4259 Nakatsuda-cho, Midori-ku, Yokohama 227

The structural and dynamical properties of benzene and toluene
included (5 mol%) in solid Cse was studied by 'H- and !'3C-NMR. The
high resolution 'H-NMR spectra under magic angle spinning evidenced a
splitting of the proton signal of benzene in solid Cse. This
indicates that there are at least three nonequivalent protons of
benzene with different chemical shifts in the plastic phase of Css and
suggests a strong adsorption of benzene molecule to Cse.

75— LVORETHBIC I ZORFELSTHEPLPEFHEEICLHERL
T, B2 HNEKBEOYEEZRBALEEIL TS /1 ./, Bl Z 13 RS A
B A 2ARE, B8, BHE. FRELAEDRELETH 5, —FH. C
s RERNVE VR IMNZUVREDEBEELTAEEIDIARPTL. ZHhoDhE
B FE2RE2CROIBCIEIERE L ERAShTREN 2/, 0D
BESTHEDLIRRKRBTRIOIAEINTOEZIDIKD2DOTRIEFEAEHARS
AT, ERINOBEEFTFIPCOTFTHLIUPH I IOBERE T
EMI DT HERPALENB L,

AFETIES5Smol % (KO0, 5wt%) ORXNVEUYDRIMILILLVi34a24
LCsoERIIDVTTO P VOBEKESABENMRARS PILPI*C-NM
RARI PNEMEST B EILIDCeoERPTORVEUR ML VDR
EREBIZIODWTHN, I TRRVEVOHEAEPROLICBRS,

CooDABBHEEYILOR VYV E2BBELTERKI O N 57 4 —
THRHL, ERITTHERABZH 12 IhAEXSITA400CTHEMNE
T L . IORBOCS . BHLEEBEBEOH-NMROGEHRE * I
BT 52 &EICE->T. ZDOCeDEKBTICEOImMOl $OXREYWEEH
TWVWBI &R -, H-NMR (200. 1MHz) &£'*C-NMR
(50. 8MHz) O#lFEBRUKER MSL200THEIN- T,

B1iRyEryrho8BmCee® 70 VONMRIRZ FILDOBEKRSE

Ceotf, "v¥r, dNHxZYy, '"H-NMR, '*C-~-NMR
Oryt sEG,  pECH &L, rip LUBE,  bbL BEL, BRI L3
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# %R T, IhS5DART PIE, BRERP T o-T ooy 775y
VT FNEELOVELDTH B, MEBEER 25 2 KT¥H 3.
BEHTIHEBAREVCVEE TCTHEMRUSRMBEEIARIIKBEIETE 0 (B
1kHz), BEATFI2EHBRILEL AL 5, ZORVEYDT o Y
DARIZ PIBOBERKFRHR A IR FTHECdbFD'*CONMRZX
RIVMBOBEKRERE 3/ &I UTHEH, " EVyFFOEEHRER
Cso P TOBEHRBIIHIEEINTLEI ENDbI S, FhRLyELD
To P UYORE UK FENBBEIHEEBES TELERT,

M2ix2 98K (EHHEKEEME) TOZo b OMASZARYZ bMILER
T (TMS #E#), ZE EEIRS. 1 kHzTH 3B, 1. 07ppm
DEBRKOEBEETHBEI LZELOHEIOBAEAL I, Tppmdich
KRZZOPR Uy EYOTOD P ryOESTHEIN, HCELIXRIIHAL
T3 ENbd 3, BEAOAHEBEIZO. 26 ppmTHh B, 298K
TRCeoBTREFBLAVEIFNLONEEHEZREBI LTV 5, Z o0 i EE
TR 2x10'ts EEFEIRENS4 ., RUVEVILESTHFRAMRFETH
B5Ce TR AhBEHEVCODEEHEZ LT3 bS T, RUEFVOD
oM REMTRALL - T 3, SRRV FNCsor TICHE
CHBELTOA LD ERDN B,

= N
o NN
o 8| ol o
ol |
Cep / benzene
243K Cso / benzene
121 K
Cgo / benzene .
| . Back ground
L ; . : 1 : I
Too00 o — =TT ST ! 6.@ 6.8 gPE 2.8 2.4

/y/ KHE OE, B #, EEYE 28 (1993) 183. :
/2/ T. Atake et al., Chem. Phys. Lett., 196 (1992) 32I.
/3/ R. Tycko et al.,, Phys. Rev. Lett., 67 (1991) 1886.
/4/ R. D. Johnson et al., Science 255 (1992) 1235.
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TNVAYVEHEBA A - ANVE U BEAOHEERICET A5

(LEX-8T) OE#RF. AHEX. MHEB

Interactions between alkaline earth metal ions and carboxylic acids
in aqueous medium studied by '2C NMR

Akiko KONDOH, Takao OI and Masao MUKAIDA
(Department of Chemistry, Sophia University)

Interactions between alkaline earth metal ions (Mg?*,Ca?*,Sr**,Ba**) and se-
lected carboxylic acids (formic, acetic, propionic, lactic, succinic, malic,
tartaric, tricarballylic, and citric acids) in aqueous medium were investigated
by !'3C NMR spectroscopy. For every metal ion - acid combination, the carboxylic
13C NMR signal(s) showed monotonous up-field or down-field shift(s) as the de-
gree of the ion assocjation between the metal ion and carboxyl group(s) in-
creased. Shifts of the alcoholic '®C NMR signals in the hydroxycarboxylic acid
systems indicated that the metal ions interact with hydroxylic oxygens as well.
In the citric acid systems new signals were observed, irrespective of the kind
of metal ions, which suggests the formations of relatively stable complexes.

[#E]

UHRETHIIT AT VRBIZEITAH) LEEEORMESSICETAHAEIR
BT, ShoA+ v ORMEHREH A4 (C1-, CHC00-, CH;CH(OHIC00) Tk »
TZDARZIPRBEIILENHMEINT VS, A A VKRBEEKBEEOH TRDS
HT3ERELTE. ERKUOHE, BERK (AT V2E4E280) OHRVEBETF NG
B, LREOHER. EBAA VEFRBICB TN OOHAEDEICKUTRLZLIMENER
REETEIIEEZFREBLTVS, £XT. FAHETR'*C NMRZALVLTKBEFTO
TVAYLFERAAVEBAOANKAVBREOHEFHOBEPRE. BiT3#HiEICD
WTHNBZEEZHME L,

[RR7T]

THY LEER (Mg, Ca, Sr, Ba) OFMIE. AME. XRBEACHEANVF B (£
JANKEE LU THEMHCOOH, el ;CH.CO0H, Yo ¥4 B CH,CH.COOH. FLB%;
CHsCH(OH)COOH., Y AV K B & U TR HIH ; HOOCCH.CH.COOH . #%#& 8 ; HOOCCH.CH(OH)COOH .
BAB;H00CCHCOR)CH(OH)CO0H, Z LT MY ANKUBELT MY AANY LM
HOOCCH,CH(COOH)CH,COOH., ~ x > Bt ;HO0CCH,C(OH)(COOH)CH,COOH) % # ~ LB A TRE L.
A4 vBE—F (0.6n0l-dn"°) TR/ ANK BREIORGZKBEEHAK L,

F—g—F:135C NMR. 7AAVLELE. # VKB, KEENHEER
OCcAED bEZ. Bl bbb, Lhote X b
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COBRBAEBREIZABLAY TLZHAOTpIHEEL /2%, JEOL JNM-GX270 A7 b
OA—%—FFNTINKT) v FAy FATC NMRIEEREFT - 7o B L. 8AM0)
BEPTOMEEAEENT 20, 2TORMTR BT EEEEM L, HEEEmE
EUTLA-UAFH L (6= 67.8) EARBHEM I,

[HREEE]

LAKBEFELBLOCANR VY BETNVA VI EESBLOMEAER

1ipHT7. 0. BB EMMABELTOLIBORMBMARICBISIEBR A VEBERNT S
'*C NMRYZJFLDILEYT POEMRETT. BMETIER., 2TOTLAH Y 2HESR
WHOVWTEBAA VOEMTEVANKFONVEREDO LV F IV ERBRICEHA IS Y
Pl COZEMRR, SBAA VEOHEERAIKIIHRO-CO0OELOBFRERE AT
VREIINTOELDTHEEEALOND, —RWIC. WVRVBRICHTET LAY £
FLBOREEEHIT Hg2*=Ca?*>Sr2*>Ba’* OJHE ZNTWEN., EHRTOILF Y
7 MEDEMADKZ XIZ Ca**>Sr2*>Ba** > Hg?t DR AL > T3, 7RV U LY
R—BHURBEEISORELNANTOLEN, ZhiZNg* BKRMOBICAENT EBa* Xk h b K
ERWAAVEVLTRIB-TVEHEEZZLABMICENT I LN TE S, T 2 TBa?”
DAF VEBRRBIIRMADOFE166pnTH 38, Hg?*-H. 00 KkFMEBELIzJBEOA A V¥
BiE210~220mBEEHEI NS, —H. AFINVERROV I FINVOSBEBEKE®REA
NWEFVIVERRTDOBAIC
i nE, AWK
FONRLOBTFEREDOR
ERNAFNEETREADE
Do TR ENFBX
ha,
HDOKBEEERFIII D
g 01 02 0 o1 02 R B (BM, 7o Ex

Metal ion conc. / mol dm™ Metal jon conc. / mol dm™> V. BRHIE. MY HIAN
CH;C00- CH:C00~ JIVEE) OFRIKD2OTHHEE
R 1:T7)VA)LEEE -BEREOMLFET b BERLAKROEMBRS N
7z,

183.0,

¥
o

S, 7

Chemical shift / ppm

182.8]

Mg

2. AFVANKR U BET I AV A B EBEEOHEAM

. KRR, BER. S IUME. KRES I OULEROIAL KL BORTRITBD
MR ALK U BAREED LREZEENBoNk, —f & LTR 2iCpiT. 0B 39
MEOILEYT L 2T, pHT. 0TRABRBHEEARAA VELTHEELTV S, ALY
TALANBUYFOL NYOLEGLEROYT FOBMEERICICBTE D, ALK
FUNBRRID OO UAKMEOEELEA LTV IREOFIMEY 7 P DEHK S
Vo EETINODRTREBAA VAANEEF VR EKBREORF EHEAR L. B
SKARTE SN ABMEBBRULTLA ENREENE, ABMEOEA L BEICHEL
ANWKFVNVEREOMAFEL 7 POELRU O OR. EBAA VKB EINBEFEED

— 322 -



2.5 o1 02 0 0.1 02
Metal jon conc. / mol dm™3 Metal ion conc. / mol dm™
CH,CH(OH)CO0- CH;CH(OH)CO0-

T T
183.8’: Ca

Sr

L

183.6-

~L

Mg
1834

i U 1
0.1 0.2
Metal ion conc. / mol dm™>

CH;CH(OH)C00-

B2 : 7Y 2HER-AMEOAFELT b

BYFN_EHEAFLTS

R

BERFIMOBS DN I /H
T({‘éﬂ'_bé%z_bnéo H—C-—O\

EZAMTITRYTALI , @
LTk, 2aTovrrn o o- R
KOWTEEIEY 7 M8 __
fMxh (B2) , 20O ”
HMg— A F P HLK U BF 0
TORMERELTHAII K3
TTHENEZOoND, A
L. 1.OBEEREIL<S

44 T

£ | pusso-ooccciomcoo?) .

24}\ | w)

g

5 72._

42+ l

pH4.00 (- OCOCCH2CH(OH)COOH)

g : 0.1
Mg conc. / mol dm™

181, —
PHS.50 (~-OOCCHCH(OH)C00 )

g
T .
i

Chemical shift / ppm

-

-
~
o

pH4.00 (- OOCCH2CH(OH)COCH)

178 o1
Mg conc. / mol dm™3

K 5

-

S
PH4.00 (-OOCCH2CH(CH)COOH) |

a— .
0.1

Mg conc. / mol dm™3

183,

182}

pH4.00 (- OOCCH2CH(OHYCOOH)

PHS.50 (-OOCCHCH(OH)C00) |

18 01
Mg conc. / mol dm™3

CRITRYVALA-MEBBRROLEFEY T b

— 323 -

RO AAF vidKFIKE
HUTANK U BEMRESS

1 BT508, AIEFINNE

EXRBEILL-THIERE

BEENSZIH. HIAKRF

YHNERZR o RS
LTwna &y aR@BIZiD
BREY7 FBEIXH S
EEZBIENTE S,
(—BRBBETEELRO
EAFEFETEHEL
T AWKV BN ALK
VEBAX VIR ABOER
BT MRETONB, )
SHEORNBH VKR
YNVEERORBR. 7
YBIZDOVTER, B F
VMgt E o> TE I pHK
GHEAHANIERET - 12



EZA, -OHERH Latiicdh b (-OHEERA—DCIKEEALTWVE) ANVKRFINVERTS
OFYTENR->TOBEZELONZEVTR]L EABETERBY 7 PRRS A, O
D-COHED T b UM EZEZSNIBUPHILB LV TRERE Y 7 bRBR S,
B2 KM M H°O0CCH,CH(OH)COOH® (pK,= 3.24. pK,= 4.71) — < VX YU ARIKBLT
2. pHL. 00, HBH'OANANT VB EEIOSNIKBRTREBAT v OBMITHE TS
FBEREMICT7 bT B2, pE5.50, HIEBARELKBRL TS 8 b KEBEHR
THDTEREEL 7 P2 Shic, M5IKpHL. 0L pH5.5ICBITAMBIE— </ RV T 4
FOMEYTIVETT, AROBRB I VB-IIXVIVLARTHIRGA, ZO0Z &h
LM R FLAFUANKUBORTRREA R LU aflicd 32 -00&-C007 1 & 3 HE i
PEHEINE, M. ANVVTLUTOTLVAY IHEBELHEBER., /720 BROB AR,
pHOEICEH ST, ABRLFAROMBFITEES S 7 PABBEh 1,

3. 7TNAVEEER -7 BEOHEEHA
B6icplT.0ickiF AL T
WILUBAF Y, R TR DA
- JZVBAKRBEDN'PC NMRZR
7 MVERT, 2. TlB~XkLIR. A
NWERFVIVEREOV S FIVEBRET
HREH Y7 b ThiUANOFZTIRIE
WHE Y7 PLTOLER, ZOMIC165
~176ppu® BIZFH Icls v FFIVRRAS citrate ion
n3, SO EISEFRTIIHS, 4
A Uc & DL i LBy &2 e S B AL
BErFHETIEEZSNS, 183pm 3
HEICBRMNS-0HE TN L Tabicd LS LR SLELEL RN AL
BANKFULEREO Y S FE 100 180 170 160
180ppuft:EdD BALIZH B 2 DD ANK 6 : 7L BAF D*C NMRZRARZY bIL
FUNRRFOVTFINOEBLEIT
NAYIBEREMATOREEML TV AL EDS, UBHTELRABEIINLT
RT7TORLEENEZEZONS, 1ToppnfED Y VIV, Ay T Y VIS ORFNTO AN
REINEDV T FNEISBUTOEIEISBRERRL

citrate ion + Mg2?* ion

/ TOBOHLEF Y VERHIET S b0 &M N 5K,
_C—0_ 165~169ppn®D 2 FD Y ' F L DRBII TE TV, M.
HaCoo RoTOBHVEFYVENEIN