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BHEPOMLEMFETRT S 'H Biselective Ty, OFA
(203) '

(WFREXR-BAE') O YHEET SRWER
HAENR - R - WEXH

Application of 1y Biselective T, Data on Stereochemistry in Solution. (No.3)

Makiko Sugiura, Narao Takao, Momoyo Ichimaru, Atsushi Kato, and Hideaki
Fujiwara*

(Kobe Women's College of Pharmacy and *Faculty of Pharmaceutical Science,
Osaka University)

Selective (T1S) and biselective relaxation times (T1BS) have been measured
for several protons of Guinesine A, B, and C which are stereoisomers of the
structure as shown in Fig., 1. The cross-relaxations ( o4 ) for some proton
pairs have been obtained from T1S and T1BS by using equatlon (3), and
correlated with H-H distances (rj ); The configurations and conformations of
these alkaloids have been dlscussed based on the estimated values of Tiy and
are suggested as shown in Fig. 3,
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tEwoX kit (LHREE. VHRE) PHERTSBE -1 HoEMBERE £
AREBERE. UDUBHKRET. BN MOZEWMHNER 2RI FTEREIEIE RV,
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Table 1. Nonselective(T. NS),Selective(T1s), and Biselective(T1BS) proton Relaxation Times (sec.)
for Guinesine A, B and C.

G. A G. B G. C
s S BS NS s BS
H LR 7,58 LR A 7 T T T,
2 4,48  6.14  5.56 6.06 4.78  6.39  6.15 5.78 3.51  4.88  4.37 4.50
(H-6) (H-~10) (H-3a) {H-3b) (H-6) (H-10)
5,59 5.86 6.30 4.31
(N-Me) -(H-6) (H-10) (N-Me)
5.80
" (N-Me)
3a 2.78
3b 2.83
‘5a 2.45  3.46  2.64 3.00 4.22  3.25 2.44 3.42 2,67
(H-5b) (H-5b) (H-5b)
b 2.65  3.95  2.93 3.49 4.91  3.62 2.1 3.48  2.74
(H-5a) (H-5a) (H-5a)
6 5,10 7.06  6.19 6.41 5.29 7.18  6.55 6.97 3.98 5.5  5.05 5.28
(H-2) (H-10) (H-2) (H-3a) (B-2) (H-10)
6.29 7.06 6.33 5.13
(N-Me) (H-3b) (H-10) (N-Me)
7.00
(N-Me)
% 3.56 3.27 2.7
9%b 3.50 3.25 2.54 .
10 3.93  5.47 5.26 5.06 4.42  5.82  5.69 5,14 3.90  5.19 4.73 5,05
(H-2) (H~6) (H-2) (H-6) (H-2) (H-6)
5.76
(N-Me)
N-Me  1.94 2.22 A 1.86
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BRU. 2 1. 6 ITOBRBOMAB DLW LY., Fig. 2 RRT L3R 4 BORMK
HEXOH S, B, (ROLTW. FHEERIFULTIThbh e X BREREFTT. £h
FHh cis-threo, trans-erythro T» 3 2 E W REHWH U =,

[®R]
TR FHhEFER COCl, RHRU. BAH A @WHULR WEWE. ZTh¥h
Al ~0.16 M, B: ~0.1 M, C: ~0.1 M THEU & #il % &, varian XL-200

(200.06 MHz) Z A L. 'H Selective, Biselective T, QH¥IEW. WHOAFRLTHE
RENVARMNEB WL, Selective, R Biselective Ty W Y ¥+ AP, HHMTH
HINZHBORDODVTORMWERIT - ke FART. #EFH2EXIIEITVWEOEY
HEERBWES U R,

[BREBR) :

Table 1 &, Guinesine A, B, C @ BBIW R T2 b D Nonselective (T,"¥S),
Selective (T,%) RU Biselective Ty (T/®%) OB MIE%E R U k. Nonselective Ty @
F—=5U. ERSHBORBRE. 2ERVY 2FO0LDRIHTRIT>TWV S, B
AR IAOBEHED S — BB OF— Y RBETEBHRLIN. HODO G HME
KRB0 ESR H-B oV TWE T:8° BB EHHEXTWE, chsd T,%, T,8° &
. X 3 WURM-T 0if 25HE L. ZOEL Table 2 BRULR. (4) LU
(5) XDAWB LS. 0ij & 05 MU RBRTTHBWM. Table 2 LREhRE
B, BELVIEFIRHEVERR>TVWRE, 2O}, T8, IS OBHEORYH .
Shuenpo@Bonn o OMORUUERT SO TS 5, '

Table 2. Obtained cijvalues for several proton pairs of Guinesine A; B and C.

G. A ’ G. B G. C

B Hy oij/10‘3 orji/10'3 945 /1073 crji/w‘3 ’ Gij/10'3 cji/1o—3

2 3a : 6.2

2 3b 16.4

2 6 17.1 20_.0 14.2 13.2 20.4 18.1

2 10 2.6 7.4 ‘ S 2.3 3.8 14.0 18.8

2 NMe 5.3 5.3 7.9

Sa Sb 90.4 88.5 70.4 72.7 82.1 83.9
) 3a - . 4,2

6 3b 2.3

6 10 14.3 14.8 18.6 22.5 9.5 5.3

6 N-Me 5.7 1.1 5.0
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BXh3, £k Fig,. 2RFKEh%. L BOBHERLELODVLT. #3hfz Table 3 @

ry REETIVGBEER. BTEFL Table 3. Estimated rj; (%) values
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Molecular Dynamics and Chemical Structure of Strychnine in Solution
Determined from Relaxation Time Analysis
Masavyuki Watanabe, Hideaki Fujiwara and Yoshio Sasaki

(Faculty of Pharmaceutical Sciences, Osaka University)
We studied the molecular dynamics and chemical structure of strychnine in
CDCl3 by measuring the13C' T1data. The data was analyzed based on the
three models of overall molecular reorientation, i.e. isotropic model,
symmetric top model and fully anisotropic model. As the result of this
analysis,strychnine is found to exhibit a degree of anisotropy in solution.
- The difference between the principal axes of rotational diffusion and those
of the moment of inertia is discussed in relation to the solvation of

strychnine by CDCl3,
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TaBLE 1 13CT1 ANALYS1S FOR 1SOTROPIC MODEL,SYMMETRIC ToP MobeL ano' FuLLy
AntsoTrRoPIC MODEL FOR STRYCHNINE

0.2% 0.46M

CHemIcaL  No. TloBSD.(SEC) TWCALCD.(SEC) Tpeso.(sr—:c) TWCALCD.(SEC)
SHIFT

MopeLl MobeL2  Moper3 Mool Mober?2  MopeL3

6.7 15 0.605 0.632  0.613  0.568 0.537 0.589  0.542  0.492
3.4 14 1.302 1.202 1347 1.352 1.194 1120 1.358  1.254
2.2 N 0.753 0.643  0.695  0.688 0.714 0.5%9  0.636  0.647
2.6 1 0.654 0.63¢  0.636- 0.650 0.622 - 0.591  0.586  0.599
8.0 13 1.234 1214 1213 1.168 1.085 1132 1106 1.128
50.1 18 0.643 “0.631  0.579  0.566 0.618 0.588  0.609  0.600

51.7 T 12530 13.080 _
5.4 20 0.654 0.640  0.667 .0.641 0.561 0.596  0.574  0.564
59.8 16 1.211 1.216 1101 1134 1.300 1.133 1069 1.125

59.9 8 1.229 1252 1309 1.301 1.174 1160 1426 197
64.3 23 0.676 0.640 0.706  0.707 0.587 0.596 . 0.610  0.631
7.3 12 1.328 1,200 1.322 1.324 1.212 .18 1.292 1.176
115.8 4 1.010 1.213 1.7 1.069 1.163 1186 1.334 1211
121.9 1 1.069 1.264  1.150 1.114 0.99 1.178 1110 1.074
123.8 2 1.041 1.230 118 1z 1.041 1,153 1057 1,106
126.8 22 1.008 1,200 1,134 1.031 1.184 .19 1152 1.082
128.1 3 1.025 1.235  1.105  1.036 0.889 1151 1042 0.930

132.4 6 8.635 : 7.913
“140.2 21 4.548 4,319
141.8 5 8.639 8.017
168.8 10 9.0712 8.583

THE NUMBERING 1S SHOWN IN F16.1.
MopeL1: IsoTropic Mobel,MopeL2: SymMmeTRIC Top MobeL,MopeL3:FuLLy AnisoTropic MopeL

AR 5 Table T L 2RT. 2oltRE). $BETUKYV4RAET Lo
B ERBoBOER CRILL TUIIUEDE Y, 2L V¥ =~ 72073880
Bizbho A lzis 2~ 3ALE o RS 3 < tH BE I ME,

ARy ¥z-2oflE- 4 FoBoRX s 5kPB L, I(X)= /3432,
I(=2022.1, I@)=2913.0 v &3, Thbd, XEE) o0& KLE)
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TABLE 2 CALCULATED PARAMETERS BY THE 13CT1 ANALYSIS BASED M E—?;"E 783, ‘%i?
ON THE VARIOUS DYNAMICS MODELS FOR STRYCHNINE v T ’l/:(;_c)i 3 %l:t )
BNkt BEL &
‘ (Duﬁ) . X%!:ﬁl\%
MopEL PARAMETER 0.2 0.46M &Y. NS5 oHEHE
: ﬂ—gﬁgtgﬁl‘)?u%i

6x10%e0! 91 Ef. MiET-to o

Isotropic MopeL D 4,6x107seC 4.3x10”sec s

) 0.11sec 0.13sec B WL E%Q?ﬁ
' Y. COQ: P RERA
Swetric Top - Dy 5.800%sec! 5.6x0%sect & ) NAMLIZ B 403 3

MoDEL D4/ 0.47 0.44 CELSND, RFVE=
1 2 o [ -
8 45.3° 35.9 : 20 HT,T=H1zonT

o 28.6° 68.3° BAEDAT TIL XA
D 0.12sec 0.09sec TR ERT, ERE. D ‘
/Dot 0.9M 71K 0.32

» 9T I
e by g sede L0 oinr ose
0o 032 0.37 023 &) . CT,ofAGH

; 9.49° -26.4° R BEREAT-HI S,

B 12.6° 8.13° Sk, HT (oM

Y -41.2° -29.4° Kt AR BEEB/AISOX

S 0.09sec 0.07sec TERhTH3 I LELEM

e

z (a)

Fig.2 Determination of the principal axes for the rotational diffusion of
strychnine(0.29M). (a)Symmetric Top Model(b)Fully Anisotropic Model
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NMR and Computational Studies on the Conformation of Histamine in
Solution )
Mika Tani, Tatsuya Takagi, Hideaki Fujivara, Masayuki Watanabe, Hironobu
Maezaki, Shinji Nagai, and Yoshio Sasaki
(Faculty of Pharmaceutical Sciences, Osaka University)
Conforwational energies of histamine were studied using the SIMP system of
calculation. They predict a strong preference of gauche conformer for the
monocation.  In order to predict the conformation in solution, hydrated
species were calculated using the same system. The results indicated a
decrease in the energy difference between the gauche and trans conformers
suggesting a mixture of the two conforwmers in solution. These
computational results are supported by the conformational analysis based
on the 'H NMR spectroscopy. Also, NMR spectroscopy using liquid crystal
phases is applied to simultate a state of histaline dissolved in
biomembrane, and the solution structure and orientation are discussed.
EXAYIVRBEBRHAFHYHEUTHLIATOLEN. 7LAX -HRERTES
REBERRD R LOIENHSHER>TV S, EXATIJRWBTLAE- RIS
FORH[AENT Z2H, . ERAVOREE LN T I H. O2HBHEORZERBIERIh
THEY. Hi-blockerE UTW IR LTz M7 I V% B, Hao-blocker&E U TR Y
X?“‘J‘J%b‘%ﬂ"on'ck\%a‘IRIE'G(:IKZJFS‘J(.i&ht‘oziéﬂﬂ)%gﬁt_l:%h%’
NER-RAY T A A -V arTHEETBIEZZAHDALTLEIN. XEHEFPXMOE
BETUMBABN VBTN EEO gauche BB FEHRNHEBBTHZ I ENRIH T
%, ELTCHEAUW. HWRETH
[ : REhkhTtHHAEERY 2L
‘l* H H ~¥% -, SIMP! (Simutater
C ?B_}_Ca%_n_ihﬂ of |nterlolec\u lar Poter‘ltials)
i : H WEYVEXYI VOKBRPOa
YT A-varyekiEE. NMR
HBRLIXBRHBEORBRT 2
Ca N+ H fioke SIMPEWMND O
8 CHAFRNSIA - -2 BAT 3
i i, MNDOTHIIVLT
WHEBR—-BFROBTFEBOHE
RMARFEMEEBEODVL TS
Fig.l. e XAy I hFgty RELCHAK R H IS LI 0HR
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UVEbdbDTH %, LAY I VI p7T B H
VW T. mono cation @R EH>TWVWB I EN
MO TVWIEI3DTSHEHEKRWLI D mono
cation O R2HBERHVWE HAHHE RU.
HAMBMEWRIMNDO MOERL &EILE
Toke EAFIYWRIW flexible 2 twist
angle »3@WHEEL Ao h 3 ¥. SHU Fig.l
DEIDRLEERUL. COH>B 81,02 2ERE
U T conformational energy map% fi L 2o
0 WERBEILUR, ZZTOH: H120°~
200°0 & % % trans B 0°~ 120, R U
240°~ 360°D & ¥ % gauche MWEEH T %,
BMELFKRWLCBT B conformational energy
map 2 Fig.2 RR UL kR ThR EUMELBNK
VERITNREEDO gauhe MOE DI P M H#H
UhEODtrans XUV HEBRTHLI3 I EHD
b, REB. mETEHRBEIWL gauche B (0.=
146°,0 2= 81D e trans L B 3 B
REBRBLOLRIALE—~Z£1UL 28 k)/mwol T3
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WBLWTHRELERBEW gauche B ( 4 %k W
01= 242, 6. = 263" BKHFK: 6,=
245°, 02 = 218° )T H 3 B. trans B0
LZ2ALF¥—-ZRBENLFhHh 26 kj/mol, 18
kj/mol & 72 %, D% Y, WL FH Tt gauche
RBEATCH S M. KA T gauche Bi
trans AU B EFETEETRH 3OO, 2
DEBETREERTHEI>TB., kFHK
FTREEBHF LTV S ERTBUTL
%, T e KWHB 2 energy map S X TS
ITHBLIVEREBIT S0 OFEHAHE
ERDLERE Tablel WEU kR, XEH



FOBMAIZHEL. trans A EBITULTV R ERDD S, N BROBYPT
MAEDO' H-NMRMERIFW LAGCONSD R XV AR P ARKUR. EREBSN R
MBHEATHEEAL. BAOHANTTOBRRIAY T3 A —-—VYaryeRdh. HE
% Table 2 WRT. BHOBUEN THAWHENT gauche WOFAHEHWENHB AU T
BY., ChUXREXRLS IMPRIAZHBEHRELRER —BERULTL 3,

Table 1.8 DF H # mw, EW&W?UJEX?EA‘JU)'
- AYTAR—VAVRURMER T T 3

system 0:/degree| HMTC. WMENMREWL EZIHBHIRIT
ke ThEITRBAOBRSHIMAS

Histamwine 6 2 hTVwah SHBEKRBEULTRVER
Ristamine + 4H20 93 OURRMHEOIDPOERBREYEF
Histamine + 5H20 989 REEZ hZVFIOEY THE&HE

T % %, sodium dodecyl sulfate
" Table 2.2 Y 73— —OFHAK(RKRE) ( SDDSHRLUTUE . sodium
dodecyl sulfate, decanol, sodium

solvent gauche/% trans/% sulfate, water 2 E 8}k 14:1:1:20

T H V. potassium laurate (P L)%
D20 : 6 6 34 E U TW. potassium laurate, deca-
CD:0D 6 5 35 nol, potassium chloride, water® i
(CDs3)2CO 71 29 B 7.5:1.5:1:15 THWE . pH #@

LR EN T2 BEB 11.3 TH BB
EAY XD pKat, pkaz # 5.80, 9.40 TH B &5 SDD St mono
cationn. PLHBTW neutral CEUTHET %, BRPTONMRANI P LERK
TARY > TRERBMITENTI A - —WILEYIFTR v (1D=v (2),v (3)
Table 3.RM AN P VORFHR(BEE 2

SDDS PL
D (12) -134.98+0.01 -70.66+0.10
D (13)(24) 12.78+0.63 2.77+0.14 Hs
D (14)(23) 16.94% 0.74 -6.94+0.14
H\ _C Hsj H, H
D (15)(25) 26.74%0.06 -14.12%0.07 T *%C é é +/
D (34) -30.50% 0.07 6.20%0.08 e/ | [ \H
X H H H
D (35)(45) 42.04+0.06 -25.17+0.07] H N " 2
v (1)(2) 1052.65 " 813.98
v (3)(4) 1022.87 880.39
v (5) 1832.99 1694.04
r.m.s. error ..0.48 0.59




=y (), v(5)D3BEN. ERESEHRTWD (12),D(13)=D(24),D (14)=D (23)
D (15)=D(25),D(34) OB HE P H 3., X. RAREAL-HBESEAEROBY

SDDS, PLRAESOAEBTOEfMdbo@ELAVE MEBELZHLEN3L.0
°C,.24.8°C TH Y. BRAOERAXI PALREODVTLAOSDOIDRIVEBYUEL
HERTOICER VAN P AR RIToh. BE%E Table 3 WRY. X. Zh
GOBRAVT. MHURANYZ P LERBAANY P LEHE Fig.5 BRU R &
NOoOANRT PARF TR JRBVBEVHETHRDEIIERRTERTH B3N ZTh
AR PADB—RABUNY - RELJEDAABCTERUVULEVELFHE YR
HELLWZE RUY. KERDRENXIDBAILEDIOEERSLEBbR LI LR
WEkB, COMBUBETRBETIACEPARONABREBENTIABRMAME T
Yy VABERESH BCERIVEBINZERDN S, BBFOANY P AKE
FHBOJEHVECERIVEBRTEZ2EDS. BBPOAY T 34 —vay
LA MhE, KXRHABUBMOLVETHIAZIN. ISEBELARITEHEEPCD
32, BEFPOELRYIVORMESDLVTRDUDBATHEABBRE LI & » s,

Hi-H: AABABEBRLETAMERYVBIEBb M3, YA bty 7HE
BTREVZALAVADPERCET > TAFHPIFTLEBTIRERL. ZhsABE
BUBHELERBUBLIEBHAOIh TV S, #>T EAYIVOEMBANS YT
TARFOEMUEA A MREDPATh LR REERS %% oh 3,

Ay " WM
L

2000 1820 1640 1350 1170 810 Hz 1800 1710 1620 1050 780 Hz

DDS %uw#s PLABKHE
Fig.5.EXYIDOREARYT PA(EIEFHERANRY FL(F)Y .200mHz
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lH and 13C NMR of Dianions of Several Anthracene Derivatives

Masaaki Kobayashi and Masatoshi Hirayama

(Department of Chemistry, Faculty of Science, Ibaraki University)

The formation of n-dianions of 9-phenyl-(l)., 9,10-diphenyl-(2), and 9,10-bis-
(phenylethynyl)anthracene(3) by alkali metal reduction of its precursor in

13C NMR, its quenching proaucts with 03, 320, and

vacuo was confirmed by lH and
02 .
monoanion was also formed by subtraction of a deuteron from DMF-d 0 ©F THF—dB.
‘It was suggested that for lz—_the ion=pairing occurs with Li+, Ma , and K+,
where its tightness of interation differs bhetween in DME and THF. It was
proposed by comparing with CNDO excess charge-densities that the shift pattern
of QZr may be interpreted in terms of a large contribution of paratropic ring

0, and the reduction of a reducible aromatic compound, while for 1 the

current of the central ring of anthracene.

;!

z—ﬁﬁ%?(%ﬁ%ﬁ%Eﬁm%%‘7%&?%)@&&\ﬁmﬁ\BIU%&B@ESR\
NMREMOGHELOHBECOWTId, RELLBHARFERL T WAL, Hic. B,
trianion. tetraaniond’. WHWIH S FE L LTREHAKRSBELATWVWE dianiondER DS
. ENRBBEBERRTIEINOOHWI AN~ LFRIATVWEHL | BB, T%
BELLTD, T2AYIVHANVEDRFRB. comnterionP Rt X 2 KBS, HrxoBeiz
LR 3.,

48, ﬁﬁ]%?ﬁ}{a)%t%wQ\ 10{IicKERELER L /2anthracene dianion®’ 3EH
R2WT, RDER:ECFERATCRLCHET S, ‘

(£ =]

WOBE-> & Bid 9-pheayl- (PA) (L1). 9.10-diphenyi- (DPA) (2).
9.10-bis(phenylethynyl)- (BPE A) (3 ) anthraceneThH Y. #H4Li2. THF-de. DME-di o
Bo, dianiondERIZ, HE (NMRELBL 7L AV EGBEHALLZLD) kD EZEd,
ZEHI WX, KET7AAHYEE (LiNaK) LiEME ¥, NMR (orESR) 2249 —
LEANWLBRRANORBT, NMREJE LA, 'H-, '*C~NMRMEIX. 30 OMiz. 7 5WizT
v, BEDLHICH-H, C-Hy 7 MM X

ZRE NMRLWELL, MOHRWY B/ 5

A" Y4CBO4" (RAHEHRE S -4
Z2U-) 2FAL. HITAC M-2400 (FKHMK) TF O
oz,

X=phenyl, X'=H )(,

X=X"'=phenyl
CERL 23Hh3 VHRE garL oy

Wo o

X=X'=phenylethynyl
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(1] R (2EMBELE) BEICEYD,
Na/THF . B XU, K/THFDRIZBWT,

1Lroias@sni.,  foR (Li/THE

Li/DME. Na/DME K/DME) Ti., ¥ »r L &

AENF &4k &k B wonoanion (- D)

LALNEBPBPARZ PV LEICEBRL

Twd, Zhid, Hie. CreD ¥ 7 FHIVH,

aliphaticBRICBEL. Diell X B Hie?

SERABEHBER, 'H, 'PCHIZA v,

(lEhov 2. BEBHE+) X 2R

Bicl? DT I PEINIELE2TH

behrbbhrsd.

dianionE iz, ITOERICIVRIES
hi.

(a) BEBARICBWT, ESRENRMFH
RLfthic, NMREBRENR 3,

(b)) ARZPMANS —viT, 12°kLT
DFEHLW, '

(c) #% ¥ > Y Dquenching productsH,
#Bohdlek,

(0. TLHWH4E, H, O, D,OT.
Me=256. 258DLDHRI?AANR
Zhnickhgiidshr, )

(d) 2% Bondinitrobenzene: DR IGT.
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—%. (1-D) Tid. A&.vebt. Li/THFE. Li/DMEXS IR IE. Na/DME>LI/DME T 5 4%,
1LPHEEETRRVWI LR, M A 1ETHBILES LA, D23 HEd, KiT,
anthracene L pheny ! L DR, AEETELLFS0aT (L2561 NDOr - LTFEKEEA)
DCNDOHBEZETLW, A8=k - Aqf( ku=10.7, ke=160ppn/e) PHLRORA Fearck
H® L 72H5 counterion P . ring current effectF ¥ AMMICHEBTIRIIE-TW YL
W, -

(2] Li/THFT, 22 CARERBARZ FANELAL, 12 LREALRRTHEDTHER
¥ 5. Li/DME.K/THF Tk, EARE. 1. RUBESIE KWL LEDLDREHTFEROEL N H
BoNTBY BAMEEI IR TWEW,

{371 Ra/THFTIZ, 32 LSbic, BAEIFHXIZL S moncanion WRDLNL W,

32 THBELOBmBEIIIE., [(LIeHBR (a) — (d) EDTh»%., ABEEIL. FELL
&Y. BRETEEELZEML ClentativelTBBELL, 2R, 3. 32 b,
coupling pattern . H-H, H-C COSYZIIhREB#*1T4»7, 13C A 5 obs

DREHBE (7 PHBLDOIPSLDT T7R) 5. 26pemid, kex=1 60ppn/er 5505
@i, 10. 6 7Tppad¥ESTHY. nvoncanionDAEREZB LY LN, CHEBEAD—HTH 3,

Eliasson® &2k P, dnanRicBitd. Wrab o paratropic ring currentiC X 3,
anisotropic highfield shift:. ZREIC L 2 kB E DHEMIEL, S anthraceneTit. 8 9
pra/ef 5 A 6N TWa, 32T, 80%DAMEHMHN  anthracenelRIZL N SH S TW
5T, partially paratropic effect {2k D, ERDEERTFDdeshieldingh B I 3,
K. CNDOHiILL D, AScurcb DB EHEI S, (1) phenyl BT by IREART,
anthraceneB®D 1, 2 ~protonid, REICA Goved. AdcnicdNLKEWN, (32°~30H
T3IERAD anisotropyd Z T EH T2, )

(D) Cy, C.TH. R¥deshieldingfALNL WA, —HCo. C  TRIEFIZKEN,

(M) C11~C2aTIH ATl AScarc EDHIBH LW,

(V) Cis. Chs (spBR) T, BY LK AR > TWVL VDT, LBETELW,
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o kirh, anthraceneBOPLRA X, paratropic ring currentiCFE L TWB L HFR
Lh 5,

Table . Comparison of Changes of Calculated and Observed 1" and

13¢ shifts of 327 from3®’
nb) c) d)
ch Mcalcd Alsobsd
# 0.92 2.70
H, 0.46 1.98
H 0.58 1.07
20 18
1 My 0.04 0.63
18 Mo 1.17 1.07
1
Juls
1 1 c, 0.0858 13.73 12.51
ol 11 :

@@@ <, 0.0429 6.96 8.46
< 0.4700 75.20 63.60
- <y 0.0349 5.58 -2.94
s -0.0458 (-7.3¢! -12.69
16 0.1318 (21,0918 © -16.63
<y -0.1037 -16.59 -15.85
g 0.0543 8.69 7.36
€y 0.0041 0.66 1.06
20 0.1090 17.44 11.60

a) In ppm. b) Excess 1l -charge density of z}- relative to that of 3.

c) Shifts of 12- from those of 3 calculated using k,;=10.7 ppm/electron
and kc'IGO ppm/electron in Acu-k"-Aq; and A6c-kc-Aq;, respectively.

d) High-field shifts are denoted by positive signs. e) Shift

values in parentheses are not reliable because the standard kc

value {160 ppm/electron) may not be applied to sp-hybridized carbons.

3%
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Calculation of the nuclear spin—spin‘coupling constants by S0S-CI method

Configuration interaction calculation of 6- and m-electron contributions

Hiroyuki Fukui, Koichi Miura, and Hiroki Matsuda (Kitami Institute of Technology)

Abstract: Configuration interaction calculation for o- and Z-electron contributions to the
nuclear spin-spin coupling constants in acetylene and ethylene molecules is presented. The
calculation is performed by sum-over-states configuration interaction (SOS-CI) method with the
two kinds of electron correlation approximations, which use singly and doubly excited
configuration interaction (SD~CI) calculation for the ground state and use S-CI or SD-CI
calculation for the excited triplet states. Quantitative agreement between the calculated
and experimental coupling constants is not good, but the m-electron contribution J% shows the
same trends for all the used basis sets and the approximations of electron correlation. Jr
contributes negligibly to the ohe—bond coupling constants 1JOC and 1JCH , but it makes
important contributions to the two-bond coupling constants ZJHH' 2JCH, and ZJOC'

I. INTRODUCTION

In the previous papers,l’z

we reported on the semi-empirical calculations for - and x-
electron contributions to nuclear spin-spin coupling constants. A striking feature of the
results was the prediction of large m-electron contributions to the two-bond coupling

3 assumed no contribution of =x

constants ZJHH’ zJC’H’ and ZJCC' whereas Pople and Bothner-By
orbitals to the geminal proton-proton coupling constants sz in CHz groups with spz
hybridization. Given the results by the semi-empirical method, one is prompted to ask if
the same trend may be obtained from non-empirical calculations.

The non-empirical coupled Hartree-Fock (CHF) or finite perturbation (FP) method has been
successfully used to calculate nuclear spin-spin coupling constants in hydrogen molecule,‘h5
the simple hydrides ,6'9 and the singly bonded methyl derivatives, 10-12 However, the non-
empirical CHF method is not applicablé to calculations of the nuclear spin-spin coupling
constants in the molecules with multiple bonds like acetylene, ethylene or hydrogen cyanide.
The reason for this is the fact that for these unperturbed systems the lowest energy spin
unrestricted Hartree-Fock (UHF) solution is not usually an eigenfunction of §2 with the
eigenvalue S=0. That is, the systems display the so-called triplet i‘nstabili‘c,y.3’13

The problem of the triplét instability would be circumvented (i) by wusing a well
correlated zeroth orderi wave function or (ii) by using a nonrelaxed molecular orbital system
in which the orbitals themselves are assumed to be independent of the presence of the external
perturbation field. The former category includes e.g. the finite perturbation-
multiconfigurational SCF (FPMC) metlfxod]“}’15 and equations~of-motion (EOM) or higher random
phase approximation (higher RPA) method. 16117 The latter includes e.g. sum-over-states
configuration interaction (SO0S-CI) method,ls'19 double perturbation rne'c.lrxod,zo’z1 and coupled
cluster singles and doubles (CCSD) method using unrelaxed SCF orbitals._zz A

In this paper, we report the results provided by an ab initio SOS-CI calculation for o-

and z-electron contributions to the nuclear spin-spin cbupling constants in the molecules with



multiple bonds. In Sec. II, an outline of computational method is given. Section III is

devoted to presentation and discussion of the theoretical results.

II. METHOD OF CALCULATION
If the coupling between two particular nuclei A and B is investigated, the form of the

hamiltonian becomes

q - nl0) . .

H=hY 492, + 95Ty + T,v,pT5 o (1)
Ramsey2’3 showed that there are four distinct mechanisms that contribute to the nuclear spin-
spin coupling. Therefore VA, VB, and Vg should, in principle, cover all of them.
However, in this study we limit ourselves to the Fermi contact interaction which is
o{’erwhelmingly dominant. In this case VAB:O, and VA’ VB can thus be written

Y = (SpghrN/a)(ﬂb/4n)§5<?Ni)§i , N=A,B . (2)

The phenomenological isotropic coupling constant J AB ig defined from the second order energy
E;(\g) by

2)_
E{Z)= ha,pl, 25 . (3)

Using the conventional second order perturbation theory, J,p can be written with only one

component, say z, of the vectors VA and VB as
Iap = (2/m<¥ O v, uil)s (4)

where ¥ %) is the first order correction to the ground state wave function caused by Vggz-
¥1) can be obtained by solving the equation '

(f{(o)_E(O))w]g%): —VBZW(O) , (5)

because the first order energy Eé%) is zero.

Equation (5) may be solved by expanding W(O) and W}g%) in some orthonormal function sets.
In Eq. (5) y(0) g sufficiently well expanded in all singly and doubly excited singlet
configurations generated from a doubly occupied reference configuration. According to
Kowalewski et al.,18'19 the expansion of lllé%) is carried out at the two kinds of levels of
electron correlation approximation, Jg and J,, presented below.
(a) J3; \I!é%) expanded in singly excited triplet configurations.
(b) Iy Wé%) expanded in all singly and doubly excited triplet configurations.

The o-electron contribution JXB is calculated by excluding z-orbitals frdm the hole and

particle states in expansions of 1[’(0) and ‘I»’é%). The total coupling constant Jag is
evaluated by including the configurations with even numbers of z-orbitals in the hole plus
particle states in expansions of ’{I(O) and W, %). ‘ The m-electron contribution J.ZB is simply
defined by

-

JaB T Iap - Iy - (6)

III. RESULTS AND DISCUSSION
We calculated J® , J¥, and J for the two simple unsaturated hydrocarbons, i.e., acetylene



and ethylene molecules using the ab initio SOS-CI method at the Jg and J, levels in terms of

Kowalewski et al.’s theory. The basis sets employed are the 4-31G24 and 6—31G25 sets with
the optimum scale factors and the double-zeta onezs, and the experimental equilibrium
geometrie527 were used. The spin unperturbed ground state SCF-CI wave function A A

given as the lowest eigenvalue function of a large scale CI matrix, which was calculated
iteratively by the method of Shavitt et al.28 The first order wave function correction 'll(l)
was determined by solving iteratively the linear equation ss;siem derived from Eq. (5) .29

Our calculated results are presented and compared with experimental values in Table TI.
The calculated results show a rather small dependence on the basis sets used and the levels of
CI calculation for triplet states. However, . this does not mean adequacy of the basis sets
used and unnecessity of inclusion of triply excited triplets. The calculated total coupling
constants are considerably smaller in magnitude than the experimental values. Moreover, the
opposite sign is predicted for the 2JHH of ethylene, Quantitative agreement of thé results
with experiment is not good. The reason for this is not completely clear, but one can
suspect that a major reason is referred to inadequacy of the basis sets used. The

calculations using much larger basis sets would be necesgsary to get a quantitative agreement.

The semi-empirical results by us! are also presented in the last three columns in
Table I, The semi-empirical values for JO and J differ from the non-empirical results, but
both calculations for the n-electron contribution show the same trend in the signs and
magnitudes. That is, J® contributes negligibly to the one-~bond coupling constants lJOC and
IJCH’ but it makes importan't contributions to the two-bond coupling constants ZJHH’ Z‘ICH’ and
23
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TABLE I. Calculated and Experimental Values of the Nuclear Spin-Spin Coupling Constants (Hz)

4-31G 6-31G Dz Exptl® INDOP’
N LN | NN L ¢ N O J g9 gt g
Acetylene

) J; 8.7 8.1 93.8 102,3 9.7 111.9 110.0 7.6 117.6 171.5 143.7 20.1 163.7
Joc g, 86.4 8.9 95.3 103.2 10.6 113.8 110.3 7.4 117.7

; J; 136.2 4.4 140.6 154.0 4.9 158.8 171.6 4.5 176.1 248.7 226.9 5.7 232.6
Jew gy 137.8 5.3 143.2  155.7 5.7 161.3 173.2 5.0 178.1

2 Jy 21,2 -4.2 17.0  25.2 -4.6 20.6  28.3 -4.0 24.3  49.3 8.2 -5.7 2.5
Jen g,  22.1-2.9 19.2  26.2 -3.1 23.1  29.3 -2.3 27.0

3 Jg 3.0 2.4 5.4 2.9 2.4 5.3 2.3 2.3 4.6 9.5 9.4 1.6 11.0
w7, 3.1 2.4 5.5 3.1 2.4 5.4 2.4 2.4 4.8

, Ethylene

1 Jg 43,8 4.1 47.9  52.7 4.7 57.4  58.1 3.0 61.1  67.6  67.2 14.9 82.1
Joc  J, 43.6 3.9 47.6  52.3 4.6 56.9 56.8 2.6 59.4 ,

1 Jy  99.4 2.1101.4 109.7 2.2 112.0 111.7 1.8 113.5 156.4 152.3 4.4 156.7
Jen g,  99.8 2.3 102.0 110.1 2.4 112.5 112.2 1.8 114.0

9 Js 0.5 -2.0 -1.5 0.8 -2.1 -1.3 0.3 -1.6 -1.3  -2.4 -7.2 -4.4 -11.6
Jen g 0.9 -1.8 -0.9 1.3 1.9 0.7 0.9 -1.3 -0.5

9 J; 2.4 -1.0 -3.5  -2.3-1.0 -3.3 -2.2 -0.9 -3.1 2.5 4.5 1.3 3.2
JH g, -1.8-0.8 -2.5  -1.6 -0.7 -2.3  -1.7 0.7 -2.3

3y 73 5.8 1.0 6.8 5.8 1.0 6.8 6.0 0.9 6.9 11,7 8.0 1.3 9.3
(o8 9 6.3 1.2 1.5 8.4 1.2 7.8 8.5 1.0 7.6

35 Js 9.4 1.0 10.4 9.5 1.0 10.5 9.5 0.9 10.4  19.1  23.9 1.3 25.1

(trams) J4 10,2 1.3 11.5  10.3 1.3 11.6  10.2 1.2 11.4

a J. A. Pople and D. L. Bevéridge , Approximate Molecular Orbital Theory, McGraw-Hill, New York,
1970; pp 154.
b Taken from Ref. 1.
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An NMR Study of the Naphthylamine Aniqns
yukihiro Yokoyama and Kensuke Takahashi _
(Department of Applied Chemistry, Nagoya Institute of Technology)
The proton and carbon-13 NMR spectra were observed for the organolithium compounds produced
from 1-; 2-amino- and 1,5- ,1,8- dlamlnonaphthalenes in HMPA and/opr THF- HMPA ﬂtxed solvents. |
The formation of the aniontc specrgs by the deprotonation of the neutral Precursors causes
significant changes in théir NHR parameters.  The delocalization of the excess charges into
the whole naphthalene ring ‘of the anions was confirmed from the NHR chenncal shift data The‘
results are dlscussed in comparison with the NMR parameters of the deloca|lzed benzyl type
organic anions.
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Figure 1. 'H NMR spectra of 1-amino-
naphthalene and its anion in HMPA,

(ag neutral molecule at 24 °C, (b) anionic
molecule at 24°C, {c¢) neutral molecule at
80°C and (d) anionic molecule at 20°C

a)

Lo Mk,

T T
160 120 10

Figure 2. 13C NMR spectra of 1-amino-
naphthalene anion in THF-HMPA mixed
solvens. (a) at ~10°C and (b) at -50°C.



Table 1. The Proton Chenical Shifts of Naphthylamine Anjons and Its Precursor in ppn

tomp. Solvent Temp. .
/°C H-1 H-2 H- H-4 H~% H-6 H~7 H-8 NH

- ANLY HMPA 24 - 6.l5a, 6.75 6.00 1.26 7.00 6.82 8.29 4,33
80 —— 6.16 6.75 6.02 7.28 6.98 6.81 §.20 4,24
THF-HMPA 24 - 6.16 6.73 “6.03 T.24 - 6,96 6.81 8.21 4.14
2-ANL{ HMPA 24 6.05 — 5‘5b) G.Qb) 7.08 6.32 S.Sb) 5.9b) 3.63
80  6.08  -— 6.7°) 69" .08 6.3z 6.7°) 6.9 3.s6
1,5~-BDAKLi THF-HMPA 80 - 6.24 6.64 7.08 -t 6.24 6.64 7.08 4,03
1,8-DANLI HMPA 80 - 5.46 6.30 5.75 5.75 6.30 5.46 —— 3,34
1-AN HMPA ! 24 - 6.94 7.21 7.05 7.73 7.41 7.30 8.56 6.43
80 ——— 6,90 7.20 7.07 7.71 7.38 7.30 8.40 5.97
THEF-HMPA 24 - 6.79 7.11 7.06 7.63 7.31 7.24 8.35 6.08
Z-AN HMPA 24 6.97 Reladed 7.16 7.52 7.60 7.0% 7.23 7.39 6.10
80 6.96 —— 7.18 7.50 7.58 7.01 7.21 T.41 5,70
1. 5-DAN THF-HMPA 80 ——— 6.69 7.00 7.29 -— 6.69 7.00 7.29 5.17
1.8-DAN HMPA 80 -— 6.73 7.00 6.94 6.94 7.00 6.73 ——= 5.%6

-1} B}oad signal b) With large error becauce of overlapping of the siggal

Table 2. The Carbon-13 Chemical Shifts of Naphthylamine Anions and Its Precursor in ppma)

Comp . Temp
°C__g¢-1 c—-2 c-3 c-4 c-5 c-6 c-7 c-8 c-9 c-10
1-ANL{ 24 163.39 107.41 128.60 100.60 126.45°7123.60 118.03 125°:S) 127} 137 99
80  163.43 107.33 128.51 101.06 126,53 123.45 118.07 125.00 127.22 137.79
2-ANLi 80  103.18 165.08 121.97 126.91 127.28 112.75 124.12 125.70 137.23 123.02

1,5-DANLi 24 163.20%) 107.19 122.61 103.97b)153.20b)107.19 122.61. 103.97 127.52 127.52
80 157.88 106.30 122,80 102.46 157.88 106.30 122.80 102.46 128.34 128.34
1,8-DANLi 80 166.42 106.79 125.87 104.93 104.93 125.87 106.79 166.42 120.12 141.55
1-AN 24 146.97 107.66 127.09 114.58 127.97 125.35 124.19 121.38 123.98 135.32
2-AN 24 106.00 -148.96 119.41 128.30 128.00 120.25 125.67 125.26 136.32 126.95
80 106.55 148.50 119.41 128.34 127.80 120.50 125.64 125.39 136.31 127.28
1,5-DAN 24 145.98 107.52 124.08 110.42 145.98 107.52 124.08 110.42 124.94 124.94
80 145.52 108.06 124.28 '110.64 145.52 108.06 124.28 110.64 125.11 124.11
1.8-~DAN 80 147.45 110.87 126.09 117.89 117.89 126.09 110.87 147.45 117.53 137.78

a3} In HMPA solution b} Broad signal c¢) With large uncertainty because of the extreme signal

broadening
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13C Chemical Shlfts and Molecular Dynamics of Cyclodextrln Derlvatlves and
Their Complexes with Azo Dyes

Miyiko Suzuki, Yoshio Sasaki
(Faculty of Pharmaceutical Sciences, Osaka Unlver31ty)

The molecular motions of the inclusion complexes. of 5 kinds of cvclodextrln
with azo dyes have been studied by 13¢ nuclear relaxation, Upon inclusion,

- the complex formation ratio, the lengthening of the hydrophoblc torus of
cyclodextrin by substituting with methyl groups gave large influence to

overall correlation times of azo dyes and cyclodextrin, The ratios of the
overall correlation times of azo dyes to those of cyclodextrin in the complexes
were 0.3~0.,9, Those values suggest that azo dyes reserve an independent
motion in the covity. Co Ce
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Tabte I.  !3C Relaxation Times for Cyclodextrin, Azo Dyes and
Their Inclusion Complexes

Compound ]3CNT1 (sec)
1 2 3 4 5 6 <T1>1_52Me 3Me  ©BMe
o -cdx(0.05)0.43 0.36 0.37 0.35 0.38 0.52 0.38
o -cdx(0.1) 0.33 0.35 0.35 0.31 0.33 0.40 0.34
a-cdx, 1| 0.15 0.15 0.14 0.15 06.16 0.22 0.15
a-cdx, 1t 0.14 0.15 0.14 0.15 0.14 0.20 0.14
B -cdx 0.27 0.30 0.32 0.27 0.27 0.3%4 0.29
-cdx, | 0.11 0.11. ¢.11 0.11 o0.i1 0.17 0.11
B -cdx, it 0.13 0.12 0.14 0.14 0.13 0.19 0.13
DL 0.10 0.07 0.07 0.07 0.07 0.12 0.08 0.57 0.64
DMB, 1 0.07 0.07 0.08 0.08 0.06 0.10 0.07 0.57 0.63
MBI 0.07 0.07 0.08 0.08 (0.08 0.14) 0.08 0.58 0.61
™8 0.12 0.13 0.15 0.15 0.12 0.14 0.13 0.56 0.50 0.54
™g,! 0.08 0.12 0.12 0.10 (0.17 0.09) 0.12 0.67 0.55 0.58
7 -cdx 0.22 0.25 0.21 0.22 0.22 0.26 0.22
Y -cdx, | 0.07 0.07 0.08 0.08 0.07 ©0.11 0.07

2 3 6 7 Me

1 0.90 0.97-0.62 0.70 2.33
1, 8 -cdx 0.49 0.51 0.36 0.37 1.09
1,bM8 0.25 0.28 0.19 0.1 0.91
1,TM8 0.42 0.45 0.32 0.35 1.02
| 0

L17 0.13 0.11 0.75

2 3 6 7 10 11 12
1t 0.86 0.98. 0.90 0.79 1.89 2.00 0.62
li,a-cdx 0.58 0.60 0.46 0.51 0.98 1.08 0.56

11,0M8 0.16 0.15 0.08 0.08 0.14 0.16 0.05 -
iRiE 0.21 0.19 0.51 0.47 0.29
11, a-cdx 0.36 0.36 1.04 0.91 0.33

measured in 020 solution at 60°C
a measured at 34°C
( > overlap

Bntn 3, laxz/ Lo A T>OMBITHE~ B 510G <kt $EAET KL,
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NT Ry MeB |1 cAdxadFicT 3, .

o Likn dape/ Tehx- dge THiiy iy cdx A1 o 3 Lol BdE 12
POOMBYTHMBYBL | TUH 7 F3Bbaquest Sk (KFv, Luafs
MR Adx e BB T3 T<H BRLFIUSNE2T03aTHY), (wl
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Table 11. Rotational Corretation Times T off and G of Cyclodextrin,
Azo Dyes and Their Inclusion Complexes
Correlation Times(10-11Sec)

Compound cdx overall
Teff .

a-cdx(0.05) 13
a -cdx(0.1) 14

a-cdx, I 33(2.
a-cdx, 11 35(2.
B -cdx 17
-cdx, | 45(2.
-cdx, i) 38(2.
g - 62
DMB ,1 70(1.
DMB , 11 70(1.
m™ms - 38
g ,! 41(1.
7 -cdx 22
7 -cdx, | 70(3.

Substirate overall

Teff
! 8
1,8 -cdx 13(1.6)
1,0M8 26(3.3)
1,TMB 14(1.8)
1,7 -cdx 41(5.1)
i 6
11, a-cdx 11(1.8)
11,0M8 62(10)
tH 25

Hl,a-cdx 14(0.6)
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Conformational Analysis of .Carboxylic Ionophore by !H-NMR
Hitoshi Kuboniwa, Yoshiharu Saito, Kazuo Yamaguchi, Seiichi Nakahama
(Department of Polymer Chemistry, Tokyo Institute of Technology) )
We have prepared the synthetic 1onophores with ether oxygens and aromatic
rings. The solution conformation of the synthetic ionophores are investigated
based on lH-NNR. Assignment was carried out using 2DNMR methods. Rotamer
population anaLysis,.NOE experiment and Tlmeasurement were employed to
estimate the solution conformation. The ionophore which has long polyether
chain 1 has coiled conformation and encapsulates potassium jon in chloroform.
On the other hand, another ionophore with shorter polyether éhain;g‘has
pseudo cyclic conformation. The relationship between the solution conformation
and ion transport are discussed.

1 BUBe B, HEEMAE L CGRA A v A ERO AT 5T A Y
YUY ZHUYYREOANKY BB AT ) RTE. KBEANKE S N E, K
B KMEEF ORI —FAT. RABOT S VB, EIVEEEE T w5,
Cho0AF VEEBRBYE, BIORIEERLGA TV, IARFYVELKBE
Dhead-to-tall K HEH AL LD TRRI VA A-—vavEL), EFRALEEOD
BOEIL L ADI Ld DB EAD, 14 VEREB, ZALLEBIF Y OH
BILIVRBRT 2, Fcld. DAVK VBB A/ A708RMENKIE L2 ERBH
HTOAFYEHREOWTRH L, L, 20K 1Y LIAWEREER T C
EEH e »izL f.(,L;K/Na:lO,/g/;,K/Nazll.S)”oajj,\z/@ﬂ)[/;j{dey)bgﬁ
BRUBABUTE I3, R AT VHEREFSIBVWEORLED AR TR
1, 2RUBO7 LAY LBERD H-NMRE 7 DO KL A THEL., HEHEL
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layer Menbrane layer 13 2526
é::> '
o HOOC . [ 1] |7 22 28 29
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: O O OH
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> step 2 COOH 1
”"E “00C ' ~
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4o 6 7 Qe HooC |
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o 53]
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Fig.l ‘lon transport mechanism
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Fig.2 lHN\/R spectra in CDCI
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Table | Vicins! coupling constants{Hz)
and fraction of conformers(%) for the
oxyethylene groups of 1 K*

proton JAB),MAB') JiAB'"),1B')  G(%) T(%)

10H-{ IH 2.5 6.3 97 3
16H-17H 2.2 6.3 99 i
22H-23H 2.3 5.5 99 )}
28H-29H 2.9 5.3 93 7
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Fig.5 Results of NOE difference experiments
H-5 and H-22 are saturated in (a) and (b},

respectively

Table 2 Proton relaxation time(Tl) for
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Fig.6 A preferred conformer of 1-K*
estimated from this study ~
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Table 3 Vicinal coupling constants{Hz) and fraction
of conformers({%) for the oxyethylene groups of 2 and
its metal salts
compound proton  JiB),JIAB') J(4B'),JA'B) G(%) T(%)- Table 4 1Ion transported %
- through a dichloro ethane
: 6H-7H 3.1 6.1 92 8 liquid membrane by 2
S 1 I S :
. 6H-7H 3.1 6.1 92 8 Li Na K Total
2-Li 12H-13H - - - -
18H-19H 3.3 5.4 90 10 0 11 - 11
6H-7H 2.8 6.2 94 [
2-Na*  12H-13H 2.7 6.1 95 5 - 13 60 73
18H-19H 3.3 5.5 90 10
6H-7H 2.5 6.3 97 3
2-K* 12H-13H 2.0 6.6 100 0
~ 18H- 19H 2.9 5.6 93 7
3-Free,2-N ,,Q,Ké:ib:f—*:z.ﬁﬂﬁiﬂféﬂ'@}é’)\ t(t:gb‘iﬁiﬁiﬁ?ﬂﬁ%%?
TR A VOB ARIRIT Y 2 EL AT VEBROERERBRS KT D (F4)
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(a) (b)
12 13 7 18 619 Free 12,13 7 18 6 19 Free
B B I N S
N N \\- ‘ \1“2 13. h \‘:\\
1\2 13 T 18 .7 187197 6 Na
I A G N S B A
2/13 718 19 g K 12713 184 % 19 "%,
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ppm 4.0 3.5 ppm 4.0 3.5
Fig.7 TH.NWR chemical shift of (a);2 and its salts (b);3 and its salts
1)H.Kuboniwa,S.Nagami,K;Yamaguchi,A.Hirao,S.Nakahama and'N.Yamazaki,
J.Chem.Soc.,Chem Commun.,1468(1985)
2)H.Kuboniwa,K.Yamaguchi,A.Hirao,S.Nakahama and N.Yamazaki,Chem.Lett., 1937

(1982)

3)W.J.Colucci,S.J{Jungk,R.D.Gandour,Magn.Reson.Chem.,g§,335(1985)
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Structural Analysis of a Novel Immunosuppresant, FRY00506 by '3C-NMR

Kenji Shimatani, Akihiro Sato, Mamoru Fujioka, Kazuki Hane and Yukiyoshi

Morimoto

(Analytical Research Laboratories, Fujisawa Pharmaceutical Co.,Ltd.)
FR3Q0506 (l) is a novel immunosuppresant isolated from Streptomyces
tsukubaensis No.9993. The Structure of l.has been determined by X-ray crys-

tallography. "’

Herein, our '3C-NMR data has proved that l'existed as an
equilibrium mixture of two conformatinoal isomers in solution and the iso-
" merism of L in solution was associated with a restricted rotation of the
amide bond wiihin the macrolide ring. Furthermore, the free energy of acti-
vation (AGY) for the restricted rotation between the two form was deter-
mined to be about 20 kcal/mol.

1, % &

FRO00506 (’1v) W, W% E (Streptomyces tsukubaensis No.9993 #) O4ET 5 <
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» i,



PEOKRLY, |OBBPCRAD L 2BOREKY, FHEERCHE 2 &1 HH
L. ‘

3oz THBLORY
l@?ﬁ%&%&ﬁ?étw,l@ﬁmmé%&ﬁaomrwc—NMRXNab
LCDCLs) ZWELL., TORR, VWIASL I CRRBHARERYD, LEINOHE

PILtEBEOMBELRED O, FHIB

Table 1 Chemical shift difference between two

A, ¥xal) VEFFEFOBEIHEL isomers of FR900506 in CDCl,
- - G =t & (ppm) as” : &_(ppm) as"
1 {) D& ﬁt 'ﬁ'_’ Ik o BEIT, BTN major | minor | {ppm) major | minor | (ppm)
_ . 35T 9.8 1 =0.37 P T TP €
teHeElL T, | LABOETEET 14.04 | 14.22 | -0017 34,61 | 33.69 | 0.92
- wnlenl s 3501 000 | o.a
HIN-FTEFreay r#LF(Q) CH3 ] 20041 | 19052 | o0.89 52181 | s2.75 [ 0l0s
N a s6.29 | 36,06 | 023 secel | 52075 | 2.36
\ - _ . . 0 9.97 | 68.99 .
B ﬁer*ff L7, 20) C-NMR=A s6:98 | 57.50 | -0.52 72.82 | 72.33 | 0.9
. . T.13 | 20.85 | 0.28 ) cx | 73.5¢ | 1354 | o
A7 F(CDClsd) ik, 25C BT, 24053 [ 24053 { o 73.68 | 73.68 | 0
27.67 | 26,26 | 1.41 75.24 | 76.62 | -1.38
. - . . ; . 30064 | 30064 | 0 77.34 | 77034 | -0.57
majorR UFaminordx 2K L 2 E@ES 31030 | 31030 | o 8419 | 84i19 | o
P AnEEL o e | ER|EE) B | am )
DARI PLEEAZ, BEZIL (25T 2] 33003 393 | 0 135.56 [135.39 02%7
. . - 35021 56 | -0.35 97,09 | 98.62 | ~1.53
— 100°C—25%C) 2i7T-7&3%, 1 33.27 | 43.94 | -4.67 132037 |131.79 | 0.58
it isie3 | 48737 | T0i3s | ¢ |Teeco |183:as | 1iis
= o < — . 48.63 . . . : -1
CHER Y7 FIVEILERL L. H, 116.61 {116.61 0 168.99 [168.76 | 0.23
196.17 |192095 | 3.22
PIFBEERERLBEWESTY VEEIL, 212.53 |212.38 | 0.15
ﬁ—”/ﬁ'i‘)b'ﬁ%"), ﬁﬁﬁsb:m%b ':M’smajor'sminoz

e O FNWNEZDEI I,
—, TIVFHEBAEDLDALILEWONMRANY  §44.30 A 851.77
b, PIFOEEREICLY, 2@y sy L7930 7 3] (8825.18)

7.

s N 2
BRHINILNBEL,Y g, RTFFHELENT N COOCH
b, BRPCTIFOHGEMECHRLLY R~} 5 . Couu,
VARBUASBEBISNE I ENMONTN B (2)

B, DEPTMBILZHMBBITCLY, 1L0'*C Fig. 4 Assignment of N-acethyl-
—NMRAZA~ZJ P (CDClsth) ORENITHLR,? methylpipecolate
NILETE, Fig 1(@QOBREFVYI7F VD major kU
minor IR OLEL 7 FE (AF) 3K (Table

§55.61
1) . 2ORR, {tFY7 PENEREKCKEL (AS (88=3.86) 543 HK
>3) RFW, Fig. 5wl em<, 1OC—-2, 6K ¢39.27 PalleS

COORETHB Entlon, Co2RU6ORE (Lo
9

BREMCIIBEEERORESIRBRT B2 LURD (196 17 ﬁ;” OH
TFANAWLOBBEE—HLTNS, £/, C~-9  (48=3.22) 10
DERWE, C—8&a, BVH Y THBLdD, L%

VI MENERUKETEERLLEBES NS, Me®  OMe
DEORIERL D, | OBBTWS T 3 THHH 0

W, ER2YVBOTIFHAEATHY, 2oME Fig. 5 Assignment of FR900506
BELIZ VA~ ISy 2RBBILIEEHELTWSE &
A3,



~&w,200&%H&ﬁ£@&f%ﬁ%@ﬁﬁwﬁmlxw*—(Aw)m,&
(1) o Ebt 3%

AG*=RTc¢c {(Iln(R/Nh) +1n (Tc/kec)) (13}
2T, R:5RGBEH, Tc:HEBE N:7EFNFul, hL:735VIEH,
c HABETOEETERERT. BROBETCOREES (kc) W& (2) &

VEL OB,

kc=alAé6 !/ /2 (2)

2T, AWMty FEERT,
Lo T, R (1) R (2) Wk THBLEBHRHI ALY — (AGY) WHAR
T EA(Tc) EEEYZ7FE(AS) horRN (3] Wk THONDS,
AGY=RTc¢ (10 (/2 RAaNWN) +1n (Tc/ 1 A81))
22,96+ 1n (Tc /1 AS ) (3)
loRBER L), BABEELZNEL, L& (3) Nwkd, LOBEBRS Y
Z2BRHEEKBOEHILEHI ANV —2HELALEZS, ¥ 20kcal/mol TH Y,
LEALHMABEERTBEN-7EF LR Y YBAF N (2) T, ¥18 Keal/mol
THBot. Tk, T3 FRAZHTIERY Y VLA OoERLEB I X VF -,
—MEHILZ13 Keal/mol ~17 Kcal/mol TH B T OI &Moo, Ll&, &L,
PIFEAOBIEBEANTCEBREIATNE LD, Tho07IFLaP&L o ERLE
HIAAVF—DBEVBEERLALEELAONS,

Il

4, &8 .
FEEEMHEYE, FRIVS6E, BRI LEFPVWC2EBOFHESHE L TEEL,
FOFEHE, v2usA FEBRTCO7IFRAOBEREEBCHETS A -5 v
ARBLTHEIEHHEBLA, $/4, PO0RBANOBERILBHIZILVF -, B
20 Kcal/mol TH 9, TIFHEAEKBARHNCERINTHLEILY, EERBAEWE
FRLIEZDOEEZONS, :

5, #H &
BCHEHENMRECP/MD AR FPVOREBEREBBAITE BRI VS —2E (8)
OBBHEKKRERHEKLET,

oOxX #®
1) T.Taga, et al., Acta Cryst., C43 751 (1987)
2) T.Kino, et al., J.Antibiotics, (accepted)
3) H.Tanaka, et al., J.Am.Chem.Soc., 109 5031 (198T)
4) J.A.Hirsch, et al., J.0rg.Chem., 40 3547 (1975)
5) J.C.Howard, et al., Macromolecules,, B 535 (1973)
6) TAWKA, 'HBPLXUT'*CNMR#EH, 2R A, P199 (1986)
7) C.Piccinni-Leupardi, et al,, Can. J. Chem., 55 2649 (1977)
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19F NMR Relaxation and MO Studies of Interaction between Fluorocarbon and

oxygen
Kyonosuke Yamamoto, Kazunaka Endo, Ryoichi Kado* and Keizo Suzukia

(R&D Laboratory for Photo materials, Mitsubishi Paper Mills, *Faculty of
science, Kyoto Sangyoc University and 2Faculty of Science and Engineering,
Ritsumeikan University)

19F Relaxation of C6F6 and C6H4(CF3)2 involving paramagnetic oxygen can be
explained by dipolar electronic spin-nuclear spin interactions modulated

by translational diffusion. The fluorocarbon-oxygen interaction system inter-
preted in terms of the diffusiéon model may correspond to a weak charge trans-
fer interaction between solvent molecule and oxygen, since a downfield 19?
contact shift induced by paramagnetic oxygen will .be observed for fluorocarbons.
6F6 will be well reproduced by the UHF
ngO MO calculation. The positive spin density on oxygen is transfered onto

The spin density on the fluorine of C

F nucleus of C6F6 by the spin delocalization .mechanism through the CT inter-

action.

/9 7EFEDALBRD > ANET Z»\/)(;K Beon)XE 74 a - K2ERH
LA AL SR B EPAS R Bt #FOEFERITM TN Be 2T 74T o ~-Fo0
Kizpe R ¢ 3018, R BRERIER LU R 3~ 81E e Y, FREE BH T332/ 25245053,

2% 511 wiFay-aromere Gl A GHLR) Ei%vf@f‘%&v" o
BRI T, TFumrnT ¥R XHEHE DHEEF UHF CNDOE
Buw2 GR-G OMOT r‘ﬁg W 2oXEERNOFY s hzsn 1/*75 a:&iﬁc}z'
R FamriEe by JJJ VYL GE 02D WIFIBIEHE T RIB#S5
F a3 gpeciffic Gemderp SAEERL . /@mwwgg panflieoronicalsy 0?;&07/‘
HYR v5 M/ac%!wéi‘f@? BBLIBAN VBT RE S Selomen Bloorfegen s3xS
30203, LR L FEIERMO /i)» 28,0 Cfy b, Yo 3ORIFATETH L PRA
FE&iF ww? ,ECGF Q% (CK V)Cm?ﬁsﬁkwdmm)ifﬁﬁb?né 2SR nmr
0 VRN 75 FABIE o §r 69 £ 7L kR L. MOFH 5 HEIE RO T ERL3,
RER 55,
NMRE TFE 0 EER R 10 ~33M M ERIRUR, Ggsad T o, NI
R D=0 57 2 760). 7°2 7 o7 BIEOL0E FHL MIFd 25 %C 2IT-A,
7, I8 T~G0 w3 T RIB VR, TR RSO g nnr T T Zor 9297h37h 5.
MIZ T, X QR A GHECRELT FEREL Lot l i, Fnny R IEE
PRFAFERE R SERZ R OB N AXE BEFR 3~ pFY >0,
Gl 0.2 CNDO S 3 MO EHE & MELCOM W0 2475, A,



KEE B TR
D Ermrra?
Sty AR
B VEVIE 8 A
7= SRR 0 TR
ST
DY THEA N KA
R LY
) 2> 7% 7R ALY
YEERTZ BB
zrpysal3,

toX%hERe 4N T R > G FRE 20 B0 G rad/s ,
28K 3 Z/F I 5T BAETIRAFIK 7115 CoFe ]
NP HE 2R dAEAe T v S E B .
LREE RoFhn QW?’.‘) ]

(1/NT o = (1/N)1/Tindaip = Bl3ja(0) + Tjs(w,)]

for case a, and

Table I Frequency Dependences of Fluorine T1 of
Fluorocarbons Containing Nitrogen and Oxygen at 25°C.
frea. MHz
'l‘1 [s] 10 18 20 30 40 58
CGFG Solvent

: TI(NZ) 12 12 12

Tl(Oz) 0.300 0,330 0.345 0.385 0.410 0.430

. C.H,(CF,), Solvent
T (Ny) 4.0 6747743,2 4.0
TI(OO) 0.330 0,350 0.380 0.435 0.460 0.480

The probable error of T, is #3%.

1

N wh o

/T

:‘\-
1)

] ] I I W | 1

(No/NTDtheo = (No/NY(1/Tinglaip = '
BI3J40) + Ja(w)] (2) 10 wzo 40 60 100
for case b, where B and B’ are constants including vy, ¥, F MHz
etc, and where
Jalwy) = (15/2)1(u) B vadss et e .
Iu) = udu? - 2 + exp(-u)j(u® - 2) sin u + (U2 + 4u + ; CgH,(CF3), ]
2) cos u}] (4) 6 ]
U = fugrgl!/? ® AL ]
Jd(w') = ‘rc/(l + w.z-rc2) (6) :'- 2 N
20 X)) ERYGEEIE L, ERE AT al i
§<T3§§[-7‘t1;)f‘§b1%f"Tlgg‘aqéﬁ I zjgz 2&2:,? IEEET L4 !

%% %2 ¥hE 0 EREKIRGVEE 3 And
2550 TR XERIEA B7 30  sRR 253,

10 20 40 60 100
Q)F MHz

%(jnt;r_ G R v~ G HllR L9 ‘77 2RLA, 5E B VI,RINRSL,? S22
T2y KIRFT5EnR BRI RGITIL PR ) 1L 3PFRE ~BK LB (arL

Theoretical values
-~ T,~case b

= Ty—case a

1/(NT) & Nol(NT,)

B= TN TES e 2e8d?) ©®2.)
FRXTORER Gz Ol Ty (ERPF T B7HTH)
= 2.0%/07 49 & O FABLVE B i)~ 224

10 1 R Gl BORk Tax2. 8507y 5%
SN oA 3.H4 218 A, 14sMRd\E FRYOnThndnwanls 7

o OREILoS, x KIASOHEIREN2.6 41 WERT Br 1hF v
o2z a'AnY. BP0 BEL TR LR3I Fond, |



@) MO3E g1~ Frnomr = 43 F564 3805

G Qo MEIER R R R v, B<(S=0) 2L CNDO3L B BuT. 24362
RBEIERE (A, B8,0) R7u?, %é}%‘iﬁe%&zikz*r’fimo
¢ BFIBIF A nw 03 AAER AL —
FEEIFR TR 0B S
A = foo ~ F 2 EANORK,
BRIEISE 0 RS MESFRAKTTS X% Fb%mo:o
AR LIR - TEDAATHAR 2 e ANNRELY
Ak, NWRIENBWpsRnza>n, 2 30F 7
AT ERsBkieer SReye 5 T ‘
fAF0AES 1w BIEIR B, cr 5 T ﬂ
WUNT BRI Lo e 0 AIEREE § 9 E ' -
FREER 1052t ATRLOFRE 5 | \
RCF Q2 R%W’i"fk/ﬁ% z 00 N
A HFELE 0 L2037 1% Tl
R+ /3@@2@?@%&@ LT
RBACTI N ONB, 0ZFoF2 10 1.5 20
PRIy, bode Al R B oL AR 27w Distance R (A)
rH Ao Do
T AE
F F-<: ji—ﬁ:'j’n C
F@F‘??ozo (B) R '~
F o>
~ FoX S
é 201 - g 2'0_ |
g oL i 5 1of -
it i ]
g ol ) g 10 \/ ,
-20 I -.2'0—'111]11111—
~||||I||nnlq 1.0 1.5° 20
10 15 20 Distance R(A)
‘ Distance R(A)
- WEIEWH rE0ZESBE?FC
BREIFRE 2\ G35 OPpBe WESFR LA FIRZ2E P0B6. %1552

2B AL OFF 4. B0 GRMEIBL8, ALY R 20 G AR
KA (26, BIEAR 2 B3 BR

ﬁ&b?\l?}

b ARUAE(R=1254a }8@%‘)



electron change of

density electron density
isolated interaction
S=0 g=1

10 6.000 -0.089 +0.048

20 6.000 +0,320 +0.102

3C 3.843 -0.020 -0.023

4C  3.843 -0.020 -0.023

9F 7.157 -0.065 -0.041

10F 7.157 ~-0.065 =-0.041

o GF 0 FotkpBaBgl 12978 37z
UHF eNDOERIZ R’ 2B E e oFR[F

Spin Density S=/

isolated

y e . 3 _
2BH o G o otttz opa 24 74 . interaction
LZwdt Aebpwach PV Fnb N 257 lox 0.000 0,197

) 2250 M oh e L2 ~a /3 pPm BfE . 10Y 0-300 +0.573
MIVDI 2, D Oy 93 24?7 Fiin ToRe'> 20s 0.000 ~0.000

20x 0.000 +0.019

B X B EUICIF, AT §=020 G OT8 20y 0.500  +0.059
BIEH @0 KBIE 20 UHF CVDOk0 5T S 588m, o2 O°%°  19:018
AAcd R0 BERE LK vl RS 701065
20 FEIERERLA (AEURMBIEAERASE oz 0001
1. 20V THR,)  REIGRIOBER  lom 101038
Py 32 2 GE B AR BRRY FORCERY Lors 107002

‘ -~ 2,
2> delye R%K‘J‘o?/’ o;szamfwz&g‘z’/g 9Fy-10y +0.194
%3}?}&3WW3Q&UWB. FRE w;&zr\* 10Fx~10x +0.092
eferences 7 ®
1. Symposium on Artificial Blood, Fred. Proc. Fed. Am. Soc. Exp. Biol.
34,1428(1975).
2. a) J-J.Dbelpuech, M. A. Hamza, G. Serratrice and M-J. Stébé, J. Chem.
: Phys.70,2680(197%). b) P. Parhami and B.M. Fung, J. Phys. Chem.
87,1928(1983).
3. a) H. G. Mack and H. Oberhammer, J. Chem. Phys. .87,2158(1987).
b) P. Ruelle and C. Sandorfy, Theor. Chim. Acta 61,11(1982).
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4. a) H. Pfeifer, Ann. Phys. 8,1(1961).
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5. I. Solomon and N. Bloembergen, J. Chem. Phys. 25,261(1956);
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15N NMR Spectra of Cyclonucleosides

Jun uzawa and Kentaro Anzai »

(The Institute of Physical and Chemical Research)

15N NMR spectra of cyclonucleosides related to adenosine were taken to inves-
tigate how the structural modifications were reflected to 15N chemical shifts
and long-range N-H coupling constants. The position of acylation to an ami-
dine nucleoside was found to be imino rather than amino group.

Selective NOZ between 'H and '°N was observed. An evidence for inhibition

of free rotation of the C6—N6 bond was presented.

1 F

BABHEROARRBRREBLT, 7F 7V VHBELAY O 'N-NMRAX Y } A &
MELODVITHSEUR .CAREPRT B3 E ) N-NMRAN T } L OWE I INEPT
PEXLCUVURERFEREZ2EL, BROATHIEHEHNUTREOERBI2H S & HE, %
VIIPEAEVEAEEERARREB L. (D7F /2 V0ONREHELAEXALLES
SNs0, SN—or, >N-&r, SN-ROBMCEREY T b T 5.
THhOBAELAE VRAEROERBR7F )V v oBEaRKARTHMNEI RS,
N—OCEQOILEHOILEYIIRZ7FIVIEEDLDSITHEHEONENDLDM»I R L
B, A VHEEEBOENESITHzZD 640 2N KX EH B3O T hBBEILD
BBERDSRHOOMBERS . CNGAOBREOMALH T 3N, N3A O F % 1B
hEBRBEONAAY PRSI XS5TH 5.
SHRYIJIOAZLFI VIO N-NRR2VTHET . YyIafARBR IR &
ST, SPRRRBEAURLNED2RYFAE VHEAGEBORHER —REHM S DT

VEE(HZU TR VA ZRESH2IER S . ERO'HEDAEIHEAL &
DTNV T AP BHEUTIERR,INPTE TR A VHEAERE2RABRIBLLR
BOT, A=Y F 9P ARFAVTYY T PR UL.COB,BROL IBEHLU
ROTNESBBRBECHAW I 2. L8P 10>V TURRRBELTEREER D
SH D N-NMRAN T P LORBRFIZEIVITEIH .

<

v}

W E

FEBEREIFX-I0EHKEBEIEZ(NmE T —7), Z&EHEBE2=w b, O—
Ng—2zw b2 FYy TEAUVE. KB 54ng7 v U 280mg%k DMSO-d6R ImI @M U
THEUEL. LFY T PR NG NG;OEKBERE2ABEREL U NOY T F L%
OPPHE LR . NAURARFEBBEDHAGRINETT, BHAN T —(rHy/2n)d 28K
EHMT 5L S QIUTOHzE L, ChRBEO WEFH T YV /T 38 A8 #
W22y P DBIGHz2T ' HEBBA B R MA 2. BROINEPTT W 210z L . A —
VE Y ARFAY T Y YT CN-LSPDR X CX-400RSmmB HF 2o —F T LT —F
ARy CTEALUR. , )



3 BREZE

THEOY 70X 2 VAV FESREORY I OBKREDVLVTHEUVHERIL 2.
CHODO'HNBEIU ' C-NMMRF— Y RODLVTHREHOXE2ZRHBIhW 2V, HEER
PERRT.

N-15 Chemical shifts and spin coupling constants of cyclonucleoside
derivatives in DMS0-d8§.

compound N1 N3 NT NG N®
1 215.3(15.6) 202.6(14.6) 219.5(11.7) 150.3( 8.8) 62.5(90.3)
2 217.6(18.6) 204.1(15.6) 222.6(¢12.7) 151.7( 8.8)  63.3(90.3)
3 237.1(14.7) 217.5(14.7) 104.5( 6.8) 124.6(88.9)
a 239.2(15.6) 217.9(15.6) 101.3¢ 5.9)
, ( 5.9,0-1")
5 219.5. . 128.7 227.7 158.2 90.8(90.8)
6 211.5(16.6) 204.2(15.6) 135.2( 7.8) -
7 214.8(13.4) 128.9( 7.3) 142.5¢ 4.9)  88.2(80.8)
C7.3,N°H)  ( 7.3,K-5) ( 4.9,H-T)
8 76.2(89.8)  31.5(89.8) 230.7(¢(11.7) 174.3 76.8(91.8)
g9 30.3(84.0) 232.9¢11.7) 165.4 78.8(88.9)
10 37.4(88.9) 230.7(11.7) 166.1 84.2(89.8)
2

The minus sign for all of the ‘]N H values listed here is quite 1ikely based on the
literature values.

NH, R R‘NR’

1 N N l7’:\rN 4]
NNt M XN
<ij G N

o N J CH;CcH.SO,/ CH,so,/ N3 19
3 Hz CH} CH2
HO: o °

NH; NH, NH, NH,

R R’
R? R! CH; CH, CH3 CHj3 CH;
IR.R = |y 3R'=H T s 6 1 sR"_Rz=”
2R R = (CHC < R?, R' = p-CH.C.H.CO » X._ Zm p
4 R', R, R® = C,H,0C0 9 R, R = (Cly.C{
X=0
10 R, R = cioed
(1) 8,8’—0v otk X = p-CH,C.H,CO N

4®§§{H'JINEPTX/\'7}~}L72‘¥“llfﬁﬂ'. NS U CH-8&H-1"D > FhFh
1.9HzD A VHEABS 5. H-8OH-1"Lsp3 BERFVCTVWBIRETHY, v o
BO7F )y VEEECUN- D 20 A YHAUMMEARD >R OOTS 5.
NOD L% Y 7 P 10L.3PPMRI BT B3 75 J vV Y FXBRTHANS0PPHMERE Y MU T
VB BEHCBsp D Ssp BV EDTECHSS. NIENSOILEY T L OE
LRNAD7YLBRLBHETHASh, BHOBREMEMUEB TY 3



(2) N3,5'—0v 7ok Fig.1 Selective!S8{'H}INEPT Spectra of & H-1'IRR.
7 DN-LSPDRA N Z b LR E '
Mixrdy. kédwss8LU7RL
ThoONSUERERS, 75/ vV
VB EUIT-FPHETFIVY (Y
NNVY YY) @R NT, N3 T5PPH,
NIWZTPPM BREBY 7P ULUTW 3.
NHENIOB O Jyy @H7.302 3
v, 7F/V O848 M2 E
NRERKREV. Fh, N3 H-5
D— DD HET.3Hz,NOE H-T& D
Iy BA.9HZE  TRERRRER
AKExRELERT. -1’ N0 T
W8,V I DNRDOEARALERDY, .
ARERBEAEBHUIRE> O A Do . S TEFHETASOW ' HE "NORB I EIRB RN
EFRONBZIrTH 5. bbb, E-BERTLO>R, BROCF Y TY Y
TENT—TUBHUTLE HREL NV T FABPELLR>TV S . H-8% F
YTV YT T EENIRCERE R oD, BEUMISR>TEY, I-1'RF v
TYIY T U2 U-ZBEROEIEIBEBNETLR>TL 3.
15

Fig.2 N-LSPD Spectra of 7. H Irr. H-5'
' H-2
NH Trr. MMWwWMWWW

250 200 150 100 8y
Sample 280mg/CDC13,10.1MHz,1.83ecX15000.

—

H-1'
216 215 214 213
H-2
H-8
216 215 214 213
N1
H-7
N9 N3
216 215 214 213 g . 1
140 150 £
Sy
Sample 98mg/DMS0-d6,40,5MHz ,number of accum. 30000(H-1',H-8),
16000(others).



(3) C2OBMURLNS3 ,B’'—0Y Ik

LAWB~9 D "N-NMRANXV P LRBZHRUDT . N(TRIYYDF YN —
Uy XH)E8i~80HzD ' DM, 6HzE B ORAE VYEABIY, ZHhUHN-5’O—D % F
BTV T T EEHEBRABE.80HFHFT6.2PPHIZHISOHZD'J B D DY T A BB, &
RUNIKRETES. 10UATPLALEBNERLTLIODEFX SR TS
. TOBBUE H-NRTNAS UE Y T F AN TPPHBER TH -2 P2 T5 5. S0
D'N-NMRIZ & » T, NEREU R8L.2PPHO VY 7 T LI BRI ERAULK=ZEGILY
5 (INEPTT W28 D J )982.3H2' ] B o> TWL3. LEW>T, SHBO&SWETIE
T3.88, Y70X LAY FTRUVEUVINONGLGEDO RY 7S U B8 h THE M
Thi. CARBERLYZE—FRRIMEANS 5.

Fig.3 'ON-INEPT Spectra of 8,9,10.

setective irr.

6
N N3
: e
1 i { ! | 1 1 ! | L | 1 ! L 1 1
100 80 60 490 N
X N

1)4.Uzawa and K.Anzai, % 250 NMRE 38 £ (1986).Can. J.Chem.,85,(1987),in press,
2)V.Stadeli,P.Bigler and W.von Philipsborn,Org.Magn.Reson.,16,170(1981).
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Strategy for the assignments of 'H and '*C-NMR spectra of cellulose acetate
Tohru Katoh*, Mitsuhiko Ikura, Kunio Hikichi

(Faculty of Science, Hokkaido University and *Wakayama Research Laboratories,
Kao Corporation) V

The NMR spectra of cellulose acetate (CA) were assigned and distribution of
substituent was determined. The strategqgy is as follows. (1)The 'H and C NMR '
spectra of peracetylated cello-oligosaccharides were assigned completely with
various two-dimensional (2D) NMR methods and the chemical shifts of tri-
bacetylglucose residue were determined. (2)The ring 'H signals of diacetyl‘and
mono-acetylglucose residues of CA were assigned by various 2D NMR. (3)Fr6m
the comparison of the obserbed spectrum with the simulated one the

distribution of substituent was determined.
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Table 1. The contents of glucose residues of cellulose

acetate (DS 2.48)

No, Res!dues . Contents (%)
1 2-Ac, 3-Ac, 6-AcC 30

2 2-Ac, 3-Ac, B-Ac 13 56
3 2-Ac, 3-Ac, b6-AC 10

4 2-Ac, 3-Ac, B-AC 3

5 - 2-Ac, 3-Ac, 6-CH 9 13
6 2-Ac, 3-Ac, B-OH ]

7 2-Ac, 3-0H, 6-Ac 17 17
8 2-0H, 3-Ac, 6-AC 9 9
9 2-0H, 3-0H, §-AcC 5 5

Totol 100
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Efficiency of Heteronuclear Decouprling and Homonuclear J Cross Polarization

Toshimichi Fujiwara and Kuniaki Nagayama
Biometrology Lab. JEOL Ltd.

Decoupling sequences have been evaluated, as shown in Waugh's theory? with J-
scaling factors which characterize the decoupling on a long time scale. The
effective bandwidths of low power decoupling, however, have to be determined
by cycling sidebands as well as by J-scaling factors when the sampling is not
synchronized with the decoupling cycles. wWe introduced, therefore,
scaling factor which characterizes the decoupling on a short time scale.
Using these two scaling factors, we analyzed typical decoupling sequences.
It is also shown that these scaling factors are useful to evaluate the
efficiency of homonuclear J cross polarization.
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The Suppression of Artefacts in Two-dimesional NMR~spectroscbpy

Muneki Ohuchi. Shizue Kohno, Mamoru Imanari, Kazuo Furihata® and

Haruo Seto?® ;

(JEOL and Institute of Applied Microbiology, University of Tokyo).

One cause of artefacts in two-dimensional NMR spectroscopy is, "if the
retaxation delay between scans is not longer than the longitudinalrelaxa-
tion time,Ty, undesirable signals appear.” The components of undersirable
signals were calculated by using ﬁroduct operators, and very elaborate

.phase-cycling procedures have been developed to suppress these artefacts.
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New Difference Spectral Method using Time Sharing Irradiation Field
Kazuo Furihata, Haruo Seto and Muneki Ohuchi¥
(Instituhé of Applied Microbiology, -University of .Tokyo and *JEOL Co.)’

New one dimensional NMR techniques, TSD-COSY and- TSD-Relayed COSY, which are based on
difference spectral meﬁhod utilizing time sharing gated‘deeoupiing (TSD) és highly selective
irradiation field, are" proposéd. These methods enable to observe coherence transfers of
protons in the crowded regions and are superior to selectivercohekehee transfer method with
regards to their easier operation and excellent selectivity. Since TSD-COSY and_TSD-Relayéd
COSY facilitate to reveal the proton spin systems connected by small coupling constanis. their
application to structural analysis of complicated natural products is promising. As an
additional. application of difference spectal method and TSD technique, a new selective HOHAHA-
COSY (2D) will be présented. '
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NEW TWO-DIMENSIONAL NMR TECHNIQUES

Ad Bax, Laura Lerner, Vladimir Sklenar, Rolf Tschudin, and Daniel
williamson

Laboratory of Chemical Physics, NIDDK, National Institutes of Health
Bethesda, Maryland 20892, USA

Heteronuclear correlation techniques are most_sensitive when the nucleus
with the highest magnetogyric ratio (usually "H) is observed during the
detection period of a 2D experiment. This approach can have great
advantageisovefacong%ntional correlation schemes where the low-gamma
nucleus (T°N, C, P, etc.) is detected directly. When applied to
low-abundance nuclei, one potential problem is the suppression of signals
from protons not coupled to the low-gamma nucleus. Suppression of these
unwanted signals can be accomplished by selection of the most suitable
-pulse sequence but also requires high spectrometer stability. For most
problems, heteronuclear multiple quantum NMR provides the best means for
generating the he%ironuclear correlation spectra. However, as will be
demonstrated for “*P, in some cases alternative methods can be superior.

The 2D NOE (NOESY) method provides direct information on interproton
distances but fails for molecules of intermediate size for which the NOE
is near zero. A new method, named ROESY, will be demonstrated that
measures the NOE under spin-locked conditions and yields positive NOE
values independent of the motional correlation time. Advantages and
disadvantages of this method will be discussed.

A new method for generating coherent magnetization transfer between
J-coupled spins will be demonstrated. This method is based on the
principles of homonuclear Hartmann-Hahn (HOHAHA) cross polarization and
can have substantial resolution and sensitivity advantages over
conventional COSY and homonuclear RELAY experiments.

Several new methods will be presented that permit the recording of pure
absorption 2D NMR spectra in H20 solution without the need for
presaturation. All proposed techniques are of the so called "two-stage"
type. In the first stage, a modest level of suppression (30-50) is
obtained, sufficient to overcome dynamic range problems in the receiver
section of the spectrometer. In the second stage, further suppression is
obtained by appropriate phase cycling. Application of the new schemes to
NOESY, HOHAHA and ROESY experiments will be demonstrated.

A new technique for the measurement of previously unresolvable scalar
couplings in macromolecules will be described. By suppressing all
interactions but the coupling of interest in a 2D experiment, it becomes
possible to measure the size of scalar couplings that previously were
inaccessible, yielding valuable additional str%ct%ral infor??tion. The
method is demonstrated for the measurement of “H-"H and “H--"P

couplings in the dodecamer d(CGCGAATTCGCG):.
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Application of Maximum Entropy Method (MEM) to NMR

Yoshio TAKAI,* Masami SAWADA, Hitoshi YAMADA, Fusako FUKUDA,.
Takanori TANAKA, and Terukiyo HANAFUSA
The Institute of Scientific and Industrial Research, Osaka University,
8-1 Mihogaoka, Ibaraki, Osaka 567, Japan

Determination of chemical shifts of '’O-nmr signals is difficult because of
extremeiy low natural abundance (0,037%) and short relaxation time (<1x10"1
sec) of 170 nuclei. These properties provide low reproducibility of 170-nmr
chemical shifts and coupling constants. 1In order to get these parameters more
reproducibly, Maximum Entropy Method is applied to FID data of 170 nmr. The
results by MEM are compared with those by FFT method and discussed for 4-
substituted pyridine N-oxides and triphenylphosphine oxide.
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NMR Spectra of Acqueous Solution in a Microcell with Symmetric Geometry
Seizo Takahashi and Kuniaki Nagayama*

(Dept. Chemistry, Japan Women's Univ, & Biometrology Lab., JEOL Ltd.*)
This report describes a novel microcell with symmetric geometry along
the By axis, Magnetically, the cell makes a unified long block at the
sample part by putting the same solvent into the inserts, leading to
easy adjustment of the field hemogeneity. Discussions were made on

bgetting NMR spectra of H,0 solutions using this microcell,
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PMR Ideal Referencing Technique to Avoild Probable Pitfalls in the Ordinal
External or Internal Method

Kozo Momoki and Yoshiyuki Fukazawa¥* ,

(Prof.Emeritus,Yokohama National University and *Industrial Research

Institue of Kanagawa Prefecture)

The ordinal external or internal referencing technique has been established
rather intuitively, as the diamagnetic term in the former or solvent effect
in the latter has not always been well understood to be probable pitfalls
which are avoided in a new bulbed capillary external referencing method. The
method can give a multi-points referencing technique in providing almost
automatiéally the diamagnetic correction to yleld normalized ideal chemical
shifts of highly quantitative nature. The new method can also avold and
check inevitable solvent effects in the ordinal internal method. Thus,
chemical shifts and solvent effects will have to be re-studied quantitatively.
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Contribution of the Scalar Relaxation to the 3ge Relaxation in Halogermanes

Toshie Harazono, Katsumi Tanaka and Yoshito Takeuchi

(Department of Chemistry, The College of Arts and Sciences,
The University of Tokyo)
As a part of our extensive study on -the relaxation of 73ge nuclei, the two
halogermanes GeBr, and Gel, were dissolved in toluene—ds, and their T and T,-
were measured by inversion-recovery and by Carr-Purcell-Meiboom-Gill methods
at 25-105°C, respectively. The latter was also measured from the line width.
Plots of'ln(1/T1) and ln(1/T2) with 1/T(K) indicate that for T, the contribu-
" tion of gquadrupolar mechanism is predominant while for T, a contribution of
scalar mechanism is evident as is the case with GeCl,. Based on the relation
J/y = 22125 yhere Y gyromagnetic ratio, A a constant and Zz is the atomic num-
ber, J(Ge-Br) and J(Ge-I) were firstly estimated to be ca. S50Hz.
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3464 s TH-7%2, TIBREEHEE (IRFT) T T:38E (LA vai-2) L
Carr-Purcell-Meiboon-GillgE (CPMGH®¥) THEL L,

(#&: 28

£112GeBri«bGeli®»’'3GedDT:1 (I R), T2(CPMG), RUT:
(Avic2) FmLA, WFROBAL, CPMGETHBLART L RE, LB 5
RT3 B@RLEERLE, —H 45CTCT, Gel dT 1T 033 FALE
THoteH., GeBraldh 25CTT :HT k0L %>T0 &,



Table 1 The values of Ty(IR), T2(CPMG), and Ta( A V1/2) for 73Ge

in ,Tetrahglogermane§ in Tp}uene—da

compound T (IR) T2(CPMG) T2(A ¥ 1/2)
- us : ms ws

GeBrgy(25C) ’ 88 80 - 81

Gely (45°C) 51 54 59

BEFE~XAY L2 boBOMNE —RCNBTFEOMBCTREC 2, NETH
M (1) T X 2,

: 1 1 3me 21+3 [ezoq]e{ SeJrc (1)
TA v = — T = = 1+ o
Th Te 10 12(21-1) h 3

CIT e’Qa/hiNBFREER SRENBRNAI A%~ . 3HRMBMET
b, T RBEHRAEI ALK —AEXHWTR (2) TREA B,

Tec = T exp{A BE/RT) (2)

TRNEETD . , ;
GeBri+kGelsdln (1/T1) E1n (1/Te) 21/TleLT7ra kL

-

W
2.0__——.——0———.——Jl——’.”’—’.’.A.t
In(1/F,), AE = 6.1

1 KJ/mol-K

1.0f ; S

n(l/T, - 1/T) &

1037
Fig. 1. Plots of ln(l/Tl), ln(l/TZ)
and 1n(l/T2 - l/Tl) vs. 1/T for 73Ge

in GeBr4.



1n(1/T,)
3.0 o O E
~ B 1n(l/T,), AE = 7.0 KJ/mol-K
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in(1/T, - 1/Ty)
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Fig. 2. Plots of ln(l/Tl), ln(l/T2)
and 1n(l/T2 - l/Tl) vs. 1/T for 73Ge

in GeI4.

b (BRI EEM2IRRLE, E¥bbHL, 1n (I/T:) BU/TEHRLTEOH S

P HEOEBRLAD, T RUNBFENRBOATHRALTI VIS ENbh S, Shi
N LT, 1 (1/Te2) DI/Tewtd 7oy PEBBLELIICOoOhRTHEHRL L IR,
NEFEN: BROBEEERERT RS S IR LERBRLT VWS, Z0OK
HI3GeCl «inBhegrtRABICAAT—BNTHE 2AHAF7—BHUBIRATEHRIEN 2,

=}

N

2 N T 2

(T‘SC)": _ A219(1'8+1)
3 1+{w 1-ws)2T 22 Ns 3)
1 T 2

(Th®e) = —— A2y (ls+1) {7 1+ < Ns (4)
3 ! 1+(w 1-ws)2zg2?

T2 TIlsid, NaFrRyIFoBAYE 7'5‘141:2‘31*3“%{5‘ wi.wstk 3G e,
NarZryorBEER NsBHARYYETFoR ARIz I TIEBGe—nn¥yy
RMoO2AVY  EESERTHE bL 1t(or—ws)2T22 > 1 L5, A (5) ¥R
Do,

(T2%¢)"1 = (Te) " '-(Te)-' = A2Is{ls+ 1)z 1Ns/3 (5)
ST riBnhoy¥raoTTRLHENSE, Tixl/zTHbdh»rbH, 1n(l/Te -

1 /Ty 1 /Tt d7ray btE 1l n(L/TONL1L/TEFEB7ay b AR



Table 2 J, t3/7 1,1 K|, and ¥ for Tetrahalogermanes

and Tetrahalostannanes %)

comwpound solvent J | J/r | | K |5) T,
Hz 10‘3gauss 1020¢p—3 s

73Ge35Cl, | chloroform—-d; 24 162 585 4.1%x10™5 (30¢)
73Ge81Br, | toluene-dg 49 329 433 5.6 x10"6  (90C)
73Gel271, | toluene-dg 50 336 596 5.3 %1076 (100%) -
119535¢C1, | neat 375 236 855 2.2x10"5% (25¢)
1195481Br, | neat 920 579 760 7.5x10"7 (21)
119511271, 1 neat 940 592 1049 1.5%x1077 (150C)

4) R. R, Sharp, J. Chem. Phys., 57, 5321 (1972); 60, 1149 (1973).

5) K = ,L_L_
h "Tn7x

NRNBEFFLL, FEFXROABRL 23, XEEZ I n(1/T2 - 1/T1)%1/T
R LT7ay bl bo2H1 EtR2IERLE, COERIE I n(1/TODHER
EHESRETH). BAEARIEMABZARAT-RLTIWE, T Tl h I —
BAFKEITHLTWEIIEODRIPLERTD B,

£7. MH«tM (CHs)e¢, (M=C, Si, Ge, Sn, Pb) OMAEK
JUM-H) i HFEIFZLI/r=AZ"'2%(A: 2% 7 BEHEHEHKL) om
RIEHB, MBre, MI D J LARODWHEILEH2LLT. J (Ge—-Br),
J(Ge-1)2eRHorZar +hPFh49Hz, 50HzER->7%R, T
COHMEEND AT VEAEROBEIIE Y, S5, GeBrikGel D
(Te°¢) '3, FNFH 4.04A127T 1% 1 1.7 Ai272¢21'27THXHh 3,
IHRHEINOBrE Iz ik RD, R2LERLAE, FEINDALOB AL LW
HEEraLTwWwah,

X ®

1) T. Harazono, K. Tanaka, Y. Takeuchi and ¥. Kakimoto, Chew. Lett., 1841
(1986).

2) T. Harazono, K. Tanaka and Y. Takeuchi, Inorg. Ches.. 26, 1894 (1987).
3) A. ¥. Laubengayer and P. L. Brandt, J. Am. Chem. Soc., 54, 621 (1932)
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Magnetic Field-Dependency of 23Na—NMR Chemical Shift in Ion Exchange

Membranes

Yukio Jitsugiri, Shigeaki Yonemori, Makoto NoshirB, Hiromichi Nishimura

(Research and Development Div., Asahi Glass Co. Ltd.,)

Sodium-23 NMR has been used to study Na+ cation in a perfluorocarboxylate ion
exchange membrane as a function of water content and temperature, A chemical
shift change and line width decrease are seen upon increasing the water
content. Magnetic field-dependency of the chemical shift is observed for a
same sample. The change in chemical shift is large( 80ppm) for perfluoro-

. carboxylate ionomer from 2,3T to 9,4T.
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EYTFY, VI RFY, BIUtOBREER
725 XA — kMo B LU'**W NMR

(KLt AHE)OXRE B #rxAR— ITEHRE - BHHHB
PE R

95 183

Mo. and W NMR of Molybdenum, Tungsten, and their Mixed Metal Cluster

Complexes.

Akira Nagasawa, Yoichi Sasaki, Bateer Wang, Shinji Ikari, and Tasuku Ito
(Faculty of Science, Tohoku University)

95Mo and 183W NMR chemical shifts of [WIn2C19]3—, (WIV3(O)4(NCS)9

v 2+ _
IMV 3(0)2(CH3co<23)_6(1{20)3] (M3 = Mos, Mo,W, MoW,, and Wy), and
M 2(0)4(edta)] M, = Mo,, MoW, and wz) show clear trends that the shielding

13-

14

at Mo and W atom increases with an increase in the oxidation state, and on
replacement of W with Mo in classes of mixed metal (IV) trinuclear and - (V)
dinuclear complexes.
(MEIRVIFUyRIV/ZRATFVEHGKALZHLAGEVWRERERT. T hid,
(DB~ ZBLELEP LD IS (DEBRLBECHBOLEIHRIIRI-—HEBEOLEN
¥F20<3, BZRALESE -SBRRABEGOERECESISRBRELREREERT, ZETH
5.1) *MoNMRUBERLDERLLAMBORTFRE ME BIUVHNWHEH
PARGLLDDEPLFBRTHY, L DF - B/LATWVDE.2) *WHEAHONM
Riz, WWHBH#Ht WIRKVER WRWI ol LlFr@kzyTHaLIATHWS
B W-—WHEBEBESERESDLABESDWITOHAERAR I - FHAR NHE
~VENERYTFUyRUSP VY ZRATVH#ENI L, KL SERERESTEH>IH
LEHOI I A —HthERREL ZRHBEAERZLIMERTRE BLB 28K
RGBS LtoMEL*HLIPELT I I LETEHET .

([XEM]I B Lr#tkoEid, B £1 WX
HoKFERE->TERL,3 D02
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K2, "WBIUSMoDALZE ¥ T b

PEX T X & (1°3W) . & (°SMo) wWE H-M E
S ~ppm®’ . ppm®’ , A )
I ¥,{(0.CCFj3), 6760 . = THF - (2.21) (XBe)
Mo, (0.CCFs) . - 4021 . THF 2,09 (xX®1)
I ¥, (0Bu'), , 4408 — CoHsCHs - AX B )
Mo, (0But)e -, 2645 CeHsCHs 2.22 (X B h)
© WaCle®~ 3539 — CDsCN 2.44 Y. ZFHX
IV W50, (NCS)e® - - 2063 - CHsCNe? 2.54 N, REK
Ws0, (0Ac)e?” 1005 - - — D20 2.74
Mo¥,0, (0Ac)s2® 897 1360 D20 2.72
Mo:¥0, (0Ac)s2” 848 1224 D20 --
Mos 0, (0Ac)e2” - 1061 D, 0 2. 17
V.  W.0,(edta)?" 798 —_ - D.0 . 2.55
MoW0, (edta)?- - 549 877 D20 2.55
Mo,0, (edta)?- — 6129 D, 0 (2.55)
a)1.0M Na,W0, (aq) #H #. b)1.0M NazMoO,(aq) ZEH# . :c)6.25% CDsCN& 0.58M

{(CoHs) NINCS ® & &, d) o (°Mo)=609ppnd & H D . e)Santure et al.,
Inorg.Chemn., 22, 1877(1983). f)Gheller et al.,J.Aw.Chem.Soc., 105,1527(1983)
g)Minelli et al.,Coord.Chem.Rev.,68,169(1985). h)Young et al., cited in
Ref 22. D) REBAEEOHEBLABOT — 5.

[(#%] (1) Mo, WHOLZY 2 EOoWTORROME '“Wolkzs 7
PRIWIVRYVBOXE DTN +300~-300ppn, O~OEDANHEZIAHBEPLN~VIE
DB KT -300~-3500ppT B Y, BULBRFELS L2 m@EB (HLeAn)
FHMEBTTAEANALRE. 2.4 SMoft®L7 hb2<ABROEMER L,
RETERAHMO SWE SMo D L2 7 k& fik & ('9W) /5 (*Mo) =
L7012 % %83 Tw3, 2)

(2)ZBBIUZ=ZB#4&KToNME Mo ,"WNMRYZ7 3+ EL, HUEILL
BORBHEKIN P LD EBSICANS. BL2ROBLRAEVEY, S 770
HEBSEHB2. 22867 28K0WESMon L EL 7 Y5 LoMER
& (W) /5 (%Mo) =0.95-1.3%, RHRHMLATWAI LN LE AL NEL S
ErRLTO 3.

ME B EEEGTAZ<BEOM - MBA S EOH: (t-Bud) o M-M B E & & 0
BEWE Gk T [WeClo] "k D26 EBBUHBEL 7 FANERE. —Bic. 38
BHETHRERLRILY 2BMBE AN B LD (SEHESESMT ), M- MPEREN
s (%2). 2ERMB LML oL, 2EBRBLYAVWERZLHF LA
B, L2 7 L OBBARETEL Mo b WTRBRFFSAMBEA LTS T 2
BENFELLOT, 6('°W) /6 (Mo ) HEBMKLRLZDTHS 5.




(3 ) MV-WVN BAEZHE ks LI MV-WY BE — B 8tk

[ MM (0), (CH3C00)6 (Ho0)5]12 B XU [ M2 (edta) ]2 S A4 4> TIX, MM = ¥g,
Mo¥,, Mo ¥ Z 724X M2 = Wo, Mo¥ DR 'S*WOLLZL 7 A ETBRBEBD,

SMo DL L 7 MIiE MM = Mos, Mo.¥, MoW, B XU HV2 = Mo,, Mo¥W DIHIZ K
BHECHBL (B2). Thbh, HFHROWEHKXMo TEHRT 5 L '*sW, Mo 3
CEHEESICBL ARBEEBECEEELI L, M-MEBEWEMoLERLTLA
EAEEDbDL WS L, ORI FPOERLRBREFHNERILIZLOEEZ S Z
T EL WETHEARL EBRAREICEERSHII7FTIZLWIBBRAMILCES L
TH1hi, ZOBAGESKDPOWHTFEIWEEI L RBWLHsEddL) LW RA
BBRLALRKBICHAD, MoERETF I MoME A3 Motk L D bW BRAKBLR
BIHA2IL2RLTWE EVwgEZhY, LTFHMo-WEALTHELIWHLS
MONENRIATWE EFLAILENRTES XAREFHHIELSEMoLWad
EFORET AN F — m/7b5;®%%?iﬁTé“

(4 ) MoV o B H & 5 3 X o
“Ma(0) " BERERD [V (0) (RCS) ] * " WLV RBBR 7TV ERTD
LT, “Ms(0).(CHsC00)s” EBEROMEBOWAE S 7 Mid+1000ppaff ik

THN BRAEABFAEILBET2HLOTLICRELI2. EB HBBEOFHNAM-M
BRFEWV. Popeb i [ WM (0),(Ho0)s) **D{E% ¥ 7 b % +1138ppn (MFp-+ L T
VALK Y BD0) LBELTBED, M (0).7 MV Gtk BB ORI T

90~ +1162ppuic ¥ 7 FA R RT I L L ELADLE L LROKE Y B IR B

(a) TP 2BOBRBERTREEROLZL 7 P ASLRBVWIEASL R T W,

(b)) [H:(0) (NCS)o] " HBHTHEBBLSY 7 F L EFRT OB, EHFNCS 4k
CEBEOMUEZTHALERTETHZILEMELTCVS L E bR 3.

[(HB)] SHBZEL (XTI A FAF) BIVURTRHUK (BAEF) i
KBLTAXEBHECLDILL SHHK FHBUDK (XEA®) CRBEBRE
NTEHw s E LA BLTEHWAL LT &chm%m—%ﬁﬁ%ﬂi
RO HHE (1986-1987) L LCHF bR

[X®] 1)E.I.Stiefel, Progr.Inoxrg.Chem.,23,1(1975); Z,Dori,ibid.,28,239(1981)

Ja)M.Minelli, et al., Coord.Chem.Rev.,§§,169(l985). b)R.A.Grieves and J.Mason,
Polyhedron,5,415(1986) . 3)a)M.Segawa and Y.Sasaki, J.Am.Chem.Soc.,107,5565
(1985). b)A.Bino, et al., Inorg.Chem. ¢17,3245(1978).. c)B. Wang, et al., J.Amn.
Chem. Soc ,108,6059(1986). d)A.Bino, et al. , J.Am.Chem.Soc. +103,243(1981);
M.Ardon, et al. ,Inorg Chem.,21,1912(1982). e)J.Novak and J. Podlaha, J.Inorg.
Nucl.Chem., 36, 1061(1974), S.Khalil, et al., Inorg.Chem. Acta,25,L83(1977).
f)S.Ikari, et al., to be published. g)R.L.Pecsok and D.T. Sawyer, J.Am.Chem.

Soc.,1§,5496(1956). 4)B.Wang, et al., Chem.Lett., <in press. 5)A.Nagasawa, et
al., Chem.Lett.,1987,1271.
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PHEREEEFED Mo 777 A% —{LA& 4 D Diamagnetic
Anisotropy ’

GCERK BT, 7% 9% 24 K*)O4JI % , F. A Cotton*

Diamagnetic Anisotropy of Moi~Mo Bond in Mo,Cl1,{PP'). Type Complexes
Susumu KITAGAWA and F. Albert COTTON*

(Department of Chemistry , Kinki University, and Department of Chemistry

and Laboratory for Molecular Structure and Bonding, Teaxs A&M University)

Two components (x”— X, 8nd X,- X, ) of magnetic anisotropy of Moi-Mo
quadruple bonds have been first obtained by using the latest X-ray crystallo-

graphic molecular structure and the low temperature 'H NMR spectrum of
@-Mo,Cl,((CsHs):PCH,CH,P(p-RC,H4).):. (R=H(dppe):CH,(dpdt) , and
tert-C.H,-(dpdbp)). The values of x,- X, and X, X_ for dpdbp case
are —(8470%200)x107°° and -(5540+70)x107*® m®/molecule, respectively.

1960 £ oW I KK, E%Wm#fo%@ﬁﬁiiﬁﬂﬂ COPRIANESE-B
KB ETI2BBORBUEBI T2 —LEYHRIOBRIEEERIONEHEN,
BESELEOST OCRIBECN, REZLVATREZ-TVR D, $B -
BRAE —~NERA I TCHET 2, BIRAGBETRERHDVTINETAREN
PROBERGE ESE L, HEEZEAS I FRILAY F 1. 2E-2RE0t512E028
TREZELHEVREATHY ,BIRFLELESBETE L EORERARE :
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n ¢ BIRBOA AV OBROREDERIE (571571 wa [Fe oo
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COMEREEETAREGD , SEL/EAT 5 Tallw re|losiir)
SR 5 L AW O BB Cotton bl p &) BHENENA. GE#; Zxus,

o . . —HEE TEEA, KB —RES
BOMKHENfTL b, HERFEIHE L, NN ,
HEBEIBFOLBED M—M HEEIVEY , §»>6* BERNHELATEHEBIE
5HO0RBIBLABCLOPBED , BEMR OV TOFRBERITE LR TE
BOKBH I EHEHETH D,

BBESBEEKI 725 —LBHD MR ZAXJ FLOBBERBYT, B - £
BOERENT7TEtFLVVEOHEMRESRAL K E I diamagnetic anisotropy #* #¥
DT & A San Flippo®?’ 2 X - THR# & N, UcGlinchey ®’ it Cotton &
Chisholm MDA L MR XBHEEMRT 1T 42 > N, (NMeo)s (M=Mo, W) D
BT A~ HACT=BKERD dismagnetic anisotropy # B - 7. 28l
-1800 ~ 1900 x10"**m®/molecule & 7+ F L ¥ (CSCOH -340 x10"*°m®/molecule)
DESEORESEFHDLLERLE, HEBAK OV T Cotton®’ Hiz k
D, Ho.(RCOO) R TCRED - BENHIH, BEOMEBECEHELEOHLT -4 &




oy, chlk O NEKEGEETIROAKE UKRILORES , © NMR
AR PLOBENEHE(BE IR L) 2dTH D, BHE S Mo X (P-P),
(P-P:1, 2-bis({diphenylphosphino)ethane B LU 20 B H A INERFERE AR
L, %0 'HNMR 27 AL OBEE , BB & XBRHERTCRIL, TORD
diamagnetic anisotropy # B - T#H&ET B, .
[E8HE] (1)&M 1-bis(diphenylphosphino)-2-bis(di-p-alkylphenyl-
phosphino)ethane (alkyl=CH,(dpdt); t-C.H,(dpdbp)) I p-alkylbromobenzene
o)V =r - LHEEET,PCl, LI T tri(p-alkylphenyl)phosphine #
AHL,Li T KABL, Z20%MAKDHM L T di(p-alkylphenyl)phosphine
¥A&E L, 29 & t-BuOK T, diphenylvinylphosphine & O RIED» b 187,
Ho.Cl.(P-P), K KMo.Cly & A%/ — : )

AFTT7ATYTF, 3EEMBHL , 7 4 : i P
Jow DB IOVEEL . BEOEKES
B, BERR A, -/ NF¥H LD
B
()XEWERN RKEREOWNTER
Enraf Nonius HEjXBREHFE AV T
w-20 ¥T,Ho-Ka BEHV,4s20s
45° HWEOKHEMEL =, #Hilik
Patterson map T Mo EF OB+ 4%
L. BBt oy 7Bt F
Bicsh RFHBERTE2EEL TR o
W, BRMICSHELX-76 S u S5 L A X1 . anti-Mo,(dpdbp). O X & #E
THREBr. BERAIE Mo.Cl.(dpdt). T R=0.051(Rw=0.068)¢*’,
Mo.Cl.(dpdbp). T R=0.0796 (Rw=0.105)‘"’> T& - %,
(3)'H NMR O#IE 'H NMR 2~ % kA ld varian XL-400 spectrometer % FiL> ,
{538 (-25°C , -90°C) IR THEIE L 7. I ic it CD.Cl, # A=,
[Fx] BESBE L , L oBBREINIBIE- x> e 4 ¥ 5L

L= xH, | ’ (1)
X RBALRFYYLTHED, ZICREAOBILELROLEMELT ., Z OB
XiIOBEIN? 'HHERNBO Y7 P E—BREXThLbEN S,

Ao =1/3c°%F x,4(1-3cos* 6 )/4m . (2)
r RBEDPFLIrCBMRECOER, 69 RELE r okt MH, 22T X,
EREAWMTA, Xo , X2 EINRBERAFTHELT, 60, 020 % r EREIKI
FEHREBEORTALT 3L ,

Ao =1/3c°[(x, -x; )(3cos*6.-1) +

(x,-X1)(3cos®6s-1)1/4m  (3)

EMB, TTT X =X DB (EXFR) '

Ao =1/3c°(x, -x. ){(1-3cos*0 )/4n (4)




AW EICHBIT B dpdt (Xix dpdbp) @ CH:CH, 2> 7 bvyikR2kK B % X
59T Mo-Mo AWM LTRE - BRI H 3 (distal , proximal), T2 DD ¥
7 k{Ei% diamagnetic anisotropy M iZ HNETHEELLND,

A = Ad(proximal) - A o (distal) (5)
co7ubvoNBRERABERRIKID A oNT CH:CHl, ORBOMNEBECESR
gy C-H 1.09A , C-C-H 109.0° ', H-C-H 109.5° #{REL TH%,

~G =(3cos®*6#-1)/3r® (6)
PARALLEL UPRIGHT ‘ A
- 7#
- ¥ | CHy
m B
a,p B ’
m p.o a )

_,ﬁxﬂ—;;\——«/\\»~}Aka_,fl_/ﬂ\_jy
R U Wl L (A W L R AL Gl ) L W proximal distal

1.4 7.8 T4 12 70 &.8 5.8 6.4 PPN 6.2

CH-CH CH-CH

Tgﬂ'rrwj'rw'rrg-rnu T IIJ {l!r‘||x x:g: VT uéu T ||J| T |§| rxil T le T ;.} L;; T

X 2 . Mo.Cli(dpdbp), & 'H NMR A~ 27 ki

% 2 . Geometric Factor® for Proximal (H(1) and H(3)) and
Distal(H(2) andH(4)) Protons of @ -Mo.Cl.{(PP').

a a
"

PR' r (&) 9yldeq) eiided) G G 3
dppe H(1) 3,978 108.2 18.2 -3.752 9.046
H(2) 4.769 103.0 24.4 -2.609 4.567
H(3) 3.724 74.3 16.2 -3.037 11,401
H(4) 4.727 75.6 23.0 -2.573 4.986
dodt H{1) 3.645 106.1 17.2 -5.299 11.974
H(2) 4.676 105.2 21.2 ~2.588 5.240
H{3) 3.912 71.9 18.1 -3.961 9,521
H(4) 4.725 77.9 23.1 -2.741 4.858
épdbp  H{l) 3.655 | 105.7 ©16.2 -5.320 12.056
H(2) 4.687 104.7 23.0 -2.608 5.076
H(3) - 3.947 72.6 17.4 -3.972 9,393
H{4) 4,742 78.1 24.3 -2.730 4.660
@,y o, 27 -3 . .
Unit in x 10 m ~. The distance of C-H is 1.09 & and the

angle of C-C~H is 109°
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b -
‘ Ao = (x, = HG2-6DY + (x, ~x2 ) {(62-63)} (7)
rnb, 2EOVIFALEBRT A ERED , (DRDD X, ~X, » X, "X XK
Hod.
(g, £2%] K2k Mo.,Cl.(dpdbp), ®'H NMR A~ b %R L. 1 ppm
ﬁﬁ,&8wm®%?»,%§ﬁﬁﬁﬁ2®%®amme:ﬁ@ﬁﬁ%@VV
CFAEERXTVSE, TOBRODVTRAURBRL LD, KFETCHMBEE T2
3~5 ppm DEBIKEET 3, 3.33,3.49 ppm O A~ FADV T T AR & 4.58,
4.74ppm DT A —TBO YT+ A3 KB % X S CH.CH, HiA distal ,
proximal 7O bV V7 FARKIET B, EbRETL-TD2ODV T F LI
% Fk 2 7 4 ¥ (BuCeHs).PCH,CH:P(CeHs). @ (t-BuPh),PCH, & (Ph).PCH. i3
Banzd, chkihzonv s +iodEit A=1.25 ppm & 22 %, Mo,Cl.(dpdbp).
(R3)RFRLELII2R2OD) YEFEBER L ERARTAE x e ER
U, Xp #20FEikeE3d, 2L b Mo.Cl,(dpdbp), @ EFEHEMN,LSH r, 6,6
FHELE D OEE2RR L, HbE T P-P=dpdt, dppe DR DAL, Z DIl
POR(NEACT X, -Xp X, - XL KA T % diamagnetic anisotropy PEHI
ﬁ%ﬂto%@ﬁ%§3ﬁﬁbtoﬁ%ﬂtwﬁmwﬁﬁcmwumw,Ax=m
—n,Ang— jﬁHﬁﬁo®%nKKNTAxT5%,Ax%4%$%U.E
HTRERMEEHF D, Ho-to MERAMEANDILTHEERT -y eEXOLND,

LY
% 2, . Magnetic Anisotropy of Qadruple and Triple Bonds
X 10_36 { m3/molecu1e) ]\ °
Y - P
Compound %y Xy Xy Xy c O
a=H0,C1, [éppe) , -9340° -6300° P
b c

a-M02Cl4(dpdt)2 -8200 ~5830 c b

a .
2-Mo,C1, (dpdbp), ~8470 -5540 — X
Mo, (NMe ) ¢ -1784° y ¢t

-1960%
W, (NMMe,) ¢ P (of]
ax" is a value along with a metal-metal bond. X, and x_,’_’ are values
along with axes defined in Figure 1, respectively. /
bErrox: limit, 2200 x 10738 m3/molecu1e. CError limit, XL
+ 70 x 10736 ma/molecule. e rror limit, + 90 x 10736 m3/molecu1e. lg] 3 m@%
e %
Ref. 3 . x,~xy{xr = x 1 i
pmxLtxe = x ) (@distal , Oproximal)

(3C#t)(1) F. A. Cotton and R. A. Walton, "Multiple Bond Between Metal
Atoms”, Wiley, N. Y., 1982. (2) J. San Flippo, Inorg. Chem., 1972, 11,
3140. (3) M. J. McGlinchey, ibid., 1980, 18, 1932. M. J. McGlinchey,
et, al.,Organometallics, 1986, 5, 104. (4) M. H. Chisholm, F. A. Cotton,
et.al., J. Am. Chem. Soc., 1976, 98, 4469. ibid.,1976, 98, 4477. (5) F.
A. Cotton, et.al., Polyhedron, 1986, 5, 899. (6)F. A. Cotton and S.
Kitagawa, Inorg. Chem., 1887. in press. (7)F. A. Cotton and S. Kitagawa,
Polyhedron, 1988. in press.



23

11:Cd NMR. BRI+ HE T AC(1))HE®
HEANFEE O R

GE#XK-BT) OF® #H, Ll ¥, HEHRE
t15Cd NMR. Studies on the Equilibrium of Cadmium(IIl) Complexes having the
Rapid Chemical Exchange in Solution

Megumu Munakata , Susumu Kitagawa and Yoshitaka Tamura

(Department of Chemistry, Kinki University)
Cadmium(1l) complexes with 4-methyl-pyridine(4-Mepy), 3-Mepy and 2-Mepy do
not have a large stability constant . In solution, some species coexist at
equilibrium and their chemical exchanges are very rapid on the NMR time

scale at ambient temperature . The chemical exchange rates of the Cd(II)

- complexes in ethanol solution were successfully reduced by the use of low

temperature (-90°C), and all !'!*Cd resonances of Cd{(2-Mepy).:*(n=0~2),
Cd(3-Mepy).?* and Cd(4-Mepy).?*(n=0~4) were observed and assigned . The
'13Cd nucleus shielding of the complexes were found to decrease with
increasing pKa of the ligands.

1. @BENRESBLAYOBBEARGENET 2HIRFRE LTHES N
T3, UL, 20REXLGNIRACRAT U, TR0 E A4
+ Y NBHRIE (labile) TH BT LI L B.

ML, + M*L.., = ML... + M*L, (1)
(DRARART LS BAFEZERKEISNR tine scale L HVECVPE, BREDIREE
THEHEBOLEEBDLBENRY V¥ FALREBLENE—KD VY T FA LI E LR
VW, TITHRESBAAY ,LRENTFTHS, COLHERTOLBHNROFE
BULUIEEEEMHES . *°Co NMROIEBM MO SEZ & IR L TE L {2H L R
RELET T RELEBERI 2 AL MIDSBEIBRERAEHTHBI I LR LB, &
AT VRETHICA A A VREMNTFRBOREL I LT - MNrnisd , B
B4 Y Thd, EELECUHILIEE DAL FEZHRKE £NR tine scale &£ )
BTy aoin , BRG-CI)THEELTY , PERBHZ7EOOCH(T)-1 3
FV - L ECA(Im)  (n=0~6) DT RTHOV S+ AL 2BAT D kB LEY,
2,~AFN-E) Vv (2-Mepy) RUS-AF A-E) Y (3-Mepy)ld 4 3 ¥V — L A,
HEREMNFT REEEBRDIDRELL 2L, 20C{I)BAKRBRTCRER LY
ENRFEET D, SERBRINOHEHOCANRY 7 F L8R L, *Cd NMRO L%
VI PEHEROBEBERUVCG-NEE L OBRIKOVTRE L &,

2. CA*' A A YT RTC(CLO)  F H Iz, NMROBITFE K Jeol FX-200 B £ UG
X-270 NMR spectrometer # A\ 7z, '!°Cd NMR® ¥ 7 b DHEHEIIL0.1 8
Cd(Cl0.) . EKRKEK % AV 12,

3 . Fig. 1KCA(CL0) . ¢ 4-AF A-E ) Vv (4-Hepy) DELEMN1:3 D7 LT



(-Me py)/[Ccd) = 3 : ' : (-Me )/ (] = 6

-90°C N\"‘MA'AAJ\A/J

-70°C _ 5

L L
3
’%?

8 2
-25°C
Lt XY oo\ :
A 1
L . Cd(ClI0, )2
1 L 1 il | L : » et bt bt
200 100 0 . 200 100 0 <100
t13cd fL# v 7 b (ppm) © tiscd k% v 7+ (ppm)
Fig. 1 0.5M Cd(Cl0,), & 1.5H 4-Mepy Fig. 2 [4-Mepyl/[Cdl% FEibxek =
EEVTTY / — LERNCd NRR 5~ LB Cd NRA X7 b
7 br - ([ca**]=0.5M: -80°C)

-~ LBRPO'Cd NMRAXNY PV ERT, 23 CCHRIEZDVY I LA e 52T,
S25°CRBAT B EBEV YT i), -10CTCRSBLEZ2FZD VT L L
Zlee THOIR-90CRBALTHAEY 7 P BILIURBEELET , 2HEo{LFH
RHRETDVTFALTHDIILERLTV D, TO2XDY S FLEERBE» S
Cd(4-Mepy).?* & Cd(4-Mepy),**WWIRBEINB VIV L ThH D, DFH , -70°CUTF
TH A F LY 4 (1 )-4-Hepy$kih D L% X MK JGE K NMR time scaled D@\ = &
BEREND, -90°C =%/ —LiEEH, Erlt [4-Mepy] /[ CA* "] # B4 & 1
By ''°Cd NMRR R 27 b %Fig. 2R L. ELERABMAT IR O>NTERE T
KF LYY T T AREBER, GHT POV FAbBflleant, BF, #BBEREIR
BEAORKEIZZLRICAONTVE, HoTREAEHN RS ERER TR
Ki>K:> -+- >Kak& %, 22T Kn=[ML.] / [ML.-:][L] TH %, 4-Mepy(
L) & Cd** O $E /S BLIK IS 1d Scheme 1 CHEDbE N B,
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Scheme 1-

oo L L ; - 1 |
Cdi + ‘_—=—=e Csz* — ch2 . S F====¥ Cd]_n_i . CdL“
==L L -L oL . -L

# - T.Fig. 20720 Y 7 F A (AEYR KD IS FEBEEN 2.4 = Cd**°(-18 ppm),
B = -Cd(4-Mepy)®*(14 ppm), C = Cd(4-Mepy).>*(43 ppm),. D = Cd(4-Mepy)s**.
(70 ppm), E =Cd(4-Mepy).**(94ppm). Cd(4_u-epy)~-s“&UCd(!i-Mepy)G’fo)j’/7’,—)~
MEEME N o LSOV 7 FEE KD EB-A = 32ppm, B-C = 29ppm,
D-C = 27ppm, E-D = 24ppmT—%E Chk & < , HHHE LA EV KON TEML T 1=
LODERPDRERNE LRI LEVIEEINIRREEB L, thRETERA LS
KEREER CERECETENNE L ARADEVIERELIIFELTY S,

B—Mepytt T -90°C*CJé)\étt[s-nepy]/[(;d‘]_% %ﬂié B L X p13Cd NHR R A
7 kA %Fig. 3KHRL -, '

[2-Me-py) / fcd) = 20

- | ﬂ-'«-wllicd-:o ’ mﬂ
o Q. AA ;
= 6 N "Me
HWANWKAWJ“ At ¥ WA o

0 o ¢
(\Jm .3
E ) s
9 | N\‘h&v
. NW}\M\"‘-M m
1 B
: s 3
'*’Mlk‘w :

I N
A

A .
l €dICtO
€d(CI0,), (€10, 3

R | o e o aw

113¢d {b% Y 7+ (ppm) : t13Cd LFE Y 7+ (ppm)
Fig. 3 = % ,-)L¥E# + 0)Cd-3-Mepy Fig. 4 =% /-)Li8#W P D Cd-2-Hepy
Sk 113Cd NMRR X 7 kL (-90°C) ik 1°Cd RMRRA X 7 b (-90°C)



4-MepyD B & & K, Cd( T )$#K
DIALERTREIEHELL R DI , 8
"BWEOERALFERIARET 2500V
THABR IS PEL CHE N,
bV YT FA(AE)RERSB
@WXxh.,A=cd*(-18ppm) ,B =Cd( - %
3-Mepy)**(14ppm).C=Cd(3-Mepy).*"* =1 —/,,//”—Q//—m/f"” Cdls
(43ppm).D=Cd(3-Mepy),**{70ppm).E 2 | .

= Cd{3-Mepy).?*{94ppm)IZIF B &
N3, ToOBAHCI(3-Hepy)s** R
Cd(3-Mepy) s D ¥ ¥+ A X B
AN hote, TNHOLOBRMUFTIR
AR T CRASICAERT IN
U bR KHCA( T )EEKIk £
BLRAVCHDEER bND, 43 ol L
FV — 1 6RAEHCA(in) o AR —
BiAERINDOIECA(T)-ingk ik or .
 OREETEK(logh +=6.46, logh . o 30 4o s &0
=7.53) 7% 4-Mepy(logB 5=2.90)®3- ~ = - pKa of L
Mepy(logB ;=2.5) IR KR THEHTX
EWZritkd, Fig. 5 [Cd(L).J*" (L=t Y ¥V > F#E K in=

-0 Ck BT A Y/ —LEBESP 1-4)0 '1°Cd NMR{EHE Y 7 PR B LI TR
TOHCA**-2-NepyR D' '°CdA X b fLF(LYDOpK.DEh R
A %Fig. 4KF L1, 3ROV 7+
AN, ERBMLY , A =Cd**(-18ppm), B = Cd(2-Me-py)**(1ppm), C
= Cd(2-Me-py).**(20ppm) KRB E L7, [2-Me-pyl/[Cd**]=20T $H 1:3K TF1:4851K
OV FAREMENLE, 570, 2-HepyNCA** RBM T AHBE. A FLELCAE DI
BRENECD D EELLNS, Fig. SKEN VY Blkocd(I )k °Cd
¥y 7 r 2 RBREFoOK.KHLTYay b LindDTChHDd, TTCRBELEL LS
D, CAY S A EPK A KRELS BB ONTEBEBBHAIKC Y7 VT332 L 0NEBR
aNd. 2FHCHI)-NEYV VYV IBEBB L2 VERSELP T %, Fig. §
RRT LI 2-Hepy CHRZOBEBRMLLKEL TN TV S, 2-MepyDpKar 6 F &
NZEINH'MUAYTFALREREBIDHY , CANEEAFI EERL TV S,

4-Mepy & 3-Mepy C 1 H - H D '**Cd NMRM ¥ 7 kit 32~ 24ppmT & 3 A%, 2-Mepy
TRELLSPE K, 2lppnTH B, 2 D2-Hepyl Y H H112°Cd NMRO/pNE i ¥ 7 b
BBk, 2-Mepy Tid Cd— 2-MepyHs B MMe K DU HBER L > THFHONTWV R Z & %
EHELTW S,

105 F CdL,

100 |

L\
o

65

4-CNpy

L Cdt
45 W -2

40 2‘1'M9PV

¢y chemical shift (ppm)

30
T

20 °

1) Munakata, M.:; Kitagawa, S.: Yagi. F. Inorg. Chem., 1986, 25, 264.
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The Effect of Chemical Exchange on Energy Relaxation Process and Line Broadening in Nucler
Magnetic Resonance Spectroscopy '
Kazuhiko Ichikawa and Takashi Jin

(Department of Chemistry, Faculty of Science, Hokkaido University)

The influence of chemical exchange on the line shapes in the longitudinal magnetization re-
covery (LMR) curve and absorption spectra has been investigated. We derived, for the first
time, a general solution of the coupled expressions for the time evolution of the longitudi-
nal magnetization of sites A and B for the same kind of nuclei M, under the influence of
chemical exchange reaction M(in B) =M(in A) in the presence of random molecular and atomic

motion. The reaction, for the case where the product R?,aTa (a=A or B) of the energy (spin-
lattice) relaxation rate R?.a and the lifetime Ty is larger than ca. 1, gives a non-single-

exponential decay of the recovery curve under the energy relaxation process. In the extreme
rapid exchange (i.e., R?'QTQ<< 1) the magnitude of rate or time dependence of LMR associated

with a single-exponential decay is determined by fAR§'A+fBR?'B.

SRR EEEE 07 wds™ | AEMATEC cp ik M) RIS X ABR C, BAK
JOE A BEEE T e BT o FETFER - RELME EMIF
P, SRy RIMFELRHY &R B (P12 &, AV @B A vt a) B
NSt 4. RBAEGA e, HEL1EBRFo T I, HRaMKo b M T
WEICEREOE -k pem 0 R e BA TR T 22 . FARTE AT » BRAA
WEEROE e, Blhho (T F 1 £ - $ife) ¢ FdhAe (radide) o 70 v R
B YARE L IM@T 3. X &R, (CFRXBAC 28 (IS0 ARIE
B FHE D KICE) o] OLA R AG, BMUKEEN 0T 2 —7) MY ¢
REAR DS, HRIE -HEHAL TERATo T FLE - Aok B o RE
2, ARRToBY - Y- BhRzEAc T s Er TR ¢ 2.

(3%

BRREHNT, FICREM R TBETR 320 BEACBTFRBELTY
2. 2720 BBRREMeE s S a9t % F a4

M(in B) kﬁ M(in A)

: Kag ,
AAREIL TS, HBAEEE W, BHAETFT o MAT ppma AR HET 2
FEEAB wp Rovwg 7T BHARETF <p »AMepnd &, re 1,
BIRKET coMBa ZRvA ~BAER (R C Y- B IEIBE) Rip o Rt
TT.0 BEGEBE A » 5 B (BroA) 0 BIHHEE Wis (Why) £ &R ur
a rt Ri« R Wy -wpl/20 0 Bl KEI 174> T, ﬁf{;ﬁftﬁf’ﬂ%{”/ﬁzg
AN 7R PR T s ICFLBRIG Ko HEANRL 5. ¥, Lo A
NEERRFE 0 EAEB Ry Bt hyp@ 15 RO =% Lo, ko TEER



B o AT H‘% 3 %ﬁﬁ‘% Fp ¢ ﬂ; L@Fﬂm?ﬂﬁ"\ﬁ
£0/Ep = Kpp/kpg
BEa » WEREA L BF COET 2 FIAK 0 HACR A Mag 2 Mg p0 FRIR A
Q. BRAAGRBRARLTETE > TARNT 54 5405,

d{Mza—-M - 3

MlenzMEa) (Rt Wag) My p - M0+ Woa(Mzn= M0) M
(Mya—M 2y
Wes Mis) Ryt Wi (Myp- M)+ Wis(Moa=M30) - (2)

YR RRAETBELLT O 5 i, ERmo BILAR &, B4 B0 a%rf{%)%sz\f_l\
o LT, ﬁﬁzmtﬂﬂ;i\(t T- B/2K) TR, W) @QNa — R

Mz a(T) = My a=~2[M3 an exp (—Ry a7) + Mg exp (= Ry 07)] (3)
Mz 5(7) = M3, = =2[ M3 ga €xp (— Ry a7)+ M% 5 €Xp (— Ry 57)] (4)
Moa=Moant Mias;  Mia=Mgpat M%.nm (5)
.. , . , 1.2
1, FRH BRA R A Rfwt Tq (A=A 2 B) 2RI 4z, )
172
RM=DiE (6)
N 2
D=R¥s+ REg+t ‘
e E TA 78 - . : (N
E=(R* -R: +i_i)’+ 4 ’ '
A 8 Ta T8 TATB' - . (8)

BE Mi a0, Miap, Maga & ® Migp @ R, % R (= Mz,,\/m) TRI s
By, K’:‘,A>Rle t g3,

M3 an/ M3 = [(D/2+E'“/z Ds)fa—fo/ s}/ EY? ‘ (9)
M5 an/ My =[(~D/2+ E'?/24 Dy) fu+ fo 1]/ EV? ©(10)
M3 nal Mz=[~fal a+(D/2+ E"?[2- D,) fs}/ EV? ()
M3.u0/ My=[fa) 1+ (=D/2+ E'*/24 D) fa)/ E" (12)

Da=Ris+75"and Dy= Rig+75". (13)

BBAAC Molr) [= Maaln)+ Man(n)] @0 55 5 ARE HE1E
. My(7)- M;= "2£(ME.AA+ M%,BA) exp (_RI.A")
+(M;,AB+M;.BB) exp ('RI,BT)] (14)

Mz=Mza+tM3p (15)

EFRATCh 2 2rv & - GIER ¢ BHERM 0 LIRZARE (AT 0 £47)
LA IEINE 5 T, WR M) Lt O BER R ITPIETAEEF R > T L 3o
(I) N Tl ﬁ_ TusF (W AEIRK T Rl D)
Mz(7) =M= -2[ M3 s exp (~R¥a1)+ M3 g exp (~R¥g7)) (16)
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(14) R RnA—Ru} Rip=RYs, AW MZAA’MZAy Mzps=M3p , Mzap=Mipa=0, " -0 S R

Plevi, 7% w77 A 4«%‘ B /T&u,ﬁ,ﬂn*f@:@ N M m,”k#. FEs
na.
@ B d KHRER » o (Rl 20)
Ma{7)= Z Mz,u("') (17)
MY, (r) = M {1~ 2 exp (=R,.07)] (18)

(4) NN T Mian Miso»Mian , Mion, B £ LT, ALU; ¢ AlL; ¢ o Mo RIER G 9
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Figure 1. The effect of R"f A TA (a) on the sum MZ(T) of sites A and B (—), (B) on :
MZ‘A('c‘) of site A (—.—), and for MZ'B('L) of site B (---), and on the coefficients M%.‘XG/ME
in egns (9)-(12); they were calculated under the condition of R* A/R* =25 dnd fA/fB=3 (i.e.

—0 75 and TA/iB=3) Each recovery curve was calculated at a given R1 A Tar the value of

whlch locates at each vertical arrow, as shown in figure (b) of MZ aB/M Vs R1 A TA'
e 3
10 E
N ] (REATA, Tadl)
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‘o‘wo" 1 10 10t 10* A
RIATa (=75R18Ts) Figure 3. Several NMR spectra (total; 5
A;—-—-. and B;-—-) calculated at various of
Figure 2. The effect of R? A TpoOn the (TAAv. R%TA) vs v under the condition as shown

calculated relaxation rates R] A and R]'B in figure 1.

under the condition as shown in figure 1.
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Characterization of Chemical Exchange Reacation on the Basis of its Effect on Longitudinal
Magnetization Recovery and NMR Spectra

Takashi Jin and Kazuhiko Ichikawa

(Department of Chemistry, Faculty of Science, Hokkaido University)

The NMR measurements were carried out for aqueous A12(504)3 solution between -5°C agg 85°C
and for molten n-butylpyridium chloride + A1C13 mixture between 0°C and 100°C: the “'Al
longitudinal magnetization recovery (LMR) was obtained from the free-induction decays meas-

27

ured by using inversion recovery method. The Al NMR spectra consisted of two resonance

signals due to [A](H20)5304]+(=A) and [A](HZO)G] (==B) in the aqueous solution and due to
A'IZC];(:A) and A]C1£(=B) in the molten salt, The static and kinetic properties of the dynam-
ical equilibrium reaction Al(in A) @A1(in B) associated with exchangae between different

ligands HZO and SOE— or between different polyatomic species have been determined by repro-

ducing the data of LMR and spectrum with the aid of the theory about the effect of chemical
exchange on them,

BRRILY LECE - rAM R LT, BYE- B - BRBEEAT 2 ML
PEGHE , RiILRE > 123, MosRARRo FEEr FAEF RN e K
] m‘ B o RRaER T H 5. WMo THEH 0 BB AAL %
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awn%mi}“w TR RB s, 23 UBRAEMBELREI L (77 -0 7
A7) 1 7741\2”727L5ﬂ7f§,,

Bk QACH LR T 0 B89 - TR ME s gETA L z?mz? Wl E VA KERR
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WNMR AN 7 b L ERIRY,
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g A bEH L RRR
2N 7 bl Rt LE o ,
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(RA 7 + VA0 ILST BY) z
%J Figure 1. . 27A) spectra recorded-at ca. 52.1 MHz in aqueous
Aﬁ,_(SO,QJ A ﬁ/ﬂlﬁ A'IZ(SO4)3 solution between -5°C and 85°C. The spectra are

(AL (5005« HaO« CHs OH = 114§ displaced isomerically on a scale.
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Figure 3. Typical data of "'Al

Tongitudinal magnetization recovery for
aqueous A12(504)3 solution between -5°C
and 85°C. The dashed line is a fit of
the data to the theory.

WE B 0 BB sIT- R 4 0P
EEe@5 cRL R, EENIAL
RN A =9 03, hIRAA BoRE
NE S, AF T (87 5 EK T8 kag
27)  TFA MK -BRE R th2
2ok d LT, ANTZ L 0RE
BB VX EIRT 2 2 e TT .
(EBRNicF X B rico B TragM)
Alz (S0, AGBIR R E A L TR MAIE
XBERoX T 70 -V vaKk
EXT. ANTFRWworo BN aER
RTHRET, ML 220 8%, nBA
DEELGFE 0 BERBILTT 6 =LK,
w11 FOFHRN
k
AL(IIT) (in B: [AL(H,0)4]%"} <—k__%_
AB

&
e/,

AL(ITI){in A:[A1(H,0)¢50,]1"}

- 101 —

170 LMR

170 LMR

Experimental points of the longitudinal

magnetization recovery for molten BPC1+A]C13 at

between30°C and 100°C. The dashed

Tine is a fit of the data to the theory by using

a nonlinear least-squére method.
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A flow chart of the calculation
for ‘a fit of the data of LMR and lineshape
to the theory about the effect of chemical

exchangea on them,
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volume of Activation for Solvent Ekchange on Metal Ions

As Studied by a Variable-Pressure NMR Technique,

Masao Ishii, Shigenobu Funahashi and Motoharu Tanaka

(Laboratory of Analytical Chemistry, Faculty of Science, Nagoya University)

The activation volume AV¥ for solvent exchange on metal ions has been
used successfully to consider the activation mode of reaction. We
constructed two kinds of high-pressure NMR probe to be used with a.JEOL-
FX100 electromagnet and a JEOL-GX270 superconducting magnet, respectively,
and meaéured the activation volume for the exchange of acetic acid and N,N-
dimethylformamide on manganese(II) by the variable-pressure 170 FPT-NMR line
broadening method. The unusual positive values obtained for this cation
are discussed in terms of the bulkiness of the solvents and the bound
ligand effect.
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BETIRKOEARLHEBTILETHERCEET D 2.

MS2* + 8% ——= Ms¥s,_13* + s (1)

MS3* + LP == M52t rP" Mg L3Pt (nm)s (2)
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Fig. 1 Multinuclear high-
pressure NMR probe for a GX270
superconducting magnet
(1)Cone-type seal (2)Adaptor
(3)0-ring seal (4)Pressure pipe
(5)Sample tube (6)Bobbin
(7)Coil center (8)Dewar

vessel (9)N, gas
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5| WEETo LRBOMMBE Table 11w 3.
MO W OB Mk [Ma(HOAC)g](Clog),
. . . . Mn(0Ac)y(HOAC), & & U [Mn(dm£)g)(ClOg),
27l 1073 gl ofEERvETorABLERRE TON
cig. 2 | RALHBLERARBRLSERALTEAY
Temperature dependence of (szPM)-l L. BRORHBUIEBALX*TYTCBRETT

(1)Mn(OAc), in HOAc: A 54.21MHz; A 8,16MHZ, . — :
2 4 - a - o
(2)Mn(C10,), in HOAc: Wl 54.21MHz;[] 8.16MHz. BEEAABLI L AERRBRTHIRY

(3)Mn(Cl10,), in DMF: @54,21MHz; O36.59MHz. 7 D O * 2 Y TH KL 2. BERR TV H o

} indicates the temperature where high- 3 - . N e #

pressure NMR was measured. (IIOWBBRCE. YA YO MEK
ABREBSCEDBERREYDPEBERMU £

TABLE I, Compositions of Sample Solutions

Sample [Mnl/m? solvent [{HC104]/m Py wts atom%
Solution ' of Hoac of 170
soln AQ 0 HOAC/CD,Cl,  2.12x107% 0 20.0 5.98
soln A Mn(Cloy), 6.02x1074  HOAc/CD,Cl, 2.12x1072  5.46x107%  20.0 5.98
soln BO 0 HOAC/CD,Cl, 0 0 20.4 5.13
soln B Mn(OAc), 2.30x107%  HOAc/CD,Cl, © 2,06x107% 20,4 5.13
soln CO 0 DMF 0 0 0,037
soln C  Mn(Cl0o,), 4.46x10"%  DMF 0 1.96x1074 0.037

a 1

m is in the unit of mol kg~
CRRD In(mbvgy)y) B U In (Key(py/kex(o)) P E N K F#H# & Fig. 3ic 7 ¥,
Fig. 350 % 70w bOBEFIVBOLALERLEBEROBESE. BB OohTwa ey
AV IO BELXREGEOE®RILNRT A — 3 — k2 & icTable 111 7 3
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Fig. 3 (a)Pressure dependence of 1n(nAvsolv)
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(b)Pressure dependence of 1n(kex(P)/kex(0))
(1)Mn(OAc)2 in HOAc (2)Mn(ClO4)2 in HOAc
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TABLE II., Kinetic Parameters for Solvent Exchange on Manganese(II)

aut/

st/

avty

Koy (25°C)/ ref
s7! kJ mol”l Imort"l k1 comd mo1l

Mn (HOAC) 2¥ 1.6x107 20 £2  -10 7 +0.4 $0,7 (258 K) This work
Mn(OAc),(HOAC), 4.8x107 322 t3 9 11 +6.7 0.6 (258 K) This work
Mn (ame ) 2+ 2,7x10% 35.8 + 0,6 -2 *2 +1.6 $0.5 (309.5 K}  This work
Mn (H,0) 2% 2.1x107 32.9 £ 1.3 5.7t 5,0 ~5.4 *0.1 (298 K) 2

#n (CH40H) 2* 3.7x10° 25,9 -50.2 -5.0 $0,2 (279 K) 2
Mn(CHyoN) 2* 1.4x107 29,6 t 0.5 ~-8.9% 2.0 -7.0 0.4 (252-260 K) 2
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Diffusion coefficients of toluene, cyclopentane and cyclohexane from roon
temperature to supercritical region by the nucear spin echo method
Shigezo SHINOKAWA
{ NWR Laboratory, Psculty of Engineering, Hokkaido University, Sapporo )
Abstract
Self-diffusion coefticients of toluene, cyclopentane and cyclohexane have
been mesasured from liquid to supercritical region as & function of temp-
erature under their own vapor pressure. The NMR spin-echo technique was
egployed for the measurement of the diffusion coefficients using a
steady magnetic field gradient. Density was measured by one-dimentional
spin projection method!, Experimental diffusion coefficients are inter-
preted by the Bnskog theory for hard-sphere fluids with the Percus-Yevic
approximation. It is found that the celculated results with the hard-
sphere model are in relatively good agreement with the experimental data
in bigh density region, On the other hand, the agreement is poorer in the
low density region, except for the case of toluene,
¥ & :
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FEHBIZZATWE W, AANEF2F¥EBERE T EOERBEIYBNT 200 FE
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"TATHHeERB N B,

NMROXRETHIREREOEHRBRPRIVBELOBRAEZSE AT W E &2 i
REXRESETBRM TII3ELHELIKEALEND. BRAZEXAELTCOHBRER
OERVWANMRTHHMLIRE BEFLOERBRTRNETIBROELLZER
AL ENS L, RARBRECEKFETIARAELENMRO-KRIBRENY —
ELTHB#EL F-PI7LVT7HhOHE ABOERLTEBERDSI HEEERL LY
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t# 3. 3} RERET 3=nm%V'T55%1Emﬁﬁmmﬁﬁﬁm§ﬁ
ERBEPTOLMIINTS Enskog OEFAA2MWIHHEBELEAMBTS 3, #
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Dynamics of Imino Proton of 29H,31H-Phthalocyanine in the B Phase
Keisuke Miyakubo, Sadamu Takeda and Hideaki Chihara

(Department of Chemistry, Faculty of Science, Osaké’University)
Two tautometric forms may exist for 29H,31lH-phthalocyanine molecule by
switching two imino protons simultaneously. The switching of protons is

ac

companied by a change of electronic state of a conjugated system. To

investigate the relation between the motion of protons and the electronic

st
29

sp

ate of a molecule, we first studied the motion of the imino proton of
H,31H-phthalocyanine in the B phase by the temperature dependence of the
in-lattice relaxation rate (Tl-1 and TlD-l). The switching motion is

hindered by an asymmetric potential with unequal depth. The energy differ-

ce (7.5 kJ/mol) between two tautomers and the activation energy (33.3 kJ/

en
mol) from the deep well to the shallow well were estimated.
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BRFERBHBEROCP MASHWL3%3!'3C-NMROEBEELE L

(ks ®) FRKEAF. OBFNHE. HHEFA. URK

Studies of Liquid Crystalline Compounds by High-Resolution Solid-State ISC-NWMR (II):
Temperature Dependence of 13C-NMR Spectra of Ferroelectric Liquid Crystalline Compound by
CP-MAS Method

Kikuko Hayamizu, Kazunori Matsumura, Toshimasa Uemura, and Masaru Yanagisawa

(National Chemical Laboratory for Industry)

CP-MAS 13C-NMR spectra of p-(2-Methylbutoxy) phenyl p-Octyloxybenzoate (80BEBOS*), which
is ferroelectric 'liquid crystalline, were obtained changing the temperature and the ‘spinning
rate. It is considered that B80BEBOS* shows two types of crystal structures at ;he

_temperature below 0°C, and the ratio of these two structures varies depending on the
temperature. Above 0°C the broadening of the spectra was observed, which is regarded as the
result of the interference between the MAS and the slow molecular motion. The real
temperature of the sample becomes higher than the setting one by the influence of MAS, and
the extent of the increase of the temperature depends on the spinning rate.
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SRFEEC AT B VI/MAS 13C NMR
GEAET P E A, B XR.

VT/MAS 13

C WMR Study of Hydrated Samples
Tsukasa Ito, Fumitaka Horii and Ryozo Kitamaru

(Insitute for Chemical Research, Kyéto University)

A R

The phase structure and hydrogen bonds of solid PVA samples with different water contents have

been examined at different temperatures by high-resolution solid-state NMR spectroscopy using

MAS rotors with O-ring seals. Two noncrystalline components; which are discriminated by the

extent of intramolecular hydrogen bonds, exist together with the crystailine component for

dried and hydrated samples. In addition, the hydrated

which is selectively observable as a long T2C

samples contain the rubbery component,

component. This component increases in intesity

increasing temperature, resulting in the direct observation of triplets due to the triad

tacticity.
1. M8 )

BkBEES TRBIC OV TRAFETTCP/MASI3C~-NM
REMZETI CLREETH 0. —MICIIMASIZ L Bk
ZirOEAMTHL, BV, RCERHAKSVWTRO-Y ¥
IHEMASu - ERRBL. £Vu -2, TIv-X TR}
FUREOMRICENTHLEERLE, 2. BELTII VY
ABMO- Y IftEMASu -y HRBL. 2-3DEBIZOWT
BETEALLTHATE S L2RAEL =, AHIRTR. RYE

ZINTRI~-N (PVA) BEICH>OTOEREPOICARNS, P

VANCP /MASI3C~NMR x~R7 o) CHHEUR#HS5FH
KERALR LT3R FHT I LRFFALICINRBENT
BN. ofBoakRE SRR L) R BBE oW TS
BIUkBESOFSEHRL T L X,
2. EENE

75 NRES N ARAKIT00DPVALKEIZ L V825
ft. ML AR X XTF Ay THIED 74NV LM LE. H
BEEZWURICTIHRTH L2 LORERT 2 1 A %£180°CT105
MR EE L f-, BHIEIZ65YR.H.. 95%R.H.. 98%R.H.. HBEATD
For— TR S 2T ok, AARITERPVAICH
THEARERROSETHD U Je. BEEHRAENRIE 11 JEOL
INK-FX200 2 ¥EIc s N 4. TTORBRTCHo%x. CPAR
THERGERBOENE Y B1/27(369.4kHz. dipolar decouplingh¥
DUHDFIL5KHz & L7, 1 ) IR EBEA-Y > 7 fhEw -
FLDESEFLCHRBL 2 BRETEVDRNY v/ {f&kn-5%
RY. NSk zhvbmm -5 @M L. FREH3~3.5kHz(RiBAD) .
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Fig.l MAS rotors with O-ring seals for
room temperature measurements (a) and
variable temperature measurements (b).
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Fig.2 Pulse sequences used in this
work.
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Fig.3 50MHz CP/MAS 13C NMR spectra of
PVA samples with different water
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RYy7obE Ly BgaitYoHEsEcElTra VT / MAS
ISCNMR#%R
(BHEITXHH, *kkﬁﬂ°§ﬁ&% RAEE - g
BEH K AhEZ®
VT/MAS C NMR Study of Phase Structure of Isotactic Polypropylene Isothermally
Crystallized from the Melt
Shigeki Saito, Yoshihiro Moteki, Masaru Nakagawa*, Fumitaka Horii* and

13

Ryozo Kitamaru*
(0ita Research Laboratory, Showa Denko K. K. and *Institute for Chemical

Research, Kyoto University)
Solid-state high-resolution l3C NMR spectroscopy is a powerful technique for
studying phase structure of crystalline polymers such as polyethylene. 1In
this paper we report the phase structure of isotactic polypropylene isother-
mally crystallized from the melt and its dependence on temperature using VT/
MAS (Variable Temperature/Magic Angle Spinning) system. We also discuss
molecular motion of each phase and each resonance line (CHZ,CH,CH3) in terms
of relaxation times above room temperature
1) E#BEABEBCNMRERIKIYIFLIQOESIBRHEMTAFOMBIE. TROBH
&, FRORBBEZTOYNEBIUVUBHOBBRPANITNWRAETSH S, RAUChTTH
HUEABEICNMRIFERL LV RYZFLY ®ﬁ%ut%@ﬁ¥§ﬁ#ﬁ” BiUBHOE
FHRERBDICDVTHIDRULTER, SLEE. RYLFL Y EABCERENT .
AFEHLHMUTHRKZEVAFLZERRET7AVIIFIRYTOAE LY ONL IS EE S
POV TZOHEERLAN. BR,.3 1 LABBREVAVARAX-VaYOERBLUE
BRBEABOS VY LARAVRA -V aVOEGOZRALVEIC 2P RLE,
SEWVT/MAS (Variable Temperature/Magic Angle Spinning)Y AF AR W, Ky 7
OELYOBAQEETOESRRAMEIICNMRElER2ITL., HBEOBRERFEEB LU
FEHHEERF LR,
2) WHEINKN7AVIIFv2RUTOELY (MAS10) K2V Y2 AL -l
CEOVBRRUTHVE2, MHBROEBEFHIAFHIBIGPCLYVHN23T. isotacticityd Wl
DICNMRANZ M (1,2,4-trichlorobenzene/benzene-dg=3/1,120C) & ¥ (mm) =9 8.
%THo>lko HREILWLI230CTHMBER.

140°C BEHRMIFL. BohrREEPP 3

1 L0 EMBT 3. CORMUBRBHEE & Foctyt, 9

V. BEEUBHERTS > 2. BHELR , c,
EISCNMR#lEW JEOL JNM- PRi40 Cl,

FX2008%#Cdvda . 7TORBEET
TITV. BCBLUV ' HOBESRRIBHRE 781/
2nWX69. 4kliz2T dipolar decoupling
(B RX'HOELE54. 3kiiz& Uk,

solution

PR NP PR P TS PSP ll .LL.‘] l ol

th, ERUAOHERERETERN T O~ 50 40 30 1o
. ppm from TMS
+ i e = >
7 &_ MOYBFRVT/MASYZAF AR Fig. 1 50MHz CP/MAS 13C NMR spectrum of PP140
Vifotze and scalar-decoupled 13C NMR spectrum
3) BEREER of the solution of isotactic polypro-
3-1 FETOHKE pylene
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[o} spinflattiée relaxation times (Tlc) of PP140
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CH CH

3
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IYWTWOBXMmmYy -2 LY
ACH 3, Th. EFRPFTHFH

PPl40

W3 IDHAMERES>TWV S,
HEILYWOCH:,, CHOHBRUBERROZHIE
XTI RVEBEYIFIE3N, ChUEmRED 2
YhA-vayoRLVIEISSEEI NS, BRIk
MOBHBZTONFEBHOBVRESERAR SR

T1,T2,NOERRYT M. SEWNCOALY —#KF
PHBHMCIVHHEELERAFULE, £1 1 Torchiad
NV AR B & Usaturation recoveryiEk VR 2
ERBEBOAE Y -HTFEUEM (Tie) 277¥. &
HIEGEUIHEEELRBMURERBA L VEY. CH,
CHRWE3IMS. CHIRUE2HABEET 3. 22
TCH3DAa2HAL RN, FOBEHEEULT3IM
BHPO2200TiecWiEVZENEIIN B, T .

ppm from TMS
13

CHIOBOLEVLWT cMBERBACEBEELZHNCH,

CHOZOhBWRHARTHORVAW, ChitEShT
BoTHTi1cllEETZ108HzH - -DCHs
OMREENEERDELEL IR S,

KEBBEAORERIT>RODDD/MASKER &
VEMARRBURIBCNMRANY P ABHEL.
CH:OH#BHERXHUTARNT PABFETo 2o
FEREH2WCRET. ABTorchiad NV ARHIT &
VHEURTICBBOEVEADARNI P ALTHY .
HEEACREEN S, B,C HNlorentzli@ 2 K
UTHBEBN2RETERBB L T 3 L5110
ROEEAT. TeNEhTHT7.6, ~0.4sD
WARHET 2. BTCENZEBEELTILORELY B,
CRVThHFEELREEHh., 2OkEYT I &Y
BURBTEARI I1DHARBELEVIYRA -y
IVREY. CUBARRBEAROS Y Y A ltay
RAXA-vaygbtoTW3iEEX3h 35,

3-2 HHEEOEEKREM

HM3REENS110CETORADEETO
CP/MASI3SCNMRIANY FLEFRY, BE L
FRHEWVW. CH, CHTHBE ZWXBE UME K
LHBEMBHIh3 L ERE, ChitdizEg
BHIAGEBEE (TOHULERRBZER LY.
HM2URUERECOBANBELULTATEDHOM L
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Fig. 2 DD/MAS C NMR spectrum of
PP140 in the CH, region -
CH
cu
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1 | '1 | t I] ! Jl L
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Fig. 3 CP/MAS 13C NMR spectra of

PP140 above room temperature
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LrunG 74 VERDOVT /MAS 13C~-NMREHHR

GERALH. HRLALY. ZHLEBH) ol . B8, LR

Hish 2. ERWs, REHES, RHEE

vT/MAS 13C NMR Studies of Cycloalkane Crystals

M.Nakagawa, F.Horii, R.Kitamaru, Y.Tanaka*, H.Sato*, Y.Saka**, T.Hayase**
(Institute for Chemical Research Kyote Univ., *Tokyo University of Agriculture and
Technology and **Mitsubishi Chemical Industries Ltd.)

The structures of crystalline cores and folds of cycloalkanes such as
cyclooctatetracontane and cyclohexacontane have been studied at differernt temper-
atures by VT/MAS 13C NMR spectroscopy. At low temperatures the CP/MAS spectra of
the samples consist of the enhanced line at 34.7ppm, assignable to the CHy carbons
in the crystalline cores, and several smaller upfield lines assigned to the CHj
carbon in the folds. These upfield lines begin to broaden above 16°C, suggesting
the onset of the local motion of the order of 102Hz. Above 37°C the 34.7ppm line
also broadens and a sharp line appears at 28.8ppm above 65°C possibly.due to the
onset of enhanced molecular motions including the trans-gauche conformational
transition. As a result of the analysis of the chemical shift in terms of motional
models, ggtt or gtég defects seem to be favored in the crystals at 67°C.

1. #8
ranG 74 v FRESPCBWTETE 2KDtrans-zigzagH TR E £
NLEERLUERVLR > TwE, FDORH. RYXF L Y OEKETETN

D=2 EEZHENTWEY., TORMPEES LTS TFEMCOVTEH LI w e
Bv. 40, BRREIMKEDS 79,057 4 Y EARL. B{MRS Rt
FridtserlBicont. B2ORECEHERIRIBISC - NMRa~y W ire
FPAVERMZEL. ¥D{L¥> 7 F{l. 1H-13C cross-polarization (CP) ¥y

BEGRIC AL Y~ WFERBIT 0 £ ) ik LUl A0 Tl |, e
WUBRETL 2. I

2. HRFE

BE: RXM120070 Ty B BBWRE LT, WCla EtAICI M e

TTAYIw-{tL. GPCERMVTAREBIU S RELHMMKL 1R, R
BIRKAEP - MLV RNR=ENEF 7D FIRE D BTELTRK ST 7 4 >
¥MrD. GCHEBLUFD-MSHRENVRELEYIUL IS F FTavs
VORBIES T HTH o, Kbt ¥ F A {%E3°C/hT80Ch
siﬁivﬁw?bcttlnﬁvk.l%u@ﬁw?—&#6v7a17&?‘iMJJ
FIav s RAREBARTH S LERBLE,

NMREGE : SOMHz 13C-NMREGZIIVI/NAST & — 7 % 454 L 72 JEOL "
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3. KRBIUEE Fig.l. 50MHz solid-state
13

3. 1. 37ud79F 534> (CasHog) O MR spectra of fo o
cyclooctatetracontane at |

3.1. 1. 1i h 5 different temperatures.
ineshape&ft¥7}t (a)~(g): CP/MAS,(h): DD/MAS “~— : .
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Table 1. C chemical shifts of cyclooctétetracontane at
-40c° (in ppm from TMS)

conform.sites tt.tt gt.tt tg.gt gg.tt - gt.gg
36.7 29.2 27.5 26.9 22.2

£, foldBRORABRIZIGEREH®C X 5L 1 02H 2 BE /
DRFEMORDT A ~ Ktk b, T ORAKRT T EHOKIH (“f‘ﬂ )
BERLEW (Mlc~e) . —H. 3TCUECHEAITO
FBMb 7o~ Fichd (B1f~g) . T& XCP/IASHIR &Y
850 RBRORBILAKD LR L RIBDL. 5 5 CLLETH ‘T’
CP/NASHZ k B MERERTH -, T, RHDE 7°CHR
=7} RIZDD/MASIE K D BE L R b 0 TH ) . —EK OBV
128.8ppm A LND, BT, BA»H20°CELERENETC eT
REWTY, REdavikx-YarMoEnXkick N LTo
RRIEANSEIEBH 5D L BbNE, RaBL7aty
SFPIAVEVRTFONENL I R EMELTWE»ERITH
B, KD2H>DEF N ERWTILES 7 FERHEL. 6 7°CTD ’ L/Av/

{L¥ 7 | f28.8ppm& KL 7. \ )

(1) EFNVA Ko 7HEL-£-t defecttkinkBMT 5 €T
b (M2a) . : a b
(1) EFN B BETHIVRA - avERLTL. B
SFyeEd UrREENT TV (B2Db) .
R2EHEETNR S OHBRRERT, 2B IOBERRLDET
MEBWCHET B2 v hA —S a VicHT o lb¥s 7 bR (o0rc 2 Catveulated
THd. WINDETNI L BE¥EL 7 L RREI RT3~ cyiliﬁirﬁiiiiriﬁﬁiinif
Sopk i, BT, 67CRBWTIR. Bk THIE S foldil at 67°¢
BIZQR e-e-t-t% g-t-g-g B &0 defectttFrEL . MAEIX model A  model B experimental
SNANAKBMBILOLHLLNE, 33 95 31.95 8.8
3. 1. 2. CP¥H :
F3BIURIICRCPOavy 7 o4 L EkTFHLE2ORK

Fig.2. Molecular motional models
for cyclooctatetracontane

— 128 —


takai
鉛筆


e Ty o™s

temp. (°C) crystalline fold crystalline fold

25 0.20 0.19 10.0 11.7
35 ' 0.10 4.98
45 0.036 . 3.56
2.60

50 0.19

Table 3 Spin relaxation parameters in the cross—{;olarizatio,n
process for cyclooctatetracontane at different temperatures

THEL R LRI IRER &£ )k
ATew, TipndERL . HTHL 2%
EICREDOMK LIz foldEs. KRT
BAOT puDEIZTHEREPT . -
T. 3.1.1TR~ACP/MAS X =7 F LM
DETFET1 pudRBPI LB DTH B E#
=~ Nak- I

3. 1. 3. 2pv-BFEHN

F 4z Torchiam v X RFz £ D EIE
LASRAD TiooMEELRT. K
TidfoldBA LR THROREDHEILIT L
A EEMT N, 7~ 4 0°CT HioldBRD
TicHFPENEEF L IICARDITAE
B2w, ZoZErbFEUTTCIRTIckM
535 10'HzBROEEEIZ>nCid
foldif4 LRSI IFBRKETHILERS
ns. ”

3. 2, vr7a~x¥aryy (CaaHi)

RacilcpBRECHEL LY 70 ~%

v:yyyﬁﬁmWC—NMRx&ybwiv

R, M4 (b) oMb dRdiicssn
279TFav sV RERDRELRL.
S°CizB W T Kkizfold¥ s oDituliikd* 1 02
HzBROERZ LN 70 - FichoTnd
TEMbNE, 30CBWTRE/RITH
DG S ) MEBEETEET LD
23, EHIEEEHITS L32.4ppail

-O 3 -6
CONTACT TIME(ms)

Fig.3. 130 cross-polarization processes

. for cyclooctatetracontane at different

. temperatures : 0 @ (25°C), O (35°C), A(50°C)
tQcrystalline, @ fold

Table 4 13C spin-lattice relaxation times of
cyclooctatetracontane at different temperatures

T../s
temp. (°C) 1C
Et.tt tt.tg tg.gt tt.gp gt.pgp
=40 145 159 133 119 123
25 . 28.6 27.0
35 9.52
45 6.90

50 6.13
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H. RAKKTI OHz BEDORMENMEL (EE
2TW3bNEHILNE,

—J%. 6 0°CLLEIc2 B &3l.0ppadfiiBich b i
v-7dRBENRB LT D, SO - T IXEFDLE
V7 ML LETCTYIRA ST Ty kR
REHIN b bDERUL . g-t-g-ek EDfoldilIC
iEvdefectE FoRn AT, W bDBT Vb
X=2aVvHTLIOIHZBED t-¢eBBELTWI S
DEXFE2LND, 2. COBRADT1cI”EM s TH
ok PEBxnddicsruanavrys ki
ruassFriavy oL R SRRRESEE .
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1) H.Sato, K.Okiroto, Y.Tanaka, J.Macromol.Sci.

chem., All, 767(1377).
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2) 1.Trezebiatowaski, M.Drager, G.R.Strobl, J v
Makromel, Chem, 183, 731(1982).
3) M.Mgller, W.Gronski, H.J.Cantow, H.Hécker, a) maore
J.Am.Ches.Soc., 106, 5093(1984).

4) H.Drotloff, D.Eneis, R.F.Waldron and M.M6ller,
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Polymwer, 28, 1200(1987). L “40 T T tu J
5) I.Sorita, T.Yanobe, T.Komoto, I.Ando, H.Sate, ppm from TMS
K.Deguchi, X.Imanari, Makromol.Chem., Rapid Fig.4 50MHz solid-state 173C MR
commun., 5, 657(1984). spectra of cyclohexacontane at

different temperatures.
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13c NMR Chemical Shift and Electronic Structure of Polymers. Interchain
Interaction in Polyoxymethylene.
Hiromichi Kurosu, Takeshi Yamanobe¥*, Tadashi Komoto, Isao Ando
(Department of Polymer Chemistry, Tokyo Institute of Technology and
¥Department of Industrial Chemistry, Tokyo Institute of Polytechnics)
High resolution 13C NMR spectra of trigonal and orthorhombic
polyoxymethylene(POM) were measured in the solid state. In order to
understand the relationship between the 13C NMR chemical shift and electronic
structure of POM, quantum-chemical calculations will be carfied out by using
"tight-binding MO theory with single chain model and 7 chains model and will be
compared with the experimental data. Further the interchain interaction will
be discussed.

1. Busne
BASABMENMREZORERBI LY. BATRHOILEY I I BEERBR B
WTHBBMTEE Rk, A¥ ¥V IIIBESMIohRIBME. FThi
ko THETIEBOSFMRE>TES5A0NB32BOFYYLETH 3. BREOW
EHAVEHEBKCP - MASHREISTEINBZZEFEHILEY TP ((011 4+
22t 033)/3) XVEBLOWNEREFEDILEY IFPFIYVLOEE (011, 0 22,
033) BBt i>T. BBRORBRTHRERLIVRBRIERBT A2 E BT L R
3. TOFYINLEBEULUTCBO NhB3NMRILEY JME. THhHEE BIFHED
VISR ESTUHTIEBETHSE. 3V EBICLHTIIWNHELRATL
3, ThoOoWMBRIORELERLU. FARARRBI LD CUBEBANR T
RAVWRTTO-FRREERS, FTIT. BAFHROEFHELEABFHT 3
ZEDTE S tight-binding(TB)EBBHL. EFALHFEUT—~%AH FUTH

FHEFEREEERT 2 HL3FY, Tk HEKERERTIRD7THH
v : v

g H
g B iy o3

Fig. 1. 7 chains model of POM. a)trigonal b)orthorhombic

a) b)
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DO8EDRE, ‘ea.ldThEhIELEHE,
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EHBMEOIZLE = Jm KisWZhThr2-DYHsd THEHSERULT
L‘%O
3. B -UEEHR

POMRWIXEB, REOHRED» B, #7F5 Table 1. Observed '3C<NMR chemical
BrZHRBRO2ODORBERBEET 3y sfift (ppm from THS)
MohTWV3, Zhod HEHBEBOEFEWR tri. ort. © amo.
YhRA—YarvoiELik HEYHOMBER T iso 88.2 86.0 90.2
HUTRBCOMBERBICLEOTEIEHKE o 108 109 . 101

] 022 86 84 86

o 011-033 37 ‘44 17
HRHEUNTOABERCIOVHAML k. H K Mlic tatfmn
ai .

ODs—hYFT*HYEBF0E 128 & UK € S eomenty fata 0
EHME X UT. $A0CDair bathtf T — & tri. ort.

N . k. i X E a (A) 1.47 4.77
BEe EHEHoR ZhR . b (#) 447 7.65
EoT. ZHFBEHFTROBEANTH S C c (#) 17.40" 3.56 °
E BB XN . '3CCP-MASANY p A __ helix type 945 - 2/t

y €C-00(A) 1.43 1.41

B U x N LMEULEHARFGX - r :

WA~ H MCH(P) 108 0.98
ETiTohe TORB Yal¥—¥ -2 Z200C¢ # )y 112.3 114.1
A4YE~-T 3. ippaB MERY T b L. zucg # ) 13.0  113.0

- v . )
DY AN —C— I UBFRBEEI LD L EACY) 776 8.
Ehbh3, $h. A4AYE—~JOBEBEMLEYa LYy —E—-2 BBH > h 3 ¥
Znﬁw“m6®ﬂ%”mb%mk%m?%®®t%i h3, $r. ltEv7
FREYYARDOVTHAHEANTI PARMUC. ayEa—F¥vailb=yay
13> 2 & 12 & 5 Tdeconvolutionl. ZIho DB

REE 1 LR,

5. HEBREBXUEER
HAWR7TO—-F &L T

OHEREFL. EHEFEREFMEU

EBRARNTEIEIEEE R

BATHErEREMTES TBEUNREAVEM
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Table 3-1. Calculated 13CNMR chemical shift Table 3-2. Calculated 13C*NMR chemical shift and
and total energy of trigonal POM(in ppm and eV) total energy of o_rthorhonbic POM(in ppw and eV)

Number of chains 1 3 7 Number of chains 1 3 7

" Gise -71.57 -61.23 -59.29 Oiso -74.81 -66.44 -52.39

011 -149.92 -131.71  -124.65 011 -152.48 -142.84 - -126.33

S G22 -132.44 -116.47 -116.00 022 -127.27 -118.33 -108.21

033 -117.76  -102.84 -104.98 033 -112.00 -105.42. -92.04

S g¥-gtt 32.16 28.87 19.67 g3%-g1t 40.48 37.42 34.12
- Energy -26.090 -78.288 -182.629 Energy -26.004 -78.007 -182.070

i I ABEFLREBTBELHE
CO14BOHER HABROZFABERHNTIZEHERNLEY I FOSHIE
YIh LFEVILILRAMOKEY, ZUTIRIALF-REBRBPELTHIEH %
EHEHCHALULTLV 3, CO#ED»E. ChaoHEY RBRIiksssvi—=
BRBLILDERWEThh 3B NOREHRMERHA TS I 1200308 #H8E
EHBEVIRHARORLVEOVTCORRKR TS 3L MAMEIANOLELS
BRIy ZLENS3EBbh 3, TITRRIFXHFREISHELIT o i
it .3XHEFALREBETBHE
SAAOKE. LEVIIRANROAZEIBIVLIIAY —RERTBELT
WRMOoOBmEMEEBHRULTL 3K ¥HFYLLEY I PREWERZOMME T B 3,
FUULOBBRARBMUT. ZHRBEHFROERDVTR B E. 020,050 %
MEERABOFBETY, UDU. o RBUTHEMTE 1 pondd 5 8 5 ER
BMREYITIPUTOVBIEY TS S5 FHETEppnl L EEBY 7P LTV 3,
COo0oBEE,IL,O0OAMT. Chit. BMEELFEESSIETXATOVARLYAR
THY., SO 013V REHTFHLEFEY TP PERBE2FHRLELR D £
LbOEEZX S h 5
il . 7TABEFILR IS TBEHX%
BOLDRCHBUBEBRAUTLVEI L HXAOAZI 7 AR R LI BHET] %54
FHRFYII)ORBBY 7, L2V I REFHOKES, FUTI I NE —
RERHOLTUHMUTKER2EHHEERA LTIV S, HHFEO0OEREY 7} Ut
0D HFEHVAEVY. TBHETUTAHMETTFICIABEREBESCOHE S
RCEHBRUTSBY., POMOIIRMIBFHN R BORAMOKE WS F T Q.
CEY I IOEBEBRUT SRR FHRHOMEGEANEETS 32 ERE h e n
2 Jee
BEYW
1) V.S.Veeman,E.M.Menger,V¥.Ritchey and E.de Boor,Macromolecules, 12,924
(1879). )
2) Y.Takahashi,H.Tadokaro, J.Polym.Sci. Polym.Phys.Ed,17,123(1979).
3) V.Gramlich,ECM-4,4th Europ,Cryst Meeting,O0xford,Abstract Book,531
(1977). ‘
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Analysis of Chemical Structure of Oxidation Cured Polycafbosilane Fibers
by Solid-State 2°Si High-Resolution NMR

Toshihiko Taki,Kiyohito Okamura®*, and Mitsuhiko Sato®

=

(Technical College, Tokushima University and The Oarai Branch,The Insti-

tute for Materials Research, Tohoku University)

The chemical structure of oxidation cured polycarbosilane fibers for pre-

cursor of SiC fiber has been studied, but their quantification is very dif-
ficult.In this work,the molecular structure was examined by chemical anal-
ysis, IR spectroscopy and solid-state *°2Si and '®C NMR épectroscopy.The six
structural elements(Si-C,Si-H,Si-Si,Si-0-Si,Si-0-C and Si-0-CH:) in oxida-
tion cured polycarbosilane were determined quantitatively. The soild-state
29814 high-resqlution NMR spectroscopy has proved to be a powerfultool for
investigating the structure and curing mechanism of oxidation cured poly-
carbosilane fibers in contrast with IR and othef measurements including

!3C NMR spectroescopy.

i

B Loz BRiEtrsFRrEaRtsIvosHMBEeELTCEABIATNVWS., XBESVEH
Br A EREYL-THI3RYBALEYSY (PC) #HMBAL T, F@EtLES
Lh#BaRLTHET S HELBRLU L. COFBTI . PR OB ETHRER
TRETZIIENRAVEI IR, RE#EA2BESHPTCNRABL T I, T RITHHER
ABEHLULTABILTZ2 IEDBERTRTH 5. CODEIRAMABOVHOH R
HEGSPBENMREMNEFECLEDNTH 5. PCO'*CNMPRIBIIEEWER
W5 X, LEZHERE2E5EAZVOT., *°S i @HREEPBENMRLZAVWT. R
BMEtERERLEL:STHRECHFKZLX*WHSH»IZT 2.

ES BaEBEIPBEENMRAXRZ PILE. Doty Scientific##o
A=Yy yAFLAEMABRAREBREOT O -TEIJEOL FX-60Q¢%
Hadbe TERTHMEL 2. HEEAEREZ'CTIR1IS - 04, 2°S i Tl
1 -9. 8L ' HIZ59 - 8MHzTH 3. EBRABHBOMEIZS 1 kK Hz
T &5 A=V ORBBENZ - Ok HzTH3., (=272 N~ S A
FALYSY (TMS) #2E#BLr L THEIRE, WH > TEBB MU % IEE

PCRHREREBELSVDHBERE>»TARENREZHbDTH S, HwrYy 7L
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°

2 2.

— 135 —



¥

LTWAEWH Y 7L EP - 151 -FrlL. RELSATCLELALLO 2L EEE
LMo, P-145, P-1860, P-175, P-180, P—~-1865,
P-—190. BEP—-1956 ¢BEZEIZT S, :

HE 1. LtESN b2 oERBohERA LRI RT. #1¢F
ig. 152233 L0 BEFRARPCOABEEN LR T ZLELIBIEDES
BRALBRABE L LIIETITERBTHNT 2.

#£ 1, AL LD R@gtbanhreR I N RS VO ERK.

B ' 28R 0B R

P~151~-F S i Ci.94Hu4.8000:01 R AL
P-145 SiCi.9aHu4.55600.17 1.45
P-180 SiCi.s0Hua.50050.35 160
P-1765 SiCi.76H4.5200.64 175
P-180 SiCi.s0H4. 56400, 565 180
P-185 S i Ci.68Hu4.2400. 065 185
P~190 S i Ci.esHau. 0200 02 190
P-185 S i Ci.10H4.5500. 69 195

2. '8¢ N M PCRFHRORY VD

0

SLAAMERYIT RV OEF Y OBHK OB K _
KETOD'CNMRARY F B EBN S L ;
ZELSTBESRATVWS ., BB TOP CO -
'"*CNMRZARZ ML REFRESILL T, §
BECWBSBOATOH AL, BEHESW S
Tb, Fig. 2R T L&IEZREIE—0 >
line THHL<EEAWBEES h 7 S
1 { { | !

Vo 9 556 200

’ Curing VTempernture Q)
a)ﬂm-?‘
v Fig. 1. PCH#tdbom
F2ERCLBBEOMK.
b) N?S

+20 0 -10 ppm '
13¢ Chemical ‘Shift @ F ig. 2. '>C NMR 2R 2 b M,

— 136 —


takai
鉛筆


P160
by P AW A

c)

P195 g
a

[ |

#

‘A 1P175

| I W B

ééo )

Si Chemical Shift

Fig. 3. P
95 { NMR
. '

4 b & c iR
DI B Z
npo. o -

c)

C #W#o
2 R 7k

[ S

+50

2%g; Chemical Shift

Fig.
p o

a s

5K E <

A
*

[

S . 04
o

+ 9

g5 i

°

S ¥ o

D
&

-
L
L

4

#oT<K 3. &
TR TG B

l ar—d

ing A

i &l
5 ppm

-40llppﬁ

550 ppm

e -—

~N 7 b

(=X
5

&

b ™

~
=
’2

oW

P

¥ & 5 Iz dipolar-dephasing
OEBKEIEES
53 ppm®DIE

i-—0-CH:% i
5 EE E S

PC##toD

DES
ko2
D E
Si-0-S58
BALBEBEEOBMKEF

7

i 4

ZQSi

0k

Lo

e XN
DI I

—
kel
o]
—
)

LD T
b O
<T. s
, c ¢k d
BB
i gA. 3 a
pm & iz

[~

A& v
I ™

Relative 22S| Signal Infensity

W

FSi-o0
RKEEE L
AR R
Al &3

i g. b

- 137 —

M
7
7
1
5

R

°

&
&
1

RV} T

- CVH AR
THWS h
nEHRTBL

R . F
T, F
ML % R
7.5p
R
-d
7

& H
-0
. - 38
- s i
T B :
C ##
Y
R
2> T
3 {8
75

o J

3]
(S A I VI - I

>

3
ig. 3aw
$. NMR
pm®2AEOD

assignment¥%

i g;

ﬁ as

pm®IE

e & v o858 W

W3

(7 e S Y SR\

TOH 0 & = TS i

ZQSi

8
A

e

pos
jaills

1=

hE L

NM
RAwo P
RS
7 FNTH
Brw .
bhne

(\:_
CF
R =
HEERLS
175%C

m o
C L w

n

Fig.
298] NMR{Z

DT H B,

Z

hp

Curing Temperature (°C)

5. RMEEEEL
2O M.

b0t ah s,
PDMSHoDbDTH
EbhbiZHmMT S, T

PCHBEDOZLD S 6

ShHhHd LD,

g



FRETS I -—HEBEAEEYVO., Si-0-SigaxrBE¥a&dnsal ®iT.
MEEENL TS5TCRLLILEIOHABIEMATS i —-0-CH., BSi-0-Ct¢t
AR T B LB,

PR XX 2 Mg D chETORELSPCREDHTHAE B L R =
REBERTEZNIEHNDP > T s, HREBROMIADEX 2L OLbDTH B &
WhhTwa, BE#ETREBELEPCHYEEOOCEAN ARSI -C.. S i -H,
si-S$Si .Si~-~-0-8Si, Si-0-C, K Si-0-~CH : D6 > TED
EaND I LB, AEBRLBIIBELREIEYYDS DD B3,

&8 LOBBENDED LSRR TRENZAON S, PCEBBETRRR
J:")L’;‘Si—C,gi—H.Si—Si,Si—~O—S‘i,Si—O—C& S i
S0 -CH: DB DEABEN N> TWHLERRTES., O EIEKRMABO P
CHEODS FREORTECHEK?’S i E7RENMRIMBMDOAHXFEFER (I RPHE
BCHEAMBENMR) LD bABCHNLFR THIE VWAL, Th#aEl
. Fig. BIZART LIS TWSB,

CHae CHa .
H on / CH SiMe ~ H/- H / CHy S'lMe
“‘~mMe;;7 oy SMe o o e U cHa 1
~~
M7s"j;;/ \\\‘ﬁ'f/”’ ™~ MeSIZ—7 S|
H SMe, H 02 0 SiMey L
o Y ow [
Il\ S|l T SiMeg—_ s K~ ' /,-"/
~CH; He . CH, T TCH, IMo\\\\ CHa "M \\\\ CHa 5
ﬂ kc /SlMea\ SiMe __ - \CH/ 2 CH/ 8.

Fig. 6 METRBLEPCHEEODERLIILEBREDOE L.

Refernces

1) S.Yajima, "Handbook of Composites, Strong Fibers”,Vol.1l edited by W.Watt
and D.V.Petrov (North-Halland,1985) p.201.

2) Y.Hasegawa and K.Okamura,J.Mater.Sci.21 (1986) 321,
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LE.Fluck. and R.Kosfeld. (Springer,1981) p.565.
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VR AW EXKONMR - 1nX (X=Sb, As. P)
B e UT -

(% /) Vh®Wh. BETAH—-", k@FELKI ")
‘ O#3I558H. BEREOMNK . 5L -
The NMR on the (11-V group compound semiconductor. -LnX(X=Sb,As,P)-

Nobuo Kushibiki, Tomoki Erata and Junkichi Sohma*"

(Central research Lab. Canon. Co. Ltd., “Bruker Japan Co. Ltd. and
“*Faculty of Engineering, Hokkaido Institute of Technology)

The NMR spectra of !'Sin nuclei in the 1(i-V group compound semiconductor
InX{(X=Sb,As,P) are recorded. The chemical shifts of '!'S{pn are various on
the X-elements and this fact shows that the effective ionic charge, which
closely relates the optical properties of these semiconduciors, is varing
in each compounds. Howeverﬁ, the oriéin of remarkable change of the
resonance linewidth on each compound is still not clear. For clarifying
this problem, we are making the measurements of the spin-tattice
relaxation time on each compounds.

1. K i
2OoLULOREOMAVTOK AR SLAMENUBEAUBEOYHE G T
50, FURBEEROIILVE BHSRBINI-V E 1Ib,VIb EhdRBII-VI K
LEWMERXKPE D 5 ChoDIkaPERBBLADDEIRBTR &0 & & W
BUBFEHEBLVBEHCZOLDRVELLL. B4R FEALAACELCOTRED
g#EETT, Chs>0FHRIELADFERARRRBUYIEBEFOEDBRRARKELLHEET 3
HEAREEEFR - R ERABRNTXITAERENSVEFAERESIU T S HEOD
CHEX¥MBOETHRRSIATS BN SIHBLBSY 325 HONMRIEZOBER
WT1ORDEELEITHE V> THLIVN, LAVFERABERATURZTORBRTE
DB MBE (RRAHFEL2ZERULTCD) b‘ﬁﬁ'@ﬁib TI1LHEKBWENERT
%, ZFITHEHRTUE. -V ELEVEBROPTHRLEFBHBOEOKR S
I nX&% (X=P, Sn, Sb) 2HL11S5I nEONMREWERITWL. *%
nenosBoh3HHEN CYOBELGYIENBROYHEERUBINZIREIT - e

< & M Ao &

f-1 - VERILSDLBEOEEMER

# mluwn [ B F LR pegan|mean|ie mie almmie| K & oM

a0 Gremy | wuma fa ) o [0 K|ovem Kofrgky] (Tmo | R T Sl

B
npP 4787 78 5,968 45 0.7 Ex 1,076 25 22
cy
InAs 5.667 28 6058 519 026 5.67 %43 03 ]
. c8
inSh s 775 8 64m 504 (1) 5.467 528 <1t 13
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%2y 7 b x=SbTEEO. x=As. POMIRAZRYLBEEL T W x
=SbObTVBWALCAS, PRHRIRS>TWS, [— 31 InPtdopant S(VI),
InC11),$n(IVXD 11861 n NMRIANIIFPARUDT (HLEDRDpure-1nPd X
RO2PAHEA) Ing F =T URInPTW. PREYNAXLBOVBEBY 7} 2 U
BU S SnOBEUNVFEFIBERIVBBEEAY T PULTL 3,

! - 1 1 . 3 — 1
1400 1200 1000 ?’OPON 600 400 200 0

THRREEY I IUBONBR B AN ENEE S D0 h T B THI DU LD
BRIINKRUBI I A A VAR UDTHELUTHVEZIENTEEEGD L
. FREBCInPrdopantRE BV TUDTILEY 7 b Odopant kK BH U C b 5
DI PEBEDdopant B IV OWREEOFIEEIYRUSGLPATVWADOTUERLREE
EHOMHEEIRUTLWEZEBNLDULTL 3,

LHAUVURPLIE-1IRUDENZIEIIRINMRRBIIBEBOXREIREILREED
ECAZTOFEEANOPDD TR, BfE. ACV-BFEURMOWELRITH
THVRFETUTOBRELBEVY I OREBORBH O OY THET ST S
%,
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ERITIADISF MAS NMR

&[4 ii WAV )4 RE - POy rRE)OHK %I(E.
R.J.Kirkpatrick* « D.B.Dingwel}*« +« E.Qldfield"

197 MAS NMR of Inorganic Glass
Shigenobu Hayashi, R. J. Kirkpatrick,* D. B. Dingwell,** and E. Oldfield*
(National Chemical Laboratory for Industry, *University of Illinois, and **University of
Toronto) : . :
The structural environment of F in F-containing NapO-Alp03-SiO> glass has been studied by
high-resolution solid-state NMR spectra of 19F as well as 23Na, 27A1, and 295i nuclei, using
magic-angle sample-spinning. In the sample with equal’ molar amounts of Na and Al, F
substitutes for O in AlO4 and SiO4 tetrahedra without the formation of NaF or cryolite-like
environments. In the peraluminous sample AlOg_yFy octahedra may also be present, in addition
to the above environments. The peralkaline sample is phase-separated and contains an
amorphous NaF environment, in addition to Al-F and Si-F linkages. The presence of a
cryolite-like environment in this sample cannot be ruled out.

FURBRHNBOII/ROBBERRDIEERAETHAR DV TR, BEOH
FHO 2 - NI ARBLVITHLEERRECH LS. FORMR LY., BRI I A0
HMEHRELL . BECORENEUCET I3, $he KT 7 4 N -1 F E®M

UTEINE2H BT 3L BICHAIATVE, Cho0BBOXILBFORAR
BRUFOERMEHSIBOBFORAKBOEL L LI DOLEZEX NS, LB L.
ERT I AP TCFBEOEIIRRBTCELEUTL IO R ELSh D> TV RL,

— 5. BHRELSBENMRUBSEHEOVYY Y- R7ZLI )V Yy - ORBH#K

BRDVTHBELREHESXT<h 3. . TIARBREBLVTHROFETR
BACCOTERVEREE LA TN B, ,
PR HERABH. KAFTLBIN0B T UDPODBBAAELBAET V., 2O RD
VL TR U FRATHMORBF-REFHEFANARELS. Y v 2 AEE (MAS)
ETHABBEANY PLEB 3 LUERETH 3. UbL. BREERL LTS L
REOBAWEANRI VL2 B3 L BERHRUETETS 3.

EAHETWE. FR2EEBNa-Al-Si-0RHFT 5 AD19F MAS
NMRAN 7 P A2 BET AR LY. FORKESORKERWY
DMLk, A, 23Na. 27TAl. 29Sit O MAS NMRA N
JPALHWMEUL. 1SF
OHREHNET 368 £1. 75 A0HMK (at¥)

% 15 e Sample Na Al Si o] F
- ABF 7.36 6.91 22.87 56.64 8.22

-~

4

JOF 9.86 9.59 19.30 54.53 8.73

<EKB> WxEwH
WhE B Dingwell ALF  5.43 8.18 22.84 57.77 5.77

SO REEHTRCEHL AKF 9,56 4.06 24.51 57.94 3.93

NEF 14.24 13.35 14.16 B52.85 5.81
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FbOEAUTHY. RI1CRERMAM
ERUR. M1 &Nas AlL SiD A3
%2R U % . ABF. JDF. NEFX Na/Al=1T
SIMEMSEL > TH Y. AKF.  ABF.
ALFIX ST D H U TNa/AIL 55 B
RoTVE. #IADMREF LI &
ROV THMERIT-o R :

NMRBETEIENFOEREEB L TIF
Sk WEBMBKW@EICF B 47.3 RU
470.3 Mz, Z5Na®132.2 MHz. 27AIM
130.2 MHz, 25SiHT1.5 HHzT & % .

o

MASEI % % 3B % 4.0~ 5.5 kHz2T & 5 #f .

ABF

JDFI

T

EFALAWTUEE~ kHzk A\ R, °
FIAAYVITPOEFERIPEARY . - :
TAFONYE Y., 235Nahs 1 M NaCl i Bl 2. '°F MAS. NMR
B RTALN 1M AICIoK @M. 29Sias NEF ANT PN
TMS'C&%, : ©(87.3 MHz).
o '560"";6' 500 Vti%zy?—-

<ERERUEE> 1. 19F NMR ppm E—-2%2FY,
B 21247.3 MAzTHME U R 19F MAS I
NMRANX 2 P A RRU. B20 7P S ALY T b B & ,
awm,3&5@5—7&&M$nnfz~71m“§2 &Ew»y7b(””
6~-20 ppR B h. 2RHRBLWTHESsh R, € ‘
— 7 1125~22 ppu WH B h . SiME QO E LR Swele O BNa  FTm st
BNEFTREBESAYT. Loy PR Foma ™ B85 7% =0 e
BEO. E=7 1R L) Y MEOROAFO B e g tee ses o
BBEXh. VT F@EIE-65 ppaT d 3 T -6.0 ‘—1;'3.0 57.5  -86.4
‘ ﬁluwﬁmm-z MHzCff s &2 5. ¥4 KX ar 252 -i05 514 -2
JFREDLDRLVUBEROEVYE - 3 — ’&L#fﬁzﬂﬂ% axF 23.4 -13.1 5.2 -103.3
hro BV —C—JORBIBBEEALTL 3 x0T
CEDPORBOEEBYIAALY I LOABTSH S NeF 58 °
EFxonhs, Hb. A5 2 RBowEoTHME M3 0 -t
OR®ETIANYT b H2~35 pom KHR DT e o o e
ABUTVE, COKSRPHRATRERSC B G 5 _eol '
MEOHDEDD LS T5H 3.

B - ) ORBEUECT A AMOr S HAY T b EBUTH oo €m s 111

NaF (-58 ppm) SO lED 5. F-Nak BEEh 3. NaFE VI P BB EAERU T
5320 o. RBAFTU R EONFFHNHABUTERLTVWE EE X060 3,
E—27 11, HFRE U RS YU A¥ L (19 ppn) EBU ESRY T P ERRT 2 & b
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BF-SICBEIN S, SIHMEBEKARIRXC ODWCODE—-IODBEVRLT S
E~—2 1W&F- Alkﬂﬁsﬂ%a AiFs (8 me) »
CORBURHEERAB NS,

AKFO AN P E G BHMEERTHBEBBEL R TW B,

CORBEXBUTV 3. &»T-
NasAlFes (-9 ppu) EDHED & .

DA FNIFHER>TVIRDEDERS
WBEBEBEXSNh S5, AIF*"QOEXSRI°F [
TMONBF - RETFTHARROBLHER &
STVE0OHPBLAR,

2.25Na NMR IBLZ“Na MAS NMRZR
RIPALERUR. BB H-13~-20 ppniz
E=2BRUR (E=21) . AKFTU & 5
6 ppRZNERE - RRURE (E—=211),
E=27 LWSi-AI-0BBOORFEHEAR

Na* 4 %' luﬁE%h%»E—ﬁlﬁlliNaF(B
ppa) E OB B F LB U RNat 4 F 2
ﬁﬁén6°:®%§uWF®ﬁ%tﬁMU
THEY . AKFTRNaFHE B H LU TWB &R
ALUTW3S,

3. 27A'1 NMR Bl 4ie"Al MAS NMRZR

NIV EBRUL. OFHDOANT ML DS5]
~58 ppRR E -V R RT (E—-2 1), 2D
E—-JRABEDAI (AI0) WHREIH S,

SFOHERDPSFABEOEENRRI N 2 85,

AID AN F LR BOVTAIDe-xFx (x21) 1

MO QOE - RER-S>TVWAEEEZON B,
ALFCII12 ppm. AKFT W -1 ppall /X 0 E

— I 2NR> >N B3 (E—-211), Thile @i

DAL CAlQe-xF, )R BREXINH B,

4 . 2S5 i NMR Bl 5122957 MAS NMRR
NP PPAERURZ. 15 ppnfR 0L VEELRFE
2120 -7 UbBHThBH >R, U
L. 7377)L°J7 F 8L -86~-103 ppm®D % H
HMTHBR LYV RKRELEIVRE, 2OE -7
Si*(0A1)a-x(0Si)x (x=0~4)D R FH HE L
REXIhZ, BEOZ7LI )V Yy —} T
WxODERRB3Si"BHAHELRE—-2EUTHN
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EhBH. FIATEEESTHMRE R D E '
I REBoTUELABERBL, E— 7
OVIIEUXOFHEERBUTEY. ¥ 9
AOREMBC K VEILT B, FERHAUR ABF
SILHOE—TELTREMEARL,

ALL\/
5. F&eHIis5A0OKE F2&F %22 biNa
Al -Si-0RH I A TUHAIOLESIOPHFHH®U MO '
EForc3TRAL. 3xecwnmame °°F AKF

&t‘?—cll‘%o - 1

!

1 .
LIt B e e e
-50 -100 -1S0

F2a8&Na AL B 1 T & % R BABF. JDF. pprn
NEFT . AIOARUSIWNEHRDOFFBF R

ko TEBEN B, B, FRiEMT 32 & - B 5. 2°5i MAS
Wk9.SiCAD-0-SiANEEBYh TSi-FR NMRZA N & b

Al-FEAEDEMT S5, SIBENBLIT 5 &, RUNRRAN BARAA N
FUAMBFRBROCEAT S EO>LR 3., Pem
—H . NaFL AlFe- Lo R RAHEEDERIE
BEBEBRLARL, COZEDPS. FEERIIHEOZELVLVWETRZ LI VY
F-tOMEMENFTHH I I nDEELLN 3,

Na/AT< 1 ORBALFTU . EORAORREBUEDAIBHEELTLV S, F2 &
EFRVHASADF - IBRVOT. CRUDAIBFORMR L ZDDORD M. Na/A
I<K1DORDRODPBEBBETEDI >RV, :

Na/AI> 1 ORBAKFTWR . X o NaFHHOWH BRSO e, 6REOADHI X h.
AFe HEBEOHEOLBFETERL,

{71.5 HHz).

1) D.B.Dingwell, C.M.Scarfe, and D.J.Cronin, Am. Mineral., 70, 80 (1985).
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BARERHBCsTINBTFHEFRMEO A DO
' 2KRATERU S KTNMR

(mKHE) O H#HHE FRRE HREWR
Two- and three- dimensional NMR for measurements of the diopolar inter

actions in powdered samples. Toshihito Nakai, Takehiko Terao, Apollo Saika

(Faculty of Science. Kyoto University)

Dipolar - chemical shift two-dimensional (2D) powder patterns in rotating
solids are reported for polyethylene and calcium formate. The individual
2D powder patterns for magnetically inequivalent '3C nuclei in calcium
formate were separately obtained by means of the 3p SASS NMR method. 'y
broad line NMR spectra are also separated, correlated to the inequivalent
'3C nuclei in polypropylene by 2D MAS NER method. and each second moment
is obtained. This method is useful for signal assignments in CPEAS spectra
< F#Ww>

BaEHCcsT 13Clh2EYy 7 P HEAFER "C-'HARBRTFHEMFERE RFH
e b oF Vv ARTHY FTOFITEBIVEMAMISFHE S TFEH EBF
RE ERFCLCBUIEFNLANKFURELEEELRARYX5 2%, Lartl, BYnHE
BRrMERT s> erEECHI»IHEARETR, BERRABr A3 TtHBS>AS
BRI F 7 roXHEOAHRIANS T TH2+Z BREBESELBERRH
LT, WHEFHOTITHOMEWMBMALAImMERES > 2RITNMRE 2B L,
FTHHELEB 2T 2 ABRBELPVWTHEFEFONMREBRETCHE LA, AREEIR o)
WABEC'*C-'"HUBRFHEMFH ov8FBHC'*CRABLEY 7 HEMEEN
K #¥Xxh#at 2 KT povder pattern * 5 2 3 b D Td 3, S0 EHFFHIxFL
T IRBEBS ALK REE D, LEHCESHELCHEONLTZRE
povder pattern® B HET 53 RKRTNMREL2HREL fEB7»rey ait#BL
EERCOCTHRE T 5. ’

—%. 'H-'"HRBFHEMFHZ LEAXIJIre5x BEHE»S 5 FH
EXFTFEHCETIHHEALILP B> A S, K2 'HEAOWURFHEMFAOHHE 2
EEREL TV CHIEBT S T'I’CHARNBES ML, BMBHICEE =~
7P PETS2RITNMRE2HREBLA CoOFERESEMA'3CHEEBIUT
LE=2~7Fred 'HECAEAET> 22T l, CPMAS2~7 &
ik F35CH., CHe, CH:ZOBNMRODO assignoment T b HHTH 5, HY 7 nm
YL VLR LT A ERERERE T 5,
<K &>

BC-'"HRREFHEMRH — 'SCRFHENLEY 7P HEMFAH2 KX povder
pattern * BT 5L DD A 2ZFER 1 CHBY 3, HPusgRbkEse, 2o
ORRBEE t., t- OfC, ODERMXBBRBLATALE 6offt ) 6 offz ~N&
switch S %, KHEH toRsiHBoOEABogRELLLABE Fi

Hamiltonian
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90" L, - T

>€T‘= Se-r.s»t }(‘C‘H(.QI,Q.) + Sl-f‘}ezﬂ B 1HJ ch Vﬁomo.v :aéTahé. - bH_E'm——l_
CHMBER T 5. = I T, K:H . MZ“ T 1E R | oecoure .DECOUPL. . , DECOUPL,
%hfﬂlsc_ngé)ﬂﬁ%fﬁEﬁmﬁ e T b . 970 . oo .
rvHEREC Ry BEETE D, — K, —
B E R toT iR Hamiltonian fottz r--m>

m I SPINNING ANGLE

o= ¥+ Shga, Yo, Q) (2 T
CHBMERT 5. WF .y BRREV I I OSHRALRERATE B (1)
(2) s G 33K Q1. Q:xEhth WL, s FUy AR EOEHAL S
%nﬁa:’?‘:’\ﬁﬁf% Euler fi. QU EBRZL L ERER~EHR T 5 Euler B TH 5,
$ /£ Se offi. Sy off2ix, S o Offi '=-%'('360s200ffi-1) TR S SHHEE
i & % sScaling factor. S rf ithowmonuclear decoupling {2 X % 'scaling ‘factor
e h %, EH Sh3F 1 D s(ti.te) %# 2KT Fourier T+ 5= itk vy, 2
R IT powder ‘pattern . ' :

S (wr. e = [4 Tlw-w(R,Q) §(wamuEQ, Q)
KESHhD, Qi1, Re 28 QAT s cHlBEITTISA S (01, 02) WM
EfEAr v v o oM nsme KT 5 ‘

soi, REPFCHREHEA  CHARNBEETAHE. TRAZAO I CHEN
+ 5 2 BT povder pattern * FMMEFT 5D AL AFZH W20 & > BB
$5, Mo, RHBEMLEC svitchl, H L FALABBER s 50 T
lagicvahgle spinn’in‘gd) b CF I DE#AT 2, tsioB 4 % FourierEH iz FH v
Z7rR~xI bt A HSEBshARSEHEABIBCI, 13C2, L PCiHT HE
BRBAER TR t1.t20 B ¥ sor )
LLUT2HRRTF | Dsi(ti,te), H [,°P~ secow.| becowL besour| | eecounL
s2(ti.t2), - .si{ ti,te),~ : ' e % 9 90t Hig
tME T 5, ThELO '9CH 1%’"L"ﬂ “” 3“# —

s+ 5 2KRITFE I D s-i(ty,t2) | ..

{ . O ===
™ B 2 RIE povderpattern Botiz --emo

, ) E 2 SPINNING ANGLE i
S (o, @ 2 ) B Hh D, ) ettt 8ot11

K, 'H-'HHEEMERL, *CHEzAUCTCHMENCHNET >t Ry, K3
R E v ARICs LT, 'H-'HRBFHEEMA  Hawiltonian @ % & Tt
oM., HMAgEELA 'HMBIALIX Hartoann - Habn & #H42 #H A4 'H, '3C ﬁ}ﬂ@#r
sultiple pulse (EPMZ X » TI3CH BT+ 5. 'Hiz®+ 2 AP &, T oBKMEEA
BB 5 'H spin diffusion % & & &, ‘%C«Fﬂi&‘H:.mé,mamﬂzéigﬁﬂ‘ui
BITses®Byrae 435 RE IPORDYIE 30 2s BEDOBEY O cross_ polari
-zation (CP) * Al w5 = & b T & 3, Bl 5 % nagic angle spinning @ % & T 5
SEit iy, BEMER TBRASASF DS, BMEHOBH 2 b on'5C%
v 72 r 22 RBESRS, FEEBAZKLIC, 13Cey 13Ci o4 3
BB, BB LLTF D s 1(t1), s2lt1), " ,si{ti), -+ % 5 4. =
fx 2B L TFourier EHR T A5 2 L2 k2T, £13C HiZcorrelate L 72 'H —
"HREBF A7 v (ERBRAXI P ) B LTES K, ¥ kHzZEFooRBE
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i, B MERCSTS HABFHEFA CESE r5 2k e ®2dhid
<ER> ) ' :
WEGEFoRBE Ao CHBTHA wa

o, HWMABmBIWE'PCIIH L T22.6 KHz HJ
TdBH AHEBEAZEBEE'°C-'HU®E
Facs b reBES 5 3226 82 . & BC [ |movo | 4
OHOBE 3 -4 kiz TH B, Rk &3 — | DECOURL
MP i MREV - 8 ( 7= 3.2 us ) Tdh3,

FBAH Ly v LHLTOoft, Boffetxfic 6t 4, EHAFRHFY) = F Lo
CMv = 2000 )X L Tk foffi= On + 4, Boffe = 6n + 14 "Thd, *
Baory v i, Ti2aE(S2-bicHERHEALr Y 2EFIr—-FL, 13CiIk 20 %
x v -7?Lf:°

<ER>

Baw#1x7L e84+ 5 C— HRUEF — CRAMULEL 7+ 2 KT
povder pattern (Di&(a)z‘s,tv*?fﬁ(b)x'\‘ﬁbiv’C*«iréo BS5is¥/Hhryya
e TEEE R 2EOPCHIC X 3% pattern ¥, 3RTNMREZzHRATHM

BRELAZBRTHY, R2uiHBErARNI P roBItLVEADC-HESER
k2o 7+ 77 v OEMAEGTHC-HEEH MO, ¢ HLTLFEr 77
vyvroxEErRDLERETF T, rﬁ’)::‘flx‘/djﬂﬁ? projection 2 # &L 3
Lua, 2KRTCEM T 5L CHBICSparaneterkkw s e cdn (X))
4 AB HEONBTHEFRAE2ER TS L TCERANNZ P L2 L) ECHR
T 7z

6 ) Fmer yicHL, EEA~X7 Ak CH(a), CHa(b), CHs(eliz
THBMBELLAHRTH 2, 2RERBXETAEHR 21, 32, 27 (Gauss?)
U, HEZ&RLHeTHETS A UKRTRIKCBTSZFIDOYHicHEER
CPMAS2~7 At 5CHe, CHOBRRBYBRETEI S L2FLAOD
RET7THd B, (a) (), (DB 3I O sr2aFHicswT, ThEh tik 0, 12,
15 us CEELCHEBMULAF | DO Fourier B ThH 3, ZLOHBAELYVEL
ETCH:0OBBBABESs A, TACH:BRBEKET > e CH,

CHz, CH:® assignuwent (CF B T% % & B bh s,
<EHm>

BEse 2B REHLABCL'*C-"HUABF-'CRABLEY 7 2K
powder pattern &, BEHMEFHH LB AL CVHEERTF vy v roEM M I HE
T35 rE LS T, 1RENMRTHEBBICZ LAY v i 2 REBI
BM T 5ceT #HAEE HEAKCCHMLTLIVERARBALE 25 RE
@E\@ﬁj%(i CP XD RKFMHEIC X % powder pattrern O FE & % [ ¥, if;\SN *
Ml L s#, pattern DELYBAHSOBRMD S S 3KRIAENMRE~LBYT 32 L2 X
% 2 R powder pattern ® 5 ¥ % W B ¥ 5,

'HEE 2~ 7 P r»OMEANRR. 4 FHEOLIVHEMLBRLE LS & & b,
CPMAS 2~XZ D assignment O —F & % 5 2 3,

HOMO. HETERO.
DECQUPL. | DECOUPL.

B @
!

A
A o
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a-D-FNa—A-1-YYB_AHAYIT LA KEBRGERHOI°CR
U PHBEYIIFIYL.IC- {'H,"' P} ZERBOEH
(F7YF4vazarZeE7XkK « RAKEX) C.A. Mchowell
OWE &% D.L. Sastry & iﬁﬁﬂ
13C and %'P Chemical Shielding Tensors of Dipotassium a -D-Glucose-1-Phos-
hate Dihydrate; An Application of a '3C-{'H,3'P}Triple Resonance Technique
C.A. McDowell, A. Naito¥, D.L. Sast ry and K. Takegoshi
(Department of Chemistry, University of British Columbia and ¥Faculty of
Science. Kyoto University)
The '3C NMR spectra of a single crystal of dipotassium o -D-glucose-1-
phosphate dihydrate were recorded by using YH and 3'P double nuclear de-
coupling, since the "H-3'C dipolar interaction, and also 3'P-!3C dipolar
interaction, both caused marked line broadening and/or line splitting of
the '3C NMR lines. The diréctions of the most shielded principal value of
the '3C chemical shielding tensors for the C2-C6 carbon nuclei in the
glucose group were directed along the C-0 bond. The %'P chemical shielding
tensor was found to be axially symmetric and the direction of the least
shielded principal value was almost parallel to the P-01(R) bond.

(F)

BHEEPMRENMROERIK &Y. L¥8. ELLEHRRBEERSFO'°CNMR
DEAKRBTHUI LS LISCRY., HTFORBEPRITEHUBEH LIS oFHE Y
Boh3dssumoh. BRERBEAES FRCP'HEUARI'PRUNELRE A
TW3ZENBY, COHFE 'HFAYTIYVIYVR2HBABURESG CTUI'PRHI4NE
BCONBFHAEFHORDODEBEEBEN >R V. RA0FBBEHNLSE, ' 20
T 2BEEEAUIPFREERCHIIARRTVEREREBAETIZ LD 5 B, H<
DEFGARNRIIMPNVOBEWE2BEERDOR T %, AMRTW ' HE'PEEZ2ERRET S
W TAUT S CHEABMTAZERBY AT A EHMIEL. a-D-F L2 —R-1-V
VEINY YL KEORBERISHUISCIEY TP FYYALRRET 32 &
TELOTHSE T %,

(ER) .

a-D-VNa2-=R-1-YYBE_AVIL_KEOREREZKWL25° C-20"° C#
BMTRACLAHITZ LWL THRIER COHKBUBMNRRATERMBUP 2
i~ R FEHBWRXa=10. 44, b=9. 025, ¢=7. 518A, g=110"°
24 TH 3, HHEDa, b#iEc (c =Zaxb) MEAEREERZBUNE
iT> ke Bl a, bR=ZEHENMRYAFLOTAY IRERY. TNh—J—
CXP2000'*C, 'HIZEHBRBREAL L. CTHhRPFAY TV 0OH
Brlemx k. 'H, PC_E#EBHOIO—-T7024 L RRBEATY LB 240
2LEXNPITF ATV IINLRIEBE VR XEMBALAZHNCETESZ R &
STHBEEA R BM T FERBEBE (CP-TAPF) 20k, ZONL AR
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(@) *'P(80MHz) @

. . 13
crossed coils C

(50MHz)
'H(200MHz) ® HE ’
, wall '
( D) ‘ PROBE.
C X P TR
; 200 MHz
'H (Trans) — High Pass
Filter |
is . 200 MHz 50 MHz
C (Trons) DUPLEXER[—— Reject |— Low Pass
) ) Fllter Filter
’ 80 MHz £}
13C (Recelver) @ Relect
Fliter
rf switch | TR
Frequency ) z
‘Synthesizer |‘A?l%w Hig;;”Puss
er
Purilsa Madulatar

H1 (a) ZEHBTO-TOEHKEE, (b)) ZHEHENMREZOTOY I,

B EES>Z LWL &V, CFHRADONT—RBEHEDOALORLEE T &N TE.
F—% YT RBILT BT ENTE R
(BREBR)

a) SEHBOXER .
M2ia—-D-UAa=ZA—1—YYBEIAYTLAZKEEHERO'SCNMR R
NZFPALBERT. a) WHFHOTYYIOBTHMEVRIANI PLT b)) DX
NP7 FALW'H, Y"PEFAYTYYTREIOVMESL L. IMTHO PR &SR
EFAVTYUS BB BOBRLPLEEN TS 3. BRLCIRETR'P-"3CHBF

HEFAC 3D BEBRR2UTFHLEATVIONED 50 5,

b) '*CHlb¥ v T bF IR

ab, bec , ¢  aBHTHBEL*EEIELBEAO CNMRBEOAEEILE
M3wRd, HF AV TUYTORTIU. B, ab B CAERTERERT 30U
FHE TS > ke HHROZEMHP 2, 2RKUT. abRUbbc THNTHELEE
XU P ELELW2Y L FPONMRESEM SN, ¢ aBHNTHEI ¢ LRI
W14 4 PO CNMRENBH AR, AEOEORR»S. ThEZhD'CH
ROVWTAEOI¥EY I P FYYLBREERZ B, CO3B2/HEL L F Y
NTH B ZOEVLFYYLRREL. ThEARBHEO CHURET 50
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CARDEEEELURE, 1) BEOHED O, BR
EFL@alUTwsEIEREROBEREAN L#H
HC-OBARFITTHBT ENABATY %
2) A~ L&MOBWDOIPCNMRANY b L&
BHOZEY I FYIYLOEHBEA S rEE
RY, 3) VP -UCHBTFMENME x HE
OHEREAVCTHET % 3, ’ ,
DEOAEBSEUTRET A R'3CALFY T b
FUYULOEEREMAEFILRT, C1EROR
KEANVHIEO1I-C1-C5HEMNTC1-05
BePBA2° FATOLIZENHE LR, C2
—CERFETCURAKEANVHMNC —O®B N
MWTBY., BMEALVHUEC-C-O0OBBILESR
TH 3T EHEBU R, '
c)MPIREYIIFIVUL

T T L T T

S'PNMRZANZ P AP, 'HZIEHBE R 100 15101
ABLOTHELR AREBRORRET S REZS CHEMICAL SHIFT
S'PNMR@W. abBE&c  a@TUW. 144 (ppm from TMS)

M2 'SCNMRANZ PL (HBEW

cT AWM TCaMMB20° QM)

(a) 'HF B9 TY YT

(b) 'H, S'P_BF AV T Y
- 2 ;

100

50

L | I RS NN N
a 30 60 b 30 60 c 30 60 a 120 150 -¢'
ROTATION ANGLE (DEGREES)

M3 '"CNMREOREKSH

30 ] |

CHEMICAL SHIFT(ppm from TMS)
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£l a-D-Ina2-%X-1-Yv O3 OO&].

B_AY oL kEREROIL 3 C3
CitBv 7z F5vyn

®E e

[E% o2 733
Cl 118. 4 91.3 82.2
Cc2 92.3 74.2 54.8
Cc3 94.1 76.0 55.%
C14 93.0 70. 1 53.3
Cc5h 100.1 79.0 52.17
C6b 90.5 T1.1 32.8
ER2EXHETMS

o9

Ma '*C, S'P{t¥vY7I}FYYLDOORTEPH

£2 a-D-Fna-R—-1-NVVvEZHYILZ
KEBREROVPRLEYZ FF VYL

X | X A

a b [4

75.9 -0.0363 -0.6036 0.7966
-30.1 -0. 8850 0.3895  0.2549
-37.3 -0. 4640  -0.6957 -0.5482

EREHH,;PO,

P THObc BWT2YA4AFTHohke ThhdPPIEVIIFNFYYLEBEBR
RET Z2ENTE. FOBRR2RRY. COFYIYLEHMHEABTTHV. WHH
THIBAEALHMUP -O1 (R) ARTFFT5% (M), xBEHFOHR
Wdhif. P-O1HBGRADPOP-OHADHTHRHIRFKEAOETEREIRIK
THIEEAON B, COXHRAKOKERUP -01 (R) BEHMBBMEAL
MILRBIBEIXRULTL 3,

(X #)

1. A. Naito and C.A. McDowell, J. Chem. Phys. 81, 4795 (1985).

2. K. Takegoshi and C.A. McDowell, J. Magn. Reson. 67, 356 (19886).
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Nuclear Magnetic Relaxation Studies of Dynmamic Structure of Solids
Nobuo Nakamura
(Department of Chemistry, Faculty of Science, Osaka University)

Nuclear magnetic and quadrupolar relaxation measurements are applied
to some molecular crystals, organic glassy state, and hydrogen-bed di-
electrics with emphasis on the study of various kinds of molecular and/or

ienic motions,-

7 BEROHFRA XA OEBHILESTFTABEE, VR RA—-va v 2F
SHhE%E ASEEARZOVWD® HstochastichB®. BFHE®E b v RIS
HEBLEODHRARGHLESIREFAD S, THHooEPBUNMROBEOUHBEA
SRHBM (Tiz, Tip., Tio, T2) HDB3VHENQRODOILEWREE (ve) PHMEL
El (TR L EFENFh BB RELEDLESTOC. GRBHAEICX Y,
NFEYOE-FEREL., B23VRAEBEBOHSLBELI I OLRIESE D EAR
BT ENTED. TITHEKGHRAMARTOEKBE. BHEFARADEA KDL
T BLA4OIhETOHBEHLLHBBUL, SROMBILODVTHFXTH 5,

EHELERILBT : AR

GRELBVWTRBEEASHFEAB A TFHE  OfF—T —
E% LERR (IvhA—varvoEi). 47 £ O T vesld Miiz.
® Tip, = 0. 1T

SHEE HOEMREAD 5, HRRHMHEELX L
5T, Tho0EBOT—FEREL. EBHOEH
RS A— B ERETES, TOHRMWE LT 2-
bromo-2-methylpropane, (CHs)sCBr, % W ¥ E I 5.
TOWEICE 208.7 K2230.7T K KEMEEB 55
Yy, HEEM (M) W brittle phase T, M4 {
(RI) »R&BEM (1) BEKEHKBNTH 5, . SN
ERELEBARCEBEBER LSBT 3 020y [ N w
CRTFEAEME T (XRETi), Tio oW EHEER S e
HMlkwd, © MUTE T1.Tip il 2 D0BAH ‘ N -
BUEh2A, ZhiZCHs-HRE(CH)C-Ho s 'O T
BEABEEANTVSILERLT WS, EVEE p ; R
B A HDBE (veak collision linit), T1, Ty p VAL S

WBPPHpKX B1. (CHs)sCBriid ' HDTi Trp.

aND 7
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Ti-1 e te/(1tw2te2)tdt o/(1tdw it o?) (n
Tip o« 2.5z ¢/(l1tw?21c?) +tc/(ltdw?2cc?)tl.0vc/(1Hdw12142) (2)
(FRBVL2PDEBIAABEBMEIATVWELXEEOEREDE) THAD
hsd oS5 —T7RBEHR 0oi1=7ThRESYFTHBEBORETH S, . o5 H
BOHMBMT, —RBRILZ7V-VAOEELER o
te = toeexp(Ea/RT) . (3
KRS EEAPATWVWD, BREABOBHAELZILVLF-TH 5. R(D~erE1
DERT-FIWLADLDELZZIEWEY., HRINLRIBUELARAS A - 2518505,
COHMHTHRTIKCEXRAD Y,
ToOBAXUERWT YT

F1. (Cha)sCBroIEHEAL RS % — &,
motion parameters phase 111 phase 11 phase 1 - D m f,_t &l % jﬁ‘ E " ﬁl'l < _{E

methyl E,/kJ mol™ 13.9£0.2 N
reorientation Tol's (2.39£0.35)x 107" hEEPERFRBRE XL
(Cs rcforicnlation) . ) , B L : Tw 3 2:% 25 n s, ﬂ'jj‘
uniaxial molecular E,/kJ mol™" 22.0£0.5 9.5+0.8 . ’
reorientation Tol's (8.242.5rx107" ’ TiolTREILDPBZEEL
(C} reorientation) ) v o
overall molecular = E,/kJ mol™ : 18.4£2.5 13.6£49 BRY, HFoL£EkEikEH
tumbling : Tol§ .
i . Al = N
translational . E,/kJ mol™’ » 51.8+3.6 Tie % i BLTWS t 7) .
self-diffusion 1ol R : (12739 x 10717 bhasd, £1T, ZHEEL

EHILBU 3D F 2B EEOE AR TOME BB OE &Y ME W L EEEIKHE
T5, MITHAEBABLETHFLBEEFAT & X/ L. BE(256.1 K) EHT
ROFOHCEBATERDT VWS, o0 FRHAIOLEAEFEBTHSHEKIL &
S THRENTVS, HEBEBLIZ2EROBE. —HIC(D, (D) REHY LT
BXETorrey b DUBEBEFT VKL L2 TTip BOFORTERA DN B,
Tip = l.v_5AM2y1F(k,2'y1)/w1, Y1 = w117c/2 (4)
AM: R HEHBEBICED2KT—AY FOE F(k 2y ETorreyd MK T » 5,
DRI LEHOT ) PLHACEBOBEEILAS A XA BSILSB (K1),
— B, BHEESEENMOBBUERAV S T EHEEFARBI>THEY. BABTTH
CERIPABRERINTWDEZLTHD. BL2OTWVW—FHRIHAECRLBBALENVWL DD
OHHEHOFBBRLK IR VX -2 LD TR2KEBITE.  RARVERUBRZOBBEOD
#2. FHERRIBTABAELI IOV —, Ea/k) nol1, EHERFRB TR
Ea?/Ea" W 6~9dD
MWicdh s AN EH
5.9 ‘ﬁﬁﬁﬁ’&ZO%

(CHs)aC (CHs)aSi (CHs)sCNOz (CHs)2CCl (CHs)sCBr CFsCCls

2HEEEDE" ~3.8 5.5 6.8 4.9 13.6
HE2#fne® 33 20.4 48.5 33.5 81.8 35 D (CHs)sCBr & ¥
Ea?/Ea’ 8.7 3.1 6.8 6.8 3.8 5.9

g5 % (CHs)aSiT
RIOEANET N, ZORSA—AFZHELERORERELEUAST IO RZ b DL
BhHh 5, '

ST EB e EEBEN
HEEEGRBEMUEELI0~100 iz O, FELEVSPFTEDOHRRKCES T H 5.
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ANFHI20O0XRVEVICBEITS®CIONQRIEWKITI¢ MlzdE K SEABH X 3
B, EQOAEY - BIBANHMTEE2 CRT O 200 KAETABICE L R 5.
L ZhRAFOOEEED Y D60 A 10° l . -
MEBABEINEED THE. 20 K> g : o 2
REEOTOEE EAlexander DI K D8 » @ g o ®
BB (strong collision limit)lio &k - T o o %o %
5. sitcakbo THHRNBREKRET Al WLt ]
ABLTVWEHBRAE Y H 6 EWEEL : L%
Tsitea’ KB- L2322, #8BP I " g
94 BHrate equation IF = a
iPa /dt = 3 [waer {(1/2)
“{3c0s Bugr ~1) Pyt } -wa'a Pq ] 107
TEHEIBR D, wyye Wsitea’ D an
DEBHEET. oko’ HEWMLBEE
Waa' = Wa'a = /T
b, EDrate equation % B %, B g 1 | |
Bgar’ = 60° 2335 5 10 15
Teo= 0.502cc - o (® ALY
Lo T, XKWOTiASES L HEMDOH B2, CeClema*Clom.
MMl ece PRED. - H20RDPSEHEMLT RNV X —Ea=62 kJ nol-! H
BohdH T OB E6-exp BORFMAFY VY I RELTHEL - H &G
DEX. Vo = 63 kJ mol "2 X< —HLTW23, v
CoCls, CoeClaFsB K UFCeFs(NMR) LM $ A2 RADE. 2 HBELVer HE3 LRI,

£33, NOF MRV BV DZHRIVE— - A5 2 =4,

o Tiofu i
a Lofv:
s Lofw

000 o

Substance Space group Lattice energy ABs E, VO
kmol™T wmol T kJmol T kmol ™t
CeClg P2y/n -89.3 ’ 91.8 61.940.9(vy) 63.0

59.841.7(vy)
64.122.4(v3)

syn-CCL,F 4 (High) 35 3

(Low) 18.240.5

cale. P6y/m -71.6 42.0
CeFg P2, /7 -54.8 46.62:0.08 31.220.,3(c) 27.6(c)

12.620.1(e) 15.3(e)

CoClsFa ICIR286.7 XK ICHI&B AH Y, *°CL NQR. "SF NMR 2 FEHBHRF v v ¥
WOHRIL IS T, BRMTRIFRFEEMNE L 225 Bhitskeaig
ODHMTIY > ULTHY, BAMTELIFHBEVOARMBELTWE I &EFdD o
o CoFoD BB TCHESHE LR 2BEEHOD P FHFABRRLIBEREL I I N —THFDER
BEYKHEE®LTW S,
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EEoHS AKE ¢+ SQUID NMR?¥®

SQUID (B EEEFFHF) L&D MR BiMlz D FTOBKAR CHRIL L+ 0
ZREBEABETHETES. HM3(AKEDODT Oy ZE, (b)IISQUID NMR TH
LEedyeo—Lo'loRB8 2 nd. BRBOBMIESInl. BE5OHEDORHEN

BEDEET 12 b. HI3 X
- SQUID

KBoJytetu—-Cciks

i ax on BT TCTixwe!'- 27T RUETIx
itermons T QBEAEYZDZ &K
1
Lo bhot. 20> RB&HE
RF ., _/t-nasmzm . .
owtes care | HHRELEHOEFILCRB

BT %%\, Aaderson, Phil
lipshb D 2 ¥k (TLS)

L Py rIWEBEFNILESTH S
B3, (a) SQUID NMR 70y Ve (b) glycerslD'UDES. mpsrepmrexs iz s

TR W,

‘iG}‘C T sampLe

m : L
_________ (5]

t
1
1
H PICK UP
T H 1 COLS
]
'
i a  a=fl—Lty, saboLE
'
'

HEB LRAGH

BEBOHEBONRRVRDIDOREKE  BUFHARUBAMNEB LS. “hbo
NEBTRRGOFTHEESIZEMATS2D. MR PNOR AR FADPEMBHICAR
RELFBRMELDIZ A Z Y, Bl HEBXR
EBETRY2TFRATVOXARE LY LB Herit
L) ical slowing down 8 Z L., Z DI
MILEDLHTHBLRECIBRUEINEZ & HH Y.,
EAHERA BT IX-> THEBOG W LM HE % 3
2r o 1 70RUuBhBHRTEE Zo—-@HERELICR
o - 3.4 Betaine phosphatell X 96KIC 5 88 25 & &
1+ . 1 BBADY., ZHIEP A X VEHBATVE K
AR ) L FREEOTU LV OMNBRLETA2H%E - BEREE
ot ) . 1l BHEXBHAT WS, HMA4T*P o1 BB A
» HBETRIBE VLI 2o PP RBFHAEHKE
“ . b'CVb\éj’Db‘/@;‘éﬁbﬁ‘slowing downk = L
FEHRLELEDOTHS, ZOoBRLRATR. H

R BBOEBL LD
. 5 8 1;) 00T Ti e« (Te - T)V

B44. Betaine phosphateloBif2'H(@), L2 5 H. EWOT OREHHNDLDZOBHBERE =
PP(O)DTI (15 MHz). Te=96 KTHB, LT H Y. BREEB®K» = 0.5& % 5.

1) T.Hasebe, N,Nakamura and H.Chibara, JCS Faraday Trans.2, 81, 749 (1985)
2) H.Yoshina, N.Nakamura and H,Chihara, to be published.
H KA FH. FR THEBAMEBESR MB. 1983,
4) H,0hki, N.Nakamura and H,Chihara, Ferroelectrics Lett., in press,

log ( Ti/s)

!
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MPEEF7LT I VOBETIVREBELBISIARUVEAARE
o BFE :
(BB KB« A8 R *EL 8. L%)
QERBE - ZBH-X . BHBF. O8E B.HAREAFX
B AA*RI — 2 **

'H~-NMR studies on water structure and protein conformation in bovine
mercaptalbumin (BMA) solution and modified bovine plasma albumin (BPA¥) gel.
Seiichi Era, Kazuo Kuwata, Hiroko Fujii, Masaru Sogami, Eiji Suzuki*, Hiroshi
Watari* and Kazuyuki Akasaka**

{Department of Physiology, School of Medicine, Gifu University, *Department of
Molecular Physiology, National Institute for Physiological Sciences,

**pepartment of Chemistry, Faculty of Science, Kyoto University)

Cross-relaxation times between irradiated protein protons and observed
protons, sucn as water protons (Tys (HDO)), side chain. protons (Trs) were
studied in BMA solution and BPA*-gel, using the saturation transfer (SATUR)
and inversion recovery (INV) methods. Only in BPA*-gel, SATUR indicated the
presence of two kinds of Tyg values (short and long Trs). INV only gave a
single kind of T;s, corresponding to long Tys® by SATUR. The short Tis values
may be due to less mobile fibrous aggregates” in BPA*-gel. Trs (HDO) values of
BPA¥-gel, obtained by SATUR or INV were far shorter than ‘those of BMA
solution.

(2 EB] oM7LV vOBBRITIVRKBEBY3ABERVEOERED
KD 360 Nz 'H-NREA O T T.RUCHEOME T a b v 2. BHEL. .2 FH.
DTFHRAREZEMHEH (Trs)EME L o TrsW EIC X Saturation transfersk & Inver-
sion recoveryE 26 AN M FEOHFVREHERIRA L - L. FHITsMBIc XD,
FLT7IVOBKIDOYVIREBOHFN KD TesflREFLIELYLVIRBTRES
B -AkDFHHEEAROBOI W RESHE T VREOS FRTsHECE
VT . Saturation transferE TR EH2EFEOMB O TrsENEA 722, Inver
sion recoveryE TR BDE WTrsBE O & B #M & 1L /o, Saturation transfer#E @
BOTsHE S AVRECRARRBCEL. XD IS A IBI0OFEETRL 2,

(F %) vomBPE7LT7IyBPOR BEPIK TN-FiEE (pH 4.5~3.75) . B H
(F-B.pH 3.6~2.8) F¥pHK TN-BEH (pH T.0~9. DERZh Zplic B HEL LBE
BEBEFRT U DoE P EpiE TS FHSLS-SKBRE I L DN ARELE L (2
FEABEEZIAFT A& 510 HERBPAMW. Y. ~66K) (X FRU 4K 1 (pH 3.8 )T,
AP PLULRBETZRBO 70577 — ik D 61n-392&Cys-4350TRTF N
DI~ B Mk 53 88 X 31 BPA¥(~66K) BPA¥*(~63KD& B 0 (3).D.0h TRELHESE
BRI ETHB L BHB Y VILL 5 (BPAX BPA¥*E 2 DO ¥ VLT L # BPA*-gel
EFFER(4.5))e—~FHSE-E 7y Fw 7 RAEHOVTHBYULED YAV ST LTS
VBB ORP IO T o F T - ¥AEE T FHEREC . BEX RS BLT LT L
LLBOEESB.MBT7 LTI VORBTVRBESUH I ABERVEHRER
BAETRT S 15,360 WHz "H-NNR(EI & 4 EHFDIE2H O T 'H-NIRA R 7 ML DO
MEOT, T RUOBFOMB e b V2L BHL.2FHR.SFHNTsB.NDEHMEL
THEH ZEREE2B 7,
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(8 & Hik) MERBIEBPA Fr.oV (Signath )% D,0(99.75%) ic i # L (BPAS B 13 8%
BLED)0.10 M C1™, pD 4. 03(BPAOFRIEE O pDE) CH A8 3CHKBLEARE
WLzt Nillex HV(0.45 umd) T A B L jco & © 5 iBBPA%L Snng NNRRB H o A1 %
TIBE T 35CHE D> LBPA¥gel X BOM L, N2 HABEOF VKEOHERB & L 12,
PR EBEABOBRBARETORBEBIAZH VL L #EKBPA Fr.V (Arnourft) %
FERRAEI X0 BIE® . HagennaierdFoster()k i W . SE- 7 v F v 7 X% H
WTBMAER DERBHE L AL COBIMAECR. ZABPILETFLE FTuFr 7 -~ ¥ B EE
FUBREINTOLBIAE NI llex HV(0.45 um) TH B &% LR L /o, & OBHAR
D,0(99.754)ic ML .pD 4.0~4.1,0.10 M CI- WSR3 C B LEA LB K
Lzt Millex V(0. 45 yn) TAHB L 2. 2 D5 HBIAL BB R ETONERB & L 1,
VE-NMRAIE o W Bruker# B ¥N 360 wb NMRA R Z bu At - % HU0 k(IS0
— 7. 5 mne M EEBE. 5E1C ¥ 7 P TSPER) T.HAZTO SV AR IC &
% Inversion recovery# (T & CPMGH: . Trs 8l & W& Akasaka(6.7)®D F H I 6 v Satu-
ration transfer(SATURD#: & Inversion recovery(INVXE O MMl E&HEZ B L 7z, T1s
BEOBD T B . T7.13.4.72,0.40,-2.45 ppnk 2 H 24 69.20.39.107 HzTH »

<o

[(HBLE%]

ZOBEOAB Y VIKRETO 'I-NRRARY P VT, TLAAE SEOEMEGGFLY
g b VI UDe-AF LUy Ta by FERBTa bV BEI)DRARITI MPVERELB S
EBUARN-F-EREEAT A2V 7 F NV EEL B0 TN &LFR %
EBLTLENEFRDOT HILKELERBEDOM UMD L, COBRRI . RHBTEE

(1) ' ( 2)
' 1 ¥ F -FORM(BPA"-GEL,8.85%) ' SATURATION TRANSFER
I/T,(HDO) pD 400, 0.1OMEI” WITH f,-IRRADIATION
o'o M cr. pD 4.0 T, (HDO)= 1.55 SEC AT 743 ppm AT H,/2TT~E9Hz
© BMA SOLUTION Ts{HDO}= 1.24 SEC
08} @ BPA*-GEL -
0 BPA*~GEL
© BPA"-GEL
- °
.8 o6} - : _ L B
» 5.0 4.5
= BPA"™-GEL ppm
N F;FORM(BPA’-GEL.B.BS%) INVERSION RECOVERY
- 0.4} - pD 4.00,0.10MCI" WITH f,-IRRADIATION
T, (HOO) = 1,55 SEC AT 7.13ppm AT YH,/2T~63Hz
TilHDO) = .20 SEC
T(SEC)
10.00
1.50
o2} _ : ~ 080
0.60
0.50
~ . 0.40
BMA SOLUTION 20
- 0.i0
o l 1 lA . " [
0 5.0 10.0 15.0
W (%) N R
. - 50 45
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W T Oy - L TEEESFHECREENIELEL . R THELO FEH LN
HULTWVWEIEERLTVE,—HHDOICEHERB § 5 & BPA¥-gelDHDOY 7 F L D H -
WEHBMAFEIAROE N L0 IRV, 2D & EBPA*-gel® T, (HDO) A BHAK
FHEDLE L > TCTVEHELEHEL TV B Eic BPA¥-gel EBUAKR# D 1/T,(
HDO) % 7R 3 . BPA*-gel D T (HDO) R BMAB R O Fh itk L W F o BABER oL
TLHhAEDEV . IOBHER KEOTsHMETEISKEF R >TL 5, -

EHE X DIDONO SN FRTsHll E "H-NMRWC F A R EEMBEAR LW Y THET
BFAREENBHEY D FEORFEARMNHW (D FA)TsHE R & D BIAD T
PEBBAEEB LB A I P H OB E YL THRL.SLEEEBELIOAAND
AFHETsME 0 . BAOE - A FHAEARC>OUTHELTE R 2.2 0
TrsBIEICESATURE (K2 EB)E INE(RITEB)EN s (HAEEOLBERE 7 -
F= Bl 5 BPA*-gel EBMABR B ICH VW T.T.13 pra%k 69 HzT I BHA LB . EOHE
FLdd 51/Ts(HDO) 7 2y b 23R T (R 3-AINVE B 3-B.SATURE ) B » &
LHSHAD IS L A FAEBE T BPA*-gel D Trs (HDO)H R BMAK K O T h &
VRE3DPLEVC(ERETOT,(DDECEZLI D LEF KIBR) .20 L. EE
HBOJVIW - FLAEBRIKID . FIVRETRIREALEABHO AOBE/LLINEA (DK
BLEELW. EAE - KD TFHHEEFHIBC L > TVWEIEERELTV S,
T EAWMEHEC>LVTR . EABLOZELDRXINEDO FRKE L SATIREX Y
INNEOFPrREERVW(N3OE Yoy P CR.BIAMVEK OB A VINVEIC X 5 T1s (HDO)
BUESATIRE K L2 ED D LELK  TORERINED HFAXBV,—F BPA*-gel
T .Tis(HDOERHATETRO—-HERL L),

(K 3-4) (K 3B)
¥ L] 1 I T 1
[/TstHDO) - 1/ Tis(HDO) ,
0.10MCI”, pD 4.0 : O0.IOMCIT,pD 4.0
L6 INVERSION RECOVERY WITH B SATURATION TRANSFER WITH i
©T  4,-IRRADIATION AT 7.I3ppm ° 1.6 [~ f5" IRRADIATION AT 7.3 ppm
. O BMA SOLUTION
O BMA SOLUTION , : ® BPA*-~GEL .
T, ker ® BPA"-GEL oedceL 1.2 o BPA*-GEL : -
u e BPA*-GEL
= »
= . 2
> ost Y . e osf -
~
04f - BMA SOLUTION | 04 .
: o BMA SOLUTION
(] el ! ! 0 1 1 1
0 5.0 10,0 . 150 0 50 10.0 15.0
W (%) '

Wi%)
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EOABEON THTs#l T BPAYE /o X BNAX B pHIK TN-Fic 8 (pH 4.5~ 3.75) . &
B (F-E.pl 3.6~2.8)D “EBHEBEEBE2RT (L. BMAONF.EEEBETCO S F
OTH &Y | 2BB8,7.18,4.72,0.40,-2.45 ppnk T £169,20,39,107 HzT
. HEL TR FHTs(HHOTs)AREL N N->FBRB&ICR L >0 8 (A
FLTars VI De-AFLYTuby FEBT o v BE)DTsHBIEX
L7 (SATURBEVINZE TR ER M) B ERERZEBFOIHN I Y @ADL L . H
FORMEHRBEAL T BE, 20 &S KB O TrsA FicBL M4l % L i
Ta v FUn(leo— DELEIn(I—leo) vs TIRSATIRE.INZOWMA T E THES
L TisBIEAAEHRTHEE B Ui & ZA0BPA*gel O D Trs#ll E Tl
INVE(RA-DTH 7oy POBRSHEIZEB LN . SATIRE (R4-BTREVEERKE 5
WT. 7o 9 PEREBEINTHBE, IO LI BPAX-gel THBPA*Y TFOHKELK
FRELOBIWNEABOEGFEBINLRENE L HHOTsBARR B DI
CELIBHOKE(E - )N b 0 SATURE TR B « 5 i R 18 o B 7 09 251t 23 [6] g
KHAINE LD H4-BOLS oy PREBLOTHEN INVETETIsO E
VEAOAVERHEIA.To .y PORBENBVWEEILNLSB,

(R’ 4-4) (B 4-B)
L — Y T _.l 1
F-FORM(BPA™-GEL,8.85 %) F - FORM(BPA-GEL,8.85 %)
"pD 4.00, 0.10MCI” * pD4.00,040MCI
v SATURATION TRANSFER WITH
40}  INVERSION RECOVERY WITH | 20 1-IRRADIATION AT 7.3 pom 4
"lWT'ON AT 743 ppm «le AT TH./ZTT‘VSQHZ
AT 1H,/21T§ 69 H2 0® ) Tl SEC)
TistSEC) Y ) e cH, 119 i
30 - Ok
- . & CHz 1.2! 3 \ @ LYS 143
T oLYS 1.54 - L
= b
E 204 _ Eo | J
1of 4 -0} 4
o A -20 i 1 1
0 05 1.0 1.5 0 05 1.0 1.5
TSEC) T (SEC)

[x #)Y (1) J. F. Foster (1977) in Albumin Structure, Function and Uses (V.
M. Rosencer et al, eds.) pp.53-84, Pergamon Press, Oxford (2) =¥ B 7
(1984) MMET AV T I yr—HELCEF 5 EDOH®E, pp.37-80, HHUHIY LT V5 4
747, i (3) W. D. Wilson et al (1971) Biochemistry 10, 1772-1780 (4)
M. Sogami et al (1986) 1Int. J. Peptide Protein Res. 28, 130-140 (5) S. Era
et al (1986) Biomed. Res. 7, 41-46 (6) K. Akasaka (1981) J. Magn. Resonance
45, 337-343 (7)K. Akasaka (1983) J. Magn. Resonance 51, 14-25 (8) R. D.
Hagenmaier et al (1971) Biochemistry 10, 637-645 (9) G. N. Ling (1984) in
Search of the physical Basis of Life, pp.145-181, Plenum Press, N.Y.
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Deuterium magnetic resonance of solid amino acids and proteins

Akira Naito, Atsuo Tamura, Kazuyuki Akasaka, and Shozo Shimizu*
(Faculty of Science, Kyoto University and #JEOL LID)

Deuterium magnetic resonance spectra with reasonably good lineshapes were obtained from deuterium-
labeled polycrystalline amino acids on a JEOL GX-61D NMR spectrometer equipped with a solenoid-coil
probe tuned for deuterium frequency of 61.25 MHz, The results for L-methionine-«Di, L-methionine-
oAD3, L-methionine&-D3, L-valine-s,¥D7 and DL-cysteine-pD2 showed that, while the Ga-D groups of
L-valine and DL-cysteine are held rigid, the Cg-D group of L-methionine cosiderably fluctuates at
roow temperature, narrowing the quadrupolar splitiings of the 8D and € D resonances. Results for
deuterated amino groups and deuterjum-labeled protein will also be reported. ’

ik Ladic

SYNIREI AT IV IRBEETHY), BEMBOO LT E L oTWdHC LR
LHBELZOTVEY, TREBEBRNLTERTCH O LT H LB HIN % &R0
TwZWw., bRbRRI YN IREBTLHNBABERET 5 FREL T, &AX
NMRE2HEAHBLLE I ELTWw B, FOBRBRALLTCEB®E (ZEHR) 73 /28» 5
HREEFLE. AARTI/ BROFTIREAFA v LEAEB VT, 208
HOBYEFLLHFRLEBRLOVWTHERS, Bl A F = 3 RN LT 5EH
B, WP E o BB BB ARI E L b, REBALEI ET 55 v
7 R Streptomyces subtilisin inhibitor (S S 1) I*C'li. AFF =2 REDORB
FOLRET I LTH B .

47

EAXKILT S /%
L-Met—¢D3 58I DL—-32F4v (DL—-Cys—8D2) &7
FYRCEASDMALZ., L—-Me t ~« DIRKALEFRRFOLAHAFRE
Racesase ZAVWTAMER 23D TH 5. L-Met -X,fDS BRLAEAH
HAZETHMBE IO L Volyase 2AVWTHERBREIEHELE., 22, L—Val
—ATDT BRI AXBEERRINABRES AL EDDTH 2,

BARXRF ANV L2s vy 7RSS DA

Streptomyces albogriseolus S-3253% L — Me t — £ D3 2 /A GEAT I /) MK
BMTHERL, BAACKE S ASS I 2HELB, (A v XB-—BLUvyLsa
AF LR T LT TT A E DML

BHEEAENMROME
HEE FHRHGX -6 1IDEHBEAXRBMNMRUETHRE (61.256Hz) 2w THor.
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LfExB L ERIE, BH1 207y FDFF YAy vy sy — (BBBER) 2, vv s
A PR a4 2 >BEARBEABGER T v — 7T 2Rk BFLrodbTHs. EELO
mmHaA4ANLTI. 5472, BFOERESnmoa A NTHEYL B
9 OoOEANANBLNE., XN AY—F v RELTIH 1 6 @D phase cycle & ff
- = quadrupole echo % H v 7. ‘12l:"y,b@AD:I“//t—i’—%iﬂL\'Cﬁaﬂljmé
B200KHz2TH3. T3 /BEBNE S W TUE+~REHOMBET+ 2% ES
JREROAN7 P ANBLRLE., NEEBOEVC -DREALDWTREBRR »
AN DEL2EMHS TRVWEY, ABEAKELTWIXF N ELT I/ HEIZ 20Tl +
AHETE22HDTHD. WERTXTRBTH - 2. '

EBESR :
MikL—Val—-D7 & L—-—Met—-—€D3 Dx~<7FLEKBLTET.
L-Val-D7 °i 117KHzOBEWARERRTRAL. 3T kHzoH
RERTRALrBMBEr, MEUBLELE C-D RALHmMEL, R&EE=
BRELHNVDOBEBENTNIAFNVELIHRXRT LI EUEWELL2TH L., T AFLED
RERRENLIHEABHEERLCWSE., L-—Me t D2 FNVEHNFHII26FEKkH:z
& L—ValoprFnEnrRINFI2PIAEL, B2F08EDLEE W,

DEEEIMe t D2 F NV ERFRHASOEEBELUAOARNBEDET> T bEdZLER
LTwh., : : : :

M2 a-citil TRAFRINNOHEERZE L 2L-—Me t EowToEKK
NMROKEERLTWS., ai M 1ladtBULbboaEs, bizCXKREEKEI
LredaoTtdhn, cRCuoUdlBiy CAAREERKXFRILLEZbOTHS. di3 D
L-Cys @DCAARXREEARRLLLEIDT S 5. ¥, b DART M
11 7kHzoHBE2A2H82FEL, MetDCL-DRBELTWEZ EERLT

waid. chrl, CA-D2 & cHDARZ IPIVEFE 42kHzBEHWGH
ERATHAELLBEBRELEY. $2bb, L-—-MetDCA—DEARIHLLTW
50TIREC, P2 NoWwWHLEELoTWERI EXLILE, ThizxL T, diglL
HITDL-CysDCEL-DDARI I NVHEMe tDC oA, —DiclhrNWbE 22
SAEsBEYWL 14k HzoB 22 WEBIZRL, BIBLLTWEI Eb e b,

F R

UED#ERELSE, TI/ HBL—AFF=viclMLT. oL BERIEL22HILL
Tods, HBREIOBEDCX~CARAL LR LWTEN, 200 5 ¥ 4K
mx-fn«&t:i*c%&l,rhb_:tb*gﬁ‘énz’.

g
L-Val—-ATDT7T2#HELTVREFPOEBIADFRELEHEE, L-Me t

—XDBIUT-1lyase BPHEL TV AR W ERACHF OB S X ZE 12 ¢
BH L 2T, : : ' '
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Val Me.t Cy s

H H - H

| DR | _
H3N'?-'$;COO' H3N+-C|:;COO" H3N"-CIZ;COO
SO Gt G402
D,C CDy CHy SH
?
CHj

KHZ
T SARRIRAR S RREAERARES LAREN LERRI L)
-10 -20 -30 -40 -50 -60 -70 -80 -90 -

T T T T T T T T T T T T T TR T
90 80 70 60 50 40 30 20 10 O

X1, BHh7I  BOEBEKRKEXNMRIXRZ } I
a) L~Met—¢ D3
b) L~Val=—=4gyD7
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w4 A2H NMR. Choleic Acids W BF B3R A M =4 X b
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(BENBAEH) FER. HWHEDETF

High power 2H NMR Analysis of Host-Guest Interaction in Choleic Acids
Hazime Saito and Motoko Yokoi

(Bibnhysics Division,National Cancer Center research Institute)
High-resoiution solid-state '3C NMR spectra as well as high-power 2H
NMR spectra of Z2H-labelled choleic acids in the solid state were
recorded to analyze the manner of their host-guest interaction.
Displacements of '3C chemical shifts in deoxycholic acid were well
correlated by the confomational chahxe due to complex-formation.
A mode of molecular orieritation of guest molecule in the channel of
the complex wds analyzed by means of the quadruple splittings of 2H
NMR signals.

.U
M5V 5XAORBEENTE 3. E9bhH . o o [0 4 o

g, Fr iy yva—- )8 (DCA) (B1HW.
AEERAMEUTRBOBE AT KBS
STUABBORBRENE TS 3 L5 X
>h%, B bhbohitd T 2H. )
3'P NMRER EUDCARLDY & &R

KB B DorganizationW K ELE X & Hh -
Z3ZERBESHPRUR D DCARTRLHAOKILKE BH® 7103 — .
FhY. IRAFAERFAPEL. BEBEEFLYILNREUI DR ARILS
WEREEMRT IACEBELL P> OINT VS, TOABERLEBH LU TCholeic Acids&
BEN DCAORRENREBHAMEMELT. IHEALBFBERAb—¥ 2 b
EAORBUBD TR%S 3METS 3. '
RAP =AM HEEFARBUCTE. bhbhRTTRYIOFTF I PY V30,
BHRRURAYMAAF )77 =57 20T, 4 2BAFYORMEEdR DK
APHFOAVARX -V aYEI FAIATFOBWEBORKFREETALEA 3C
BhEIBENMR. SHA2HNMRANI P LORERE N, ThehEHTS
532 ERFU R

SE. *HEROY A2 FEEHRULEADCholeic Acids®B &M L. R X b
FZ2MPEED S H N R ' '

Cy
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CH#@E®Choleic Acidsit. . ¥ X }
PFOMBMIL->TRAKEL, & | F Aquecus salution WIIWMI
BVWHI Y ) -~ LBRETRYEE
Bl HBREELUTHBIEII LR

ko THR SBRHSTFHERUT S

p & D P k. Choleic AcidsE h B |
§§5uumgwmgm7xr&a'
ﬁbfgCholelc Ac:dsO)”CDﬁK% D Acetic acid
ﬁﬂﬁNMRXA7b»k&oT¥_ '
VI Uk, ; ‘ '
CCEHBEARENMRBIU® ¢ son
HWATHNMRANY AU R 1
% Bruker CXP- 3007(4\7}~U)(—57 !
—CEVWMEUR WEOSA B -

B Palmitic acid /EtOH ey

BHREIIVIROY TANT Y Y 8 ﬂ”
JTROO—-YLEREU R £ k. # _J y —

£ Acetone

FEOBSW., AN PAUEAEEFL

aI—ER K o k. A HOIMeOH
Ji :

3 BRESR
ACCHBEEHMENMR AXY
PALREBERADPDFOED
B2l AORHTRSILEF -
Jo Choleic Acids® Btk (A~E) B &
UBHOANI P LERY. BROBAL B ~T. HERED AN L HSE L
CEALT ZH. MEWDR @PMMMM\$$UMﬁ®£ﬁEk&%OXﬁﬂmk
hli\_ﬁﬁ\ _Y'EFJ\ NI I F &&E?ﬁbTat%‘élib\fh,@orthorhomhic'&
DEUhalf-chair. $,2%60° (T-vz) (H18HE) RERL A —F A5
=N KD "Alihexagonal'(‘envelope\wpb‘1 90° (b3 X) T % %o 8
:@&5&& @ﬁam@2®w~mem®xaarwny— OE AT W E
TH 3., T &k, overa\\O)‘J‘\Zbﬁ?@ﬁ%xtumb’c@BL«.T‘ﬁ‘a/% b#H 4
ODRERWHT AT ENREATY %,

KA b FRAIBEFMBLUE -/ BBO—HELT RXESBEHM UL
PR T MR o ke delayBBIL O W TOEHADE — 2 BWREM, ., (1) & ¥ 3
e ' :

700 ) ] 100 0 ppm

B 2 Choleic Acids @ @&

BABRENMR'°C NMR

Mret=2M,, (0) exp(—~ 1t/ Ty)
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TH3CT  RD !

BT® 3. ThHWCWUT

Mo RN Y F
14, 3.6 Z h L RBT 3'5CHMAE YEBEI & > T10~ 308,
TP YRABU RIS A,

18,21,19#EH & 2.9,
Fh B M40~ 100
TRTOE =7 B20BUTR

VB OB A,

BOU. FALOMBEBLEANY TAURATFHOAC YBBRE K AR EE N T

BT 500 R KSRV

B 3 Choiejc Acids @ X & @ 47

B.2HNMRIZRNZ b AR & 3%

¥APOER

5. HB6UEhTFANLIFUE-
ds. 7 bF2-d % @88HUECholeic
Acids@*H NMR ANY P AL ERT,
THhOHAED., XFLOC-3HEE
C-CHY+Y7520VIREKL L3P
HiEBBEI V., TOLDREREETFH
BOFHINHD>N B, BB —55° ~
-70° EETUW. EESRFYYLOHE
FNHMHENF 0380 ANY P ALNXNY -y
BArd>Hh, ZThC-CHOYHs TR
EHRIANIIPANY—YOBENT D
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| Rs
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©4s
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05s
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B4 DCA-NLIF VB

@'3C T WE

3, 7R PIUBFAIOBE RAP-FRAIEHOAE YEBRLEIZRAIDOT D
KRERELDIHFoh N ZO2HNMRIANZ PLABER A L2HERE —HT 3,
—100°~120° WBVWT. EMNBHEEFIFB LY COUBFHANY -V BE >0, *

DK=ZEW36.0KHz TH Y.

RBRALVLIFIUE-,0BFUEAKEBOB AL
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DCA-Acetone-d,
DCA-Palmitic acid-d,

-105°

Palmitic acid
(solid)

-120°

45
23°
625 0 KHz-625 625 0 KHz-62.5
W5 DCA-NLVIFUB—-ds 6 DCA-7+%btY—-ds;

. D2
 ©*HNMR HNMR
3. ¥

Choleic Acids@ A A M. ¥ A P OBEHEETHLETL'°C. *HNMR CEM T &
BrEBLR. KAM-FYRIHAEEBLIPCT HUENEATSHIEB DD > ke

1)H.52it0,Y.Sugimoto,R,Tabeta,S.Suzuki,G.lzumi,M.Kodama,S.Toyosima and
C.Nagata,l.Biochem,94 1877 (1983)

2)Y.Sugimoto,H.Saito,R.Tabeta,M.Kodama,C.Nagata,M. | tabasi,T.Hirota and
S.Toyoshima,Gann,75 798 (1984)

3)K.Saito,G.lzumi.T.Mamizuka,S.Suzuki and R.Tabeta, JCS.Chem.Commun.1982,
1386

DEBRE . FHRAFF B3 NMRTBRSES % .P.148 1§ F. 1984

5)R.Tabeta and H.Saito,Biochemistry,24 7696 (1985)

6)R.Tabeta and H.SaitcA),BulI.Chem.Soc.Jpn.58 3215 (1985)

7)R.Tabeta.M.Aida and H.Sait6,Bull.Chem.Soc.Jon.59 1957 (1986)

8)E.Giglio,in “Inclusion Compounds” ed.by.!L.Atwood et.al,vol2 p.207
1984 '

g)D.A.Torchia,j.Mag.Reson.30,613 (1978)
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3¢ CP~-MAS NMRe 8-(1->3) yArhroBE
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V3¢ CP-MAS NMR: Comparison of secondary structures of 8 -(1=>3)glucans
as détermined by NMR and x-ray diffraction.
Hazime Saito', Ryoko Tabeta', Motoko Yokoi' and Tomoki Erata?
( 'Biophysics Division, National Cancer Center Research Institute,
2Bruker Japan Co. Ltd. ) )
High-resolution solid-state '3C NMR spectra of annealed curdlan wvere
recorded in order to obtain reference data of the '3C chemical shifts
of the triple-helix form. We found that the laminaran-type form turned
out to be the trinle-helix <conformation irrespective of better or poor
crystallinity. On the contrary, +the curdian-type form was proved to be
the single herix on the basis of solution NMR data, although no detailed

conformational etucidation is feasible by x-ray diffraction.

1. BUusr
(1=3)-8-0-7 L > (1) %5
DHREBLIVEAE SBELERY
Hoh. TORRARYPENF LR
"B ESFToOR. ChWREMK
RBETOBAEEOR VLV EKT 3,
UL, —HBROU-3)-8-D-Y NV Hh v
WHEHDEL HERXEEHFF -
Y HBHBZDOW 150CH ETRBAEET
SRk HA—F I 2(DPn540 YO A T B 3.
29 Uhd, COEIRRBOBET
@ BETOFAIERLT UL+ H (1)
RBEHUBI3b0TUEHRY. COBRBAOBREERIT L. BRSHME °C
NMRMBEAT. " REOBRBEMORL. EB HAHEEKEPATL—-F5 142N
DEXREEWL. FHENZEIIRTELT 7 ATARL N—FIYBMES 3+ 35
MO-—HWENFEL. ZTOLB0MBEREIDN FLEKGBLBELTY 32
ERFRU RS ,
AHRTE. HBAOKHTHABURI—FI VOB KREERL'5C NMR. BX
XBOEWTERLU. B—-—FIF52. S53IFF5VEE FhEFh—EFEANYYy I A =&
NY 9 I AHETSH B ERW S DR U B
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2. BBHE
mmma -k
UHEROMER HHET RAEER R B (g/cn®) BB

ﬁ:ﬁ%lu)\nx £

£1- -F-“iJOJ!@U&E%#H:EE

1 180°C RE/EH 1.49 %
1O&HTHF >R, 2 150C 1A/ MeOHEE  1.49 L
- 3 180C  BI&/MeOHE: 1 1.45 3
ERRE2E N, 150C RA/TH 1.49 %
MR. ®E. BX 5 120C  RE/ MeOH¥ B 1.48 &
. - 6 80°C HiA / MeOHEs 18 1.46 WD THEL
X gOH#MELRIT -F5UBF 1.a4 B TIE
- e 13C NMR)\—‘i‘UJ 1.53 &

& & . BrukerCX
P-300 AN Z }p
A= —~R &Y. FTALL7 =7 YD 7&@D—9—&ﬁ%bt0?—MAS?
O0—7WR&>TH - B '
3. WECrTx

B1,20@A0BRBHN~FS5YD '5C CP-MAS NMRIANZY b AL BR
Fo 150°-180° TORMAH/RARNUWY. HERBOZREPDPHL3THE1ID, E
RRTEI30. HVWNMRE—2 %3R3 BRXBAFF -9 H o, HAER
HPOoMBETNEIZEANT Y7 AB. BB 1. 20B4EMEh 32 EBbbd 3,
B1ONMRANZ PLBROSHDURBURH U THS S, BMUAL C-3 € —

¥ XBEHRR LS

D sample 6

C sample 5 |

B Curdlan (powder)

A Paramylon 50 ) 53 ppm )
oW % pm 0 M2 BAOMBEN—F I
B1 = Z00->3)-8-0-YLnY D3¢ N MR

ERUABH—-FF D PCNMR
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P, HEBEON—F I (HIDEEXTHEBBR Y 7 b (2:6ppm) UTH Y,
AR IPANRI—YRBRMOBVERGESI I T I ORBH THULT W B, R E
L. BoEs BEMR-ZEANY vy 7 AMBLEN FYaVFIFAOhULAR
BEOCRD R LAATHEU S RDI. BMOLBIBEVLRLOTSH 3. ThW
2. SYFIYROAYRA—-VIAYRBBETI ANV OBELED. ZENY YT
ATCHZENDDB, T8 REL. XBHRLEIIFIJET7ELNT?7RATE
% '

— ., BANEERLROBSCANTS > Td RAUBRBAOBETH S &
P BEBEENIN UTOBAW. ZEAUYIINOEBB+H TR N -
F &ﬁﬁt@m?‘kf&oflﬂ%(ﬁlz)e HI1TH-otovE&EoRBLVOW. NI
VTEE AN HINTFTLORXBEFEHPIMWHEINZ LI BHRZEAN
Dy D AMBELERZ ANV, REA(HBBANRY PLOBRMRLBOBSES>h
300, BE. KEEBFTLV(RIZE), —FH ANXTIPANI-JEBUINT
TaYREV. RR2ERFLELY HROLBRAWL LT NI IOIHOR
EFBERTETLVSARED THKEL,

GHBRBEOXBEROIVEIATHAIRLE—HE»IW ZEANYY IR
UAORBEE(I>3)-B-D-F LAY REHFERALELL. UPU RTL—FF14353%
WHAREERABNOEAW. FHSIILVUEYIRBORENETOZTEIHEFALT LS
FEATIVEANBZ L, R PI—-FISUMKXOHBILEIIIWETS 32 &,
BEB I IL65-8030 B HWMENMRE -~ HENBEBIh 3 LEH o BAERLU
CTWRAVHEOBA-EANYY 7 ARBRELELIITS 3. ERIHEIY LR
WL BEBLAVBICLy., LEDOS-80SNFHBRKUUBIEREZRT 3L —
EAY v ATRGAUERS RV,

i

13

Table 2. C Spin-lattice Relaxation Times of (1-3)-B-D-~Glucans (s)?
Curdlan Laminaran Paramylon
Powder Annealed
c-1 14 16 26 31, 30
C-2 10 18 ) 24 122
Cf3 11 16 20 26, 34, 32
C-4 7.8 8.2 13 12
c-5 10 9 10 22
C-6 . 1.0 1.2 1.7 6.3

a Estimated error + 15%
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SO RAEVETFENRMOYTHEREEIEDE N —& ZBAY9 Y 2AMT
T EREERASARVN NIIDYERAREIRERENS 3. '°C T, REHO
BEC-6DLSRNzERTONBEGENFE LS IREOHD, HOE -2 5 C
cBANDRAYE Y ?ﬁﬁklu&%gﬁliﬂ)({ TH 3. B S3+ 350 BULBH—-FF
VENE-E-N C-1~~C 3 (lg-268). C-4,C-5 (8-138). C-8 (1-288) O
BBLT ORENASN S, Zhil. ACVEROEENC-6OEHE &
Ul rékBHNSZIEREBT AL ERENPOMBAETHZIED TS 3. 2O
o, E— 7 HENEVC-2. C-5FE—-20BHUW. '°C T, KL20080%
BEHB. NIFIIDD'¥C Ty B—HBRLEVOWUMC-6DEH®KIZ LS ALY VI
+HTRODBITHY. ZOBLOEYUH N RAS A e MBLBRT 3 EE XS0
3, :@ﬁbéé‘K?Sﬁ)ﬁﬁﬁ&EiAUv?Xﬁﬁtﬂ%kR(m

i

v

AR S R->T. I—=FI @AM XEEHIF BEUETERBHLULRERREEK
HEPRHFRFONMERB LR EL A LS U LT 3,
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Conformational Studies of Synthetic Polypeptides in the Solid State by the
15N NMR Method.

Akira Shoji, -Takuo Ozaki, Teruaki Fujito*, Kenzo Deguchi* and Isao Ando**
(College of Technology, Gunma University, *JEOL Ltd, and **Department of
Polymer Chemistry, Tokyo Institute of Technology)

We have stpdied the relation between the 15N chemical shifts (oﬁso
022 and 053) and the molecular conformation, amino acid residue, and amino
acid sequence of solid copolypeptides containing 15N—labeled L-alanine (Ala¥*)
15

residue by the ~"N NMR methods. As a result, it was found that the
anisotropic chemical shift (tensor), Géz, remarkably depends on conformation
in particular. Furthermore, it was found that the Géz is varied with

copolymer composition, although the isotropic chemical shift G}so

10’11!

is almost
independent of copolymer composition,

&4}1 ‘a’-("]: I5N CP-MAS (Cross Polarization - Magic Angle Spinning) ;ﬁ
RRERY AT R R AR X 73R o BB B RFR L3 =
LEBELETY 2 Bl e SNEHELTS=Y (Ale®) 81 3N
THEEBKL, 20 SN CPMAS 8ot XY 8~ R9 = AN R ERVELE
SHEBSBAEZ 7 (FoY L& Oy, Oz, G33) P, S5 om0 R
L SR AR EBRICRBES 3SLLWCEEBBLERY  AFRTR,
SNABRLT75= 0 2L R(75 = >) RAFEL 0 TIRYNZFFIc DT,
BNJZ= 7 - (B2 O £ 32 ) &7 ) Bio 4838 SEAEK (T ) BB
) RURIYTA— s UL OIERE A NCII S L EBRYE L. |

FARTBUE LAIE (MSD YA YV b= T4t 99%°N) L#DT & ) B8 (R
KBRKW) Lo TR P RoRPHE, NILEF-7Y) BRKkS (NCA)
FBAIT B, ARLETINT RoBHEI -3 Z oI "C
CP-MAS NMRZ, $aofuR ( IR ) Bk &digh B ( Far-IR):RIZ D 47>
foo BONEFERE Table I IS5,

SN CP-MAS NMRIN7J AR, JEOL GX-270 BAKHCPMAS
NEEBLRATHOT, 274 MHe TBIELIT- fo. BIEEMR, 1297
944 2ms, < DRLEE 5s, 90°/ULXME S5Hs, AN HLe
27 kHz BEF-9F4 v 8KTHY, 3812 7100~4400 @57~ f<. N
K99 - ¥ (stokic) NI HLoBYeE, SHEE Sy 7BICEY L,
D8 X FRE X ¢ TT- e ENES 7 ot “NHiNOs (B2AokER)
LIPEE (§=0) L, FYUS AN Sl C1789ppm) & =REEL LT
pprc B CEF L, SNILR: 7 o EEEEEILX Ciso & C22 10D TR,
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Table 1. 2N Chemical Shift (G‘;SO) and Tensor Components (6’11‘6-22 and G’;z)
of L-Alanine-!>N of Varlous Polypeptides (ppm from 15NH4N03)

5
- ) Chemical Tensor Component
Sample@) Ala Content,% Conformation®) ~G7q, ST On O3

Al (Ala®,Ala), (20) a 98.8 204 544 38
A2 (Ala*,Ala), (20} 8 102.2 201 61.7 4y
A3 (Ala*,D-Ala), 20 . o 96.5 198 55.1 36
A3-1  (Ala*,D-Ala), 5 o 96.7 57.1

Al (Ala%,Ala,Gly), 80 a 98.6 202 57.4 36
A5 (Ala*, 61y, 20 8 98.8 200 59.6 37
A6 (Alg*,Leu)y 20 a 98,6 204 56.9 35
A6-1 (Ala*,Leud, 5 [ 98.6 56.0

A6-2  (Ala*,Ala,Lleu), 50 a 98.3 54,2

A6-3 (Ala*,Ala,Leu) ' 80 o 98.1 57.1 ‘
A7 (Alg®,val), 20 8 99,7 202 62.4 35
M-l Aletva, 5 5 107.0 63.5

7-2 (Alg*,Alaval), 30 o 98.6 53.1

A8 (Ala®, tled, 20 8 101.0 200 63.0 40
A9 (AlO';REé%n 20 o 101.5 208 58.7 38
po-1 (Ala*,Asp), 5 @ 101.3 54,7

0Bz]

AS-2  (Alg*,Asply 10 a 101.1 56.0

Al0 (AlG',g?ﬁ%n 20 a 100.4 206 56.7 39
All (AlG',%TS)n 20 B 99,9 205 58.1 37

®plg*; L-Alanine-1%N (99%), Do : Right-Honded a-Hellx, @ : Left-Handed
o-Helix, 8 : 8-Sheet Form

a3 ppmkB, Gir & CsicoUTE £1ppm TH3.
IR Ao Far- IR XN 7 FLIZ, BFAEE TASCO - A70249 %8 £,
KBr disc. 5BICL D 4000~ 300 coil ) BEGRTBIE LI,
BUSEO XY 579 V€ -3 VoftR AldiEo NIES 7+ (G,
G, Ga2, C33) B Table 11CE LW 3.
() FNU75=2) o RFMASNME=E JETvibA—2a L Lo B
Table 1 OFRV(=T7T=) (ARt A2) 1ICEBT3 L, BB\ 7 (
AL HOBIEZ T - (Crso)BIZ 98.8ppmT. B-5—F (B £8TF)
ol 102 2 ppmd H 3.4 pemERiBBICL3, -5 BIMNEZT7HEL
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w#g3L  Go Be CuiILINDAWOS KWBEL b 6~T7 ppm EHEIBHICH
*Léo Cd)f@ﬁﬂlﬁ 6\730 ‘D%&.@U “C"i)é’). Gﬂ !:I.‘@C (3779 0)25'{)‘. 3?["'"&%%
BRIIEN R, co&OLEEDRTLYAROFHIE KV~ HhA—
= 3 ~FHICHE-, TS Ala* Bt o SNE oS30 FbiIcd 3 LELSNS,
S8 ZTFLYLOFELEDT o fESHEEL 0 BREBLOICTINEYHI, 4
I AN ARBIEET 3 LHIT BIBE0RIBORE FLTITHS D
915} Gi1, Gea, CusnfBITi. *%%Oz@tﬁﬁ, A3 ERA-23 2,
BET ) B~ L AOBRE LR OBRBLREMLHSHTNI THI D
o CUSORBBREREELNCENIT Z0FFERY o ) oEsmcbicA T
30 LEIBENS. BITChE, K- J0fEKBETHIN DS, #£06H © 63
I N B L LIV T, ABRLSV. |
() _Ala* (20% s JRYN B B 0 Chodic oz
IRV -0 Ala* 0 Crsotliid. HHI-FOF ) BRoIBERICL > THEL
ST, CiofBt. ZNENROFETYIN7YFoE (X1, 2 $588) ki
BI3L, aT0BS. ABBRB LN Al Ciofn S WNEETY R—& DD, 1
THO 2~ 3ppm BTRBBITHENIMANRH SN, -5, BHOBBITH, 7
-2 EPPEU, Valt Ile b ITYR—TH, Ald0 CrlIBHhETY I~
OB $~6 ppmBAUBRICS 7 LT3, (Gly TIE. &9/5 pprtb3ia3818IC
27b 3340 AR (Gly)nnCHofl (83.5ppm) BRHThE LI L IS 3).
mh, ?""#'@A,a*@ 6‘;;01@?& 1) -/30)7\“ ) W@%K&o T;éb
AW T 98~ 102 ppm, BIHTIL 99~107 ppm ORBE TENT 3 fcd, Cio
MEHSAPYI—NDIZTA -3 VEE 33ICELRBETHI. Lo\LL
BE SOIAILBBIER Ch b TEBTHIC LWBREN. T4hb,
e 03 R—ICBLT, Ala*o CiEid a0 i8S 54~59ppm, SF0MEES
62~ 44 ppmoBBICIHI 3, #-T, CafER IFVW - (XrI=)X7¥
YOIASTA-23 043 LETERI YRS THILELS (4L, $En T2
JBo SNATHHER), " ‘
(3) 2RYNFFEb o AlCEE) PNIHES 73T 7S ) BiiER 0 SE
3-1 (Ald® Leudn (A-N\Yy 7 XF5)
0N Yy I XTREEOB U Leu L Ala L) ARV I—IKDONT CiseflBD LeuBE
ICE SFLEUN I L, Ciotlid, Leu B8 20~952% 0o BB TIHA £ TN
BoNBW (984+03ppm). LYY "OEH (Ala)n 2B (988 ppm)IcifiL)
o SHIKHUT, GCafBl 54~ 5Tppm 0 BN TENT S, ST Lewd®
50 %0 LE, 4k N\ SHIBHNCELRII NS R RBRRV, CoddiE, Gl
R A OIFRINTFEOT ) BIER (R 7/ BEnd) <Y 35EEEL
EIH5N3. Bh HOLFRLEEHT VS,
3-2. CAla* Asp(OBen (&N Vv 7 ZF5)
BRMICNSZ L IR TILELEHD Asp(OB) £ Al ENIRY) I—12D0T, Bho
10 Asp(0Bz)) BRI ST EFNE, IFY R~ PO ALHE) SisofHL
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0Bs) 8B b 80~ 95% A TIR, SpA E—&HiE (1013102 ppm) ESL,
Qs' mﬁm FTRIVTEI, CoERR (Ald Le)n 0B EBLTSH
3, LU DY —OCTilR, (Aladn (98.8ppm) & (AspOBelin (992ppm)
OUTHELRLD, FENRY R ~& D 2ppm{SHIBRIIAN T S,

RIS, BIRIR— 0O BEEWET 3 £, dSNCEREBHNERII NS,
BPS, Asp(0B\EEHN80% 05 95 %1303 31T OH, Ald'or el HLEHD
CBEBRICE TR L, S 7RO oRBTY4pm LXE, SORITDOVT
R A%k BIcEESEROeWBEICE > TN 3NEBNH3. 2 B
IC CAsp(OBsI)"5%% 0 “NALE = 7 HEIC oL TUBN I HEL 5 3 LR HNS.

3-3. (Ald D-Aladn (QL-\Vw 7 XH) ) )

AEZBBTRAVE A3 R A3-1 o BEHCOLTELE, Al A& RVO-75
=V) OEEEN Yy JRICEEAINE, wbD3aNYy JXEEEL 3, ©
nokid, °C CP-MAS NMR o Far-IR OERNSHER L=, A"\ Yy 7
AWRBT 3 Ald* 0 Ol tE (94,6 ppm) 14, AF4 Al ( 788ppm) & 2 ppmil
BRICERIN, SNAZZ7 b 5D Mo EB3CENTE3, DA
BEH80% L 95% LORBITCRNBIZR SNL . L LE 5, Gl
LBN3E, D-AaBB80% (55 1pm) L 95% (571 ppm) Lo BT DAl
SEOROE EDITH 2ppm OBEBZ 7 FOVH S, Z0iBBcd Chagbid £
TEEHEBMERT,

34 (Ale% Val)n (-N\Yy XFy, B->—HH5)

—BZ (Val)m 13 B8 E3 T LRSS HTED, 5 T (Ald lal)n i Val
SROAITIION, BMIRLCAPLLIEFRTES. R “C CP-
MAS NMROFERD'\S, AT 8o AT-1 ( Vel B8 0% MEI. 364 E B
WELY, AT-2 (Wl BB 70%)18. FoAE AL L3 ZLOBERI ML,

ET, Table | 0 OinflicsEBDII £, 00 AT-R O) Cotl (98.4ppm) 1%
a(Ala)n (98.8ppm) j%glf@&fﬁ&ﬁﬁ, :z%gﬂﬁ::ma _gﬁoiﬁji, Vad &
BN80% 5 95% ICHINT 3 &, 85 TppmiERIB= T} £57. #-T, =0
TR &soﬁnﬁsa#iémﬁégﬁgﬁg. H ﬂ%w&a‘ 3t P %ﬁ
OXBOERARBEIR, ZHITEXE BN, L3 RS AFNODI S Tul -
TalHbnt 3T CohiEP9ppm b XEAELETI o isEBLIEL),

IR L ¥ Bl BRP - KO 2 SUBNMRETAEABSHE (/985) p 263
2) A.Shoji, T.Ozaki, T.Fujito, K. Deguchi, I.Ando; Macromolecules, in press
3) Fe8 Rl MY K- K TR - 5350 BASHALXAATIBE (1996) p 731,

4) A.Shoji, T.Ozaki, T.Fujito, K.Deguchi, I.Ando; XIIth International

Conference on Magnetic Resonance in Biological Systems (Todtmoos, Germany,
1986) Abstracts P 76. ’
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NMR Study on the Structure Analysis of Silk Fibroins and Its Application
’ to Biomaterials
Tetsuo Asakura, Koki Hirano, Hirocaki Yoshimizu
(Faculty of Technology, Tokyo University of Agriculture and
Technology)

It has been. recently shown that silk fibroins are one of the excellent
biomaterials. In order te clarify the origin of the superiority afxd use
these silk fibroins widely as enzyme-immobilized materials, NMR\ and ESR
spectroscopies have been applied to the structure analysis of the silk
fibroins. The recognition of the presence of both "Structure Domain" and
"Reaction Domain" in the chain is important. The heterogeneous structure
of the silk fibroin membrane used for the enzyme-immobilized material
was clarified.
1) BE BEB 2B, 874704 VOB BEREEZTEDT Z2I0& T,
ENA. BRECLHEZONAAHBORH L LTHHLAENTHHI L ERE
LTEE, 29 bbb, BREEE I TOA VI Yy AMEBRRLAKERET 3 &
HMEAODBLERELALBADSAN AW LABILEREIEH XH, 25l pH - BT
HELBHAOREBENEMIIMALNBONE, 747 DA VOZIOBEMEHHE
K., ZORMBELERILBELTCVIOC. #7470 VOBEBHI»LOBO>NL D
%ﬁli%ﬁ?)‘tﬂﬁ'ﬁi%i{bﬂiﬁia LTEBELTWAD2EEBEHA,. SBREENLLTH
BEULTELKHAT 2RO TFRIOFEH ED LD, 707042, G1y,
Ala, SerpoRYUBERFILE ST 2" Structure Domain” &, Ty r, A
sp, GlubDBEREYTHRISEICEDL"” Reaction Domain ” {ChiF b 2 &
ATED., V"APRTELDonainO R EEWLNMR, ESREZHWTH., §&
DHEONAFTHH~DRBILBATEBSGEELITEILE2HBEL E.
2) R [VH] OFBBELE I 704 Vv BBER2ELEZUYUFURELEXY R
FPLTHBEH I TUAVEELBRLELELUTA A -k, QB 70 704
VHEBY - UABFNLEADRAFTIELES - BBEBRM»BIHES TR E. O
Ty rBEWEBNEACYSANVLEARNEESRMBLBHLE. VYO3-T MK
U- Phe#i7 4704V, 3-7A0- Phe 2 5@MASLILMUVREHES
TrwkEUBonE., [#WE] ® K NMRIEJIEOL 6X-270 % v T 270.05MHz2
(Fuby) CTHBRORVAY - T VATCHELE. ®!'F -~ NMRIZJEOL F
X-80Q T84, zymHzic T@E L. @WE SR ME W IEOL JES-3X6& IWT XN VK
THEI o,
3) R EH
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[Structure D.omain] XBEH I 7 U4 O7I /BEERIEGly, Ala, Se
rEHTELBS %K bNb. Fig IBBEEI AT 04 YO WAEZ VEYS O
ABES ' ThHaN. BV DEBERENSGCSCAGADY —»F Y ABTO% %L
DEZLHRDND., COEY—FVADBETOBHMHI YA A—va Y bRt T
BE®D. V-HF UAEFNVIEEWTFA-GSGAGA-OHKDWINOESY
PELE. NOEHNMUBBERELOSBN L (Fig.2 ) . 2O EY —H Y 2R
HEABLES VST LAIA VBB E 228D NB, 2hit. Fig.l KRAEHLI B &
S, PFENBOFRETHALEDAADHF. KBBWD'>C - NMRRARY b
WHEBDTY Y —FThHY., BTAVIEHOMBBMA L0 '° BCEY TR H
DEBBEER DI LEHBET B, COV—HYARAR ) —VBBLEYERIK
BELRERLITABBEEREKTZOT. BULBRBIOIULBHLIALEBET SLO>XT
EHETHB, 25HI. Structure DomainDEH 2 /B B =D I, BHH R, % X b E
N — FREBOSoby SWANMRZ2HELAY Y- BB MBUT, %
aELE., (Fig.3 ) ZOoHRBEHEEHE K.

< -
- QO
WEFROH Y P NE-80~-T0CKEMN 38 3 §  gde
Q 20 oo
HeHs, EOLEHKEE RS, ThiX. 2 i ®  8led
D7I/BHBESRTHE. ALl a i@l 1
FIEOEVWHEILRK TSI A YEBH®ICX
~ ~ 3 - a USRI E S S Sy f e e O N R S N S VS S B T PSP S S
2¢EZHN B, T, HBERBILBWYWTK)] [ 50 75 w120 s w0
12 2 ppm from ext, TMS
5 .
§ 9 U ! Fig.l The carbonyl spectrum of_B.mori silk fibroin
e N
7 g T T G v e Or—r———r—r—rrT
LR 48 42 4.0 38 36 34 32
ppm from int. THS r . b
. w r —o—:Degummed fiber- B
"~ [ o :Film b
] 51 o :Powder 1
) 3 i -..L-‘:Cryslulline fraction ]
& S 1
@
e |3 - N
oGy {08 g C . S . N
o o oo 0 .
500 i AN ez o ]
e Tt e b ]
7o R === i ~
o SN B s )

3 8 13
T czu 242 Zn ‘39% c‘uz EME
FA s tan oot g S tan oM g O M o Mgy Oy Ol L v g
i b o5¢ N o ¢ b I, ’ -100 0 100
H o 5, W 0 5 M o o .
1 W6 00 15 Temp. ( °C)

e e L Fig.3 Temperature dependence of
Fig.2 NOESY spectrum of TFA-GSGAGA-OH. '"H T, for B, mori silk fibroins
in solid state
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Serfll#BOHERAKEFEALEEL.

FEOUHOEHHAERTHKEZINATWLS

ZeAH? H-NMRULXAMBEIOBEZAT WS, &) : ‘
[Reaction Domain ) B Ty rfiil i3 EETCH B, 9 2bdbTyrFERELH

FVYINEDARy RV TILLD2BERBOY A7)

BB OCa A AV EDHMERB O A+
. HBOBERBEDR IR ETO ALY Y
FGRIVOYA R BEEBHBILKLELES
XL A R B, Fig.d KX
2)-VRBLETy r AV Y I AR
T4 704 VEOEBMKBETHOE SRR
RIJMNVTH . N F Y =2 UT
HWL2ROHOKBLEHREALT WS,
fast, slow, very slow B> H %R 5 3
CEPEEEL. Yial—vavik&y
AR DOHEERDE. T, BEHEKE
TH,. EABILLABABRICHEBETSZ*C—-N
MRE-2HBBHBhBIr. XHICIR
13C-CP/MAS NMR, 0)7‘:—;5‘¥)%‘E§L’C‘
BOWERFig. D& >afY Kl
o TWdEEABIB,

TyrBHoB#ER1%SKEOD D
A%<, ERMEAIDIILICEY. A
sp, Glu, Ar gnH®'3C-NMR ¥ —
JHBEHMENB., (Fig.6 ) RlAadzn
SHUBOREHHIAEREEH I T A
VTCEFBEULUEBIpHIIH T IBHADR
EHOHEMEDELT EEXDOND N,
BANE—-27 DI, BHhI2FBHIE®
FLbt+HTrw, 22T HAE. 7
L7 I/ BIRNEBIRY. BBE
D'*F-NMRT*OE—-—7 2BHFT S
TEehEXLND. Fig,TI—H2LULT
3- 2N AT PhefiZa7OA4YD

BERR2 P ERLUE, BRHE ()
TE—-UJFABMEN., 3- 7)Ao Ph
eI T oL VHIIBYRELTY
52 ¢, ATy ricBBEIhTWS
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Fig.4 ESR spectra of spin-labelled B.mori

b EE L) 6

silk fibroin and the simulated spectra
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Jouut

Fig.5 Heterogeneous Structure
model of B.mori silk fibroin
membrane in apueous solution
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3-F-Phe

BEE—-s DT, K., 7U-D73I/E f
(a) QL —BET B 22D, Pheo "
HETABKEHELTWVWAEZ DI S, d)3-P-Phe silk fibroin
- i film in aqueous solutien
= 7 3 e Pontgnts
s = O N
2 ed
& o ¥ 0)3-P-Phe silk fibroin
o) btu’kv)v _in liquid state
gl 383 Y e
Q o
< f =
P 1 + |OA " IS_‘l ZI.T 1 P
“ % ng fromz ext. TMS » 10 b)3-F-Tyr, frec
Fig.6 *3C-NMR spectrum of B.mori silk sl Ay
"~ fibrein, The aliphatic region was expanded
BrLte@BEITBE. 874701
BhilBFErBEEtLEEA. *5747[:] a)3-F-Phe, free
A VBEEEHAEE AR —JVBHEILX YR
R P PPV IR PP PUVIE DU PO
BLhEFEITAEE (GSGAGAMNSR D 30 0 50 60
Structure Domain® B EH) 2 HHK L. pea from ext. TFA

BeXBLT 5 L bLBBESFOBME  Fig.7 F-NMR spectra of 3-fluoro
B, —H BASOEHEOE VEE O phenylalanine B.mori silk fibroin
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(HEX-PRAEI) OMHBEY BRELZB X &
FTER BX
Effect of Small Binding Molecules on Oriented DNa Fibers: 31p nmr Study in

Solids, Naofumi Sugibuchi, Heisaburo Shindo, Ushiho Matsumoto and Makoto
Chikira%*

(Tokyo College of Pharmacy, and Faculty of Science and Technology, Chuo Univ-
ersity*)

Many small molecules are known to interact with DNA in different modes, inter-
calation, elelctrostatic interaction, covalent bonding and so on. We have
studied oriented DNA fibers interécting with ethidium bromide and arginine as
typical examples. Intercalation of EtBr caused phosphodiester conformation
disordered only at or near intercalating sites, while binding of Arginine
eliminated the conformational transition between A and B forms and accelated
isotropic motion of phosphodiester groups of DNA in the fiber.

—ERDNACEYECOMEFHRBELS PoMoh TEY., TOHFHBEREULT
KD=Z2o2BFEZ SN % DEZEBRICLAYYAL—-P T 3. DY VBELOHE
RWHEER TRrUAERATIS DERRELUABEEAT 3. EPRL &> TR
zOMAENFHOBRIBBL., TLEBROE-FVR2FH>HBOBD 3, AW BLTUH
Lo THERT ZREWHRILEY E LT Ethidium bromide (EtBr)R U (2) T £
A¥ % Arginine (Arg) R U LY. $hFOoOOotEHEO>VT. ZTho0@EE
CEEBDNAOHBEZELRULFAHAOEBC DLV THAKO'PNMREEAL
THRP UL

[ B A &E]
FHEOY Y BEFDNADIO oM NaCIF® (100 mg/20 mi)2 FE U, 25000 rpm,

2 hrTHELL HEHODNAZHRUBRLEROS, EBroBYEEMAT—BER
it ALU R, 45000 rpm 16 hr 'Giimbfa*&tt@'u%‘b\DNAﬁiﬁb’v‘;EmFﬂ%ﬁﬂ&_
FARUEZ F k. Arginine W2V TW. LEODNAGB®E 10 nt NaCl. 10 mM

Arg (pH 7T.5) W UTEHBRE2HMITY. ABERFETREDNALXFEARL

Fo SI'PNMROMERIFX-2000JEOL)EAR NMREE %2 BV ¥ADODN
AT I oA AV REF RV, BAOoHMNEERIDTE DNARHM
CHBEOBTAREALATNMRANI PARBR Fh ¥4 THRERXIA
7 PAOMERXRE ZLU-32008 B W 7, )

{ BRLER]
1. M BHENaDNAKBOP'PANT P AN — 2
AZDNA®DIPNMRZIANZ PLE2VT. BIRFURE LI R, R#EHIY
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B TF (=00 ODEE BL—FARPHBEA, EA (6=90) OLE &
grEdlTh 3. Zhs0AN :

JPARY VBEOIIYR R -

ey Sy M B TS 5 A N-DNA ot 79% R B) LI-DMA gt
rERFMEINBZANY b AR 738 R
—-¥7 5 —~#. BEDNA

(B 1B,Li DNA). ¥i1T ) o
DEEDANRNT PLBURERFER
@i (~80 ppm)s D C
SRV CVEBEEOMEY I H
LR UTHhRYTHEBRER- T
WEZERRLTEY BEL
CEERMCKFT IRAME 2J06; .Allbo 5 -160.-2(;0 260:'10'0':”i)i”-):tl)o'-'z'oopom
ODEERZERT 3. 9 2 %RHK

EWSBEDNAOFIFTIANY Fig. 1. 31PNMRspectta of Na- and Li-DNA fibers ori-
FLTURTFEBOELEO R D ented at 0 and 90, and at 79% RH.

REEKRC RIS ALK ‘

WLV (40 ppm) e ZHhOOHRPSAMBELIRMCENRCE - FREKE
ERS EHHEIZLLN —HBEDNAWEERMNCKFEUTCTANRZRET
5352& TRpPRIVEBORIREAHNSZIEBMSATLE 2, HLxr
BELUT. BAESFULBDNAOHEBEYEHLRETERLELODLVTIRE T 5,

90*

2. EWODNARUBEEAOKE 5
(a) EiBr o4& B E.
DNA*¥YWEtOMHAEERAEZHAN
3FHRELTBELODOBHL S
RTLIH LII2HORKRWLDL
TXRBRBEEROERBDEEI LT
w33, 5EH. EtBr-DNAES
FoREHEBEEXAE T IZH#H 2B
BAE3LHE. FTTTRHPEN A
Z PALTHREU L. 0.1 M NaCl.
10 mM Tris-HCl. ph 7.5 W B L Ly
TDNAO#®E (P) 2—F L. 6 5 10 15 20 25 30 35
EtBri#® X (D) R EAT. A% i
WHEE (Ao )BT U 2o _FiLg_._Plotsofhmaxvs.P/D
PRI T 3 A00xD T Oy b BR2WERURZ P/DRHUH U TEBREMIZ A aar s &
JPUEOSB, P/AO=10METU—FERR>R ZOZEW P/HO=10METUHES
UREBrO 3 HET 3 2 E% T 2. (P/D=10EBr1 A FHUTDNAGS

in nm
max
510 520

500

490

480
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EEMEHAYST S5, ) - COXEL 10nM NaCl BHWR BV THELU R H oo ko
HoT., ZOHAUERELTQE '
HRTtHYL., BEAHBIEFEHOD
FOLOIELEEKRT 3, H£OoH D P
/DER 2 TEHEDNAXN 2 H
B L. 79. 92 (F R WL98% ) RHT
NMRx2#TU kR ®3 P/D
=12 OB A D EtBr-Na D N A%
MOANXY P LEFRET. 195 RET
AKX FA(H3A) W HI1
EhRTHD B &S EE AE
NEOFT —NY - REYTET.
EtBrd 4 Y ¥ AL — v 3 YR &Y
ERMAHCECEEORA NS B Lo L 110 Lol Lt o 1)
LU B o, 98¢ RET . 2N 200 J0c .0 -100 -200 200 100 0 -100 -200 ppm
ZIPIOBRFHETE P TH Y. F Fig. 3. 311>_NMR spectra of EtBr-DNA fibers at 79%
FARZ P LRBEOELVEN B _ and 922 K.

RHBOUR>TVS (AI3B), BITABTRULANY P UWO2X RHE BT 5B
RDNADANY P LTH P, FOE— I BIEBr-DNADZEThE-HUT
W%, ¥h. EBr-DNAWERBEM (50ppn) WANIT PLHARE R 3., T OK
B4 A L—y a BUOEEOY VEERABELEXS O EDbh 3. FE
Sobell & @ 5-lodocytidyl(3-5)Guanosine-EtBrE A MK O HE S HEOHE FER
3’l:§’jbxfﬁfﬁibfaft%‘—‘iy7b@bi}iﬁﬂiﬁtiiiﬂﬂﬂﬁ(%ED\ ~50 ppm) & & W — ¥
EFR U e P/D=1205 DK X, P/D=48. 6206 O RH 2 & 3 A-B R i
Bohr, ZHhoOHERIELBr-DNABKAKDODNAR A Y Y I L —FBRUER
VTHEBUHKEERBUTCEY. TORUOMELLS Y I -EDNACOMT
AUTH 3 ENRBEh 3B,

A) EtBr-NaDNA at 79% RH ] B) at 981 RH

(b)) Arginine B4 Arginined DNAOEHE ECHEFEH L. P/D=
1.2 UFTTHA2ATORIRBLW CBRBER LI ZEBXERTADPOIABETH R,
Arg-Na DNA®3'PANRY PA (BH4B) . BULHTTCOLIi DNADER
WL, ROETIERSE DEEABHERIZIYPTRI Y > ITIANLAEK LT
T3, DEWORAHEBRE >R, Banoah»38EY. B—0LHETT
H-—oRMEERCHULIRELRG

Cross Relaxation Time TI and T of Oriented DNA

FWEBANY P ADS/NEY VY Fibers at 79% r.h. s 1o

LR LAFEREZDOOHFES & Parallel Perpendicular

HoTWLwd, T1WREABET Trg(ms)  Tyfms)  Tro(ms) T, (ms)

FONBREEATATCESRED L1-DNA 0.36 9.8 0.52 6.4
Arg-NaDNA 0.8 2.1 0.8 2.1

EikroBoh 2 XEEMER T
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¢ 7l yTipO@EREREF. Li DNAWIKkWN Arg-DNATR TisE & <.

Tip s £, LiDNARROhRENBHRORFUEBZIsARL. T h
> ORBEUUArg-DNARB VT :
DNAOEBUREHFHTH S

E. BEABURArg YU VEBEEREO A) Single
ABHErRESEIHEENS 3% pulse
ERBT S5, BES5LELED
NAOEHLEE>h EKkTIHE
BArginineD AW XV HEX
h3ZtRl&>2TYW Y EBEEDSE
$EFRIR-NRPHBbOEFHX
h 3,

B) Cross
polarization

80°

| STV (N SRR RS S NN VNN VRPN NN TN SOV WD NN SR SO S |
200 100 0 ' -100 -200 100 0 7100 ~200 ppm

Fig' . 4. Comparison of relative intensity of 31p mr spe-
ctra obtained for Arg-NaDNA by single pulse and cross po-
larization experiments. )
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CNMR % &9 B% 853 (Wm)
—BERPUVE-RRNR 0 HIT —

0 ofF Sk . B IE & (BERKE - 2T URERHNS)

Studies on Delayed Hypersensitivity Skin Sites by NMR
Masaki Yamasaki and Takashi Ishimatsu®

(Department of Biochemistry and Department of Urologyf Medical School Kumamoto
University)

The mechanisms of delayed hypersensitivity reactions are the focus of much
current interest in the field of cellular immunity. Some chemotactic factors
for macrophages and alkaline proteases were already found in delayed hyper-
sensitivity skin sites. The activity of these substances are very sensitive
to changes in pH, however, the pH at target sites in inflamed tissue is still
unclear. In the present study, we could clarify the pH and the relaxation
times of delayed hypersensitivity skin sites in the guinea pig skin by using
31p and lH nuclear magnetic resonance.

BEZLTVVE-B7HPRIVT

RN AR ORISR 2o XY I hD, SRR IAF
Thi ERTo0TH v Y R - HEIN IO, AFVAVToBT I TRTDH
2, - 3. WA 2RIAFRELER. b9 d TRITOTH Y 8% $ 5 DAFIR
PRYFDRLUZLHZH AT OB VWRHKI), ERRF o B Bernz 3 390
253w, mhrbed i} OREERR N2 ThHh) BREETFVIVE- B
BENLBRFT o BB o BT M. ¥ D0T770-F L2 h2ud,

RAERTVVE- R0 B72BR 27E 27077-5 - VY IE YV 0 BRh o BB
For3d, BRKEL WEOIAED I 5270 77-YBEB T, tofeEhhrd
HMo70F7-€ FBukahzud, Shda3nRoBEERCHERNA
NDPHY BRI BRLOD., AAK0 RARD o BHLHBH 3B 8 ¢ HRox
BrrpHited )y OSBRI E 0K, ,

EHRT. REeo kLI O BGFRATOTI ) BIE- BEE BRI 5
BEEFVIVE- B7 Y O BCo(GHB) B PPDERK IO ARERTVVE-R
7P, IVREBRENRALIIOBBrIsIBIERER, OO o Frone
nmrY. 950 7rO-5L>238. THhEopH LB II K OR, IXCHRER
DX BB Y HBo BATL22n k. FIRTF-F0-WR3. 7t
@nmt. WRE 2 REOKb L BLT WY, /

BG s B L HH B e rPVAX-$ B onT

FERBI AR LTV RAB Ty B 2@, B I BEG £ 2AE 7
VAZF - 732> L LD BVET}(300~3504. )0 RO BB B D
Koo RAR/BE . FHH BB C BT LETOTEL DR,

YRHAT TR EERMAE LD RY®REIVR) o FRB IVPHE (=
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RIEEB) VD MHIRBIIC, RRABBeTH - ABT -7t V52 . 2480
HMr3@BAES B2y i3Chnzud., 8k (HERoT@MLD) 2E R, B2OD:
RER 0 FRETOL) D IBWRNMAL RES ) EVIL, R2HOARARS B
PRECE R AN~ .
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N H . REBE0BION) s AFARWOL) D IVP D& Gap 2 A9 2 F LK,

FEHr IO 2R 0o X0 BAOHH 3. 2B O BIW 3eTWMR LRAWH DY
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Physiological Change and Change of Relaxation Times of Water Proton in
Mycelial Cells by Fungicide Treatment_

Mitsuru Yoshida and Kazuo Nose

(National Institute of Agro-Environmental Sciences)

T+ and Te of water proton in the mycelial cells of Botrytis cinerea were

estimated using non-linear least squares by simplex. Two kinds of water
with different relaxation times were detected and their relaxation times
were shortened by fungicide treatments. The reasons for the shortening of
the relaxation times were considered, by checking the amounts of water,
sugar, protein and paramagnetic metals in the cells. Change of the wmem-

brane water permeability was also checked by Mn doping method.

EgkADKROT7TOryrOBNEREHNABL L ﬁ%ﬂﬁﬁ*&?@#ﬁfﬁbéhr
W3, FITHEEZELNE. okt koBRBER:RAKXKOBHATCHAETLEI L 2
. REOKEFAMAANDIEREZRAL., ToFR LD BHEAHOBBREAT
HPE2RBLrURBOERMBOAKOT LT 2B L. FHERAXHREANLELL 2
tFhonXELEArL FTOHER BEABLBICIDT, Teﬁfﬁ<7§:6;tﬁ”ﬂ6b‘
Zh, TITIR3ILE V)*@&#ﬂﬁ*fﬁﬂﬁ@)ﬁlﬁkoh(#%t’(&é

(1) #HEALBLIZEROKOBRNHBRE{

Lednt HEEHTHERLARE»PURBE R > BRI > THEDLH ~—"
N2 AN B EATHARDAWIEOVWT VWS AERE, 10 REABICHEHT
JFM FX- QBB THENBERBOBEEZ TN, Tilc oW Tidinversion-recoveryi T,
Tel2WTHCPNGCHTHELLZLIA BUKMIZIEHETRZL. FERS
NDRLLI2BBEBOROFENFRINL, £IT, sisplext VA ERBRPIPERE
LEd70 7302 2AVWTERNHBROBTEN Y, BAPOKRKDERFIOFE
BrT Ted2#EELEL KCHEHSILERBHAZRMLLBAODEARDKDT:, TeD
EREHENZ, ZOEREFe IERT. 20737 0MMIE. KOERS OEK
BRI EL MBI LTOFADEDTHFNRTREINRIBERDOAKLEDF T HED 2 H
EEXTRLEGLDOTH 5. , ‘

HXoKkiZ2ZoDRAbh oL drE2Ibh, EBUBOBATIZIT AP 400rsec,
TeH#60usecH KK KEH 2 L&D, T ERNORVWRIFErCHRE S L2
BEHAABLITO L., KOERTDT1H100~250msec. TeA$ 15~ 20msec < % .,
NRZIAL IR BOFADISI T OHAVWKFOHEGOMMABOLLINEZH AL
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Bot, B NIJIAREDPRETHEROEFHRFAD LNt 2 WHBE
P LBENBMOGEFAED LRI, 70 IRy 0BAREFHFMMH®E epn
cRERIRT L. el LTHOTHRABBMOEEIED 5 h i,
COBEALBLIZHAOAOBNBHOBARORAXATH 200, 2L RHE
HOERABLLYS WO RREHEODEOVWTERER - R,

100
80 .
control
40
, | P
»
80 benomy 1 g 80T ¢ E x
40 | 0.2 pom g
~r . o
. 1L ! S
5 ‘ o 404
§¥ (40 ppm) EDDP 8
%0 50 ppm 2
I 0 200 400 600
80
procymidone T1 (msec)
40 I . : Z ppm C, control B, benomyl 0.2 ppm
N : . ) €, EDOP 50 ppm I, IBP 100 ppm
0 200 . 400 0 40 80

- P, procymidone 2 ppm
Ty (msec) T, (msec) C

Fig. 2 Chahgé of water
content of mycelia by

Fig. 1 Change of relaxation times of mycelial fungicide treatment.

water proton by fungicide treatment,

(2) BEAMBBEL LI BABEBMARORE O £ 2
ODEAEDE A :

FFBAUBEARO KB LT, MBMOKSOMA 2% 22, Bakkerd i, w7
AOBHEMBOAOT R EKBEZLMT B LBELT NG, MAkE105° CTI08H
MEREERLEOERORIF P LEASEE XD, BEMNABL LS AOLEH
DT DL EEAEORMBERARC A (Fig. 2), BEANBE L L V& AR
ETTLODENOEALBILUAECLEYEN, hOAOERNOT I L OMME A 5

¥, HBEAN ORI *BEFLBLC L2 AOBABNEBOT L ER L R T o
LT E L oo, '

Q8. SN HBEOEH

K AODENSBEBOREE LT, BR S NI HORBESNOERE & 5
EBEOBEDLRETFRELL By NI RS SREACHET A RBT#ET
NiZ. EAD CNMRARZ MAHIEERLDS 7 FANBENELH L bR B, £
T. BREAMBAEBEAD CNRAR FLEEABOBARDOLOLEBL T AL
(Fig. 3), RTHDANRZ b dle hL AT =2 (). 2=k =i ()REFY 7Y
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EITARQYODDYZ7FABBEWEER, —F, $vy N8B0y 7Frid@gvony
ot ZOE3. BEMBBIRIBARIEVOBRMELE L. TR EY S
FAOHRE LN EEROBROL 7 F L (D EEBRLUTHRIIAL <., REABEL
ZERS ORIV BORBEANODERBELOSR LD o 2,

EDDP 50 ppm tg

procymidone 2 ppm

benomyl 0.2 ppm’

control ~

mwmwm&mw

200 160 0

Chemical Shift (ppm)
Fig. 3 130 NMR spectra of mycelia of Botrytis cinerea.’

QOFERESZBEOEHR
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C, control; B, benomyl 0.2 ppm; - E, EDDP 50 ppm; P, procymidone 2 ppm

Fig. 4 Soluble paramagnetic metals in the mycelia of Botrytis
cinerea.
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(EFHNLAMAR) GABE, HULEH KUK

Time-Resolved Measurement of the Functional Defference of Cerebral
Hemispheres by "Differential NMR”

Hirotake Kamei, Yoshiro Katayama, and Hiroshi Yokoyama

(Electrotechnical Laboratory)

A non-invasive method to detect +the difference in functions of cerebral
hemispheres is described. We applied the technique to nornal volunteérs

and observed the evoked proton NMR signals from visuo-sensory areas.
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In situ 5 » F O ®31P-NMR

(FMAHIEL RBERPH ) OmE LK - 0K x>
HeETE* - WTR-FHRG

31P—NMR in situ -Study on Rat Heart ‘
Hiroyasu Nishikawa, Norio Shimamoto*, Motoaki Shintani*, Shen Xingliang and Kazuo Yoshizaki
(Kyoto Prefectural University of Medicine and *Central Resgarch Division, Takeda Chemical
Industries, LTD) v.

Recent development of NMR made it possiblé to study on in situ metabolism of tissues.
Besides NMR, we need many methods of physiological measurement to analyze the role of the
metabolism. A homemade NMR probe was made to measure 3! P—NMR spectrum, ECG, blood
pressure and rectum temperature at the same time, It was made clear by ®!P—NMR spectra
observed with the probe that the energy metabolism of rat heart were affected by blood pres—
sure, heart rate and body temperature. The probe was applied further to - rat heart partially

ligated coronary artery to obtain its pH and *!P—NMR spectrum,
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SMIP-NMRUE I ZBRUAKEDEEBER O
catchINHBMO®KN '

(BT A®H, RAXHE®) OSHXT, GHEH®, HHRE -
31p-NMR Studyron Catch Contraction of Mblluscan Smooth MNuscle

Fumiyuki Mitsumori, Naokata Ishii® and Keiichi Takahashi®

(Kational Institute for Environmental Studies and Tokyo University®)

Some molluscan smooth muscles display a catéh contraction which s
characterized by the sustained tension after the stimulus 1is turned off.
The mechanism of the catch contraction is not known so far. We have examined
the intracellular pH and the concentrations of phosphorus métabolites in the

live muscle  from the nmussel (Mytilus edulis) during catch contraction as

vell as other stages by 3!P-NMR spectroscopy. On the basis of above results
the mechanism of the catch contraction is discussed.
[ v oo ]

—HEoHBHY, EXER®H T B HA (byssus retracor muscle) I R B H K
LicatchMBLHBE A3 HRTHRE2TRI (1) , ThHho0BHHRIE»VER
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L., O EBcatchiRBoOBB > W THRHF 2T,

[ 8 ]

FERLSVFAHTALTHEYIZLUKABRAF 16 ~20% (EER~0. 8 g)
EAE4L e A ST2BONAMIEEEL., 1O sud ONMREBEN ., AL#EK
(434 =M NaCl, 9.8 aM KC1, 52 mM MgClz, 10 =M CaCl., 5 mM Hepes, pH 7.5 ) %
8ml/ mino@WECERISE L, AZLHBHEAROUY-R—-W16° Cofi@d Kki%
FIZHEHL, 95% Oz, 5% CO, ORAHFR2AT VL., B2HARFCE-
e NMREHBEANATONE., B, ABRMF A X ONBERYPHZERB MR 3
Tt IR ok, TR B, 10°°H acetylcholine (ACh)W X » IR . AT #E X
DOHFHBEFIC L YcatchH . 10 *H S5-hydroxytriptanine(5-UT)ic X v W 2 0 * 5 =

— 203 —



Lk, cOBRLEODR- BB A 2 U FERIATL IR, REOS T H#
Mpreparationiistrain gauge 2 HHL . BAME 2 AR > b XV MBLE . O
1, cORNEEL. ERBEOPYI KR, BIVI N tMMLENMRAE O & «
svyeERT. NMRMERHEABTEGX-4004#H2Muv., S'P2161. 8
MHz CHELR. 7V 9 7H30° , TLABYELEMIBCOERF~Y300
E@ﬁﬁ&ﬁ&vto&#97b@b&iuu$v85ﬁmﬁkthDPE—7é
B LCHL R, HEBEAPHUMBKNOP | EPV¥=Y)Y® (Ar g-P)
PPy 7+ E L, EEWWK (5 aM Pi, 5.5 al Arg-P, 150 ad KCH THH L &
PHERMBEM O THRELL, BA4KO A P BEURBBOBERBE L . MAx
ELRBUABLTIRD L, TATOWMERLIE° Clabs TR ko

Y i
l 509
100s
A
-3 -4
8 ASW | ACh {107 M) 4 ASW | 5-HT {10° "M}
C - r ] r 17 1 £ L
a b . c d e

M1l. ERBEOY O MA (B) CHESABRBOBAIES (A) . 5 XENMR
F-2WmMBOYAIYY a:Bik. brAChHR#H ., c,dicatchiR Hi. e:ith &8
[ & 2]

LY FAHAD ABRUB O3 'P-NMRAXZ LB @EYYH8., Pi,.ATP®
BEBEBHOI LPF YV VRENET IR I NF ~EEBELTP LRV Y
Y8 (Arg-P) 8Bz, codBHuEHER-R. RWPiES2RU.,
RERBLERBE R > TLRUN, 15° CTRELITES> L., KRBEP | #ET.
Arg-PHLERLT., —BMUACEMRB ((P1)=0.8920.06, [Arg-P]=7.18:0.2
0, [ATP1=1.47+0.10 zuol/g wet weight, pH=7.10) L E+ 3 , BE 2 BT h ¥, 0
ERRBIIOBMULEbODRE - TtHE T, ERB-HEoEYR2MAT, B L
SR dcatchWHW>MBE2IT Db FOABRMBO}'P-NMRIRZ PV O~
22w FRT, . AW OABRNSE Y Y YV B shit, IR e H, [Arg-Pl, [A
TP), (PIlOE#H2HM3CF T, AChRBHRILEEBAPHI?. 1H»67. 0K
TL, [Arg-Pl o M1 2%HEDPT S, TNIcp 8 {catchii ¢ 3, [Arg-Plix 1313
BlRXBrELVANVETHEHET SN, HEAPHE»»P XA s THBBEALALT VWS, ZhiC
HLCB-HT2 AW H2uMye 3, MEMopHRY?. 23 CLRT3, 20
¥, [Arg-PJE 0. 6 unol/g WO T3, I RTORAF—VYioebh->7T, [ATPI Y
BeAYXERALTWE LW, A b5DpH, $2U[Arg-PloExk, ZoRBlIC LY.,
ERMESYUTCHET & - '

— 204 —


takai
鉛筆


Arg-P

72 ~ A 4
71+ &
ATP
WW 70- \+
__s9lb
o
g [°
, ACH 5 + +
W/N\M.) z 7 \
& +Arg-P
5 +
5 6l
C \K
@
CATCH 2 T
WV\-J S 27
O
| " 0—"/"“*?‘\0 ATP
S b, Tr—te
S
5-HT S :
WM‘/‘MM g ° - l : l :
| 5 5 % 3
T T T T [ T T T T l T T T 'l
-20 -30 -40 @ < 4 w
CHEMICAL SHIFT (PPM)
2. BIE>AChIIRE ScatchiX # 3. ABRMBOWNBOBERE BT 3
SHE, O XF — Tz B B ABRM (A) il H, (B) [Arg-Pl,

B D3'P-NMR 2R Y b I [ATP], [Pi]l o> % 4L
ft¥> o7 P B ABMDP

[ = -2

catchIH W I3 RHBoORBFHL OIS LLILTDEBI s hrlconT, RE
FTOLEIAHELIPTUB LN, TFXFTLRRIAPRBERERINANTLE, chbsoFEHRE,
KEL NS IFAIYRBLY Yy —IFBRERHEINB NTI T HERWE. ca
tchiREPBHBAOANSIFI DY S FHoBEFRHCHEXT T30 TcHd3, U
Pr-—YRBE. XARONBCRBEE TS P72FEeIAII0N Y r—3I R, cate
MR, YA TREAEYSNZ LERBZLOCHS, IBCATPOMASTR L H
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4. ATPOWAKD®
(a) . (b) rHEBLE?ZP2FY (A)
23y Y (M) OHEHE

A + MATP — A + M-ADP-Pi HesN

arp—4 - ‘

AM AM-ADP.Pj
(d) ADP + Pi (C)
Low- power stroke ------- J

BLAP2FY. 34V VOHERAOEF L2505, VY r—~YRH OW i Eca
tchiNRBEBAROATPOEBL I, RBWHPSs(NDORENEZFETA, 7
PhMIAPVYUYSF—-Y (AM) PEEYhB3 LI EBI N3 LT 3HRM
»3B,. NMRBZOER» S, Ch3BESN B, gL, HIEAP I oASKRE
(PS5 (AADP i OBE2HETZ LIt AMBRY 2 ¥n 3 LS HAkED
EXoNTVwhMN, catchiRBA R [Pl REEA®RZRLTEYY (B3) , &
hd BHE TR BV, —F ., skinned cell ©& 6 fccatchiR Mo p HikKEH (B4 ®
THBEENELLEB) Lo TR, intact b h e SR THIHEBE SN I,
THDb5, AChW&» bcatchR@WicBs e [Arg—-P], [(Pilur¥unm
gysoieRlL.,. pHOoAR TSI MBELTITIHmME2RAL, B~HTIR 3B CR
LR TPABYU MY TP Lk, CORBREHHMGICR, MEHAN o HMcatchilA Mo
HBIBELTWB L2 THT 3, Ll ., catchilf~>THBeasrsnzsBEAD
HoO. 2pH unitoZE ik, MEEECLTHNIBOoELLRZECIL >3 N, XB
LHE XK 20B08KELERP T IR PMXBEERZ, CoORVWEBET 2T
gHELLT, ERECLIzBOoORBBI+S e, EBCRS->AELp HEREZ E
MhEHLTVWIZ I, 330, pHOoOMIcHBM Scatchil Mo WEwIsEEY

rEBEILNG, BEOMALE LT, B, catchWE>HHIBL TS
* TV, TV VOEH,. BHEZ YoYU VERLEPEETSILLSHAEPBLSAT YL S
(3) o S-—HTWw IsHMBRHIC, PioHmeE>ctinl, Arg—-—Pa#EDPL
Tk, coyvEibeHBLTWBS OB L HNE WV,

3

(<
7

W

[ X o)

1. B.M.Tvarog, Physiol. Rev. 56, 829-838 (1976)

2. N.Ishii, J. Muscle Res. Cell Motility 8, 281 (1987)
3. L.Castellani, C.Cohen, Science 235, 334-337 (1987)
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Application of 31P-NMR chemical shift imaging on living tissues.

Kazuo Yoshizaki, Hiroyasu Nishikawa and Shoji Naruse*

(Departments of Physiology and Neurosurgery¥*, Kyoto Prefectural University
of Medicine)

31P-NMR chemical shift -imaging technique has successfully applied on
isolated frog muscles, and a set of 31P-NMR spectra scanned along the muscle
fibers has been obtained with 40 min accumulation. The contour plot of
phosphorus metabolites (creatine phosphate and inorganic phosphate) is gquite
useful for the detection of the distribution of intracellular pH along the
muscle fibers.
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Bt A, 2N brEERERRY Y«
J-EEMAY, tEBMATECBEKRE 1 gauss
/e DA DBEORPBPAE SV A g mA, &
EwErHERLILTCEBA, ZKE7- Y
TEBRE>sTEEBMEB > AT - 2R}
MNBEERRNR.

b) 2.5 hr

(KRB IUVBRE)

Bt 7 Lragel &) v &8 (P)B &
veo) vyvB((PPi) & 20 BRBERF TS s
FBRKALI i@ T vl vACEBYCH
ELAEERERT. B RL®EY > b, BT
REAHoBERL., PPi LPitRANBL thH
& TV 3. .

Mg Iz AV REBEBHcROBODOBBCcEE
ARZPARBHER, 2 LT F VY B (PCr)
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cBIPLTWVBE, AT, BHE B (D)
TRPIREMLTVEIORRE T Z4b4 2
i BY . MBANPHOBEEL DR CHEATY B
BRERXHBELTWVWEZ LERLTWS

A) 1.0 hr
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C) 3.6 hr HEo®BIIP-NIR o — &k TiFEL 7}
c A A VYT EERVAREGEHB D A
RV b VvogERXTELZY, REOCER
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DESPOTHR2HVEP-NMR T80T
(B '
R E] - KRB - MHEES - OHRYE -5 3k
An experimental approach to ®'P spin-lattice relaxation time measurement
in biological systems,
Eiji Suzuki, Masataka Murakami, Munehiko Maeda, Yoshiteru Seo

and Hiroshi Watari
(Department of Molecular Physiology , National Institute for
Physiological Sciences) ,
The low sensilivity of the *'P nucleus is a bottleneck for the
measurement of the spin-tattice relaxation times (T,) of phosphorus-
containing compounds in biological systems. By using the inversion
recovery method, a common pulse sequence for T, determination, about
13xTy hours would be necessary to measure T, values (in sec). We tried
to use one of the less commonly used method, DESPOT method (Driven-
equilibrium single-pulse gﬁservation of Ty, Homer and Beevers, 1985) for
biological systems. The DESPOT method provides an extrmely rapid and
also accurate technique for the measurement of Ty and should allow
various applications in the investigation of phosphorus metabolism in
hiologicalsysiems.

EHMBOP NMR AR PLOBHILEYOT ERHERIO., 1~108
BREOEMBMEZHE>, . BBLIVT BOBMUEAIIBRIIERBAS
W {Wwbe COMIZLVWHEROEMANBEEERICHMET VLD ET S & RMEE (
Inversion recovery. [R) &, fAfuEE (Saturat
iton Recovery. SR) BTRUNERMBIEL 20, EXHBOEME
FMOBEREEL TRV, SEHEVEUBME—-FRUT. 7VYTHAREL
X, RWERBRBLZ1/5~1/710HETES3HomerEDO®WELL (
1988) Driven—-Equilibrium Single—-Pulse
Observation of Tl Relaxation (DESPOT) %
EHERB TR M2 ECBAL. T BHBMEHNELR, 2. DESPOT
FOWERBEL DO THABRERET 2 RLOTHET %,

(CRBRA )
DESPOTEILLAZP-NMR T MM TRBEILY N -WM=
360wb (8. 45T) AHV. WERKEK145. 8MH z. HIEARKMD
TLOKHz, NAXBOVEUVRRO., 8¥. MUK 10240, 7Yy 7Mi
15", 30", 45°, B0°. 75°. 90° 2HVh. TRHOHEHS
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Signal Intensity of a SteadyState

M(B) _ [ 1 -exp( -t/T:i )] sind
Mo l~cos® exp( -1/T, )
Mo : Equilibrium magnetization
(] ¢ Flip angle, Phase angle
T1 : Spin-lattice relaxation time

T ¢ Pulse repetition time

Time required for T, measurement (T1= 1.0 sec)

1) DESPOT sequence

Flip angle . 15, 30°, 45°, 60°, 75°, 90° 5 1 3
Pulse repetition time : 0.5-1.0 sec

Number of scan : 1024 scans

Time required for measurement : 1= -2 hours

2) Inversion recovery sequence

Recovery time : 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, Linearlization on DESPOT's data

5.0 sec
Relaxation delay : 5.0 sec
Number of scan : 1024 scans M(9i) _  _cos®i+M(6i) —t
Time required for measurement ¢ 12.6 hours sin @i ein 61 «exp ( T,
¥ X - A (slope)

#£1. DESPOTHEEIREIRLS 2R

- e e L A + Mo [1-exp(-t/Ty))
T o &5 R0 BE R 85E O Fh G

B (Y-intercept)

10 T 001-0.18 1.0 1,=05-10s J—
- ! / [ //--’""
0.8 ye 06
0.6 // 08 //J——‘“\\ d:\ 40
4 2 S
= 04 / 04 L
<
3 A
5 02t 02 10 F
3 0 0 >
3 0 30 60 ) 0 30 60 90 g
= g
> 10 10 g
1 (-
g 08 T;=1.0-10s 08 T, =10~ 100s w
-g 06 06
B 04 04}
02 0.2
0 )
0 30 60 90 0 0 60 %0 ,
T
Flip angle (degree) teal (sec)
B1. DESPOTHRLIAT, 80 BI2. DESPOT#HRLIVEIE

CERHRN RN (R T BN E
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AREVWTT  EMBM2RDE: 9y PETH (BE8HO0. 2¢g) UHN&Kr
ebs-Henselei t#KW (pPH 7. 4. 100%0,THaf. 37"
C) THREBHEZRE (2m !l /5%) UABIOmMmONMRRERERNRCIRELU 2, ¥
e S b HEEZE (BEEWO0. 8g) OHx2WMBULARLERTFR2Krebs
-“-Henseleit—-Bicarbonate#R®HE (pH 7. 4, 85%
0:+5%C O, TR, 37° C) CHKER (3—4ml/g-1iver/
min) UABISmmONMRRABEHNZEELVR, BohR{EFTBRERL LY.
BB (S-P). MEH (Pi) JL7FUBB(PCr). r—ATP. a
-ATP. B—ATPUJTﬁE*ﬂB?&Fﬁ&Sﬁ&)ﬁ:O
(BEREEE)
1 R(}c‘:DP SPOTHW&LST, X%fﬁﬂ’if’ﬁk,w‘ f&zﬂﬂmﬁf“i&kb&bt (£1).
T HAOBEX I BOoE AR E2YET IR I RETRL 2., 6HELETHY.
EmaEshlrRuvRdhidzsiv, —f. DESPOTEHEZBHLOALEN
TRBMEEZ1 /1 0O0WREHBTSIENTE. 1 ~2HMTH B, ZThil. EHRES
REEKABEZBOET BHBMAAEECELTY 32
DESPOTHAPEEBBEALHTZINIE. DESPOTHOREC VTR
FUke DESPOTHETHIVYTHOIET EFBREOBBIEIN (1) O
WEXHh3, 2ORUR (2) OBRY=AX+BOEBRH#XET I ENTE
5, Y (8 i) =M (8 i) /sin(6i). X (68i)=cos (B81i) X%
M(8i) //sin(8i). A(slope)=exp (—1t/Ty). B(Y
—interceptit)=Mo[l—-exp (-1 /T)] TEbLENS, >
T Y (@ i) #YHMIZEWY., X (81) 2XHMIWB3TE LY. FOEED
MXAWexp (=1 /Ty) TEXh, 2ZhoT E2RDBELMBTEL,
DESPOTHR LD T BHUBHOoOBHABBAL > LVTRFULE (K1), #F
WRECBSYSMILMo=1. NLAKVEBEUWKMr=0. 6BET 3L, 7Y
VITMOWHETAM () T, E 00K ERS, COBMBREAVT. M (8)
ET NUTeoRtraryEa-FvalIlb-varylhk. % T LDV CT
U THeRE0° kVO0° FTCEMIVALBEOM () OXILEY I T LRE
U TOEBIY Y TARESIER LA THRILOEE R THAMTELDE
AMBERFUE, T 20, 1LY 1IBETCO. 1 EBBRBROBEET > TRER.
BAOYSIADMTHIENTE, FR1BLY 1 0RO T, EMEEEES
OBATLHMENE, UML. 0. 01~0. 1B, 10~100HR2VT
Io MEOSHBEEL R ok, IO WM. DESPOTHTWET, M»0. 2
~.¥Jx+f‘4‘3£’GG)U;‘L-\&'EEJ%‘C:bfa@iﬂﬂiﬂfiﬁﬁ&t&?ﬁb’(%% E£EROIFHWD
T EROBHOoLE 2T TSI & Ex
mm\DE‘P01&u¢@kwbnfT WMOHBERODVTRIEUR (H2) .,
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FT-NMRETWH. TUYVDTHOERRDIREBRBOINLESTREM (06 1) %
HETLIBRMELEVUSAMBENSI. MBI VY THAO I BIEEHITESH
PEUT. BahRESHEM (0 i) Rx3%TBFHOBEELZIRBLULEEAROD
EoRHreELE. T HHBIBEEREELLEMY, 200HOKITTO0. 85~
1. 2ROBICIOCO%EEhk. REWIIVYTAL I LBohRETHEM
(i) OBALLONTHOMERLREY TT EHEHEIY R, T,{HIZO.
85~1. 2BOBECIOBEEEhRE, —FH. ThETTHEETHLHLTERIR
¢T”6nﬁﬁ“®WM(ei)mir%ﬁﬁwﬁ%&%iﬁmeEﬂﬁéﬁ
3. DESPOTHOHBOEGR—-BHUEL, ZOYVaIL-YaryERIE
JU Sy T EEBICRDAIERIVBEORVT BA2BAZEBTE. ZhiX
IRIELLOVBLT ORMEEEDLOIVBRVIERFTLTCWVWS, DLEOHEREZS &
A. DESPOTHZH#EFRBEISLZALVTT BHUKMERD L, RIBRIVYTH
PEARBEOETRHATIROANT PV, K2R ZOAFETHUEL RETIRE IFE
OT BRBEREELELU L. ‘
(&)
1. OMOT HUBMEARYEAKI2EZNELVLEEE. KOOI RETH
12, sl d. ULMPU. DESPOTHEHWAEERE2I1I /10
Sy 32 &N EHK, 1 ~2HTH 5. ChUBHEBESEEVE T ORI
EWHUCWD, DESPOTHOHEWE., 7Yy THARERRENE ] RiEE
THasv, DESPOTHRIVT MO0, 2~1080MOEVRHEIH -
GHITEWTRETS S

Tiip engle
10

»MM . T, relaxation time measured by DESPOT (311’ NMR)

Contents Salivary glands Liver

- S-P 3,74+ 0.49 (6) 1.1020.07 (5)
480 Pi 2,00%0.39 (4) 0.57%0.01 (5)
)‘M\/L ’ PCr 4.78+0.89 (6) -
e’ Y-NTP . 0.91+0.07 (6) 0.19%20.01 (5)
— a-NTP 0.71+0.08 (6) 0.24%0.03 (5)
oy _ 8-NTP 0.85£0.18 (6) 0.16+0.01 (5)
™ . mean t SE, 37C°
}WJMW * during secretion (aAch 10~ ®m)
P

W3, Wi HIWEANY P K2, RSO T BIowm
(8% XH) A

J. Homer and M. S. Beevers: J.Mag. Reson.
63. 287-297 (1985)
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(B RBERLY Y —WEH) =@ A |
Be e Studies on the Complexes and Reaction Intermediates of Flavoproteins Reconstituted

with 13C-Emriched Flavins
Retsu Miura
(National Cardiovascular Center Research Institute)

Brewer's yeast old yellow enzyme and porcine kidney D-amino acid oxidase were reconstituted

with FMN and FAD, respectively, which were selectively enriched with 130 in the isoalloxazine

nucleus. The 13C-NMR spectra were obtained with these 13C-labeled flavoproteins in the

absence and presence of competitive inhibitors. Spectra were also taken with the reaction
intermediates of 13C—1.=1belec1 D-amino acid oxidase. The results were interpreted in terms of

the flavin-ligand and flavin-protein interactions with relation to the reaction mechanisms.

(-E# LR T3> CHERULATIIE VEBRO'VI C-NMRAAXFBZR TITSEOBE
OREFLONBEBZSIQOUEBLLFETH Y., REBRBEOHEHBLENTS 5. 7
EYRRIE ”"”Lﬁ?fi“(%fi%&tﬂim&ﬁﬂb&?‘%iﬁ?‘“ﬁ:ﬁ&%ofh\?;o
AROT I EBETE WoOMBHEAPBERHICHB I LEVERAIHLSC
m'arﬁa@ﬁmﬁiﬁw%msnrhéo;@xoﬁ77t BFORISHE
HMBLPRERFR 75 -BEHEHEMBEER 732 -YHF (£E REPH
T7x2 5 —-) HEFHLAE->TWV3 ., ZZTWH. ZThZThFNN, FADBRE TS
E-LBRBHREBRF(OVDE, BEEI-7 I /VBBALBROQAOR>L T, 'C-
BLUZFHN, FADTHBA L, '"C-NMRANZ P L 2B AOEH FRME L. sp2 ik
FOLFEL I HVETERELR Do EODHBTHZLLIIEEZRBULT BEREC
hSOBRLE8Y 37352 -EHHE, 75 2-UAYFVHEEERB RLUOBEICH
ELTEERL ko

& B O B W

™

£ERB [2-:7¢7 -, meﬂ-,mle%J YR EyEXMBEOHE
ThhEAML L BIXIFC U BRAOURBRES 2T (QRERUE). YEITS
DO SFMNANOFEHEUPICI L kB3 VEBALRLAY, FANDHENRWL. WHABEUL -
FADERBR (MW XR) 2HLVTEBERHRIT » k

! 7 HOVE. 7 KDAOW £ h FHIC-FUN, '3C-FADR

N
: R 2 ‘ MALT. EHK C-EBOVE, DAOETHEU L.
H C7 ’N\H PECONMRIIGE WL JEOL GX270 W &k o ke OVEER W

. 50mM Na-E U Y EE-DCI/D,0, pHE.Ot. . DAOD
& 1 ‘ , HE . SwM Na-VU VB /D:0, pH8.0RIZ T, % h
Fih, Snmg . 10mme LALTHEL R AOEBEBRELOC.E - 2.2 mM (0YE),
0.3 - 0.6 mM (DAD) THohe YT MU TSPOXFL-13CEABEHE LU L

o

ERELEE O NWEM T - AL AMEBRBH(CDEAKEES CE NS N T
Wa, ZOCTEARI IS BRI EBRY T »oHMBEHLBERCITESAHKOD
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£ 1 FMN. OYE, OVE-PBPHE & #hiC B ¢ 3
EacoltEy 71

4
13 . .
C-Chemical Shifts (ppm)
= 3
£
=Y
Positions e
)
«O
<
2 4 4a 10a s
FMN 161.4 165.3 137.8 153.7 o " 1 L 2 .
OYE 162.1 165.8 139.0 154.7 © 02 o4 06 o8 O
OYE-PBP 161.6 164.8 135.3 - 154.7 Op
%
as -0.5 - -1.0  -3.7 0 y X
CT M2 (TEAWHERR X3{LEL T
(* OYE-PBP - OYE) . ’ﬂ\ PERENA YD 0 EDEIE

EFALELTCOWNFOERM» S 3, F1WE. #FHFMN, OYE, 0VE-p-7’E1~'E71/—-.)L
(PEP)BE OB BT 3 EBR COL® s TP RRdFe & ke OVE-PBPEOVEQ L% v 7
POE (AB8.:) W THRT. 100'1°C-EBD3 5. 4a-1°COZh BCTHAHKE
MR BT TpmmARE Y 7P LTVWAE, KK CTEAKERK & 34a-13C1t
¥ 7L OEL (A6c:) 2HAOPD BRI 2 /- LEQDEAKROWV TR &

2. pBHEDOALY b o MBEAS OBMERTT. OVE(BRILRIE 7z /-1
LeMoCTEARTY., 71 /) - LOKBESBHELE T /I —bBER->THL
31 e REBTEE. B, B20RBEPOUTOLSRHEETTE 3, T2 5,

TI )L AP IBELE IS ADTORE BHLEZERIL & > Tla-12 0
ETHEEFERBUB AR >TL S, COBTFEEOLRU I )T — b4t YD
BEOETEZLREFELTEY., LEenN->T. Z0CTH T /)95 —bOBEEAL
Pna>n BT H %5,

DA, (THAKERZL S OhOHMBEEMND. (TR THBESY 203K
RHABESVLSODDHIATLE, CORRBRFEAARLIBILEIISIE V28T LD
CEBRBMISEVERLLBONS B, F33E. BMILBOAMNLEAMEN ZERLSSD
MEEOCTERERLE BT 3'°C{LEY T POLBETS 3, ZZT. 0AB, MAB, PiB
. ThEh o, m, p-7I)KREER BIATBEEBTS 5. DAO-D-BCNA,
DAQO-D-Pro II. %n%‘n B-vy7/-0-7IF=y. -7y rvEEHERLUEBOR
MK T, 000-3-V7 ) -2-7PI )7V YULBEAKS . DAO-A-E Y Y Y -2-
ANKEOBERAEED THEZ I EROLIL>TLE, WWEDBAEERRYV., CTEARKER
R LT 12" CEBUZTABECHEB LA DU 2-, 4-BOALKZ -
A A OVBBLEILTNS, ZOC LW DORBYZIAD>OYNYF &R
WISEDEOCTHEERHT. BHULALAERWBIla-NERBELVLTWREWZ E. 2 hd
OWEKTU. (220, (D=0 OREENT I3BEHBLORERANELL TL 3
TERTHT R AHBAY. REFMBLBYICho0KRERAOEILE & 3

— 216 —



TSEYORBHEONEEHE ®LE L SN 5,

4 2 03 43

DAD:0AB T d ., . X
o .
!

DAC-MAB ] [}
DAC-PAB [ )
0A0-B2 1 1
7 ,."
DAG-9-BCNA “_l' ,‘
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(L A T - University of Calgarys ) ¢ 3 -
Hans J. Vogelx

A Structural Comparison between Oxidized and Reduced E.coli Thioredoxin

Toshifumi Hiraoki and Hans J. Vogel#*

(Faculty of Engineering, Hokkaido University and Department of Biological
Sciences, University of Calgary¥) '

Thioredoxin functions as a hydrogen carrier protein which undergoes reversible
oxidation/reduction reactions of its active site disulfide linkage. The half
spin-systems out of the residues in the oxidized form could be identified by
a series of 2D NMR. The protein undergoes minor changes in its overall confor-
mation upon reduction of its active site. Only groups close to this site under-
goes substantial changes in 1H NMR spectra upon reduction. Although the
apparent similarity in the secondary and tertially structures of the both
forms, the protéin is less stable in the reduced form than in the oxidized

form.

(K ) ThioreoxinR AR » S RHEMR I TELSFEET I TH12,0000% ¥ N
BT WHHEMLcys-gly-pro-cysOFFAYV NV ESOTERNLZRBEICLD BL
OPHERG LB P Sredox KB MMT 5. HIBE S BEHEFFAI 74
EA2 3 BILYYEET 3, KBWHEthioredoxiniZ 10807/ B2 B2 0", BRIt
BRERMERN Q8DNEERTNE?, MEYOMBRIEAAL 62 5180
B-sheetD $ h D 24K D a-helixWWBWAT W B, EHRHBHIZ B -sheet» 51 XD a
chelixiZ D AP AR FERMICEERTAEI-VRITH 5. BABROBEBEREULT R Z W
K, O BE - ODEMERBARIND-_UGMERELE IRANZEILOAMNEL AL
AFRLTWA? Y, AWMATIE'E NIRIZSE D ZRAENRE A W TH{E¥thioredoxin
OO EETN. MELEBELEREOMEOLR £ 1T -
(ER)BM{®thioredoxin(TRS2)I1Z X B & ® superproducer BH2012/pCIF4 Z H 5
B, FBLH(TR(SH))IETRS2Ic3-4E B HDdithiothreitold M A T/~ WER
Bruker AN-400WB (ASPECT 3000 systew, 400 MHz)T{T - 2, HHMIE 0.18 KC1 D20
FAIHI10% D02 L., pHABEBL A TSP-d:e2 AEEBRIZCAHAW A, Z X NIROD
ME 212 COSY, NOESY, Relayed-COSY, Double-Quantum-Filtered COSY(DQF-COSY),
Triple-Quantun-Filtered COSY(TQF-COSY), Double Quantum 2D(DQ2D) % M w %,
NOESY % B \w T. wmagnitude mode® A W %,

(R
JIRS: Dy WD BB

1TIZ/R L ZTRS: @ 2" 2HHIC liOPPm‘ﬁif\i EFEREBRICREHRYIILE Y DB
MEh, B -sheet MBITH KT 5l 4.6-5.8ppuic XM|MHE WTINNE 28-10ppn
CEME R A, NOESYZA'2bplc 7SV NHM Wz soa0' I B W X R a -helix®d B & % R
Fo T H HI1XTRS:H B -sheet,a ~helix HRXABELARFLTWEII LEZTRT,
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Thioredoxinik 9 (his 1,tyr 2,trp 2,phe )DFH B EII/ B2 &0, 2 HWH DX
' y# X COSYE Relayed-COSY(RI ) o W M i Kk /. & 5 2 DAF-COSY, TQF-COSY,
DA2D L & N B E BB L ~2. H 0B T OtrpD (Y -VENHOH B A AL M NOESYRA' )
A EICFRT. 2EOtrpD (VM -IRNBER AL TV B3CHECHME Bz o

Glyk serdy) thiz3.8ppaffiilc 2 > THNKh RITHZZLHLIELIEERT
H B. D0 T glyd vy +rid TOF-COSYRIA' Jbpic iR B A 2 W Tserk K 9 i % 3,
DQF-COSY& TQF-COSYD 5 9B D glyl 1 D serk BB L. DI2DTREB L %,

Ala¥ thr ¥ B 13 DAF-COSYZ DQ2DT 7 » # (H4, DA2DTIZI-HE AL T W B399 4
BEAASOBMIT A HIzBH h 5, Alak thrizRelayed-COSYE TQF-COSYiz & 0 K 8
U, Ile, leu, vald DQF-COSY,TQF-COSYZn'Jih% MSA,Blc R ¥, WE» 5 val,
leuk ile 0 & -CHs& 7 -CHs 2 BT & £, % 5 i2Relayed-COSY& DA2D% i W T
ile, leu, valZ @ E L %, 7 .

TRS: 2 D0 B LAEBREROBWIIHN NN B M X, £ ONH-a B- B HE 5 O
COSYZA" 2 VA B TICR $, Ala,cile,thr,alad @ EH R 2, ZHOEWNHIZL.5-6ppn
EREABHEEALTED., ChbDHEEN B-sheetZ2BRLTWEBZ E L -8
%, H:0% T M COSYE NOESYZA'7ihD finger print@ HMIC RN & Jurt' -70 B3 L % <
’ Tsequential Z BB %2 F 52 2 & » i %k
™Mok, #CZ Tcomputer graphics
war | &N, EEMEHNY 2 TRS22T73)
‘ MAUHALRIAL TS FLEAOBELR
AL B, % 3trp28, tyr-49, phe-
INRBEMOFERLEVWICEIRTWL 3
_ Tedbt o, NOESYD & phe-al

W-28 - Wt
TSP trp-a, tyr-aid i v ® T, tyr-ald
) v tyr-70,tyr-bid tyr-43¢ B ®W & h 7%,
Hé :
: N Ccosy
' © (
R TR e S 5 Fa  [6s

Fig. 1! MR spectra of TRS, in D,O(bottom) and in H,0(top) A Fb A
at 55°C and pH 6.2. ¥a (OB .’,,{4@}1}
b QPR ﬁt“’y é/‘j@

VAL

M T
i E
[} 1C2C7,
~— ;
1 trp- ' '
1 175
' : H H-
w N
& RELAY
Fig.3 1 75 7.0 65 PPM
Traces from NOESY in H,0 of trp-a and trp-b rings.’ Fig.2 Combined COSY and Relayed-COSY spectrum at 40°C
9,
The bottom shows a 1D spectrum in D,0 at pH6.2,.55C. and pH 7.8, showing the extra peaks by arrows,
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Phe-al phe-dD CaxHD L ZY2MEZ I N O DR BN B -sheeticH BT L AE#TJZLTWSB
(phe-27; phe-80); = 5 b phe-277 I3 MW trp-314z58 ¢. phe-ald phe-27, trp-aid
trp-31¢ @ B ¥ A, B o T trp-bld trp-28, phe-ditphe-802 W B ¢ & =, Phoe-alk.
val-a, ala-aodD M CNOERS 4 U B @ T. val-a, ala-ald 2 h ¥ Hhval-25, ala-29& 4%
BT &7%,

§ TRS: & TR(SH) .0 1 B } :

1D3A' 2hh @7;:1120:::0)?552&TR(SH)zo)x«‘H»&ﬁ:';o BEERL T 3
BOorOoBHBEAXRWHEYE B, Val-25, phe-27, trp-28, ala-29, trp-310 {2 y7
b2 B % B, —F. his-6, tyr-49, try-70, ERBIIIL EC KRB L Z W, H.0dh
Tk, BT T B E20trpD 4V - VRN WE h S EBBY7IIT B,

2D2A'2by COSYZRA' 200D I 8 % B 8(aromatic) ¥ B 9Cala/thr)R 4, Tre-280 R %
fb L. trp-3lephe-276ZE LT %5, LdL. o' -7RIEFLALELLZW Ala-
29 ERICEINDEBREBYIIL, MO Dalad BT 3, -

PHEE his-6MpKal HilIBB (AR 1 IemF. METHELALENHKE W, =R b
OrKkaf@ X hisH F FHEMICH 5 & & (pKa-6.8)E D E L. his-6R 7" BH %2 o &
HEBMEMFRLTVW S DO EHEIRZ, Tyr-49& tyr-100 L ¥ y7H3pH12E TE L
29, Thor»oRBELITFARESS

4
Aal g
A
- i Va ¥
6
. Fi
8
Y 2 PPM
. - 2
Fig.4 DQ2D spectrum(60 ms) of ala/thr region, showing
the connectivities by the solid line.
A
S
. - . 1
Z o .
: s
'
' Fig.6 COSY spectrum for TRS, which was
X . freshly dissolved in D20 at 40 C
I. ] and pH 7.8,
. | -
K Table I. r2
' RS, TR(SH),
. "’ g his-6 pKa 5.9 5.9 8
' ‘ n 0.8 0.9 v r
' i PPM
', denaturation pH 12 11 Fig.5 0
: Lio A.DQF-COSY spectrum of the CH3 groups of ile,
denaturation temp. 80°Cc . 70°C leu, and val.
10 9 B.TQF-COSY spectrum of the $-CH; of ile.
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EBEOALPBEERT I ELERLTIWS, ZOHB T thioredoxink % O target
protein DHEMFH T AHEBLF2ZOATEY, BRI LZWBEENTIRGH2E
target proteindi M AL B2 3L HEINS, L L. AFLBOMBEMILEY
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’I’R(SH)2

05 PPM
Fig.7 Comparison between TRS, and TR(SH)Z in D50
at pH 6.2 and 50°C. —0
. o
) <Y <o [} b o 8
TRS, © g ¢ @ < B @0
r 6.5 65 8 | 65 8 ‘
- | 0o 30
g0 @ o,
Lo
Qe O«--
70 o
o i ® o
5
L7s
o} Q
TR(SH) ® RS, o TR(SH),
15 10 - 05 PPM 15 0 05 PPM
T T T PPM
75 70 6.5 Fig.9 Parts of COSY spectra for TRS, and TR(SH),.

Fig.8 Combined COSY spectrum for ’IRS2 and TR(SH)2
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13C—NMR of Paramagnetic Hemoproteins

Yasuhiko Yamamoto .
(Faculty of Engineering, Tokyo Institute of Technology)

The hyperfine shifted resonances arising from the heme carbons of the para-
magnetic low-spin complexes of hemoproteins have been identified in their NMR
spectra even at the level of natural abundance and the four individual heme

methyl carbon resonances have bee assigned unambiguously for the first time

with the aid of 1H-13C COSY. Alteration of the in-plane symmetry of the heme

electronic strubture induced by the ligation of the proximal histidyl imidazole
spreads the heme methyl carboh resonances to more than 30 ppm at 25°C, indicat-

ing the sensitivity of these resonances to the heme electronic structure.

The hyperfine shifted heme»lﬁc resonances are-expected to serve as new potenti-
ally powerful probes in characterizing the nature of the heme electronic/mo-

lecular structure. of the paramagnetic hemoproteins.
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Proton NMR Study of the Myoglobin Reconstituted with
meso-Tetra(n-propyl)hemin.

Saburo Neya and Noriaki Funasaki

(Department of Physical Chemistry, Kyoto Pharmaceutical University)

Sperm whale myoglobin was reconstituted with meso-tetra(n-propyl)hemin.
The structure of the reconstituted myoglobin was examined by monitoring
the hyperfine-shifted pyrrole-proton signals of the hemin. The NMR results
suggests that introduction of the synthetic hemin totally disrupts the
highly stereospecific heme-globin contacts, making the prosthetic group very

mobile in the heme cavity.
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Determination of the Redox Potentials of a Multiheme Protein by 1p-NMR
Hideo Akutsu, Kejun Fan, Katsumi Niki and Yoshimasa Kyogoku*
{Faculty of Engineering, Yokohama National University and *Institute for Protein Research,
Osaka University)
The redox potential of a redox protein is an essential physicochemical parameter needed to
elucidate the mechanism of an electron transport system. Although the redox potential of a
single redox center can be easily determined, those of a protein with multiredox centers are
difficult to be determined. We have established a new method to determine the macroscopic and
microscopic redox potentials of a multiheme protein by employing lH-NMR in combination with
OTTLE (optically transparent thin layer electrode). The feature of this method is discussed
in comparison with other methods. )
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Fig. 6 Obtained 32 microscopic redox potentials of cyt. c3 (MF).
The definition of ejJX% is given in figure 1. Left and right sides
are completely oxidized and reduced states, respectively.
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TH-NMR Analyses of the Dynamic Structure and Functions of tRNA
Gota Kawai, Miki Hara-Yokoyama, Shigeyuki Yokoyama and Tatsuo Miyazawa
(Faculty of Science, University of Tokyo)
The functions of tRNA are closely related with the dynamic structure of tRNA.
To observe H-NMR signals from the flexible parts of tRNA, we applied the
methods of spin echo, spin diffusion and 2D-NMR., With these methods, the
signals from the flexible parts, the anticodon loop and 3' terminus, were
observed selectively. Some of proton signals of the adenosine residue of the
3' terminus and the 5-methylaminomethyl-2-thiouridine residue in the first
position of the anticodon of E., coli tRNAGIY yere assigned by NOESY and
HOHAHA, The functions of thése residues will be discussed.
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B2y 7 Mz DIRELE. XBIZHOHAHAZRRY MLIZBWT, Ay TY Y
T #RBEL, BWHEENRII QAL —JDEENPSHIY 2FEL .

mn®s2UleBWNWT, BBEHT BLUNY LOMICNOEVBRAMEIIhEZ &b, &
DFEEH, C3'-endolt o TWABI Wbk, INYIVBOaR
WGAABIUGAGTSHD, L, nn®s?UMC2'-endolBr e s, aF
V3FEBWPBUTHATANGFUBOORGAULZEBN o THEBELTLES.
MAEBIXTTIC, T/XI7VFFRIZBWT, mmn®s2U»PC3 ' -endofe il
ZEDRTNWIEEHLEMNMILTED, TOAVRA—Y a VL E B 218
BEHOBEEHOTNELWIETVERELTNWE, LEM2T, tRNAH
ZBEWTLI’s*URIC3 -end oL > TWBLWIRRW, TOEFIL%
MCEFELTWAS.

ZO&Diz, 1DBLU2DOMRZZFELEDBBNWT, EHHEOBEWEIOY Y
FIERERMICEAT 22 21E, tRNAOHISE L BESORMELBITT 2 -
DT, EEICEBTHLLEXLOND, BIfE, SFXELRLIRNAROWTELK
HHLRITABI R >oTNWS,

B, HEEOLRNAICEL T, HBEX - (LZEOREXAZE L, HEHEF
BEBLUERNIREFE L OXRAARTH 3.
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REBHITHNBEW LS 20 NOE AN D P AL ORI
DNA AV IR -—DOFBRDTHE ---

(University of -California, S. F.) O%8 k&% — 1

DETAILED STRUCTURE DETERMINATION OF DNA FRAGMENTS USING COMPLETE
RELAXATION MATRIX ANALYSIS OF 2D-NOE, DQF-COSY METHOD AND
MOLECULAR MECHANICS CALCULATIONS.
Ei-ichiro SUZUK}, Nagarajan PATTABIRAMAN, Gerald ZON and Thomas L. JAMES
(gepartmen§ of Pharmaceutical Chemistry., University of California, San
rapcisco :
Our experimental and theoretical two-dimensional nuclear Overhauser effect
spectra, double-quantum-filtered COSY ex€¢rlments and molecular mechanics
calculations on ithe self-complementary oligomers Ed-(AT)n]e.|nd|cate that
the_duglex as a time-average assumes a wrinkled D conformation (B DNA
family) with a hydration tunnel in the minor groove, Formation of tunnel
is favored by non-bonded and electrostatic interchain sugar-phosphate and
ion-DNA interactions in the minor groove. The complete relaxation matrix
analysis (CORMA) method played an importani role in the structure refine-
ment process of these biopolymers.

CRUBDRY HF. HUSHAFOHEEFE. MR FOXRBR & 3 BH 22 Y.
EXURENALNES. BHPOAYRA -V a Y BRUCERETNA I LR > ke
BB, 2k5E (2D ) NMR Bidh. BUNHBRBFEORHERBR L V. MR 850
REPERBRLETEXEIBRER >R, UhU. BERAESh R ETEMHOS S MR
EEOF—9 £ty 2BREUT. ThEESIBIPVFLTD 5. TOBKT
. F AR YA VAAPY —#EY WG BEHTHEZ, ChR Y. EHESH
FOBBProOHBEE NMR 2HVT. x%a@cz%ﬁ}«\“n%&‘z:fxof:?’}{'@&tﬂ\ %
Rit. REWEL X B TR T 20 rAHOFELTLES. @ B3, NMR HE
&ﬂmbhiﬁdxmﬁ%ﬁgmﬁﬁﬁﬁfﬁ<\ﬁ?éﬁ%&Uﬁ%W%mﬁﬂ
RBEMTSHBLEL5XTCNABL. M. ZThue By sHnks . BER
OB TEBRLIOERS AR, ZOXRHEEULTWVWE, *O0BOREER XK
DTS T, BHEMNE EHTRCITHUBER LY. TE2LMLIEEES L N
EMITE. $RbHB. RL2BHTHED B, BEXh k. NOE B E OERIE Q.
BHOATHEESEHBERMEP o HESh., THOETEAZOH 3 (ace), 20
B, BRBEW. AEVEHRLBEARATCOLS, 22T, ThR2EWO NIE BE
DR (aws) EUEBUT. BRBEEO—HE —FHRBURTIHERTH
5. WEHHBHMLUC. BREILETS. Vb3, BRALEIZ YL 7 V!
D€ aors — acaic.) / Dwi

(BU. w WEADTO L} YOF AL EETLEBEAO-EARE)
EREHET SO0, BHEMTSIH. COHKE. EBBEET 3, %I T
TR BHBERIEFAMNESAF CEXIEBNRANE A EILEN S 3, %
LTy 1960 ERDPSOBETH S, A(7F V). T(FIY) OXHEBEMD DN
AEYT—- ADn ORFHAOMBREE Uk, A - THEEME. 6 -C HX

ol

IRE - BOFEMWBH AT RER
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HE T KEBAOHEB—o <. BELULHEEMOEL. A-TXEE
INA DBRVLVEESBI NTLRYLY, FITHEEOHTETE. x BRHEFTAEYD NMR 2
Fox 2B WSO230EF L HEBRKBEINRZILLE> 2. A B, B B, A%
xp. T B M. C B, D W AEXD K ULbOFok (wrinkled ) 0™ (¥
D LEYT) W% LW DHLORENKEATV S, EENO INA BH O T, A,
TeECHEEE LHYSRETFTOEBRLE FSELRBHKERF DI ENELAE. MY
DHEHBIRLA>T. ZLOHMRRIZIBIHR IR TS, TOHO, CO0OEFILHEE
B, BORIEHU DO 20-80E ANV P LR2HRBETIH»RBRFU. HFhREEL 2 2
CEVRAH SENLHEORBEUT. EFLALO. ITIALY —BARERET
HE. 5. HFN2HBEEOREAL I & &% X R

CAEY (KR AR] DNA F U R — [d-(AT)nd2e & U TWR. BED K&->T
ABEXhrs02AVE MEAK LU TR, 180 nM VU BEH®W. 200 oM & HE
0.2 aM EGTA DM KO BEXABH LAV R, 3 HL B3 FWER CEXKBER 2T > T
99.996 % D20 % 0.3ml MX THB L UL, BT ol W, ¥ 7.0 TH 3, ONA F
VIY-ORBREW. BB > TERRSI M. B 3-7T alTH > k., §IlEEEW
15 C 2 &A K,
(&% 20-NMR RN b A PS-2D-NOE. 1331-PS-2D-NOE. DQF-COSY @ & 1 X ~
JFPAEBMEL L.

[NOE BEOHERBIH K] LEZ2XHOEFEERERDSAHEELT. Vhw3,. ” Acco
rdion "% %2. Bodenhausen & Ernst ®EBEB L. ® FOBRXOHT. AL VR
DANT P L BERITHHEETCRDZFENREIA TV S, To®H {LEEXHED.
NOE HE D, BEHRE. BER20T. 20o0F cHVI R EITMNBEWN.  Keepers
& James &k o CT. 2D-NOE BEOEBRBAELEIHNUTERBLETAL R © HRBHE
OERUMFHEELTRIEN 3,
THFEHOE T LI EIT S,

Thid., Vhb®WwE2ANT P LEE () OHERLPETHY., BF. ZHHEY
EFALEHLVLS, ZTOB. NS A—-YTHL2HBERM - 2RBMI3LERD 5,

Jw) =2 v/ (0 + w21s?)
w=I2ny (v . BHERYE)

T HTHEBE U THEANREFLERE DT 35, 2. L. TEFALEEL2HT,

Chid. BREILAERTO2U SR >T. HEEIRZ3EFALBERLRET S L 8H
BHEBLDTH b, HlAE. F14RAY YA VAALY—~FEOBEBREMBEL,
P ROTOLYOEEE., ANT PALBENM S, BRITH R 2HET 3,

o Rir Ry . -
R = l Riv . }
Ris = Z(We'd + 2Wt'd + W2ii) + Rii

Rijy = (W't - Woid)
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@ @ATH R 2HBLLTZTH ¢« (BENITPLOTHIE. ZTOHATH A
BHEE)ERD 3. '
"Ry = A
® 20-N0E ANV P LHORERUNBLE -V OBRBE a(re) (10 W BE
BHE) BHEIH 3
a(rn) = xexpl-A Tn)x™! :
(A FN%EFE] HFA%E ( Molecular Mechanics ) BEAUBRFY¥ L4+ I v 7 2
( Motecular Dynamics ) @5 ¥ . AMBER ( Assisted Model Building with En
ergy Refinement ) 707 5 4 ( Version 3.0 ) %R @Ak, 2OTOY I LU
WHhWwAIIAE—BEES ( local ninimum ) HELET DTS 3,
(BF 7957 4P R] FEFAOBERTRE T % 2. MIDAS ( Molecul
ar Interactive Display and Simulation ) 722 3 4% AV, KO &>
BEEHBL L
DEREF (TOobrUR) OBEER2DER. R FHEEL2HET 3,
ORMEOCHERUER (BA) 2HHBAALVLTBVWT., ThokFBHIE 3,
QEL 2R, TJTO b VORFEBER2HE TS, ZhP. MR F—F &HET 3,
EEDVESTEBIRRLEUVTIONTOXRHEHBRTEYS 3,

(HREEE)Y %£7. HE Uk N FYITI—OBEBEBI L. [d(5 ATATATAT
AT3 )] TH 3., EWMEWERELEELT. TATA Ko7 20N FHER. HRK
AECHDTH %, HFHAR. XM O2gBEIhrhB. UTFTHBEHEBL2AEN 3,
Hs, " XH%ECT. BHERI3EFAEBOBERLY T, TH3R2TWEDWTE
B, 20-N0E AR PAOERBHFERITOV. FUOIANT P LE., 2HEBTHEL
PETB. W MO BBOLAL-—HEERUL. ZOKEE. LbWwE B HWEEL
HiETH SN, 5'-AT-3" MHADODAIY Y F T OAM. 5°-TA-3'HHADEFHL &V DR
VREDAT. ETER->TVE, Thidofiod. BUD> BB MELHERD
RATHD O, T5RARCIRBVEIRBRANT PLERST, U0 HB. 200

BEORLVERNTZ20]. BHOTCHEUDN>RLDTH 3. Fhe BEBL. 742
F YRV ARXA P~ ANF—YEUTOEHROBELXEURVAETS 3
Fow., BRY W MERRWUEARLVETFHREAh S, TOBKRT. 5HED D
KOVERWCHEBN NOE BEXHET I 2EHTNEE. BEERHFETH 3. K.
TH5UTHE AL W MOXTRILYX—REURDTFALHEERL &> TREU ke

FTOHR. AFHEATK ABEFIYIL AL VEREBEURROI 32L& —
BFoLBTW. COMBEOBADAN. BHOBAIVIRETS 352 & nBY -k
FLT. TOBMELT. FHMOMEFBHIZIAE Q. BETRKERZL W

BIEM T, W MABEHTHZIE., . MMPVA>RFF £ VERAEOKK
WMEERE., FHUYL - (AV2A VRV VBEREEOAA VB ER RHRE
ROATOIRBUE. KhTWk. BOTHEHTS 3 EH L oh 3T & & B. F
¥xhh., Th, WACT BHENOEHERKMKEFLEREL. This. HEI
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o rk Y LOBHROBEINERHAEL, TFLX¥-—LOTHEBOIOWESZIEET
dranEAIL R T

MEODXHd>RTFTHII— X l. TFLVEEBECBY S _HAE J (H
Torsion angles and coupling constants for DNA deoxyribose models
R+ Br X S A2 ﬁ 293 B-forn Wo-form Two-state model
Fa NIER initial  e.-m.® inttial  e.-m.®? N 5 Obs.
- o 8 J e J e J 8 J 8 J 8 J 3
[d(5 ATATAT3 ) ]: 167(T)10.9 9.9(T)
H1'=H2' 147 9.0 162 10.6 157 10.1 96 1.8 154 9.9
oL T, UTFTREN % : 160(A)10.4 . 9.8(A)
N - 43(T) 4.7 5.9(T)
k> RBHEHEIT >R, HI'-H2" 25 7.1 38 5.4 33 6.1 =25 8.0 34 6.0
. " L 36(A) 5.7 5.2(A)
T PS-2D-NOE AW & b)) —40(T) 4.7 7 5.9(1)
— - H2'-H3' -37 5.1 <30 6.2 -28 6.5 39 7.2 =34 S.
BERU. FHAT—-&H— : —45(a) 3.9 : 6.3(4)
e N = . 85(T) 1.3
DN Y = ERL R HB. H2"-H3' 86 1.3 96 1.1. 105 1.4 160 9.7 87 1.3 <l.3
; ) 80(A) 1.6
_— 237 1z Bt
31-AT-3T W B Y 3 RN -102(T) 1.4 3.5(T)
¢ = PN SHA4T - .9.- . -126 3.9 -158 8.1 =99 1.2
EE gﬁ 1) ﬁ 7, 5°-TA-3 12 H3'-H4 89 0.9 -114 2.4 i
. = - -92(A) 0.9
BB Th &y dHELHN
f;. t B Eﬂ 395 6 h f:o - 3Values from these energy-minimized(e.~m.) models were averaged for all

residues.

@ DAF - COSY AN 7 b A

FAFLNVEK—-—ZBOAy 7V YIER (] B ) oB#FrERiTL. £ 1 LHEH
Uk ( Obs.HM). ZTOHER. ROLDIBIEBHE I HIIR R,

a. REER. T2AX¥—-—&NMt(en. ) BEOEREV., M. B B, 1l
F-=B Mt &y, VD BHELUBDLEABRERT LSRR > TVEI ERFRL AW
b, EDLHW S, N, S 2 COUBKHBIESS, THREEF LY TU.
EANEOoWARE S Y. RPERFWTCELR L, BB, JH2"-H3") & J(H3 -
Ha') . EARECTRITAhER>RLE LY, . HHFEBNETHLTHRL
XL, HEUWHERBICBHAILTLE, CLVIKRERFENLD
PE DBIUZEBEUT. NFHT—d. ?ﬁ7~tiﬁlt"&5fo\ﬁ& /o T
WEZEBRE MR R, B, BEPTOHRFIYATIVIAHED FHI—~
L2LTRITEHh, 7 PYIL A FVONPRBEEELVLT. HBULD22H 3,
e, AT ZEEF DNA TR. 20K, W BEEVRETD %,

@\1
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DETERMINATION OF THREE-DIMENSIONAL STRUCTURES OF PROTEINS IN
SOLUTION

A M. Gronenborn and G.M. Clore

Max-Planck-Institut fir Biochemie, D-8033 Martinsried bei Minchen,
F.R.G.

The determination of 3D-structures of proteins in solution using NMR
spectroscopy comprises three stages: {i) the assignment of proton
resonances by 2D-techniques to demonstrate = through-bond and
through-space connectivities; (ii) the determination of a large
number of short (< 5A) interproton distances wusing nuclear
Overhauser effect (NOE) measurements; and (iii) the determination
of the 3D-structure on the basis of these distances. Our approach
for step (iii} has involvéd the use of restrained molecular
dynamics. The principles'of the restrained dynamics approach will be
illustrated for model calculations on crambin (1,2) and examples
from the set of 3D-structures in solution that we have determined to
date will be presented: purothionin (3), phoratoxin (4), hirudin
(5), the globular domain of histone H5 (6), growth hormone releasing

factor (7), secretin and potato carboxypeptidase inhibitor (8).
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Computer simulation of proton relaxation in proteins
Rieko Ishima, Susumu Shibata*, and Kazuyuki Akasaka
(Faculty of Science, Kyoto University and *School of Medicine, Kinki University)
The earlier proposal (Akasaka, J. Mag. Reson. 45,337(1981)) for the longitudinal relaxation of

protons I. (i=1,2,...,n) of a rigid polymer system in solution under selective saturation of one or
a group of protons (S) that the longitudinal relaxation times of the I spins is commenly given by
Ty% i = Ty-% + Ty~ where T, is the spin-lattice relaxation time obtained by regular non-selective

“excitation and Tis is the cross relaxation time with the S spins, was reexamined by computer simul-
ation using the program developed by Shibata and Akasaka. The result of the simulation, carried out

ring protons of Tyr 93 under the approximation of a rigid rotar model with a correlation time of
10-" s, clearly demonstrated that the protons behave indeed nearly as two-spin systems, with

ST = (/g Pooand 1= Io x (To/T0), where (i, is the cross relaxation rate between the spin
S and the individual spin I., and Is-and I ® are, respectively, the initial magnetization and the
equilibrium magnetization of [ under satuartion of the spin S.
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'3C-NHR Studies on the Conformational Dynamics of Microbial Protein
Proteinase Inhibitor SSI in Solution

Masatsune Kainosho, lliromasa Nagao, Atsuhiko Hirosawa, Haruya Sato,Kenichi

Uchida, Yoko Miyake, Yosiko losoya

(Faculty of Science, Tokyo Metropolitan University)

The dynamic structural aspect of the polypeptide backbone of a proteinase
inhibitor SS! has been studied by the assigned carbonyl '3C-NMR signals as
the conformational probes. The N-terminus of SSI, which was not visible by
the X-ray study, was found to show a abrupt motional gradient up to Leu-6.
‘The other residues having the large  crystallographic B-factors in general
were <conformationally flexible in solution, as evidenced by the carbonyl
carbon line-widths or by the facile amide hydrogen exchange rates.
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Proton NMR Studies on the Wild-Type and Single Amino Acid Substituted
Tryptophan Synthase ®-Subunits

Katsuhide Yutani, Hideo Akutsu*, Shintaro Sawada, and Kyoko Ogasahara
(Institute for Protein Research, Osaka University, Suita, Osaka, and
*Faculty of Engineering, Yokohama National University, Hodogaya, Yokohama)

In order to elucidate the effect of single amino acid substitution on
the conformation, of the tryptophan synthase t-subunit from Escherichia
coli in solution, "H NMR spectra of the wild-type and mutant proteins were
measured at various pHs. Two of the 4 His C2-proton resonances of the «-
subunit were assigned to two His residues at positions 92 and 146, wusing a
mutant protein. with Thr substituted for the His at position 92. The
proton resonances of all the Tyr residues in the aromatic region could be
picked up from other resonance peaks, employing the wild-type ¢-subunit
deuterated at all of the Phe residues. On comparison of the spectra of
the wild-type protein with those of the mutant protein with Met substituted
for the Glu at position 49, it was concluded that the substitution only
affects the residues close to the substituted residue at acidic pH but
that a larger part of the protein is affected at alkaline pH.

AEORABEORNI STy VEARBR e 722 v b (TSase A) DSLEMEE
DREILEEBEL., —BEOABEHRUEEZRE 2D HLWT, BERBEORKENINSGHDL
MILEDIELTWS, 20HE. BRICK-> THORERUVIZEREIL LD X
INBBEEIAINTHULARTELDENH D, ZRY TSase ADFRIER (200
-250nm) DCDARY FIVEBEBO ZTh e B —HULUE. ZhiZzh>DERDN
TSase A D EREBEICEBERITERVWILERBLTWS, UHL. ERAH
(250-320nm) DC D ARY MV FBEHEREDNORBCERLUEZEREY (4941
LHARMMT., EERMBMTOLRNR L, 220, BRBREOFEHRERE LR
ETEBLEHLMITEDIC., TSase A DHEBFHELTCOTO Y NMRARY
NIVEBHT L 3,

TEEk| TSase A X9 TFH29,000T268BE NS R 2B, His, Tyr. PheldZh
FhyFdicd, 7. 128BE£HY. SSHEE. TrpkE v, AvAERKEIXTSase
ADEF AT L 4967 DGluM Het ICEH U2 ZRE., HisONMRY JFIVEET 272
DICO2Z DHisHThric B U EZRY, TyrBRBEOV T FNED ZIEVIKTIED
122 T DOPhefH HDIE U /=87 4: T (DPhe-TSase A)e NMR A2 kJUid JEOL-GX500
SEAWVWTHIE. £2To0HIEIE30CTEI R =,

MR L B8
1, 4% TSase A ODNMR ARY MMU@HisC2F O Kk DIRE

B 1 AlEpD4.32(pHA-B-DHEA)NSpD10.45F TOEBAER TSase ADFH H A
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1) K. Yutani et al. Proc. Natl. Acad. Sci. USA, (1987) 84, 4441-4444
2) K. Yutani et al. J. Biochem. (1980) 87, 117-121

3) K. Yutani et al. Biochemistly (1987) in press.
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Sequence-Specific Resonance Assignment and Solutigﬂ Structures of Human and
Mouse Epidermal Groth Factors (EGFs)

Fuyuhiko Inagaki, Daisuke Kohda, Tatsuo Miyazawa, Tetsuo Miyake,

Toru Fuwa and Kyozo Hayashi

(Tokyo Metropolitan Institute of Medical Science, University of Tokyo,
Wakunaga Pharmaceutical Co. and Gifu Pharmaceutical University)
Sequence-specific resonance assignment of human and mouse EGFs was made using
DQF-C0OSY, HOHAHA and NOESY. HOHAHA is useful for identificatiion of spin
systems and assignment of the types of amino acid residues. The secondary
structures of both EGFs are very similar with a triple stranded antiparallel
pleated B-sheet structure in the N-terminal domain and a double hairpin in the
C-terminal domain. A mechanical model is now being constructed based on the
distance constraints from NOESY spectra.

Uy FRBMERET (EGF) BE63MWO7I VEBMBELIVREINTFFHED
ALEYTHY. LRAMOMMALEERFEVUTEVWEXR R, UDL. 0
HHEHCEBAREH T 5B RED. BHEERNRVWIEDPS. EGCGFURERANT
HEMRBENERUTLEIEHEZONTVS, SREIEGFRYON A+ Y &

UC, BROQWRHMIH I ZCENMO>NATVS, ZHho0FHREGE BMKE
LOEGFRENLBATICERIVERYN AW, EGFOTHBEE R TS
BTl BErEHOHBRROIPRT I LD LEERWREEER B, =k
FANMREREFRIEDONMROKBOBMLY C. DFR—FEEDONIBRY YN

HZ20LTW. NMRIFHOARDET VW TEOURBEELRHEFLALTHRET 3
ZEWHBEERoR, EGFRIBEIBWRORVHNEL TR &D. AWETIL
EFPBLAUITAEGFRDWVLTESIZE % (sequence-specific resonance assig
nment)iCK O NMRY VIV OBEBERITS>EHW, NOEI UV RD B h ZHEHIFWIC
HETOVTZREBERUZXEBEZDVWTRIF U 2,

KB CI)EGFREGEFHRAABERMOVELUER. YU AEGFUEMY ™Y X
ST IR & 0 Savage,CohenD TR HVWHERB, FHHEPLCRIVHWMUE, NM
ROFEXBELUTI oM (EX) BLU 6 oM (k) PHVLR, HTEEWL 28°

Co pH WL 2.0(X Y X)) RU 2.8CE}) THokh,. MERBHAEFHJINM
—GX400BIUGX5002HVE. BARUBAABZHhEFRIZ2VWTDQ
F-COSY,HOHAHA,NOESY (¥ #Hh Dphase sensitive mode) O 5E
BiT o ke WY — VWY A WEHI & U suppressionUze 2K KA Y F DI Y

A A TEL- 128 QE RS2 Oy RSV TEROIEBEL. I3 A AHE>VWTED Y
4 L BAT > 2. shifted sinebell,GaussianB2 R EB V. ZEITANY b L OF —
YT AT o f,
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B-s2 N 7HHEHBEEHRBAOTRNOE &
EFRFHEI X BT %
(EmESR. TEX. B0 . BLHFAH) OBWFELT.
ZEMNHF. EERFF. SHEBDT
Wheat Germ Agglutinin-Saccharide Interactions Studied by TRNOE and Pair-
Potential Calculations
Kimiko Umemoto, Setsuko Oikawa, Yoko Sugawara, Misako Aida - (International
Christian University, Chiba University, The Institute of Physical and
Chewical Research, National! Cancer Center Research Institute)

The binding machanism of O0-methyl-N-acetyl-D-a -glucosamine (OMe-GlcNAc)
to wheat germ agglutinin(NGA) was studied using 'H-'H tfansferred NOE (TRNO
E) and pair-potential calculations. Negative TRNOE was observed on the 'H
NMR spec’lrum of OMe-GlcNAc in a solution containing WGA, when the aromatic
region of the WGA spectrum was irradiated. From the initial slope of the
time dependent TRYOE and from the calculations, it was concluded that in
the bound state the N-acetyl group. of OMe-GlcNAc is most likely situated
close to tyrosine 64 of WGA. .

L2F el TR -BoOBEABRY N 7RE. IRRBIRELELTWS
B UNIERBRAOBEB N LI ABENCRATIERI VMR EER TS
HHEHO ., ABRELIFYO D THENERFL I F Y (WGA) tHORN
HDHEREHOBFHMENMRLEEBFAFZVNFEZRAWTIHLILALTIEZEML LT
Wb,

WGAWRZDZ ﬁi;‘&fﬁx&c:lOﬁ‘fﬁb:ﬁ?ﬁéh’Cfo’y)"\ TRLIEEBR
IR -2 ROBWAFABESETHE . BRI BCHAME
mrEET LD SHVYEKHEMRERT. WGARHTRHLIS000T 7
22y bD_BRESLLL BN IZHET, 1A TEHYD2AFHMDOEAENMN TN-acetyl
glucosamine(GlcNAc)E: # D A Y d 2 — _ N-acetylneuramic acid%e ¥ B EBLCH
BT XEBRHILIAY., ZoXFoaRBesnwl sy vy RE2ADPER
LI . BLoBERERLUERLEIENRBREINT VS,

BREE

(1) iH N MR 38w
WGAR—BEWGARLT 274 2F 420 b7 97 4REOVBBLLLOE
Hw., /7 —#%izVector Laboratories Inc. 5 B AL, B LTHWSLR1-0-ne

thyl—N-acetyl—D—a -glucosamine (OMe-GlcNAc), N-acetyl-D-mannosamine monohyd

od
RFOHSY
oA St

N)

A

e

rate (ManNAc), N-acetyl-D-galactosamine(Gal¥Ac), 8 X YN, N’ -diacetyichitobi
ose(Cht¥ac)Z H IR DL D2 H Wi,

GARBD: QLD 2HAHFBERLEKERZT -, WGADBEIZO0. 120M, ¥
DEERLIAMER . BROpDUE68TH-L, " Y 7N BAEAETTHOHHEE -8B
BMEEOI»ELITHKLL, "HNMREAEIX Varian XL300Z B W, /S 25 (t:-
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to-ts-z /2-AT)nle BWT . RO B EE t.20.02-4BTEALSE, EANXT D
LER-7 ., SAZAMOBELHEtIAB L L L,

(2) BT L2HE :

B2 NI BLELYDEXA N TFROBMEFHZI AN -2FHETHIFEEL T
Fragalc X DB & S h 72 Atomic Pair Potential2? %2 iw/, T hid . Clementib
LIZ7 I/ BATFROVWTORESDE WV ab initiof FPHREEHEFEZERT 2
Y cEnLLoT, S F A-BEOHEEAIZALX— (Eas) 2. TR
(1) ERTES L LTORTrairfMER (Rorv) 01, 4.6, 12ROERK
oHOBRNTERT .

Eas=3X2 [ Cav{1) “Rav+Cas (4) / Rant
+Cav (6) /Rss6+Cav (12) /Ravi2] ........ (1)
IIT.RFalBATFAR. KFORAFBLETEARTFTHS . Cov (1) &
1 R.. 0 R, tBERR. 8 FORTERE*2TED LIRS . T AKX~ HE
Bl BLEELXHEEBRILANLNKE ~Eael . TOBO N FEHEEEZR
FLlA., BELAEA7OZ T4 Fragal D RBEZFI L L0 —BRBELTHGO.,
HAKHHEBL P -~-M682Ha2yY -2 2#MBLTHEL L.
WGADSXAHMBERRAHER LY Y~ 70 F 4 - F—=2 X2 (PDB)
LBEBEIRTVWAEWGAORF F—2 2w, 29, PDBOF—it&ETnT
WGADKHENNTHEREE 2 AT, Zh2ELE A1 b1 82D7T 8
JBBEYBEATEIHORTLED THEFR 255 AE2WIHERZF>R., 0
BLXBF - S RLRAZERFOREBRBIAATVWEINT., CHEERYT LR YT
LEEDTI BEEMBELLTILbOWE, F2. HBAOERAELTFbLRLEZOR
pHYT.0HETH ZH 5, Hisk Tyriz P B . GIuZBBEE (C00-) THEELT
mEreEL L, '
BLLTiE. WGALBREMIZESGT 2G6lcNAck, A4 E2HELL W ManNAeB & U
Gal¥Acic>WT . 2OWGALOMEEHORR AR,
BREEE
WGARZEMT %2 £ 0Me-CGlcRAcOBBIIHMML ., POoRAceXF N EO-XF N TR
PT7RLA., BERMMLY 7 FLMcAFLOFEHNEETH > 2.

I

7R LBRBEPRELS oS, FTOoOEMB-RBRTR A, B2
3T BNy - TR FETTHAN, AT b iR
Lo 2R TLIE-»TwW5E,
ChtXae DB G TUHHBEMMEE S SCEEFETHD . ChtNAc-¥6A OFE S TR A K S
W2k —RLALY), AL HEAEVEBILLVEERTW S an¥NAcTIZ. WG A%
MLTLZ X EELLS ., LEdo>TOoHe-GleNAcOBBHMBWGALDEALR
LA5LDTH B EHRELD LR,
GADD  OCHEHED' HNMRAARZ PALIEZBWT . 6.5-8.5ppnd0 B HICWEHE
BREOCBRIFALNL, XBBHBIUTI/BHIFORKRECLIAE I 08 S

[

— 262 —



G Tyr7 . Treo2 M. Phe2f . His2 @ OH¥EFHREBRELLAEFS4WOTRE>YD
BRAEIATVWIRTTHL., THALEEWLELZNDE--TWaHHrxDE -
JOBRBFUTTRTH -7, LAV TERWBHFZ I E -2 0% HIEHLT
Fo, B IHIZOMe-GlcNAcL WGARZ B LW WMo 7 b Y NMR2RARZ ML E T LT
ppe ME LTHELALLZARIZPAVDOHTHE., AHONOENE & LT  2.0ppm
(NaexFn 7ok 3 dppn( 22 B6D7Thy) R LN 5. OMe-Glc
NACBMWGALEAS-BHEOEWTHLH B LEL LN, 72 0Me-GlcNACE R R FF
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1.0 sec 10

\,

. N () : .

FHE 1B WTH.83pn 2/ *’\n,'ma,\\,"\‘\/\‘/h{“l\‘wvhkwl hv'.‘w_v\w‘{w‘r‘”u .,.,\,:‘,N\.,......,. .
N2LDOIEBE M B ' ‘Y

NG

K TLBREINHL., BT R-5&

FHOTER L LD LRL fﬂmw° A
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B E XM
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TRNOEICEBRIVUOLYItRNASKEBHRICEALE
IO YRA—Y a VBl

(HAH) OMILEL - AR - fiEHXEH - ERRE
(C*BRTE, HEERERERHT)

TRNOE Analyses of the Conformations of Amino Acids Bound to Isoleucyl-tRNA
Synthetase

Shigeyuki Yokoyama, Gota Kawai, Daisuke Kohda and Tatsuo Miyazawa

(Faculty of Science, University of Tokyo)

By analysis of time-dependent transferred nuclear Overhauser effect (TRNOE),
the conformations of L-isoleucine and L-valine bound to Escherichia coli iso-
leucyl-tRNA synthetase (IleRS) were determined. The IleRS-bound L-isoleucine
takes the gauche* form about the Cy,-Cg bond and the trans form about the Cg-
Cyq bond. The conformation of IleRS-bound L-valine is the same as that of
IleRS-bound L-isoleucine except for the §-methyl group.

(] YyUNIBOESRIIBWT, 7I /B, ThicBERZ2tRNAR
IZAFUESL, VEY—LAIREIFRTRYRTF FEOERICAWOh S, £D
53Ry UNIBEESRICANWSIZ 20 HEOT7 I VBOENRERIZONWT, 7
T )7V Nt RNAGHKKE#HE (ARS) W1HYOBHEL, 7I/HELItRNAD
WEABBILHEI LU TCIZAFNVESEIES. BLARSH, 2hIcRERNTRWT
I OMAE-THBLT, 2OV BEBMIBULENWLRNARIZTFIEAES
H2e, MoRT7I BEINOY UNIENARENEI LIRS, LENST,
ARSIZE ZEEHBING, ¥y UNIBEARICBITAHROEEMELERTS, b
S HEHEZSTFREAETHS.

ZOES5BARSICEB7 I VHMOBERSTRBOANALEBUTE D
1213, ARSEOHEAKIIBI37I/BMOaYEA—~y a Vi BIRT 52 LHHE
BmrH L. NMRIZ, 2OE3RAVARA—yavyORIFIREHITH S LHFEh
2, ARSIIESFE (50,000-300,000) OBERY U NIBETHHOT, 7 /M
rOHESEIZOWT, BEONMRETIAVRA—YavERIFTEZ LT, BE
RIRARAEETH > . ARETIE, BB —N—NY—3R (TRNOE)
OFFEIZED, AVO4 Y VIZBRNTARS (Va1 VIVt RNAGKER,
I1eRS, &F8 115000) EOHAKIZBIBAL-1VaLYYELUL-NY Y
DAVKRA—Y ayERETEZIEIZRIIL 2,

[£E] XBEOI1leRSIE, ileS@fnFE#7u—=v2L, KBEICKD
KBIZHAMLELOPAHAWE. I1eRS (10 ng) i22oWT, Y Y22 -30
(73Iay) ILL3MNAABLEKEREVETCEIcLD, BEREARHMTILELD
IZVEREL, Bikc, T1eRSOEED 0,3 s OEAEEHR (50 ol E{EAHY
A o2 10N YA LAEEY, pET.0, 3.5 0l) 2. Z0I1eRS
DEHZ, ENVETISERBOL-1VaLY Y, $RIZ6EEOL-NY v ENXE.

00-MEz7’ R NMR AR b)L (37°C) 1%, Bruker AM-400E3%EHAZHWT
FsELA, FIDIE 200-300EEREL%~,. FIDOWMDRAAICKML, L-fVOA
VY (EREL-NY YY) 070 b RBREICRELT, TRNOEZBHLZ.
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FRESHERE] (t = 0.0 ~ 0.88) OMRELT, LV usy Y (¥EEL-NY V)
o7 RV FNVORE 1(t) 2HELE. AL VHEHOMREWETS2D,
Il1eRSOZUObY (43 ppr) ZRELEROY T FUME (1) T s
[1(t)/1(t)] Z&D, BIFICAWEY. '

[BREeEB] #lol-1voLyy (BEKBER) O70 Y NMRART b
WEELAIRY. ¥V IXFLVEDSREDOT O R IZONWTY, BREVEEL
TW3?., M1BIE, l-1Vvus4yy (48 m) iIcI1eRS (0,3 mN) 21X 7
HE (-4 Y VvO63%NI 1 eRSEIBEEEEEE) ODARY MIVTH
3, I1eRSEETTCOHEL-1VOry o7 by (R1B) i,
I1eRSIFETOES (H1A) 2AEBLTTO—-RIZR-2TWS [L-1V D
AU HEHEORELTI 1 eRSICEALARBABY DD BLEZROED] .
0-50°CTOEELRICEDRWN, L-4VOA4YYyO7a YT FABILHIIT
U= RIZRB22E06, TOEZRIZIFES T PORr =iz LU TEL, H1
Biz@lflahTWaY 7+, BEEREBOL-f1 v oS4y Y (33.1%) DHDTH
5., 2hiF, I1eRS -4V usy YOREEENIE LB &3 LG
T35, I1eRSHEFLETOL-NY oW Td, {bETHRICLEZTO— RN
Rehz (B1C, D). ZoBEE, THRT, L-fVof Y yOBRGLHTH
0L, BHEXREL-NXY OV FIVIE, BEERAR (96.5%) 211 eRSHE
GRE (3.5%) OHHFDHFEIZLBDHDTH 5.

A C

Hy( {if Hyz
Hya | Hs
Ha Ha
i Hﬂ H*nz H‘m . I HB
B D
\_
4 3 .2 1 . :. . 3 2 1

Chemical. shift (ppm) Chemical shitt {ppm)

B1. I1eRSOFFET (A, C) BLUFET (B, D) TOl-1Vuaqy
¥ (A, B) BEUL-NY> (C, D) @ 400-¥z *H-NMR R~ BJL,
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L-fvao4yrora sy oMTk, BIREZEE (0.8 BA) 275558,
I1eRSOFEHETTDA, NOE (A) P#HHllXhE, Haon by, B30
HB7u b yzBHULALEIZ, MOTT b Uy 7N OHExts8E [1(t)/I1(t)]
2, BEEMIcHLTEDESIBLT A2 2ICRLE. WEFRhOTO RO
VUFNEED, BELeDIZAEBRREBLTIZ LR, LIHEEDS N
Bohri, 2hi, BHERELESRBOMOXIHEYEL [I1eRS 14
VOA Y YOREEZIRT] , HREBTORICE->THEBT O b 28nEh
B4V 04y UaTFH, EaREBALBITL, ¥z, BAaRBIZBWTAUE
N O EXBHUBHEREALBITLUTHAXINR S L WS 2 00RMICREMD » 3 -
BDTHB. YIalb—yary (B3)Icky, H.0500 T35 MRExh
LZILDBRIN, RS TIZBEHEL VT FABREORLOAERIZ, I1eRS
IS LRV OS2 DOWTORNEIEEIIC, BLERAT L &b h
o7, RI2ICRUEHRIIZE, 51BN 0. 2BEEDOIVORTY V' FIBEDOR
LITEHELHED, Tholk, oTa b ERATIMBENEZNOEDRZDT
HoT, BEOKTBIHEEZ, 2hOTEBWEEZARE. MEDLSIILT,
I1eRSIZHEELEL-4VRAYVIRINWT, BI2IIRLEXFY, XAF LT
O b OMORRFEEOHENEVRD bR,

1.0 4 A Hora ]
0.9 7 B Hyn
Hg
0.8 .
0.7 + -
0.6 I A - 0.7
M 0 ] 1 L] L = ;3
g ~ Qg 0.1 0.2 0.3 0.4 0.5
B ) | JRSTIEIET ()
A T Hon | 3. TRNOEDY I abl—
' | 5 yav®, ZRIZROEH
08| He HE, BEITROENRE.
ol WFSE RIRE () .
o6 B 1 E2. I1eRSHEETOL-AY UL
oL ‘ , , , T YyyOHa7oby (A) BLUHRB
o 02 04 06 08 7o by (B) ORMFEFEIZNTS,
FRATEEIE (1) foTa by Y VREDORIEEE.
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CHESICLTHBOREREXBIEEL, L-1VOAY VORI VRT—I2
B3Aa7u by HEZOSROFKEZLELT, I1eRSIEALEL-1V TS
YYDFFIE, Ca-CREEEDEhY Tldgauche*B, CH-CY IFEFDEDD
TlE transJg A2 Lo TWABZ LW MR- (K4 A) .

L-NY > OBEICE, BERRBEEARB L OTHYS+oIE L, BHORK>’
FEgeTH - 7. BONAXTXBEIMEEIZHEINWT, I1eRSIESLAL-NY
Vi, B4BOEIBZA VR A=y aviloTWA I Wbk, $42bb,
I1eRSIEALARET, L-NXY VIR, L4044V VD8 AFIVERWER
SEEARDAVRRA—av%E20TH5. STFHOTRNOEDHHMICLY,
Il1eRSE7I/BMUEEOBKEEEERIZ, L-4VOA4YyOHH, L-1NY
EDDPRDEBWI E BB ENMIE- A, ThIE, LAV RAY YR, L-NY ok
BRT, 10f5538< I 1 eRSIZEAT AL XD THEBbRSE. COFELH
WT, I1eRSIEALAMOZI VBT Fuld0aryiA—ya e s
SEIZEoT, COMBICEIATI VBENOAI=_ALE, AVEA-Yarvd
VRIVTERBITE S HifFEhs,

nE, KL, KBBH8ER (FLE) 26N EEEL (BXHE) Lo
EliiEAME UK 52/ 2ol
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TTH NIMMR KRS .
ZREEEE Y /1\9%@:%45(1%1&” (5E
sl - B> Hepifrz  BEATSEFO
STHEHAS A  iEREIR s
STEEH RS

(EUBHIZ] Ry N7 HOHE L BEEOER BT 5 LT, NMRUAENREIRERT.
BPTI IWRFI N BHNEIY N EDIBERE, 2TO7 I/ BHRELHML, WSS _
BEBITORTVS., —F, XEIEBERBHU LY N2 HEE, WRAWZERRDFERS.
HFEOERICHESBIEORN, BERVOLRYD, BEZN7 FTO—F, BHBHINEDIUEMNE
UT, WThIZUTD, FagieRs. bhbhill, 2hIT, @EIO7Y Y, BRREZNS
€3, a-2-%20707YURE, RRIEERESEROF X4 VDo RIBREEY NI HE
HEEUT, 'H NMR REBHERIT-oTHE. ZhITORBNS, REXEARTH-TH,
YN ERFPERS flexibility BEETHIE, ZORHHSDOVHFILE, FHINESL
LoTHUT S ENTRETH B,  —8I, YIUNIEOREENL, HTFRERBEHL R85 (&)
WE-TEBRINATVS.,  COBME, HVEWRTERRICHHH Y, —fBiflexibility WED
UnBoT. RASHOFELZL T, YU HLeHBbT3ceNtaxhid, BEXYINIEE
WEELT, NMRIBXSUCHARFERERAWTTHS. ORDOAEELT, bhbhid,
—RICUBDHTHAILET L4, Boh 2RISR, LEAMEFCK SV EHS t‘.HRDJMA
CERFELR.  KEETW, £/ U—FLHE (ML) OBRMEKZLRIET 3,
NMRIZ & 2 E8585 VNI HOME (fh#@ﬁ%kkﬂ\ﬁﬁ%@“%

(AHZEOHEH]  OBRMICEKFILUR, BHED MAb %, 10 ng - 20 mg Bk, HEHHE
FTE2RHOTAL - LERYIL, @ XFXEDIIR, ¥TIIR, HRERDD, TR
NEYZBBEAOT /) 7 0—FLHFEEEET S, ChiZk->T, @ Fab 7223? &I BRI,
Fc %BEET31 7Y ¥ —BRERIAON FREL 7 3 LWL TS
(£58)

BIRPEKEIL MAb OFIR _
1. N4 7Y F—ROBUILFEL L1855
104 FCS ZFMU 2 HKBSKEMIZIZM NYSF-404 1T, N4 TV F—2BREFE U, FCS HE

% 7.5%. 5.0%, 2.5% OJER T, RRGIEMBEEZIESEEE. 0%, N4 7T)F—=
BINLLREWT I )E, Bz, FOVY, Jral7ssy, VYT NIy yRERERLEENSP
T GBI H > TAY—T X, D3WT Tyr-3,5-d2 + Phe-ds + Trp-ds MU RISEEL
By, R, EBE, 1B OAFY—AT, 80 m WETIRA 15 @ERAVTIToTVS.

2. MAb OB

R, YUKTHEIYY Y (BEHFE 30,000) &Y, 10-20652HEEL, Protein A

AR VHEESEOMT S, HiiklE, 10 mM MES, pH 5.6 XU TBEHTU, T.Baker #1H&d
ABx IO LEALT, HPLC W UAET S, 1 OE®WIC LY, SRBEUES (SDS PACGE,
TIRTEFKBIC LY, B—THST LMW 10 - 20 mg BEsh 3.

'H NMR X7 b L O#lsE

AEEBEB AU A Y T a—EeHT 3. ACYIa—2ANY L, NSRS

n/2-Cr-n-1ih 2&YV, v = lmsec, n=2 - 10 EUTHELE.
[‘4’*%) ’

. ¥1 dansyl MAb (T2a) D'H NMRANZ b L
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H1a 0RT &5, EEOWERITSRY, His C2-H 70 b RGN, WEERY IFLE
52250 R0.  HCION IC&k>T, Tyr & Trp REXT 3R NV FUBHET %
(E1b) 28, VI FLORRBEUVBBOLBODRD, ZOF FTREMTICHVASZ & BEHHET
55.
2, EIRMYEKEIL MAb @ 1H NMR ANZ ML

H1OANT PLBSERERERI, Tyr BECELUTOE, 3,5-0 T YOV TSR,
2,6-0 7O JEDACVEBRE>THAEL, ¥2XTBFEICL->T, BIENEBSIER
$%. Phe B, Trp BE OANY ML, XoREMRZEREERLS, TOF $ TUMIT
WHEETHS.  Tyr BEOD 2,6-12BAFILT B, 3,5-0 OVFFABYITLY } GFERO
EEHBEWER) &Y, B2, INLVURBHIOY T FABY »—TRRBBEG DL,

BI24A 1T Phe-ds; Tyr-2,6-d2 ; Phe-ds + Tyr-2,68-d2 ; Phe-ds + Tyr-2,6-d2 + Trp-ds 2¥A
U Z2 4 dansyl MAb (72a) @ 'H NMR ZANZ ML GEFRHEWREZ) 2, INALLUTHRL
AN P ERBUTEY., FHIWRIEL, Phe-ds SXITHR, HEHOKENREERRS
hizb.,  ThIHUT, Tyr-2,6-d2 SNXLOPREELRNTHY, 2R REBLDE—-I%
DEUTHHTZZEWTES. X3, Trp-ds AT S E, Bla O¥ CIDNP AN P LR
BWT, 8§ 7.2 - 7.4 ppm KREOhBEOLEVE—2 3, Trp BERBEETZS LI &SNS,
PEESICBELT Trp BEOW L IROOBEEX, VLRI BEZIETHEY, &K
HELOHEZOLTE, HaMTRYL., ZOHSEHEL, 4fikrdryarryeEdbo PYTH
T7 2 Trp-2,5,6,7-d¢ BEOTHEEINLT S L (FEREEEELO7 A F 7LD bR
Br) BHELVTV3.

3. ALYTA—=ANRT b

24 &, AEY L= & > TERANY b %, EEWER & > TERANY UL L
723, —RBUTHMLBLDWK, 8B T 202V FLOBREOR, BNTHS. Ihd
DANY PARIE. SEEMNCD, W 2HhOEHEHRE -7 BRON S S THREED.
(R=N—ERBVTFNLOER]

WELLONOEZ THBEELL, DX O=HICERIR 3, 7
T Switch variant MAb (FED Vi, Vi, CL 275, | #0 ¢ SRR T 3 —@DE /)y 11—
FAFE) O,  ZOFEE, H# C ERERD, V77 5 ABENRT X U BBEORE
ETD5TEWTES.

@ Deletion mutant OFIF. EDOF A4V EKELR MAD BHVS.  KHFZETR, il F X
4 D RRIFLRH dansyl MAb %, IEEOH dansyl MAb & H#d 5.
@ﬁ~ﬁ775zm§b,7ﬂﬁ47ﬁ@0?,b#%%iﬁ@ﬁm%rWJEmw%. T DIRE
i, VSOV T FADOREBEORNBBERMBE OIS ENHFEINS.

Switch variant MAb @ 'H NMR ANZ b L .

B3, SEEOH dansyl MAb 71, 2a, 2a short (Cul BRIBUT MAD) ODAE Y TLad—
AN PAREET S, FEBREHREBLTE WSV TFILREDTHELULTVS. &L,
723 MAb & 72a short MAb IX, His CA-HDV 7 FILOEIEBERSARKBRL L, BO TR~
UThW%, [@U MAb DWW, HIO ORI (NI R—-2OYTFLEEY) % presaturation
Ul AE VEBANY P LERIAWRYT. ZOZHEO Wb it, A—oREZESRuE Loy
b ad., AL VIEROEENZEUVLRER>TVWE. ZOERBRL, HERSHOHEERC
Bh->T. CHEBONAA VOEENEETH S 2 L EEBIORT AT, XPREED.
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21 H7 dansyl MAb (72a) D
400 Mz 'H NMR AN ML
a. BEOAND ML
(presaturation U TWL72\W)
b. ¥ CIDNP ANZ b L

w : (B)

F

X2 %ﬂ%iﬂ(ﬁft ¥ dansyl MAb (72a) @ 'H NMR AXZT pib: (A) BEDANY bV
(presaturationU TL RV , . (B) AV Y ZI3—IAXN% ML (n = 10)
a. INNLLTHRHL M
b. Phe-ds 5N MAb
. Tyr-2,8-dz 5L MAb
d. (Phe-ds + Tyr-2,8-d2) FIJL MAb
e. (Phe-ds + Tyr-2,8-dz + Trp-ds) =)L MAb
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R APEEEHLE DT /) I O—T OB

oxw, AU TSR 186l RETZHOE /7 a—Fuiik  #i dansyl MAb B&U
W PUYSF—2 MAD 2T 3. HSEE.  Tyr BEO 3,5-8 7 yov i+ A,
REHMER->TVWE. DULOEBRW, SCTRATVS Tyr BEOVIHLOELIH, R
BEBURARUTVWBIERRUTVS. 3R, 4TI IARRENRE—~I BRSNS,
EQW. I MAb ZBIFS 6 2.2, 2.0 ppm DE—, 71, r2a, 72a short MAb IZH@lC
HBah3 6 3.0 ppm QY — I HiFBEIET 3. ,

(] 'H NMR ZXJ P LORERERERIEH > THV R EERBERR, X CIONP ANY M
DUEEL TV RBLVERYER, FBRFERE, N{TUFF—VOBRKEINLOERICHR>T,

BROXENREAE U TWhEE, hOoRERME LML TRV R FETEES T S1Le Ly
9.

et

N
M-

d\* !

B3 Switch variant bt dansy! MAb @ " B4 Switch variant #t dansyl MAb 2B 3 A Vi
AEYLTA—ZANRT A (n = 8) (presaturation : HDO OfIEEBE) OBHR
a. Ig6l, b. 1gG2a short; c. IgG2a a. lgGl; b. 1gG2a short; c. IgG2a

F5 ZHXHD 1561 MAb DAE YT 2—ANT ML

7 (n = 8) D&
a. ¥i dansyl MAb
b b. HT Y)Y F—4h MAb
| “\j

B 3.4.5 W, Whd, (Phe-ds + Tyr-2,6-d2 + Trp- ds) GNRN ML BRVTERERTHS.
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A Study of Immmoglobulin G by CPMG Method

Fumiaki Hayashi, Yoshimesa Kyogoku, Satoshi Endo” and Yojf Arata*

Institute for Protein Research, Osaka University and *Faculfy of Pharmaceutical Sciences,
University of Tokyo

There are many large proteins whose structures in solution have to been solved,
although it is difficult to analyse the structure of a large protein by NMR because of -
severe overlapping and broadening of its signals. In this study, CPMG method has been
applied to the analysis of a large protein, immunoglobulin G (IgG ; MW 150,000). The method
provided us sharpened signals from movile domains with lenger T, which the cross-saturation
methed could not give. The difference in the spectra obtained by the two methods were

compared and discussed. Application of the method to polyclonal IgG from the patients of
rheumatoid arthritis (RA) will be reported.

lduvaeic] 'aﬁ;’t\:.éf%—%_mﬂ%n?‘//\"7’EmNMR7\/\"7L)LEW?b
SedB BT Y S0 i B RAE . ESRGRBo LN ) LS TP LB R
LaELTu b .2 T"ﬁ%fﬁ'] AT &My a7 L. EFENE5E B
$% /330}%#6)&171 "6K§ A4 7/‘37‘%'{"})5 'i'f‘%é‘rﬁ—;b . | A3
ProKMBaRIVT 1) BBENSIN Ty ca) . BIREENTH S
rad )it %kb_b\" XTI w Y b\“ﬁjﬁg L - TARTNE « SHIE DX
Fxd v @Ml To hBRE R OERMEPIALT . S HBRT A7 TILE
R‘gﬁ?b v . NX Ay lh%@ :/’7"7'/LM#\",(H ./1'7:\%{_':; I) WL 4, *L £ :/5\(9\
”&;Z%‘fﬂ-b N A 4 E‘ﬁ”/ﬁx‘bﬁ O ,ﬁf}]’}i@%nt7"x ko< VAl IV Ay o
PUIREA T L, 2 v = T5 2 7P e LTERRITE 5 o 2 M £ o S8R BERT 1<
RO TA TH- e, o, Fx1 v38kcdaky s 27 LigE
L1 o ATIBM tsno e s BRLtvb o ALT Koo
TERECIDNPARL > T F X4 vBIRER 0L 7 FIL BB e AH TS T2 6 ¢
Hisd ), VEBEES U Fe A8 o &K X 1 Yy p b XX 0 3y - 7'
DREAls L, BB LT R . 2 TR ke, AR e 7 o F
o TR & CEALETABEREAC LT S RI TR TER vt b oy T
oY SRR b Ao Ko RiIT o oA R R oo 1o iR
FoFkR LT b (B Lk His, Ir, Tp o 28Ek0 ko FH L E L g y)
27&5 d CIDNPK&ﬁ\ﬁ%;’JT&)b EHIKELU B VL n\@@ii{%% oﬁ;{'){\é‘j
3 ERN )T ok (0L aMAT ) TaAHEEENES S o ko Bl e
BETHR L, v o RRLAN o nilh Y > TLEN T e B s
UL RLURIELNYERNLL LU CTHA .. N0 MREE T CIDNPE o
AR rak L1E ) B dfERTEg 0T, L EEN R
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HiEd . v LT R0 AENTKETH K.
A 211, 0kt CPMGERBRAL R, e cdRkT 52T H
S CIDNPORGRIA AL 7 FIL1EB A A, XM e —THL ] T
PR ANT R Lo HBETE S e N TR, A VEBERR I XU AN L
VITAWE S EREWERLEK . KFRTE , CPMGARZ L ILE i TR hIL
TERFECWE R Lk . 2510, IREITOFAETIHEM Y RBETH > A
Bl o TeBRET 5 . ' '
[ NMRBIZ] NMR:PIZE 13 JEOL GX-500s & Au THFm - Tw . CPMGHA
{90x-(v - 780y-1)u~ FIDJit, 2=1ImSelLnsLaTAvy1Ta- %
R LE B caHDO E- Al T AR HIx KM (025 ~ 055 )
350089 = (IRATN =200~300 ) TBM LK . to gMH TR AL Ao BE
TBBRTID (IR LHMI 28 TR, 2o 2 VHHKANR] kLB HDO ¥
=7 w,ﬁ[ii& 0.5~ /5}2\\/\”7— ( IRATN = 90 N/fO)T,EEJT? he v itd
» B ARl ,f{}f)’mgméﬁ;ﬁ—i 0.3 md o 0.2MNCZ ?ﬂ(ml:ig?‘bfff
Bolee Y9 Be M, PHT, 0./5M YYBN 7 7 — EAERTIT
3T o : :
[HECEE] Fie RAE SHIANY F e CPMGARY Ll nre,
Fe 777 ) v klke -NiHTAEENHALZrhT b, Foe 7574 vk
HATENREFTHEN . 2 oAl normal A X7 L ALREOTE, broad
BRI LI RCYAD Y v =Ty T T
LoBRE 0 X TH) , AL VHRERA N
PRLTR, A G SN EECLE#MT
1033 BAT0BE) THE . F0h 3,
Ab B ATER KX 1 K L
R S (Y7 Vo Ny - YO
LEECRTI LT ub o =%, CPMG R f‘/\f
N7 RLITAE YIREAN 7 R L L IR E
nEOER LK Uk 28ms CP
CMGAN] FLTE RO x-S MIJ

7T 0 R B EARAN Y L1
HiT1H), A R0 T3
LS TLLLTHFALGNE d R
AN BT, normal 2N 7 FILTEE
toXetToRku< 2007 T ,
THBRS RO ToAN, S HIET LS oo
BRINT IO, 8ms CPMG AR Y g s A R
FILT OB AL Tob  Cofkie 90° B L Fe lhe-N 0 55 MK
NLACEBRBIT b La-Blasdlt XL W normal 2X701L, B) RE VLA AIF L,
c—i#naN) kL% WELTHIeInd ) (O 28ms CPME AN
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- rrLE B ey BEAL, — R
BRI~ LS,
SHOCPMGnEER ¥ CIDNP AR 7 k
LetBT e , CPMGAN7 FILTHR
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SCTHR s LaEER e B
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