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Theoretical Study of y -Gauche Effect for n-Paraffin by using ab initio MO

Hiromichi Kurosu and Isao Ando(Tokyo Institute of Technology)
Graham A. Webb(University of Surrey)

We report ab initio *C nuclear shielding calculations of y -gauche effect for n-paraffin using
the GIAO-CHF procedure. The used geometrical parameters are optimized on each dihedral angle.
The dihedral angle dependence of shielding constant calculations are carried out and v -gauche
effect of n-octane are discussed.
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T5®, n-A"FY U bnt s ¥ v Dall-transE T DWW CERRER » &
Bllze MRORE L ZORDFREDEREL D En-~ %4 ~ T9.0ppm,
n-4 7 % Y TllppmTdH o7z, THE Y, KEEDOEEDO 45/ S -
78 Y EETNMEEHE L THOWHRITRWE L2552 5

CHADOBAICK T B 4 SO RFED T % T e
EREB DB % ST 5 729 n-A 2 /l\zzs“\f» ww\s/
5 ¥ O 5D T4 (phi) & 201 SO LAY, L

SECERHE 2T o 72, AR, HaAR
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Table | Optimized Geometrical Parameters of Qctane

Phi R1 R2 R3 Al Al Al REL RE?2 RES Al AB2 A3
deg A A A deg deg deg A A A deg deg deg
0 1.55%2 11,5382 11,8307 117,26 112,10 112,86 1.0854 1,085%1 1,0861 108,31 109,48 109,32
20 1.5535 1.5346 1,5308 116,79 tf2.21 112,86 1.0858 1, 0855 1,0861 108,41 109,46 109,32
40 1.5421 1,8336 1.56309 116,07 112,40 112,86 1.0887 (,0858 1,0861 108,56 109,41 109,32
60 1,5357 1,5336 1.5310 115,12 112.65 112.87 1.0871 11,0860 11,0861 108,78 109,36 108,32
80 1,5377 1,5330 1.5308 113,87 113,04 1}2.88 1.0866 11,0866 1,0862 lO!.ld 109,28 109,31
100 1,5451 1,53+ £,5307 113,40 113,27 112.88 1.0859 1.0871 1.0862 108,26 109,23 109,32
120 1.548% 1.8313 1.5307 1i3.42 (13.3F 112,87 1,0857 1,0873 1,0862 108,28 109.22 109,32
149 1, 5445 1,5312 1.5308 113,39 113,29 112,86 1.0861 1.0872 1.0862 109.27 109,23 109.32
166 1,538% 1, 5316 1.8310 113,25 113.24 [12.86 1,0866 1,0871 1,0861 109,26 108,24 108,32
186 f.5316 1.5318 1.5311 113,17 113,22 112,86 1.0869 1,0870 1,0861 109,25 108,24 108,32
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Table 2 Calculated Shielding Constants of Octane(in ppa}

Phi/des ol ol c3 o

dia?’ para?’ totsl dia®’ pars?’  total dia?’ pera?’ total dia®? para?’ total

1 245,17 -56,4 180.3 240.3 -58.1 184.2 240.9 59.1 181.8 240.0 -55.8 184,1
20 245, 6 -§5.4 180, 2 240.2 -56.0 184.2 241.90 -59,8 181.2 239.8 -56.5 183.3
40 245. 6 -§5.4 180.2 240.2 -56.90 184.2 240.9 -60.3 180.6 239.6 -58.1 181.5
60 245, 6 -55,4 134, 2 240.2 -58.9 184.3 240.8 -61.0 179.8 238.6 -58.8 179. 8
80 245, 6 =55, 4 180.2 240.2 55.9 184.3 240.7 -62.8 1717, 9 240.0 -60.7 179,13
100 245,17 -§8. 5 180.2 240, 5 -56.2 184,13 240.9 64,8 176, 1 240.3 -60.7 179.6
120 245.9 -55.6 190.3 240,6 -56,4 184.2 241, 1 -65.8 175.3 240.6 -60.8 179.8
140 246, 1 -55.8 186.3 240.8 -56.86 184.2 241,86 -66.0 175,86 240, 7 -61.§ 179,2
160 246,2 -56.0 190.2 241.0 -56. 7 1843 242.0 ~§5.1 176,33 241,90 -62.1 178.3
180 246.3 -56.1 190:2 241,90 ~56.17 184.3 242.3 65.5 176, 8 241, 1 -63.3 177,38

1)dismagnetic sh?eldinz, 2) parsmagnetic shielding .
90° FCIHEESE T 7 b L, $90° 2250 (VR) FTEHBEHEET T b
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D5, phi=60DEDT y -gauche )R TH Y, #3ppmTH B, THIFHE
B 5 ppmiZ R TN E WA, EERN 2 FEICHRLI Y ECHIHS
TWwb, THITE Y, y-gaucheXIROFAEFHEEGHIIIF I N,

M 412 0g8 bT VX (phi=180)% & o 72 & E DUEBEL 0 ,(180) & DZE
ZRL72, phi=60TIE T Y A EDEFH 2ppmDOBEHESE T 7 b THBH T
EWGHDB, CORPS oy (yIKEKR) DHLEHT, o (a,BRFE) T
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Fig.4 Plot of shielding constant difference

Fig.3 Plot of shielding constant difference
of C4 carbon( ¢ — ¢ (180)).

of C3 carbon( ¢ — o (180)).
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HMBC~COSY and HMBC-HOHAHA, new application of HMBC method
Kazuo Furihata and Haruo Seto
Faculty of Agriculture, Unlverslity of Tokyo

Institute of Applied Microbilology, University of Tokyo

Two new NMR techniques, HMBC-COSY and HMBC-HOHAHA, which are combinations of HMBC
and COSY, or HMBC and HOHAHA pulse sequences, are proposed. These methods enable to
reveal complicated and/or overlapped proton spin systems, which are often difficult
to analyze by conventional techniques including HMBC. Their applications to
structural studies of complicated natural products showed several advantages of
these techniques over the HMBC method.
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L 3 #&E® H~H Coup !l ing MEHNSERONMREEHEN
Thielocins CTDOWT

(&7 F) o BRH WL, H0E X, FHIE

NMR STRUCTURE ANALYSIS WITHOUT H~H COUPLING : ON THE THIELOCINS
(Shionogi Research Laboratories) Y. Terui, S. Matsutani and T. Yoshida
There are special organic molecules exhibiting no useful H~H coupling for
structure analysis. Thielocin analogues were the molecule of this kind in
spite of the molecular weight near 1000. The method we used to reveal the
structures is a combination of H~C and NOE correlation data. At first, pa-
rtial structures (fragments) were determined using the method. Next, sequ-
ence of the parts was determined using the NOE data. The shown structures

were clarified. Interesting isomerisms were found in the solution of these.

[ F ] HOPREHBHOCWENESZ DT, HEO—MEHBEEL #1775 Phosp-
holipase A2 PHEEM %9 Thielocin analogues'ids 7F&1000 ¥13HDC,H,0 &9
BBERMC bbb 5T, MEMT LERAHH 2 €L BAHEENE  BOET
Hote, Fhk 'H,'%C signals &bIC—EHREI—S CHE -0, ENBESOMS
MR E ZDEHC LD T, BERT LMD EFREBEDOLLWETH - s, Xk
THEERBE LN > K K ONMRCHD I 3 %2 2k h o I, FARERITTO
BERHA IO, ZCTRLNKEMRRCOVLTHRET 3.

[ Thielocin Al (a and §) ] . Al 1& MS, NMR X O Cs4Hso01s &HIBAL
Tk, ISP CHEZRT 2 2HOEE (0 and 8) 2L 0 5 3BMEWECH - 12,

WESEBOIRET, BECAEFHOBIRODNRDE S L PHUSIZITHE—IRE
OF - anB6NBH, 'H, '3C signals & bIC—ERE T 3 ke DTS © BB
REL, REOBTOACELMIBLNEL, AFVLCE D FROUAFIU
T 27V (DME) E72 208, ZOMICH I AT UEESS L & 13C signalsk THRET 2D
T PVAYSBEIT-Tc & 5, MERR EERsSBYE (Fig.1) BB 5Nk,

(Key word) Thielocins, structure, isomerism, H~C correlation, NOE

T3Ww KL%, *okic LFs, XL kL
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[ Thielocin Bl ] . Fig.4 Structure of Al .
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NMR Imaging Using Transient Nutations
Hirotake Kamei and Yoshiro Katayama
Elecirotechnical Laboratory
A pure rotating -frame imaging method is described which uses transient
nutations as signals for imaging. The characteristics of a imaging system are

demonstrated by proton density and chemical shift imaging experiments.
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Indirect detection of '3C-enriched metabolites in rat brain utilizing the

sensitivity of 'H nucleus

Toshire inubushit?-?, Sigehiro Morikawa!, Kouichi Kito® and Toshiyuki Arai?

('Molec. Neurobiol. Res. Centr., Shiga Univ. of Med. Sci., 2Yokogawa

Medical System, 3Anesthesiology, Sch. of Med., Kyoto Univ.)

The metabolism of 1-'3C-glucese and the distribution of the metobolic
products in rat brain were investigated by 'H-detected approach, a
gradient enhanced version of hetero nuclear multiple quantum coherence (GE
-HMQC). In order to simplify the 'H NMR spectra bearing a narrow range of
chemical shift, frequency selective DANTE '3C pulses were employed in the

sequence. The incorporation of !3C-labeled glucose into rat brain reached

the maximumw in approximately 30 min and then decreased rapidly. However,
the level of 3-/4-'3C-glutamine/glutamate was high for 2 - 3 hr, even
after the decay of the glucose. In this period <chemical shift imagings

were achieved to obtain the distiribution of 13C-labeled metabolites.
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Localized H NMR Spectroscopy Using BBy Hybrid Field Gradient.
Fumiyuki MITSUMORI (National Institute for Environmental Studies)
By-gradient-based 'H NMR localization spectroscopy(rotating frame imaging
techniquel[l]) was improved by combining with a Bg-gradient-based method
(noise pulse pseudo-saturation). The RFI method with 2D- or 3D-noise pulse
enabled us to observe N-acetylaspartate(NAA) and lactate in a rat brain with
the spatial resolution up to 0.087ml. The developed method was applied to
monitoring the metabolism in a hypoxic rat brain, revealing reversible
changes in NAA and lactate in the brain. Noise pulse technique was also
shown to be a useful means for localized shimming.
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Fig.1 11-22-spin echo 1H NMR spectra
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spatial localization. Inner ecylinder localization. 64 scans
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Fig.3 1331 rotating frame imaging(RFI)

spectra of rat brain with 2D noise
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Al pulse localization(6.6 x 6.6mm).
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{ ‘&33%.%‘.‘;:}:‘?}‘;‘,“"\&% “"::“”':,fﬂ’ W@ interpulse delay of 1331, 1.78nms;
’W"'“"’w“‘”\“‘"“ "““M 7 Bo gradient, 3mT/m.
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Fig.4 Depth profile of 3 compartments Fig.5 1331RFI spectra of rat brain with

phantom with(upper), and without(lower)- 3D noise pulse localization(lxlxicm).

noise pulse randomization. Each layer Surface lipid is well eliminated.

was 1.5mm thick and 1.5mm apart. pulse recycling, 2.7s; 64 scans
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Fig.6 [1331RFI spectra of rat brain with 3D noise pulse localization{lxlxl
em). (Left spectra--normal) rat was administered with 1% halothane in 50%
0, + 50% N,O0. (Right spectra--hypoxic) rat was administered with 1%
halothane in 8.4% 0, + 48.1% N, + 43.5% N,0.

pulse recycling, 2.7s; 64 scans; 16 phase encodings; spin echo v, 200ms;
noise pulse, 10ms; interpulse delay of 1331, 1.6ms; Bg gradient, 12mT/m.
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(1] F.Mitsumori, N.M.Bolas, J.Magn.Reson., 97, 282 (1992).
[2] R.J.Ordidge, Magn.Reson.Med., 5, 93 (1987).

[3] F.Mitsumori, J.Magn.Reson., in press.
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Introductory talk
Dept. of Material Science, Himeji Inst. of Tech. Takao Kohara

In the Cul.-based superconductors, a crucial role is played by the magnetic
correlatiens and the spin dynamics of the Cuv* ions and by the effects of Sr
and/or oxygen doping on these properties. We report the results of NMR and
NGR on the D-loaded La.Cul,,,, which is composed of both a SC [0-rich(d> 0)]
phase and a non-SC [0-poor(d= 0)] phase with a clesely related orthorhombic
structure, Our results have shown that the electronic states of 0-rich and 0
-poor regions correspond to those in the SC (LaSr).Cu0, and the non-SC (anti
-ferromagnetic) La.CuO,, respectively. The T-dependence of T,-' of Cu below
T. is also similar te those in other oxide-superconductors, pointing to the

same SC nature in these compounds.
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2 Zero field Cu NMR spectra. The internal
magnetic field at Cu site is estimated as 81.4kOe.
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Magnetic Excitation in High-T. Oxide Superconductors
Hiroshi Yasuoka, Institute for Solid State Physics, University of Tokyo

The magnetic excitations in high-T oxide superconductors investigated by the nuclear spin-lattice relaxation are
reviewed. In the normal state, the Cu relaxation is strongly enhanced and temperature dependent due to the
antiferromagnetic spin fluctuations in the Cu-Q planes, while the O relaxation has a strong correlation with the
knight shift. Scaling between the Cu and O rates is quite important to understand the g-dependent magnetic
excitations and is one of the promising test for the theoretical models for high-T /'s.
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NMR of High T, Superconductor
Kunisuke Asayama

Department of Material Physics, Faculty of Engineering Science,
Osaka University, Toyonaka, Osaka 560, Japan

A review on our systematic NMR measurements,T;, the Knight
shift and NQR frequencies of 63Cu and 170 in the CuOj plane in
the high T, superconductor, mainly La, Y and Tl compounds in both
the normal and superconducting states will be presented.

From the analysis of T; and the Knight shift of Cu in the
external field parallel and perpendicular to the ¢ axis it has
been concluded that the antiferromagnetic spin fluctuations
(AFSF) that enhance 1/T; of Cu decrease in the order of
(Laj g5Srg.15)Cul0y4, YBagCugO7 and T12Ba2Cu06+y.1) AFSF decrease
with hole content in Laj_xSrxCuO4q and TlpBagCuOg.y. 1/T1T fol-
lows a Curie-Weiss law at high temperatureZ) and becomes constant
below a characteristic temperature T*, around which T, appears.
Although in some materials, (YBasCugOg. 5,3) YBagCugOg,4)----)
1/T1T decreases even above T,, we suppose the behavior above 1is
essential for high T, materials. In the superconducting state,
1/Tq decreases rapidly without BCS peak just below Te and
decreases as T3 at low temperature. This behavior of 1/T; sug-
gests the d-wave pairing.

1/Ty of 63Cu in YBag(Cu,Zn)307 (Zn 1~ 3%) shows a
T1T=const. dependence at low temperature, while the Knight shift

F-——F BEBEHEE, T, F4 7 b, NQREABEH. d .
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increases the residual part with Zn content.5) These behaviors
of 1/T; and the Knight shift are consistently explained by an im-
purity induced gapless d-wave model®) where the non-magnetic im-
purities act as a pair breaker and induce an extra density of
states in the unitarity 1imit®) in addition to the energy linear
density of states associated with the gap zero on line.

In La system, when the Sr content is low, 1/T; becomes T-
independent at low temperature in the superconducting State,
which is ascribed to a localized character of 3d holes.7) For
high Sr content 1/T; shows a TjT=const. relation at low tempera-
ture even in the superconducting state together with the increase
in the residual Knight shift which are explained consistently
with the impurity induced gaplessness in d-wave pairing.s) The
relation between the decrease of T, and the extra density of
states due to the pair breaking obtained from T; and K in
YBag(Cu,Zn)307 and Las_xSrxCu04 is gualitatively in good agree-
ment with the theoretical calculation.9)

AFSF increase with decreasing hole content, while T, 1in-
creases and then decreases with'decreasing hole. As seen in Tp
in La system, the localized character becomes appreciable when
the Sr content decreases which is considered to be unfavourable
for the occurrence of the superconductivity even in the case
where the AFSF are the origin of the attractive force and in-
crease with decreasing hole content. Thus there may be an op-
timum value of the hole content where the increase of the attrac-
tive force and the decrease of the mobility compromise with each
other to give a maximum in Tc.lo)

Hanzawa et al. obtained the hole number at the Cu and O site
in YBasCug07 assuming the NQR frequency of Cu and O to be mainly
due to the Cu 3d and O 2p holes, respectively.ll) Following this
the hole number at the Cu and O site are obtained to decrease and
increase in the order of La, Y and Tl compound, respectively.lz)
This change of the holes is consistent with the change of AFSF.
The AFSF increase with increasing and decreasing hole content at
Cu and O site, respectively. Now, by applying pressure, T, in-
creases for La compound, while decreases for T1 compound with a
small change for YBapCugO7. On the other hand, v g of La, Y and
Tl all decrease by pressure suggesting the transfer of the Cu 3d
holes to 0O 2p state by pressure.lz) These facts suggest that
there exists a peak in T, at an optimum value of n(Cu)/n(0)



around YBagCugOg, if we plot T, against n(Cu)/n(0).12)  When
n(Cu)/n(0) increases, AFSF increases, which may be favourable for
To if AFSF is responsible for high Tg. However, if n(Cu)/n(0)
goes over an optimum value, the localized character appears which
is unfavorable for high T,, as mentioned previously. Thus we can
expect an optimum value of n(Cu)/n(0) giving a maximum T..

Now the band calculation shows that the contribution from 4p
electrons is also important as 3d holes.13) Ohta et al.l4)
analyzed by a cluster calculation the contribution from 4p
electrons and explained v Q of several compounds. They showed
that the contribution from 4p electrons was not so sensitive to
the materials. If we assume that the contribution from 4p
electrons does not change with material and pressure, the conclu-
sion is qualitatively the same as those discussed above on the
assumption of Hanzawa et al.1l5)
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Magnetic Phase Transitions and Spin Dynamics in Frustrated Antiferromagnet
Department of Physics, College of Liberal Arts and Sciences,

Kyoto University O Satoru MAEGAWA, Akira OYAMADA, Takao GOTO

The magnetic ordering and spin fluctuation of the triangular-lattice
Heisenberg antiferromagnets, CsNiBrs and CsNiCl: have been studied by '%3Cs-
NMR. The successive magnetic phase transitions occure, such that the Ni2?*
spin components parallel and parpendicular to the c-axis order at different
temperatures due to the frustration effect. In the low temperature phase the
spins form the triangular structure in the plane including the c-axis. Even
in the ordered phases the spin structure has a freedom of rotation which
depends the value of D/J:. The characteristic spin fluctuation has been also

revealed from the measurement of relaxation time.
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The fine structure of the 'H coupled 3C MAS NMR spectra
A .Kubo, D.Kuwahara, F.Imashiro and T.Terao
Department of Chemistry, Faculty of Science, Kyoto University

1.Introduction

High resolution magic-angle-spinning(MAS) NMR spectra of the strongly dipo-
lar coupled systems such as the 'H spins or the !H coupled '3C spin, have been
obtained for the inclusion compounds and the liquid crystallines.(!) In these sys-
tems, the intramolecular dipolar interaction tensors have the same orientations of
their principal axes, because of the motional average. The intermolecular dipolar
interactions are also relatively weak in these systems. If there are J-couplings or
the isotropic chemical shift differences, we can expect the fine structure of the
MAS NMR spectra, due to these interactions, which has not been interpreted,
yet. In this paper, we studied the special sample, the a—!3C labeled n-decane

diluted by djs-n-decane and di-urea, and could observe such a fine structure of
the 'H coupled !3C cross-polarization(CP) MAS NMR spectrum.

2.Experimental

a@—'3C n-decane was synthethized in the following steps. n-octylaldehyde was
reacted with CoH;MgBr prepared from a—!3C(99.3 %) labeled C;HsBr, the ob-
tained alcohol was brominated by PBr3, and was reduced to n-decane by LiIALH,.
Urea was completely deuterated by dissolving it with DO, five times. 14mg o—13
labeled n-decane, 146mg d22-(99.3 %) n-decane and 600mg d4-urea were recrys-
tallized from 2.5ml d;-methanol. The NMR experiments were performed on the
CXM300 spectrometer with the operating 'H and '3C frequencies, 300.46MHz
and 75.56MHz, respectively. The magic angle was adjusted by looking at the 13C
CPMAS NMR spectrum of the methanol A-hydroquinone inclusion compound.
The contact time, 3ms and the recycle delay, 10s were used. 16000 scanes were
collected.

¥-7-1 (CPMAS NMR, C NHMR, Jf8)

A" &=L



3.Calculations of the MAS NMR spectra

We will show the effective algorithm for calculating the powder MAS NMR spectra
of the multispin system. We found the algorithm to omit the average over the
angle v by using Floquet theory. « is one of the Euler angles which relates the
crystal fixed coordinate(C) to the rotar fixed coordinate(R). (See Fig.1) v can be
considered as a initial angle of the sample spinning, so that the spin Hamiltonian
should satisfy, :

H(y;wrt) = H(O;wrt +7) (1)
The time evolution operator from 0 to t, U(7; 0, w,t), also satisfy a similar relation.
U(7;0,wrt) = U(0;0,w,t +7)U(0;0,7) " (2)

H is a periodic function of time. According to the Floquet theory, U can be
written as a product of a periodic function, P, and a exponential operator.

U(7;0,w,t) = P(v;w,t) exp —iQ(y)t (3)
From Egs. (2,3), we obtained,
P(y;wrt) = P(0;w,t 4+ v)P(0;7) ™" (4)
Q(Y) = P(0;7)Q(0)P(0;7)™" (5)
The free induction decay Sy (v,w-t), is given by,
St (rsw,t) = Tr{IpU(v; 0,w, ) I_U(7; 0,w, )7} (6)

This equation can be rewritten as follows, using Egs. (3-5) and diagonalizing

Q(0) = TAT.
St (y;wet) = Zexp—z’(Ak)k — M)t < k|Gt + I >< G k> (7)

Kl
G(z) =T 1P(0;2) I, P(0;2)T (8)
If we introduce the Fourier component of G(z) by,
G(z) = Z F,, expimz 9)
m

Eq. (7) can be reduced to a very simple form after the average over .

< Sp(viwrt) >y= Y | < k|Fnll > [Pexp —i(Apk — Ay + mw, )t (10)
k,l
For the calculation of the powder spectra, only the time evolution operator for
v =0, U(0;0,w,t) has to be calculated. Then, P(0;w,t) and Q(0) are obtained
from U(0;w,t), and the spectra are calculated by using Egs. (8-10).

Two methods were employed to calculate the time evolution operator. At
first, we calculated it by multiplying the instantaneous time evolution operator.
Secondly, we calculated it by treating the CH J-coupling and the 'H isotropic
chemical shift as the perturbation of the large CH and HH dipolar interactions.
These two methods provide almost the same spectra.
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4 Results and Discussions

4.1 Model calculations on the
CH:H, system. ( C)
Fig. 2 shows the calculated 'H coupled
13C MAS NMR spectra of the CH,H, ” ' ”
system, where only one of the protons !
have the CH J-coupling. (Joy, = 0.12kHz)
The dipolar couplings were assumed to
be dey, = -6kHz, dey, = -2kHz, and (b)
dy,m, = 4kHz for (a,b), 2kHz for (c). u Jﬂ )

| ‘\ 11 I

The 'H isotropic chemical shifts were v+
=0, and v; = 0 for (a,c), and 0.2kHz
for (b). From a perturbation calcula-
tion, we found there are six central lines (a)
at £J/2, £rJ/2, and £r(v; — v3). The
latter four lines appear, when dy, g, is

not zero. ( ris a reduction factor, which L “ ” |
depends on the dipolar coupling param- '

eters.) 6 . 0 L. KHz

Fig.2 Calculated 'H coupled °C MAS NMR spectra

4.2 The 'H coupled 1°C MAS NMR spectra of urea-decane.

Fig. 3 shows the experimental (a), and the calculated (b,c) 'H coupled 3C CP-
MAS NMR spectra of the specially labeled urea decane. The left and the right
sidebands were shown in the separate figures. The centerband intensities were
normalized to the same level for a-c. The inner-CH, signal, arising from the nat-
ural abundance *3C of the protonated and deuterated n-decane, (shown by x) has
less than 9% intensity of the w-CH, peak. The a-CH, signal from the dj;-n-
decane can be ignored in the analyses of the spinning sidebands. Because of very
weak intermolecular dipolar interactions, we now can see a fine structure in the
spectrum (c). (b) was calculated by taking account of only the two a—'H spins.
(c) was calculated by taking account of the seven 'H spins, including methyl-, a-
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Fig.3 'H coupled 2C MAS NMR spectra of urea-decane

methylene-, and y-methylene-protons. The dipolar coupling parameters obtained
in the previous study were employed.(®) There are only three sidebands families
in (b), while (a) and (d) include more lines.
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J- and Dipolar HOHAHA under MAS Conditions for '3C-Enriched Solids

1. Fujiiwara, A. Ramamoorthy, K. Nagayama, Y. Sugisawa and T. Fujito.
Biometrology Lab, NM Application Lab and NM Group, JEOL Ltd.

We have developed rf—pulse sequences for homonuclear Hartmann-Hahn (HOHAHA)
cross polarization by J and dipolar interactions under magic-angle sample-
spinning. The dipolar mixing sequence suppresses isotropic and anisotropic
chemical shifts and recovers the dipolar interactions by applying spin-echo and
magic-echo sequences synchronously with the sample spinning. The J mixing
sequence makes only the J interactions effective. The two sequences are
applied to HOHAHA experiments which reveal the connectivities between isotropic
shifts as NOE and HOHAHA experiments in liquids. Magnetization transfer for an

amino acid in powdered solids consisting of four carbon-13 spins is shown.
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Solid-State NMR Studies of Dynamic and Static Structures of
Guest Molecules Trapped in Inclusion Compounds
Department of Chemistry, Faculty of Science, Kyoto University

Takehiko Terao, Daisuke Kuwahara, Fumio Imashiro

The behavior of guest molecules in B-cyclodextrin/ferrocene and

cholic acid/y-valerolactone inclusion compounds has been studied mainly

by variable-temperature
obtained
SASS NMR.

patterns

one-dimensional

measurements of
selectively for
Details

C chemical-shift powder
the guest molecules using
of dynamics, conformations,

populations, and selectivity of the guest molecules are discussed.
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Measurements of 13C Chemical Shift Anisotropies of Glassy Polymers

by Selective Excitation SASS NMR Spectroscopy and Their Analyses

F. Horii, T. Beppu, H. Sugisawa*, and T. Fujito*

Institute for Chemical Research, Kyoto Univ., Uji, Kyoto 611
*JEOL LID., 3-1-2, Musashino, Akishima, Tokyo 196

In an attempt of measurements of spectra reflecting the chemical shift anisotropy,

we have developed the selective excitation switching angle sample spinning (SASS) NMR

method for solid polymers by combining the cross polarization, the selective excitation

pulse ( DANTE or SELDOM ), and SASS by use of a Doty dynamic angle spinning probe. We

have applied this method to the characterization of the phenylene motion of bisphenol A

polycarbonate in the glassy state.
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Conformational Stadies of Bacteriorhodopsin in Purple Membrane by High-Resolution
Solid-State ''C NMR

OSatoru Tuzi, Akira Naito, Hajime Saitd

Department of Life Science, Himeji Institute of Technology

We recorded high-resolution solid-state '*C NMR spectra of light-driven proton pump
bacteriorhodopsin in purple membrane. Bacteriorhodopsin is a typical membrane intrinsic protein,
consisting of seven «-helices traversing the lipid bilayer, and contains one chromophore, retinal. We
prepared 13C labled purple membranes using either [3-‘3C]L-alanine or [1-'3C]L-valine, and
observed remarked changes of higher order structure between dry and hydrated states of the samples.
On the basis of the '*C chemical shift and relaxation parameters (TCH, Tip and T1), this finding was
ascribed to a change of thc manner of mutual orientation between «-helices induced by
hydration/dehydration.
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ARAREZ L » THELEDEIMEBALD LI « =AY v 2 AMOMEERADOEILCH B &b 5,

ARADIRAEE IS & BBV %ML . Table IZL-Ala Cp. L-Val C=03 & UBEF{ o FV R FE22.7ppm)
DREGMBGMTenE 70 b YDA E Y HTFRAMBMTI o OEE RT o SIREF & KMBEOTRE BT
BLa=NYy 7 ABOL-Ala CpTIAMEETCH0.07Tms) A EHREF(0.17,0.18ms) & h bEF 24 ¢ %

Table |

13C Chemical Shifts, Cross-Polarization Times (Tcu), 'H Spin Lattice Relaxation Times in Rotating
Frame (T1p) and '*C Spin-Lattice Relaxation Times (T1) of L-Alanine Cg, L-Val C=0 and Methy!
Group of Lipid in Purple Membrane at Dry and Hydrated State.

Chemical shift Tai (ms) Tip (ms) Tt (s)
(ppm)
L-Ala Cp
Dry state 16.0 (at-helix)? 0.17 70 0.58
16.8 (ai-helix)® 0.18 70 0.58
Hydrated state 6.2 (cr-helix)® 0.07 sb 0.52
L-Val C=0
Dry state 172.0 (B-sheey® . 0.40 7.0
173.9 (o-helix)? 0.45 5
174.6 (o-helix)® 0.36 6.1
175.2 (a-helix)® 0.36 ° . 6.7
177.1 0.27 8.8
Hydrated state 172.1 (B-sheen)? 0.38 5.1
173.8 (a-helix)® 0.30 5.1
174.6 (at-helix)® 0.36 4.6
175.4 (a-helix)® 0.46 4.8
177.2 0.33 5.2
T e
(methyl group)
Drystate 22.7 0.12
Hydrated state 227 0.27

3 Conformational assignment of peak is shown in parenthesis.
b Accuracy of relaxation time value is not enough, because of dispersion of mobility of L-Ala

residues.



- T, Tewldst
1 CisMP
Tn My (C1s: €80

TRENBLHIIC, HO k'~ A ¥ PMas. ManiZKFEL, BWHEROESERE T 213 EH0
REM A RKBT B, SOTwEEANIFYF AR TI D a—~Y v 7 ADERICBITZRAD
B ENAMZETHALTOBEIEFFELTYVDe —HVal C=O00 LB/ ' HTIpl  a =~ ¥
ZAMDOIYE LUK L BELERLTYE, BEAPHO'HTIpOEIR—RICAE VIEHFED
O TFERTEYLsNilit s, KMREBICBIT2Tiplda =N v 7 ARMLEEFDBOR
MTIITELWEHEY S 25, RIREBICB T BT1pE172.08 L0177 1ppmD E— 2 L 175.2ppm®
C— TN« —~N) v 7 ABMLIYDERVWHEHESATVD, Bl —-~NY v 7ARL 2L
DR Lo MBS IBRIZ S h &, A VHEBOBEFMES A > TWAHIEERLTW S, ¥
o, BBRI75.2ppmO E =2 IIHHIET B a— AN v S AD—EHFEEB IOy I ARLINE
VBB O EERTH, SOMIBKIMCE D175 2ppmD K — S BEFRIT I EEERT L L,
BRILE2Tae— N v 7 A0 L N BB ETHOWENDEAVDLIEERTL TV S,
L-Ala CpiZ oW TIIL-Alaf R U BHOBEDO A DO I E—~DBKBEIT & 2T oD FEA EHE
P 2 v ds, DCHO A E U BFRAMEMT I (Table DERBT AL, BHREEKRMBED o — Y
77 ADTUZHEC A <o MBIERNI0 HHEDE Y « =AY v 7 2 OEEHEKRAMRBIC L o TEAL
LTWwawIedtbhb, SILOMEHNEOEEIZ. X270 40 F7Y e KMRED SEBIRE
RBLAEIZ, a—~NY v 2 AMZERI Y ELHEBROESHEAENL, « ~~NV Y 7 AORBDIE
LEPHMLTWVWAIERRLT VS, 72, BAO X FVETETcHIZAKMKRETLVEL., BHS
FHEHNLEBIIERFCA(RALTYEIENLDI S, CORIREOKMREIZL2EAT
DHEEEADPWP TS, RAMTABOKMKBOBVICARLTVAI L2 RBEL TV 2,

LEa ki, BAESMIE'C NMRIZEZ2EHEI»S . EROAMRBOELIZLIY LFF—I
DEEEL (Fig. DEFFTLTHAIZFVATF 7V VOBREBELLILEL, BRICBT S0 -~
v P AGEDORADEAEN) v 7 AMOREEHOEANRETWEZERMELP IR o, SO
e, KMREBIZEIZLFF—VOBESIU Yy 7IEEOTSO N VDBV IIGFEEDO B RIE
BHOEEFERLTVANREERLTVE, S0L) LESEEIHE’C NMREAVWLREHED
BEAROGRBELRLORITE., AHOEEzR>MOBEEBTICOVWTLTETH Y, BRIBED
B LEHIIMLTERY B2 L ELON D,
ORI A RO S VA B LB ER VAN S LAERTEARSEALESZRL, BEENEL,
BRBERFLAMEEL IR BHZLET,

(BFLH]

)Korenstein, R. and Hess, B. (1982) Meth. Enzymol. §_§_,'180-193.

2)Onishi,-H., McCance, M.E. and Gibbons, N.E.(1965) Can. J. Microbiol. 11, 365-373.
3)Saito, H. and Ando, 1. (1989) Ann. Rep. NMR Spectrosc. 21, 209-290.

\\?""



L13 EERARY 7 I KOBE KN NMRE EBAT

BIXTL BEH c OHifHE - BEHUR
RFNEST PR

Structural Analysis of Aromatic Polyamides by '*N Solid State NMR; Joo Hong Yeo', Makoto
Demura', Tetsuo Asakura', and Takuro Itoh® , 1 Faculty of Technology, Tokyo University of
Agriculture and Technology, 2 Co., R & D, Toyo Seikan Group

The structure in atomic level for aromatic polyamides, Kevlar and Nomex, were determined in the solid
state by using "N CP NMR method on the basis of the **N chemical shift tensors. The **N chemical
shift tensors were determined by the simulation of the observed powder pattern spectra. “*N CP NMR
spectra of the oriented samples were observed by setting up the block samples at parallel and
perpenducular with respect to the magnetic field. By the simulation of both spectra, the Euler angles
which characterize transformation of the principal axis system to fiber axis system were determined. The
other Euler angles of transformation from PAS to molecular axis system were determined with C-'*N
double labeled model compound. The angles between the NH bon direction and the fiber axis of
oriented samples were determined by using these Euler angles. The crystalline and non-crystalline
structures of two aromatic polyamides were discussed.
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by *N CP NMR Analysis.
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STRUCTURAL ANALYSISOF SOLID POLYPEPTIDES .
Side-Chain Effects on '°N Chemical Shifts.

Akira Shoji, Mikiya Ashikawa, Hiroshi Katoh, Takuo Ozalkd, Shigeki Kuroki* and Isac Ando*
(Department of Biological Sciences, Faculty of Engineering, Gunma University,
*Department of Polymer Chemistry, Faculty of Engineering, Tokyo Institute of Technology.)

Abstruct:  The relation between the chemical structures (primary structure and conformation)
and the >N chemical shift tensors (G, ,, G,, and G,,) as well as the isotropic chemical shift (c,,)) of
some solid polypeptides [AA*, X], (X denotes other amino acid residues: natural abundance)
containing ’N-labeled L-Amino Acids (AA* = Gly*, Ala*, Leu* and Val*) residues was studied by
means of "N NMR. It was found that the o, of Leu* and Val* residues are very useful for
conformational analysis of copolypeptides. On the contrary, the o, of Gly* and Ala* residues are
difficult to determine their conformations of copolypeptides, which is quite different result from that
of [Leu*, X], or [Val*, X],. Further, it was also found that the >N chemical shift tensors
(especially ©,,) are useful for the primary structural analysis such as the neighbouring amino acid
sequence effects and the side chain effects of solid polypeptides.
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HRYNRTF FEBE. N-VVERFTT7 3/ BIEKY NCA) EICL D EBE L & Do

CP-MAS (cross polarization - magic angle spinning) NMR A X2 F )l it JEOL GSX-270W 53X 5t % AV, 274
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a-helix Do, H5B-sheet & Y WEIHICHE b DA, V7 P ERRE B, —FH. [AA%X], B
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(95-98 ppm)i< B-sheet Tid 1~3 ppm FWHH M (H 2 v id4~5 ppm ERBUEN) CEII S h
(106-107 ppm) » < &R, [Val*, X], Do-helix ¥ — 2 & B-sheet ¥ — 7 $HIRIZ TN 5
DLEDR RiZ. [AAY, X], DAAEREDC BRIV RTFFR I VNI BORBETI /B

BRENKBRT I ) BEFIEFSELH<3> 2 CHRETHLHLTHRT 5,
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Fig.1. Diagram of the observed '*N isotropic chemical shift (o,,,) of the val*
residue of some polypeptides [Val*, X], (Val* content is nearly 20%) in the
solid state.
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Fig.2. Corrrelation of the '°N chemical shifts (,,,) of AA* residue of some
copolypeptides [AA*, X], with those of host homopolypeptides [X], in the
solid state. The arrow indicates the o,,, of [AA],
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A Structural Study of Polyglycine by Solid State '"O NMR Spectroscopy
(4)
Shigeki Kuroki', Isao Ando', Akira Shoji’ and Takuo Ozaki’
1 Department of Polymer Chemistry, Tokyo Institute of Technology,Ookayama, Meguro-ku, Tokyo, Japan
152
2 Department of Biological Science, Gunma University, Tenjin-cho, Kiryu-shi, Gunma, Japan 376

Recently, high resolution solid state NMR techniques have been developed for studying structure of peptides
and proteins in the solid state. 'We have already reported that C chemical shift of the carbonyl carbon and N
chemical shift of the amide nitrogen are closely related to the nature of hydrogen bond.

On the other hand, the universality of the oxygen atom in intra- and intermolecular interactions and in certain
physiological processes, and in particular in hydrogen bonding in biological systems makes this nucleus
especially suitable as a probe for investigating the structure and dynamics of solids and solutions. O NMR
studies of amino acids, amides and peptides in the solid state are virtually non-existent. In this study, we attempt
to observe the solid state O CP MAS and static NMR spectra of polyglycines I and II and oligopeptides
containing glycine residue, to obtain the values of three NMR parameters (nuclear quadrupolar coupling constant,
asymmetric parameter and chemical shift), and to reveal structural information through these parameters .

Figs. 2 a), b) and ¢) show 67.8MHz O CP static NMR spectra of polyglycines in the solid state. Figs. 3 a),
b) and c) show 67.8 MHz "O CP MAS NMR spectra of polyglycines in the solid state. Sample II contains form
II only, but sample I contains form I and IT and I /Il ratiois 1 /0.6. It is found from these spectra that there exist
two magnetically-unequivalent sites in both the forms I and II and large isotropic chemical shift differences
between the forms I and II. The details will be given in the presentation.
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Fig.1 170 CP static spectra of
glycylglycine in the solid state,
by 36.6 MHz (a) and 67.8 MHz
(b)respectively.
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Fig.2 67.8 MHz 170 CP static spectra
of polyglycines in the solid state,’
sample II (a), sample I (b), and
sample I - sample IT X 0.6 (c),
respectively.
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Fig.3 67.8 MHz 170 CP/MAS
spectra of polyglycines in the solid
state, sample II (a), sample I (b), and
sample I - sample IT X 0.6 (c),
respectively.
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Figd 67.8 MHz 170 CP static
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Line shapes in CP/MAS NMR spectra of quadrupolar nuclei
(National Chemical Laboratory for Industry) Shigenobu Hayashi, Takahiro
Ueda, and Kikuko Hayamizu
Cross polarization (CP) from 'H to quadrupolar nuclei such as 2%Na and
1B has been carried out under magic-angle-spinning conditions for powuder
sanples of simple inorganic materials. Line shapes in the CP/MAS NMR
spectra are different from those in the spectra measured with the single
pulse sequence combined with the 'l dipolar decoupling. Furthermore, the
line shapes are found to be dependent on the measuring conditions such as
the pulse amplitude for the quadrupolar nuclei. The mechanisms affecting

the line shapes are discussed.
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Conformational Analysis of Liquid Crystalline Molecules by use of Deuterium LCNMR
Department of Chemistry, College of Arts and Sciences, The University of Tokyo
Hirokazu Toriumi

The general framework for the analysis of conformational and orientational properties of flexible
molecules in liquid crystalline phases by use of 'H- and *H-LCNMR technique is described. The deuterium
NMR quadrupolar splitting patterns observed for flexible solute molecules such as n-alkanes and substituted
alkanes are quantitatively reproduced using a newly developed formulation of the potential of mean torque
including orientational correlations between neighboring bond segments (chord model). The theory is
further extended to neat nematic molecules consisting of a rigid core segment and a flexible alkyl chain
tail, yielding a consistent description of the essential features of the chain order profile and the even-odd
variation of thermodynamic guantities associated with the nematic-isotropic transition. The chord theory
can also reproduce the deuterium NMR segmental order parameter profiles of a variety of mesogenic and
non-mesogenic molecules using the same parametrization of the potential of mean torque obtained above
for alkane solutes in the nematic field and monomer mesogens in neat phases. These findings clearly
indicate the predictive power of our chord model and the utility of the LCNMR technique for analyzing
conformational and orientational properties of flexible molecules.
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N e Fig. 1 NMR spectra of benzgne:
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VRPN e . 75— St <gg22 LCNMR in liquid crystal solvent,
RYEVYONMRARY bV THB. FHMTRA ‘Kmkfﬁﬁﬁﬁ (¢) multi-quantum ' BLLCNMR in
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B, Z2TO, i CDRTPVFEBHLTLTAT  Fig. 2 Deuterium LCNMR spectrum of n-decane
B2, BaFEETHEILFS IV RGTF OB, B dissolved in a nematic Phase V solvent.
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Moiecular Primary Structures Idealized Shapes & Dipoles

Phase V. ,0~O)ns -Orcy-
i (}N (CH,)y~CI1;

% !
T
8 v Oemean, e > !
in Phase V in 5CB

DBr-CN Br—(CH,)y~Br N 5o
Cio CHi~(Cly) g~Clty SEBEIP Fig. 8 Schematic representation of

. ) o dipole interactions of dibromoalkanes
Fig.7 Molecular structure and dipome moment orientation in liquid in Phase V and 5CB liquid crystal

crystal solvent molecules and guest molecules. solvents.
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Deuterium NMR study of Internal Motions in Proteins. The Case of Methionine Residues in Streptomyces
Subtilisin Inhibitor.
A. Tamura, M. Matsushita, A. Naito, S. Kojima, I. Kumagai, K. Miura, and K. Akasaka
Kyoto Universety, Himeji Institute of Technology, Gakushuin University, University of Tokyo, Kobe
University

The motions of the side chains of three methionine residues were examined in a globular protein Streptomyces
subtilisin inhibitor (SSI) in solution as we