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Table 1. The calculated C shielding tensors in compounds

contained m—electrons. X
. I ] o G st a2} sobs poobs HE _C/H
ko= 1.0 %% ¥y . zz =00
T ' ' H H
methane -129.1 -329.1  -129.1 -129.1 0
ethylene -377.4 -161.0 -124.5 -221.0 91.9 144.7 124.9 X
acethylene =221.7 -221.7 0.0 = -147.8. -18.7 221.7 170 L z
benzene -220.5 =-352.0 -137.3 -236.6 107.5 149.0 130.8 180 H—C=C(—H
' K= 0.85 ‘ ’ v
. ethylene -406.7 . -174.5  =124.6 . -235.3 106.2 . 166.0 124.9 4 X
acethylene -240.3: -240.3 0.0 -160.2 31.1 240.3 70
benzene . -240.6 -387.2 -134.8 -254,2 '125,1 179.1 130.8 180 @
1) ppm from methane _ _ 1
) 2) Ao =0, =Flo. .+ ny)

RN LD LEBERBELEBDE TR FL 7 bR F oA L By
RwsEFicfi<imsd. Litl, 72¥F5L 2 flL 7R $BNR o EL8A @ o X
Reoehszedb, thPi7 ot SME e ) 2455, 2£, 241
SR> 7 FENREME RN LAY LY EbREA IS,
CuFEmbto KT 4 -9 (B, B, ) RovwoBE: FHBEBGH Fe%
BATR2Z7 NYAL P2 T aFHAREOX 0 k) I2RTF - J ik )FMERER
PO THEMEEBRAPLTALA TV 25 v L 5. —RRIL, HZ ot (£
BHT) KL LREPE O PEARB T 9P F A ¥ - KAEL A 5.
B R boding prasmeten D fEE KE LY 5 3 U R AIEB O F 5 NBO) 45 2 ¥ AVR
XhTEHEY), THRFAPELFAE - WA H 5V B Sumom a3k 7 FR2X M 5
Mk =KL ZVE, IH5aNTE~ T ARMIZ 20T, Pl d KER TN 2
BErsFizowldEdicay bf:é%%l:i:h}; S TEEx T B, Lo L, Wity
:&{;,ku;ﬁéf}fii'tc//7‘%“i‘lii%ﬁ%?ﬂiﬁﬁ&hﬁ'liﬁﬁiﬁiﬂﬁ'6l:kt'fbl,?’?ﬁf,
CrzejoeV, Bi=-I1T.5 VY B L TN D X5 T, Duws 50 MINDDE T E MK bowding.
Pmmﬁa LExT ML T /?Z.’=-/s.5%~ev, Bil2s)==]9.603eV , Be(ap)=~[2.309V 4N 5 %
SRZVE, A, kele o W T ezt 0 TREF AT F Ao a7 3B 038R N F
Yhethn b RENZRARTI -9 7Th Y, RER TS0 BRITE 50 <
Wh, 2Nt IRBTL B ENNFE TR BERLETY AL CABA D L)
LBALENRTA -9 REITEEARL TR VT e Nh 3,
d AN VW< 540 432 7\ T Table 2. The calculated +-C chemical shifts’in

some olefins.
N F : >4 -
_M AL 7 4 nEx o Calculated Shift

—

. Observed
RZs7 k3Gt & Z (nethod  Method I Method II  Shift
I)IeRL . To €Ll >8t Wy- ethylene 106.2 101.9 124.9

S . t propylene c-1 110.4 98.7 117.1
TF>nte o7 EREE c-2 116.8 111.8 135.2
. c-3 9.9 11.4 20.8
Gl R F K W EIRaG L - :

# T % <l 1-butene c-1  1ll.1 99.6 114.9
Blzud. Lol, 4L >% c-2  119.3 113.7 142.3

: c-3 18.4 19.7

B LzZ25c CoRF & o4 8.0 8.6
.- R - p ; cis-2-butene c-1 10.6 11.9 12.7
BB 7452 24 IR c-2  121.6 109.7 126.4
@ R - L B\, % aj¥n 7~ trans-2-butene C-1 10.0 11.3 19.4
c-2  121.1 109.0 127.9

BhEbr LT, OI-ALT74 29 * ppm from methane
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- 0— \\
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= oo N e B S A - , RN e methane

(Bi=-%eV,Bi=2V) P 5 R 2 A B0 ﬁmqk A o e

R ?5—07,{?@/{3—1'&}'_ B L ~ ° 7}%—’*4{5_ v . \:‘\ 4 propane C-1
L I c-2

TERI S > 7 2772 R0 LH
BEB 0B SN S LTl ), KRR 140
Bl dE % s, BLoGatithx<
o e RHENA 0B S RS 5., B
e ALY > (o) Dbz, B
hIRCAPROR KR #ELIIRLAR, TA
¥l hy, Bi=-ls¥a k2 Trs2 120
§reni 7 ERNERRER cREE LA
.29 SO R2Ck 7 ERE
FRZL A, Tvws R, K3 R &
CHBBEINZ0D vt b, BRI
TERBEBRTL T >N T2 K2 by B 00— 7 e 2]
AR FEENEF AT A, 2 H Y, % A2 (ev)
NECHBIERRBATH T ZREEWH
IPRAECESR, 2w, Lot b2l 5 L BMERTLRELE I RN AR
Nzl Nd exhbhzhTn, BLpadhkiItBiolE Nz {33 c¥BRMAF
CERAELC ARG, B ESRGRRAT S (o, BB RAERFA 4MB 5 )
—HAI V. LEKR, 7, B¥Mor 5B HWLTOLAXHERE A BEAZL L 43
Titk, 24PRECTEDS . L L, BLrYeNd w M WA TRES. BRI
Lz ARz RA CREGREE D, RTF o 29>, 24>, 728
a7 FEKRTEL BB CTED Bl=-Bev, fi=-ISV i EHKAS 5.
b.i@F tA L3 IITRZFL>, 724 L, A2 &>lR20 &Y
LA, SoRATRAEF - EFToMEERA LT EFTLoBTAERLERNT 30T
Ao 9untBNL AL K RKezto (AREM) b z=0850% N X h 0Bl o iF S
T NE T Mo IR LR LA, S THEL 7SI R E
0 T . Knlo aFAITRAFE I & WE Tl GAERBITM £ e~
AN g INET L A, TND ., K085 OB, Thahs, T EFHAMBERRKCE
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REEN12-4 L 74 >0 50 F0RNEHMEA o FENAZL AsBRALETT. @2
TT2nC A 4Aph) TR B Dumasb o MEERIATHL7rE NS5
NUFHERTRBEY I 7 v KO, | -

EZ3rdrorzoa LervnwTFeyvilofSEtal £, = :z“lix*;t“; n %
AI7r BB Lz b Mzvd, 27 FELEFVMBLINRL L MRAN
PLTRBE R BRI 2. BREAF - KA EL LT, 000G ERE o ¥
ANk eh , 720, @CGE G Rk K2 hERBEAYHZ A
@B E o0 WA RS R N B BB .

Table 3. The calculated 13C shielding'tensorsl)in durene,
Calculated 3) —4) Observedz) 3) _a)
p 955 033 Ao o 911 059 033 Ac g
c-1 102.1 109.4 126.7 20.9 112.7 . 98.0 105.3 126.8 25.2 110.0
c-2 -145.7 -=13.5 102.4 182.0 -18.9 ~101.6 =-27.7 112.0 176.7 -5.8
Cc-5 -152.3 16.3 113.7 181.7 ~7.5 -94.1 6.4 82.6 126.5 -1.7
1) ppm from liguid benzene , 011 < 022‘ < 033 ; 3 5 .
2) taken from J.S. Waugh et al. J.C.P. 59,591 (1973) 4 .
- -1 - ‘
3) 80 =053 = 5003 ¥ 9y 1 @
- _1 2
4) T =30 * 0y, 043)

CHBBRET NS0 FS ¢ BRBER D mere-alomic B 5 O BE KW TL 5%
TFOBERA DL YBER TR, L L, GudRl o BHWESERFI L 74 2457
HRAY A ENORE) S, :n%’ilimﬁgg%o\~mzs_zm—ww AR L AT

txz %, A - Table 4. The calculated chemical shifts taking into account
. the contributions from the neighbouring atoms.

ReREAME

c-1 c-2 C-3 {(2-center) total § obs.
¥ 7V TP pethane -129.3 -129.3
gy/‘g_\f\.g;fl\z # L ethane -136.2 0.2 -0.8 -136.7 7.4 8.0
Z - - propane C-1 ~-136.9 0.2 -0.1 =0.9 -137.7 8.4 17.7
AN N 4 c-2 0.2 -143.3 0.2 -1.4 -144.3 15.0 - 18.2
) KA L ethylene -230.3 3.4 -4.,2 -231.1 101.8 124.9

acethylene -157.4 8.0 -5.2 -154.6 25.3 70

LEZtAL 2 :
YonBlid s BsohtEh I,z\\bo' NS 7 4 >TRBBRF » 508 5 /K3 ‘
Flohx v, 2Par2cizBLZBRAENS BB 7 o BS5 °F 8N
BWHFEHBIIIEZRABL Y RIN2SE 5, 2FL b7 €4 L><CUBRERT
N ABEREEHAELED. LL, T2F5L 0By, $RMEREE ) 24
5ARMRBLEFI TSI 5027 FERNSLKAYIELS AR F @R
2TLEY, AL T4 >AFRINVTIERERAFT VS o RSt AR LABSOFEE
REEZ (el L) R LA, PEEANA B 5Nk L 2R L7 L > £ R
A9 2 psn g LE2RF-RKaoFfalkLte 3, 5L 2t EHL LA
FEojafar b ygkEx T b, L L, 2-7TF20C9 ch ¢ buet 27
FEWR BT R L AMIZ Ik ) BIESRE BB LAV, '

(5% X #) 1) J.A.Pople,J.W.McIver and N.S.0stlund, J.C.P., 49, 2960 (1968)

A~

7 R.Ditchfield,D.P.Miller and J.A.Pople, J.C.P., 54, 4186 (1971)
P.D.E11is,G.E. Maciel and J.W.McIver,Jr., J.4.C.S. . 94, b069 (1972)
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TABLE I. NMR PARAMETERS OF HINOKITIOL IN DIFFERENT SOLVENTS

[
[

J

g
[

SOLVENT 36 55 6H 71 I35 J36 Y37 Ise Js7  Je7
dioxane 7.202 6.870 7.221 7.077 1.6 0.2 0.2 10.1 0.6 10.7
ccl, 7.150 6.812 7.193 7.064 1.6 0.2 0.2 10.2 0.6 10.8
cs, : 7.116 6.808 7.715 7.011 1.5 0.2 0.2 10.1 0.7 10.6
ethyl ether 7.181 6.844 7.224 7.077 1.6 0.2 0.2 10.2 0.6 10.8
cpel, 7.325 6.953 7,309 7.217 1.7 0.2 0.2 10.8 0.7 10.3
methyl acetate . 7.285 7.014 7.382 7.179 1.5 0.2 0.2 10.2 0.6 10.8
TEP 7.209 6.988 7,390 7.132 1.5 0.2 0.2 10.3 0.6 10.8
cHyCL, 7.302 6.956 7.307 7.185 1.7 0.2 0.2 10.2 0.7 10.8
1.2-dighlero- 4 269 6.931 7.283 7.154 1.7 0.2 0.2 10.2 0.7 10.8
n-butanol 7.298 7.025 7.394 7.207 1.6 0.2 0.2 10.3 0.6 10.9
iso-propanol 7.295 7.033 7.418 7.212 1.5 0.2 0.2 10.2 0.7 10.8
n-propanol 7.295 7.033 7.402 7.202 1.6 0.2 0.2 10.2 0.6 10.8
acetone 7.217 7.032 7.399 7.181 1.5 0.2 0.2 10.2 0.8 10.7
ethanol 7.357 7.130 7.503 7.290 1.4 0.2 0.2 10.0 0.7 10.7
methanol 7.334 7.093 7.434 '7.228 1.6 0.2 0.2 10.2 0.6 10.8
acetonitrile = 7.287 7.024 7.362 7.170 1.3 0.1 0.1 10.3 0.7 10.8
DMA 7.251 7.054 7.428 7.182 1.5 0.2 0.2 10.3 0.9 10 9
DMSO 7.193 7.003 7.354 7.119 1.6 0.2 0.2 10.3 0.7 10.8
propandiol- } N

D ate  7-289 7.070 7.414 7.198 1.6 0.2 0.2 10.2 0.6 10.9
benzene 7,215 6.406 6.716 7.029 1.4 0.2 0.2 10.1 0.8 10.8

(TBP:tri-n-butyl phosphate, DMA:N-dimethyl acetamide
DMSO:dimethyl sulfoxide

( chemical shifts in PPM, and coupling constants in Hz )
L:xRvE >3 %80E

AS 1S (Aromatc Silend Induced shft ) ot v { TR €Y EEM L
EBBE v TERS 2z T ol Eid ks 5 2 rs ARl A
EndE Lt b2 89, ~

TABLE 2 AROMATIC SOLVENT INDUCED SHIFT OF HINOKITIOL IN C_.D,. SOLUTION
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7FRERT, EW@PD} L) LR 7FUBIC 772 7 bitd 2 ¢, B
IR T )i it ¢ BT 5 o5 RR6Y CSRIE I N2, Gd ()15 477 28 215
LY, EIRE, 2 BAobdGa kv /D ARM FAB ST < & )ik 0 i FabE 1)
FLoBBLiis B2uadm) oBE L4 ot ieod By, b
B DRI GAM) 23870 | o R T TR0 R A, Bl L 2 B 45T IR
FLGeGd W) 1o f ST R RIIER £ L (o L/ t-BuOH 1= § Y #E Eaod
7o TableLivA 70 b D BB IL 5780 LA A ET T, RERAMIFAET
CH G ENIREAER I E B Ty 18 5= Kt ot Ch 25 M3 S LRKIEZ
ﬁfhﬁ,WWQUM&MZﬁbﬂﬁﬁ,ngUBW%MWbéoVﬁmoﬁﬁéﬁ
CURBERZ AT ) B0 L E ) i B R L D x 2
Ahs, Red bt FoXxo o) (NB)oThoT eME LI dER, Co o Cs,
CsNEM I N 1T, 15, 16, 15, x 1070 fABB R L1870 Lol e ik
EFOX¥27°0) 0 25B 500Gt KT A3 vl EEF L, 2 M
FYGdm) -8k ot aguz, #1ITE o Bel ek oNE,
bFoYi00) oA SERAME I 2 o0 DAEE CRET NS, A
FRCGHAZ AL w, ,w, 229 0@ B LE G 2 )} bi Ofiobs 2
FittingBAT% 5 72, Ln (Mo fliishifiz cilo n=%pK e o, AR T ) s
NEWEQE =GN I, BERF LR 24 ABEE L/,
> 7 PV Me Connell- Robertson? Nl v~ | s BB 270} 155533 (582 )
Dbonlg ., N8l EA, A1 ELER - Ok B ERE IR e
(L Tds= (v (8 T3 i 6hd, Benw, w,l *T ]
L 7Afreement Factor oD

(RIE) o3t H 2477 v ‘ ) . w )
2. N ; C A
conformalion E}ﬁ“a{ L7, H/C’\\C He ’/ o
ABCDamoan o} i TF \\ mzlswll'/N\
7z lir@ﬂ'tmna, B-cia HB'\C,;;"_:ED—_C“\ b 20 °
Scio, S-trana b F® p-cia l Comer0O -%:
E; HA .:1’ 1o o :?:/ ‘

w
o

"t (see™l

B-Zrana, §-trana, §-cia 7 =| - } ° %/ oo
BoOREATRHS, /i 6 T
Locoo * 3T L cio, trane EE|@3. ¢ Foxi 70y, o4t RE o T e

BTo, ZRERABE O B DAAR (w0, w,) (B2, A< E3 Y n R
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4 7‘~3R'fl—é”760n1‘aur map EESIEER, © 05k U,
RIES13HAT %5 3, FO2% conformation 1<itis T
2, ®@n)5 4t , L X9/ RUE» contowur map A4
FF. RIED minimum 183.7 %74, B3 1053 MA
conformation &3 (w =768, W,=-/47"), Table .1
CEME LB oit e AT, |
BEBE oW hF oMb (w2180, w, = -/43 100
HLe 509 =F0- 7R F ) 5roKBRy TR
NS G ST ANT S pucteerin a,njle XK TG 51
B, - FAEEESEEK B F ) Abraham 9 14 WF’gb:
w,=-727" Grerig 915 fluoro-L-proline N BRI &Y
Wz 176° wyz-129° LRE LB, LAaLARY DK

wy
-170°  180° 170°  160°  150° 140"  130°

w2
=

& 4. @’)7;4,::&&7“(.

NHIHgE, 5 RABAECEARECEL T3 5
BELARHS, 07 =80 - THEEECRAE S A

| R1E » contowr map.
PBEHT 0 2 9 0 F K AR

LRENDIEE T TR RV F )RS % puchering angle ¢ ¢y, @

3R ING G 7 4 confarm,z/f;or,, te 5,%. - i,"g vl
U= 7GR F Y RE LAk ) k0= BB 3L 50
5. Bl Gerig 50, BB Altona 50787 F - 7 ER
DRTHY, BRb oML aBETS3 Lo CHY 35,
Ka.rrlus ik-i"\;7,, F<CEDhIMNT D, 4‘

/ 5"cgc TMF 3',5',¢7¢ THMP 2 "HNFR (& mith 5 14
5 I)ﬁ%"'ﬁ 7 4"‘-, F/wsrhall'é rin; FY U 'f*f, Ffuranose ving'k

4exe D yigid % conformation £ LS ERE TN D)
3’5",_;50 TMP 1V v Tk 3:’HH LRLAR 35PH ER R

SRTIBY, 5y =F o e okB uRS L p
Frels,

Table 2 Vii L 7 e -Junbk Foxl )
Oy LEMIL T 3’5’676 THPoORBARLL
THe Tk / Nwy, W,y Wy, we 49 @Puco'éer/n
angle t glycoaidic bond 0 WHCIEH X b I VHELFT
YN NFULEERET I 2 0B e, $EEL S, La(@)
2BLLBI 1 pLC 92 Gtk L La(m) L P LS

2, B5u59=F7
tray bt TH
o 7Ka,/,/u5;(z".7%/: 2%
n =& B RGN

15.0|

o 30" 60" 90° 120° 150" 180"
Dihedral Angle

B 5 Sy EAIh 2
WO, Rk Gerig 5, 24
’7Alt¢na, 5 RX7F-Fac k3,

SR B IACEHA L/, FTTHPABRLE S

. s Oy
Pl AL, EF@oALILIC T L/ NN
> - “‘:\‘\ . § X
HEBRL Table 22 Cale (1) w79, RIEH BN ‘%Zf’-i §, cpeBase
21% eATfbt L) RAGPoBEL Y o—p N T |
vy .

CHPEET IREAH DL ER b 5 S, /gﬂ,@cx/
", & 61 7. L/:IQ%‘P/‘;_’%%L ;'\?)“Z,’() L ﬁ

N RECNTE 27, 4 0 EE R Cale MR | B 6, 35y TP o BHPEME .
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LA R RN VLR A R 1
HHIIN3 LN ThHhs0°(R=449%),

Tiau, Tyara 7 > TR RBIE PG W R

2.4Hz , 86 Ha *4fL OHz 5. 7Hz E K3
K BZ3, Phuaypf G hiprairo
Fons7 b b Gtiortd s erins,
we 0BT FH XA 5L LR D,
wa LRET 31010 R BT LA M
b9 1IN B LN 5 F L, (ol (T) 13
Tvz2tw, Jyzrd N A =RA LTS
dREERTCH Y, BEE 5 EAE 2R )
LR TIEITBE IS L AL )

(R=¢622%), Calc (W) § 1135 M/

FhoSf’hatc r,na‘”’fgi'i DA "4<\'29%47-':
< R20° 3 L7 G B 7/;1%!;@2&7,

furanose vin HiEda P LR U 4 exon b

ﬁé&é,ﬁﬁ*<3;&m&m$%y7
RS Y AR \P Nz B
S5 m it (62550 L hs,
TN 2GR T GG (et R
AuZb70802Chsy, EB7. 68 i
Calc (E) ¢ ) KN/ Mgt ere it
AR N TIE R VD SR A AP
0yt LT hHY, 3y 2§ BTG
M1 Karplus 74 770 R k) F KD
M B,

By 7.7=F70- 2L FRRES

{~

Table 2. 3. ¢" cge TMP 277 b I ¥
5t o Ziply - Ry 1D
INTERNAL COORDINATE  (I) S(I1) - L (I1D)
4w1(P-OS‘—0 'Cs') -134.8° -115.5° -113.8°
wy(05,-05,-Co,-C5 ) -179.3° -189.3° -188.7°
wg(05,~Cqy-Cg,-Cy,)  -121.4° -121.1°  -125.5°
0, (Cyy=Cyy=0;,-C; ) -160.2° -186.7° -152.1°
X(Cyy-Cp,-N;-C)) 141.7°  199.7°  149.3°
0 9.7° 4.0°  3.5°
¢ 176.1° -100.7° -65.7°
14 surFT RATIO
Obs. Calc,
M (11) (111)
3 1.000 1.000  1.000  1.000
51(5'u) 0.798 . 0.876  0.825 ~ 0.813
4 0.623 0.589  0.634  0.643
51(5'd) 0.581 . 0.526 ' 0.556 - '0.569
21(2'd) 0.322 0.363  0.350  0.369
21(2'a) 0.235 0.341 ~ 6.249 0,252
1 0.167 0.251  0.206  0.251
6 0.073 0.290 . 0:.096  0.107
CH, -0.060 0.069. -0,068 -0.028
!4 RELAXATION RATIO
Obs. Calc,
‘ (0 (1D (111)
30 1.000 1.000 © 1.000 - 1.000
51 (5tu) 0.561 0.856.  0.555  0.557
41 - 0.18 0,296 0.152 - 0.133
5(51d) 0.161 0.328  0.169 0,164
21(214) 0.101 0.166 = 0.078  0.082
21 (2'w) 0.101 0.185  0.106  0.101
S 0.080 0.052 ~ 0.028.. 0,028
6 0.091 0.140  0.083 0,073
cH, 0.046 0.030 .0:030  0.015
R '0.210 .. 0.044  0.062
(D i@i@ o 2q4e, (L), B 614 Fovre
WAL L T LA, W), (D) Ty,

Tratd E R VNS PR BE T APV EE 3

¢’;‘iﬁf)§?ﬂ[k Y;y,-gﬁ)i .
‘1 semd vigid /\3'"264
)ﬂ LR, f«J‘? s gt i
YOV AN IS SRR P A A £
Lhszo0fhteht
TRw22 et fbarant
BIELERD 3 0 KBRS 2|
Mt o UEHR T 244
PN L LR L SRS

3(HH) (M)

o 60°

120°

JHH = 9.8 cos 4‘ - 0 9 cog¢ Dihedral angle

(Aitona 5),%3py= 763 cos?p-|B 7. F550 e 31418 Lo 24/

+€ cos g (Smith %)
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3&5’;%“4#&@ 4f'%€}®%}%ﬁ 3,L,S Y NMR o) FEHE = T b
2A 10 (%*ﬂ) =R R bk - \:Hﬁ.% i HoE L F

HARLT3 MR S ILDT Y = F%ié_‘&a v R EBATS B L, 3;277;1%‘&«: >
VTORBRT S, T 9 2 P b N DEHTS) Uiz (X BBE) R 14 v
R R 5 5T —TE 5 1) HEL O FoRIELIE S L 9 2 K A oparE 3 (1
|iﬂ)a>i§ﬁ‘ 3, L8lis k5 CRE AR, Zoifix o ¥yl & 3 <12 Stevens, Bleaney 1z &
D TR HHL u)é»/“, B R ANIE S R | Jﬂ’?l-%m«i ATELANE R o 120 <

FOWD o) T t’ ‘éo

A - I\“/fﬂ’—:/d)‘lf@'gﬁ—}—!bt 55,50 8 2 ) TR B L Lo N D X gLC
3D 1“, uyuI’J//\ b e, f/wﬁz\/éé P4 DB R Y £ 13 haih X
DU TR s R E AR (3T ) 121E 23 o B 5L N Ly abd/;\“)
7(_,4/\,59') YL NwWHBy LERivE—E1dKTK D £ 0 AT, VoW U AIWE
Brag <+ D 1 JipEL S ¢ \>';é‘ &T WL DY LN LD S bt 6 S
LR (<1071lsec, ot L Ga Y (ag” nam%) I, Zv9 2 RAS L3
TG REREOEE, S3YIS A S voghie- Ay hogryiE (8
B PN e EoBFE b5 \)Aumg) AL 0 F ) b b, THUIZ KD
Jafrenths Protf (5 v 9 = PR o MLy Lo @0 F N LT oo (D
Pri) L {tomidkd, 39 = FaAvoB Rt g%‘uﬂ;'iff@ Few yiE) s

5y B, SO B K Y, AR 0y by 1“51/5%% fﬂ%_a@dm ) )
Wrdig it Vo) v 5 v Y = F‘]xf/'»a\é 2T RV g

(AvN)/vO = (xz-x) (3cos GN l)/ZrN + Xy xy) (51n29Nc052¢N)/2rN3 (1)

z“5‘z,b%?;l) S EXRGX)/3 s D) NUEES ki, 27k

o) e ity o Eartx 3 po U,
BachEo BFME, 509z FaAF o3B3 m gy v v v
1;3:)":,%3‘\{; CoR;rivivd, S V9 = A vt 3 (d=1,2,. O,

YT B XL (o rizEv L B#ES S0y RY ),
v = AgZ(3ziz - %+ Agz (x, % - yi2) (2)

i i
CoORF Uy WO Ry 7 ABR £, E3IKE @ o0 tHHB 1008,
Stevensz)o) "operator equivalent method" »'iE [ H3, D FihE<gE 5 = N/
PEHLE 5 XD & D7 operator U HE LD, o

v = <llallg><r?>{a) (30, 2—J(J+l)] +a2(g 2—Jy2]_}‘ (3).

(3

o7 <r2>|3:4f L2 T S R & or? @}Lrjﬂ__““&)) <J||afla> r:,k 3%y 1,5L,8,d 1= &>
TEEB RS, I KNoOVIFoTArS LE s s, '
HREMTEDE - 42 FH2H - WG NE SPul
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= 2 2 2 -
V=D d %+ DI+ 13 Iz (4)
D, = <Jlfallg><r2>(- A2+A )
D, = <J|]0LHJ><r2>(—Ag—A ) ) (5)
D, = <I|Jal|g><x %5 (2a9)

z N - -
TLph @ D DMEMKT & ) 3;,;3\ QLJ\¢|7%|$‘; (D Vizdk > T, S =2 & Dk

5 13 BB R ’)lﬂ]ﬂ»ﬁé

X, = - 19?623 (3+1) (23-1) (23+3) /30 (kT) 21D

1D, (s

AxrXg 1= & Eﬂj%o)ﬁ\_p‘\‘ T;Dj:_jo Z = < B 1& Bohr magneton, g & Landé o g factor
TEHB, TUCE (LRIAUN T B L, Hw) o Yol E 199 T~ (Bvy)

gRNTE 2 ot td | _
v /v, = = 182/30xm 2] x g23(3+1) (20-1) (23+3) <x?><3 || a| 3>
x (a3 (3cos?0,-1) /x> + 22 (sin%e cos20,) /ry’] (7

(S N T, v 57 N1 /rof@*a«,otj <, EEALO Ub Tz Cnbyty) s F
, @%‘L@jﬁi (A2'A2) EL RN irmig, o 25(3+1) (23-1) (23+3)<Jl|uIIJ> 25T 7 ko
X ¥ iz_,ﬁ-%f,'\‘ W3 212733, g factor 1§ [3T(I+1)~L(L+1)+S(S+1) 1/23(J+1) "5 2,
i3, <Illal|3> o%elE s, stevens? iz k5 1, ce™™(-2/35), 't (-52/2475),

N 7/1089), Pm+++(l4/1815), smt**(137315), Tt (-1/99), byt (-2/315), HoTHT
199y, vttt (2/63) v KNH T 0B o, g <

(-1/450), Er (4/1575) ; Tm
<llalls> €3 ¥a,n,s.0 CEEH-EN S -t X e H oz,

<3||allg> o)*ilz;" (35,30 g m >, D H&rdBRoBP I o< r)
\771@,ﬂ~c VreL<HFL L, UL 3,
<J,J -J[z 300526 -1)]J I, =3> = <J||af| 3> (37, 2 3(a+1) ]
<J||u]LJ>J(2J— ) (8)
utpz v IR A4vE, BEEFIRE Ty,

LS B, X, Lot uA e iR, 7Y L@ F D
linear combination -(_“%; X s [a)\ 14 Clebsch-Gordan 4%&3‘1]0 ’

ottt +++

(4f ) vEu

]J,JZ=J> = ;OlL,LZ=L-zs,s,sz=s>
+ al]L,Lz=L-ZS+l,S,SZ=S—1>

+ aye 1|L,L,=L-1,5,5,=-5+1>
+ aZS]L,Lz=L,S,SZ=—S>
25 28

= I ay, = T aA|L L,=L~25+X,5,5,=5=\> (9)
A=0 A=0 .

:,:.‘(."j 128 a, 13, (9) Aoz an: ETEH w3 cvitg "(.Z'R‘&)_’;lf‘—éz)
3,1,S p{ — F.0) manifold |- DT, 208 C{EF £ 4 3 2 ¥ 1ZI(J+1)-L(L+1) s(s+1)
ehardcy LB gi) ce™Hama T (=1-5) 1z > w13 208 (=21 5 +L,S +L S ,) %
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6@ st 3 = v, -20+)s €ntr3 cL e B F 12453,

28 25
-2(L+1)s I a,¥, = (20,8, %L, S +L_S,) I ay¥,
A=0 A=0 |
28
I [2(L~28+A) (S-X)a, ¥,
A=0 .
+ VL(L+1)~(L-2S+X1) (L-28+2+1) /S(S+1)-(S-Ar) . (S-r-D)a

]

A+l

+ VE(TFD) = (G- 28+ ) (L-25+ A1) /S (S+ D)= (6] (8= 7% D) a
28 :
I [2(L-2S+X) (S=A)a
=0

AVa-1!

I

AV
+ VI(TFD = (L-25FA-1) (T-25+1) VS 5+ D= (8- A+ 1) (=T a

A-1%

+ VI{L+1) - (L-2S+A+1) (L-25+1) YS(S+1) - (S-A-1) (s-)\)alex
s d

n

5 fz(L-2s+A)(s-x>aA
A=0 -

- JT2T=3870 % - =
+ (28-2+1) V(2L 28+A)Aal-l + (2s8-)) /(2L 2S+k+l)(l+l)ak+l]wk (10)
L ﬁ:bf; -Z/
[—2(L+l)S~2(L—ZS+A)(S-X)]ak
= - T Ty - -
(28-X+1) V(2L 28+A)Aak—l + (28=1) /(2L 28+Afl)()+l)al+l (11)
A =0T —28(2L—2$+l)a0 = 23V(2L-2S+l)al al=—V2L—ZS+la0 (12)

A= 1Tg [-2(L+1)8-2(L~-28+1) (s-1) la;
= 2S¢(2L-25+1)X1a0 + (Zs—l)/(2L—zs+2)X2a2

= —ZSal + (2S—1)V(2L—ZS+2)X2a2

—(25—1)(2L-28+2)a1 = (258-1) ¥ (2L-2S+2) x2a a,=- (2L-28+2 /2al (13)

2

A= 2 Thix [-2(L+1) 8-2(L-28+2) ($-2) ]a,
= (28-1) /{2L-25%21%2a, + (2§-2)/(2L-25%3) <3a,
= -2(28-1)a, + (25-2) /{2L-25¥3)%3a,
~(28-2) (2L-25+3)a, = (28-2)/(2L-28+3)%3a; a,=-/(2L-25%3)/3a, (14)
—f5 < a, = -/(2L-25F 1 /Ra,_; = (-l)A/TéL-2S+A)!/(2L—2$)!A!ao (15)
7
8 PG T D oIS
28 28
12 5 axz - a02 5 (2Lm2s4M) L a02 y (2L+1) ¢ (16)
A=0 A=0(2L-28) 17! (2S) ! (2L-25+1) !
ay = (-1) A [ (2L-28+2) 1/(20-28) tA112/2 [ (20-28+1) 1 (25) 1/ (2L+1) 17172
(17)
2
%1 as o 18
L s A=0 A=l A=2 A=3 A=4 A=5 A=6
cel3 172 1/7 6/7
prls 1 27110 187110 90/110

NAl 6 3/2 1/286 10/286 55/286 220/286
Pm | 6 2 1/715 9/715 45/715 165/715 495/715°
Sm |5 5/2. 1/462 6/462 21/462 56/462 126/462 252/462

Eu|3 3 1/7 1/7 1/7 177 1/7 1/7 1/7

fe1 L L,=L-28+A, S,=S-A
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UW$:M_LT FAg RN ELED 0T, w)ﬁo FZAES

2

<J,J -J|Z(3cos 8,-1)]3,3,=3>

28 28
=<3 aAwA]3(L—ZS+A) —L(L+l)] b aA¢A><L|h1HL>
A= A=0
, 25 5 ~
= <Lila]lz> I a, “[3(L-25+)) “-L(L+1)] (18)
A=0 . '

“ 1-g= ' 7
SIS v s Eng, X OEABBL,

25 28
a,213(r-2s+0) 2oLy = BIRLED LY (555140 2op ey ] 12T
Ao (2L+1) ! A=0 (23) 1A
(20+1) £(28) 1, (2L43)1  gpr ) o (2043) (2142) L oo 0 (19)
(2L+1) 1 (23+3) 1 (28) ! (20+3) (23+2)
(19) K& 18 RNz L, O Ropizrd coes<
<J||a||T> = (2L+3) (2142) <L”0L”L> (20)
(29+3) (23+2)
T aebyvp™ et g 32 9 = 7)’ T BEEREE 00 g g=s T
3, LT, 3,20 LA, % KRR (1,1 ,=L,8,8,=s>THEM I M3,

LreiNs T, (8) D AT 1&

<J,JZ=J|;(3cos291-1|J,Jz=J> = <L|thL>[3L2—L(L+1)] = <L||a|]L>L(2L-1) (21)
1

cE mRobwmrSLroryiy,

2L (2L-1)
23 (23-1)

<Jllolla> = <Lla|lL> (22)

Xt Talufn 2R t,us CENDInda o8 v
<Lllallz> = F 2(21+1-48) / (21-1) (22+3) (2L-1) ' (23)
CHRE (20, uthﬁkgél<ﬂwm>@ ARG O b, THEK 51,8,
‘L@Eflﬁz_ﬂ\af‘] Lhviiho 1=,

1) B. Bleaney, J. Mag. Resonance, 8, 91(1972).
2) K. W. H. Stevens, Proc. Phys. Soc., 65, 209(1952).

3) A. Abragam, B. Bleaney,"Electron Paramagnetic Resonance," Clarendon Press,
Oxford (1970), p.850.

4) BEL sn™ v ed™ s, G 0 F S o 2o, MR g+ GO,

5) B. Bleaney, C. M. Dobson, B. A. Levine, R. B. Martin, R. J. P. Williams,
A. V. Xavier, J. C. S.. Chem. Comm., 791(1972).

2.2 2 _ 120202 .2 .2 o2
6) 1787 = (L,48.) (L4S )+ (Lo+S,) (L+S )+ (L+S,) (L, +8,) L, “~L “~L ®-s “-s “-s,
= 2L_S_+2L S _+2L S_ = 21§
xX"x “Ty°y z" 2
7) 5 At ! | (mentl) T oA L (mintl) ! (mbl)
TA=0 mlAl (m+1) In! A=0 miAl (m+2) ! (n=1)!
n
P a2 dmhA) t (k) EOkD) oy g
A=0 miAt (m+3) ! (n-1) !

8) XHK 3) o p.873.
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29 bt Table 11244 . '

Table 1. The LIS's of Several Monoaza-aromatic Compounds

Compound CH, 2-H 3-H 4-H 5-H 6-H 7-H 8-H 10-H
Pyridine (1) ¢ — 259.76 -20.11 -16.37 =20.11 =59.76 ==--n —m——e ————c
Eu  ————— 35.37 11.11 11.00 11.11 35.37 =—m=e —cme- coeee
2-Methylpyridine Pr ~36.46 ———-— -15.92 -12.64 -10.91 -46.09 ——-im  —oome em—ee
(2) Eu 23,37 —=——- 8.56  5.34 4,60 13.89 —mmom —mmom ool
6-Cl-Quinoline = Pr —-—e- —9.8l —27.51 -20.64 -14.85 ——cee ~13.28 —76.40 ——ome
(3) Eu ———em 26.64 8.80 10.33 7.3 ——eeo 5.57 33.63 ————-
- 6-Cl-2-Me- Pr  -7.27 ——e—e ~2.16 =-1.32 ~1.03 ——=—no -1.73 =-9.87 =~--—-
Quinoline (#) = Bu 5.06 ———~m 175  1.29 0.84 ———2- 0.57 5.92 we——m
6-C1-8-Me- Pr  -3.10 -4.98 -0.80 =0.66 -0.47 ————v —0.63 ——m—— e
Quinoline (5) Eu .13 4,04 0.44 0.59 0.18 ————- 1.29 ——smm —mee
1-Azaphenanthrene Pr = ————- -2.95 <—0.5 "&-0.5 £-0.5 <£-0.5 L£-0.5 <£-0.5 -h.16
(6) Eu . ———mm 2.72 £ 0.5 '0.55 £ 0.5 £ 0.5 £ 0.5 L 0.5 3.92
1,8-Naphthyridine Pr ---i- —21.77 -12.20 <12.90 -12.90 =12,20 =21.77 ——m—— ————< :
(0 Eu  —emee -1.04  3.63 5,17 . 5.17  3.63 =1.04 mcccm  —m——m

# Pr and Eu refer to the LIS's induced by Pr(fod)3 and Eu(fod)g, resgpectively.

Boz o FAEEME B AL EEOH ) 0 TSR AE L VER o HE
DKLEINYPFEIND Lo PB () RN TR) ¢l 2420 AF VAT,
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LB o 1o  LE-T 7459z >0 d ) Blpds iz
Pol vy P Lé—70u%) )= 35‘»10%%1_&4»%6 .

() AT HRFA s B0 B2 o5

9% & ﬁﬁéﬁ&%of%% t#d Ao Mo = 7 L BRE L& 4 30iz 288>
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. Table 2 Results on the Competitive Coordination Experiments
between two Substrates

Run Predominantly Complexed Substrate Less Predominantly Cgmplexed Substrate

Pl(%) : P2<%)
Compound 1 Compound 2
Eu Pr Eu Pr
1 1,8-Naphthyridine 92 — Pyridine 8 -
2 Pyridine 87 86 2-Me-Pyridine 13 14
3 Pyridine 87 93 6~Cl-Quinoline 13 7
4 6-Cl-Quinoline 72 66 6-ClL-2-Me~Quinoline 28 34
5 6-C1l-Quinoline 7H 62 6-C1l-8-Me-Quinoline - 26 38
6 6-Cl-2-Me-Quinoline 63 53 6-C1-8-Me-Quinoline 37 47
7 6-Cl-2-Me-Quinoline 62 61 1~Azaphenanthrene 38 39
8 6-C1-8-Me-Quinoline 46 51. 1-Azaphenanthrene 54 4g
P1 and P2 arée the coordinating ratios in percent.

(1) §E2BFERAMAN - BM L1227 FIAE 0B i4LE

hxwEloacs ) 552 FtFAT wg%*zc — ERAEAEN =, oK
(080> 7 M3 TE b, (£ EP UGS T otk he 24 H
7 e #Haz77F27k054kH0 35805 aﬁ:l\»ﬂri)/7 K 3A
RBombhongeddrl .

i B bl Boc T I bR oBRETHERE VR ST A
rx ‘/ﬂﬁ{];:lﬂ\>9 HToA QW -ﬁ&fo’?/ (R) tH >, Ravkd-of
LG AE e b REoRGEORE L L,

3 [(Sobsd.); = (Sealed u]*
R = ( L(Sobsa(),, )
b@I7L.bT%bﬁ~w7FW%OE@ﬁ94LE£7hHe3le?

Table 3. The La-N Distances (d;, _,), Distortion Angles (§ ), and

Coordination Ability Indices (c¢) of Some Aza-~aromatic Compounds

Compound (1) (2) (3) () (5) . - (&)
dyaow, Eu(fod); 3.3 _ —_ b2 o 5.1 4.2
Pr(fod); 3.9 k.7 4.8 5.7 .6 y.h
bo‘ Eu(fod)3 0 —_ — k4 10 18
Pr(fod), 0 5 16 9 23 19
0,084 0.058  0.070

Q2

Eu(fod)3 1.00° 0.177 0,158
pr(foa), 1.00 0-163 o g75 0.039 0.035  0.034
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rEVEE Loz 7 M BEORMELG S BHRE k) Fhlzo LB L
E5RIOFHRPL CAANEG . (KA LAbPD A 27 b BEAE
L2779 b7 b0 THETEPS  SkEOBB 7 -z b EAMAL
Leds Lk (— BReElob M o kk ot 7 HeRLE

(V) —BfhichhoBkiss 7k | |

2-XEW—18-274 03 (8)D) o EE L. 4) ‘9?%3 E«i/fﬁ;‘ﬁ?ﬁ!%ﬁﬁ‘@
0% SHofkT 3 0 ERLIMARENALE 5% 20z k) .
() 9Bz 7Lt ) B GG 9B HE S 0ol o A5 wk
WEF )VEH U ok AL F I E) S ADBE PR A LT Tt
ba) o) iio o (LR B 55 B e 5% - 1 o 22 T(0) 92 3447 2k b=
BT b ) O TA VR L 2o BELTable 412 RT .

Table 4. The LIS'S of Several Diaza-aromatic Compounds.

3
(8) Fu obsd. ——-c-e 6,41 33.66 —mmmm 25,42 g Mhk 12,18 —ceoe mmmem 5,41
————— £0:19) (1.00) —===- (0.76) (0.28) (0.36) --—--- ----- {0.16)
caled., ————- 4,50 . 24,57 ———me 19.37  6.50 9.10 —tmmm Tee—ee
----- (0.18) (1.00) ==—-= (0.79) (0.26) (0.37) ~==w= '-==-—-
Pr obsd. ———=—— -15.78 =76.18 —=——x -94,86 -27.39 -25.94 ——oee omeeo -11.38
----- (0.17) {0.80). =====  (1.00) (0.29) (0.27) —---= ===== {0.12)
caled, —=—=- -9.50 -50.,87 =——--~- -63.14 -18.62 -16.98  —eeee ——eee
----- (0.15) {(0.81) —=—-=~ (1.00) (0.29) (0.27) —=-=e ———ee
(9) Eu obsd. 42,02 15.06 —-eem ——-—o 11.95 10.28 58.71 . —wcom  ————-— 15.68
(0.72) (0.26) —emmme —mmme (0.20) (0.18) (1.00) —=esn ————n _(0.27)
caled. 19.84  6.85 wmmem  —omee 5.09 4,23 25,080 ——cem oo
‘ (0.79) (0.27) ==wmm ——m—- (0.22) (0.17) (1.00) —=———m  —=s—o
Pr obsd. -86.22 -26,10 ——e—n —=——c -13.26 -13.53 =70.69 —e—me  ——m—- -17.84
(1.00) (0.30) ——=== ———m- (0:15) (0.16) (0.82) —v—-m. —=-—- (0.21)
caled.-59.04 -17.30 —roon  —ms-- “11.42  -8.54 -B7.62  —-meo oo
(1.00) (0.29) === ———im (0.19) {0.14) (0.81) —-———= Rt
(10) Eu obsd. 2.09 0.6% 0.77 1.26 cmmme e h.07  0.55 3.39 4,35
(0.62) (0.18) (0.23) (0.37) ===== ————- {1.20) (0.16) (1.00) (1.28)
caleéd. 1.64  0.42 = 0.52 0.86 =——c-—e  ceem- 2.13  0.47- . 2.39
(0.69) (0.18) (0.22) (0.36) ——=== ———mm (0.89) (0.20) (1.00)
Pr obsd. -1.72 -1.17 =0.81 =1.01 —=——e w——io -4,15 -0.30 2.31  -2.87
(0.41) (0.28) (0.10) (0.24) —ceee —mmm (1.00) (0.07) (0.56) (0.69)
caled, —1.64 =0.43 —0.47 =0.57 =——=== - cmmem ~2.78 -0.65 -2.38
(0.59) (0.15) (0.17) (0.21) =--=== ————- (1.00) (0.07) (0.56)

FRE S GBI NB B L BRIV B 00 08 A5 ) EG . (OAR,
Bez 7 Hbownd U TES-HVI0A 20 L5 4 FREMvA L=k
) CHRA D BREACHEH 0Bfs s 7 HES F C Rt horbd=5 B FEEL
EMoFtz 7 HELTFA 2 A LB |

L # T : ,

D A.lus, G.Vecchio, and G. Carrea, Tetrahedvon Lett., 1972 , 1543

2 L.Evnst and A Mannschreck, Tetrahedron Lett ., 1971, 3023
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K= LA
(-G Y (5T —TesI)
1§l = (el Ac (V5) = {Vke +027,} 7)

20K ALST, Vs o BREROGE YL (T4 0N, AT M A, ke B
fah3, 23wt FRATLAMT BT3GR, tE, caA
RLIT3HBEMHG, Powet 520 25 V300 6N, [RB b0 B E# e -0k
BAIEhY  FCHEIMTVE, (Fgo0, 2 )
2o Nvih, A oRIB, FREGATIF, Ealvp M), - Lo BEM w1 7
[ AT RS2, 22 RS IE A 3T B nERRE 2 7
91 =9 ~SBLoBRAUT a5 )R T v’ 133, Fa. 2, 4 )
| vy vk Ao=1155 092 " |
BHAET w2 -k Ac=091S + Szt
bro  SHE A GFAEL L v Zi 1o, 2502, ALABRRBAIEE T v
T, Fuba 5 ° 7 12 S 3L RMMGBEET ORI L L LT 038, Kl a B
VBREF T, 0T RERRBBIE LA LB s (Fy &, 60
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PE BAYr v cwhabopant b ey P vRen Y cEaBs im0
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W -WR TG, m-Pr Y tBw > S-BuoH KT JEHBIaBENAE 0 2
LRG3, I AFEB Ny Keerv et  BABBIEY R Y,
VT ORRGEDBHIEER T, 305, VTRHTS Ko A BRERIMER 17,
oy PVERTIT o=y Py 7 - > T patee  BEHT w3 - wWRT T,
S-Bu-pi-Bu > n-Prod LIF3, ,
2w RER Y ERN 5B BT, BB RA LT Ty 1, 2
0515, S0RBT0 R vIFEl & o RBIFERTS, caF )Tz
BAET, CIHH3 0 TEHRES R L T BRER S 7 S 1B
Frenten, 2arymry BRAE> - TROVEHARFHRI=AmT 3 74
Brh3, 40 1t Skl VR EEIaThiy BRT-sL VR 1
Tey, b3 Fuy 1, 12 A5)=T3, '
BRALIF Brce &5 VRAFEA 0025 ool UTFOBE ST 307 0 BEF
BT R EREERN RS, 0002 met UFTIEFBRIEEIFHE ) td- B B
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1) I.Armitage, G.Dunsmore, L.D.Hall and A.G.Marshall
Can,J.Chem.,50,2119(1972)

2) W.B.Person, J.Am.Chem.Soc.,87,167(1965)

3) R.Foster and C.A.Fyfe, Trans.FaradaySoc.,61,1626(1965)
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Er\'or(n) Error(n11) € 0.001 Efl L) .os 2 &) fi’fﬁ%j&l’%‘fﬁﬂ\ﬂqli LT:P%ﬁB 3

PuRbfc, 77 et /Aﬂﬁ}}ﬁ’ﬁ%(xi'}az) l‘»#b TRAEMEESL 3T
7& 3.

27 mﬁel.@u,ffg aBIITF - LTI T FE) >R FAR, SIS
nofihBo B I AR MM, (1) NoREACohiid, Hlas 7+ o R
A NLR TR BER AL b 7L 5 ) Lo R }}E:J%z L TR e
AFrF Lt MaERLRAY RAL, I et vaaRIRABasliEe L
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BT /t)/o)}?«f-]i ttixﬁﬁ%‘ﬁ-'wiﬁnf N 7\,‘5&*f£
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A (rrofb)emy 3t 1 1| HAAE D mm%iu?rﬁ;x%ﬁm LR
ERAE S T 5 e
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(i) 2:1 Comanlex (Antinyrine : Pr(fod)B)

. ~ St ) S h)

Iteration c x v z 2l Error
0 525 473 . -0.29 0.0 2.50 . 0.2490
1 540 5.04 0.08 . 0.03 2.72 0,163
2 654 5.46 -0.13 0.10 3.17 < 0,153
3 627 5.32 0.02 0.06 3.01 0,151
4 651 5.38 -0,083 0.10 3.08 0,150

(it) 1:1 Comnlex

Tteration C X - y % kR?‘) Errorb) ‘
0 574 4.25 -0.14 0.0 1.99 0,340
1 742 4,96 -0.15 -0,02 2.68 0,229
2 879 - 5.25 -0.32 -0.09 3.00 0,215
3 884 5.21 ~0.36 .~ =0.03 2.98 0.213
4 887 5.22 -0.35 -0.09 2.99 0,213

a) R= Pr-oxygen distance. 3

b) Error—ﬁ[ﬂ (obs. )= 4, (calc )] /ZA (obs )2
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Nf)' Ai(calc..) A, (obs ) i* 4, (cralc ) Ai(obs.) EAi*
3 —a,.48 ';5 6 1.2 T -6.40 8.2 . T.80
4 . =8.,02 ~7.5 -0,52 -11.40 -10.1 -1.30
5% 1 15,45 . -8.0 —7.45 —22. 4 -11.6 -10.84

N-CHy =2.,55 -3.1 0.55 - -3.56 4.8 0.84
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5 ~1.32 1.7 0,38 ~1.13 =2,0 0.87
6* -2.5 2.8 -0.72 -4,89 -3.6 ~0.89
r \W 0,936
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Use of Quédrature Phase-Sensitive Detection in FT NMR

1 B O 5 Nicolet Technology Corp. o LeRoy: F. Johnson
Mountain View, Calif. U.S.A.
INTRODUCTION
In Quadrature Phase Detection (QPD), fhe NMR signal passes through two channels as opposed to
_the one channel used in Singlé Phase Detection (SPD).l1’2 The two QPD channels are in parallel and
differ in that their respective phase detectors have outputs which are in quadrature (90° out of
phasg). The. two channels are otherwise equivalent. During acquisition, a single ADC samples the
two channels at each dwell time, storing points from channel 1 in one block of memory (“low mem')

and points from channel 2 in a contiguous block of equal size ("high mem").

channel 1
. out
amp filter [—* = high mem
NMR | pwr
signal split
amp | filter chanﬂgl 2 low mem
g : out

ref

G0 shift

phase comparator

When data acquisition begins, dual sample-hold circuits maintain the¢ output voltages of Channels 1
and 2 while the ADC makes two conversions. The ADC first converts Channel 1; the point becomes the
first point of low mem. The-ADC then converts Channel 2; the point becomes the first point of high
mem. One dwell time later the sample-hold circuii again maintains the 1 and 2 outputs while the ADC
makes two conversions. This process continues until the measure sweep ends. The result is simultan-
eous accumulation of two free induction decays (FIDs) which represent the absorption and dispersion

components of the magnitization.

ADVANTAGES

QPD provides, in a single acquisition, the information necessary to distinguish ''positive” and
'megative" frequencies. That is, a signal which is at (rf carrier + &) Hz is now different from a
signal which is at (rf carrier - §) Hz, because the FIDs which are in quadrature in these two cases
are 180° out of phase with each other. A complex Fast Fourier Transformation, using low mem and
high mem FIDs simultaneously, produces a spectrum in which signals which are above and below the rf
carrier are properly displayed.

In SPD, the operator must position the rf carrier at one end of the spectrum so that only noise

is '"folded" or "aliased" into the spectrum from the other side of carrier:
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T ‘ l j 1
5000 . .0 . 5000
- (carrier)
SPD window
The effective band width is twice as large as the region of interest. This is equivalent:to:a {5-

decrease in signal-to-noise. 1In QPD, the operator may position the rf carrier in the middle. of the

region of interest and narrow the low pass filters to attenuate the high frequency noise:
[ l 1

5000 2500 0
(carrier)

QPD window

In addition to increasing the signal-to-noise, positioning the rf carrier in the middle of the
spectrum lessens the transmitter power requirements (by a factor of four) and also allows date
acquisition at a slower rate. In the above example, the SPD rf pulsevideally must equally affect
signals across 5000 Hz-and‘the dwell time is % (5000) = 100 psec. The QPD rf pulse need only cover

2500 Hz and the dwell time is % (2500) = 200 wsec.
THE FOUR PULSE CYCLE

Problems may arise in QPD if the two channels are not exactly,QOO gut of phése aﬁd aré nof
otherwise exactly matched. This results in reflections (ghosts), whereby‘strbng pegks on one sidé‘
of rf carrier also show up as weak peaks equal distances on the other side of'carriér. A baseline
perturbation may also be noticed at the rf carrier position. We use a four pulse cycle to équélize
the two channels. This cycle also eliminates DC .offset, reduces coherent noise which is insensitive
to rf pulse phase, and reduces phase and intensity anomolies which arise from pulse fepetition times
which are short compared to T, times in a given sample. :

The cycle is in two parts. The first part involves use cf a 90° rf phase shift and was first

described by Stejskal and Schaefer.“

total FID . : after
phase shift phase memory routing
+
0° Low 90°
00
+
90° — high ¢°
90° +” low - 0°
900
180° —— high P~ 90°
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By data swapping between low mem and high mem sections, after the first pulse in the cycle, .and by
using a 960 rf phase shift duriﬁg the second pulse in the cycle, quadrature FIDs are accumulated in
low mem and high mem sections which are each derived from data collected through both halves of the
Quadrature Phase Detector and both sets of amplifiers and low pass filters. Subtraction of a 'nega-
tive'" FID during one-half of the collection time for ome of the FIDs partially corrects for system-
atic noise in the-final spectrum.

The second part of the four pulse cycle involves use of an additional 180° rf phase shifﬁ,

again with data swapping following each pulse,

180° ——| 1low 90
180°
2700——l—J high -0°
, 270% —— 1low 0°
270°
+
0° high A 90°

Here again, data swapping between low mem and high mem sections with data subtraction to complement
”negative”‘FIDs results in appropriate accumulation of quadrature FIDs. At the end of the four
pulse cycle each FID has been collected through both channels, once with addition and once with
subtraction. Systematic noise and DC offsets in both FIDs is thérefore eliminated.
RESULTS

Comparisons of spectra taken with QPD versus those taken with SPD do indeed show an increase in

signal-to-noise equal to the theoretical value of 7. To achieve a desired signal-to-noise level,

operation in the QPD mode takes one-half of the time required in the SPD mode.

CDCl3
Fig. 1.~
Phenyl

CH3

CH,

RF
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Figure 1. shows a proton noise decoupled !3C spectrum of one per cent ethylbenzene in CBClj

ina 12 mm tube run with an XL-100/TT-100 system.in the QPD mode. Position of the rf carrier was at

the center of the spectrum, as’ indicated. In this run, 52896 acquisitions were collected in 12 hours.

The pulse width used was 20 microseconds, corresponding to a 30°% tilt, Eight acquisitions were
accumulated in each stage of the four pulse cycle thereby reducing the time spent in data swapping
to a‘negligible portion of the total experimént time. No ghost responses are observed, and no base-
line perturbation occurs at the rf carrier position.

Preliminary work with microcell imserts for 13C studies has also showed the benefit of QPD
operation. Figure 2 shows the 13¢ spectrum from 2.5 mg of sucrose in a 15 microliter cell (solvent

is D,0).

Fig. 2.

This 1000 Hz plot shows signals from the 11 carbons which bear protons; the twelfth carbon is out-
side the spectral region and weaker due to a smaller NOE and longer Ty relaxation time. In this rum,
60 microsecond pulses were applied every 1.024 seconds. Only 11 minutes of data accuhulation (640
acquisitions) were required to achieve a level of signal-to-noise which was adequate to define peak
positions. Again, the rf carrier is at the center of the spectrum, in this case falling directly on
the third peak.

Other work with 3!p, 1%F, and 'd (with contdcﬁ shifts) has similarly benefitted from QPD

operation.

1. J.D. Ellett, M.G. Gibby, U. Haeberlin, L.M. Huber, M. Mehring, A. Pines, and J.S. Waugh, Advan.
Magn. Resonance, 5, 117 (1971)

2. A.G. Redfield and R.K. Gupta, Advan, Magn. Resonance, 5, 82 (1971)
3. R. Freeman and H.D.W. Hill, J. Magn. Resonance, 4, 366 (1971)

4. E.O. Stejskal and J. Schaefer, J. Magn. Resonance, 14, 160 (1974)
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: — — BGRIE SN - BEUE-NMARORR=ET
L3,5-°N FAD ESL-PFT - t00A/MREBEPL . TAEHY,
IS MR IO M 2 ET3izs) L. RER
B iagy2ome/r5nd o BB X /0mnS. 5RO BRI
o B, SH-NVMR X HoBe ., PC-NIRIE Do
e REE Mok, 2hrh/~3500BBefs-
o ' CEERQ, SN -NMARNHTVOR, BC -
MRATRTMS %, TATHYSBBE 18V K.

3. R AR
| @Sy -/ MR
A sy B DTt 'RB L3-S FMy e 3

I,3,5-"°N riboflavin

%{ ; 15N Resonances of !S5N enriched flavins and
A barbituric acid
~v~J » - Chemical shifts (ppm)*
’ 1 "3 - - -
L3.5-5N lumiflavin s 5-N 1-N 3-N
Jar™
1,3-15N riboflavin (in 50 % 185.1 216.1,
acetic acid)
] 1,3-15N FMN (pH 7.6) 184.6- 215.2,
1,3,5-15N riboflavin (in 35.1, 177.94 214.3
A DMSO-dg )
’ MM 1,3,5~15N FMN (pH 5.7) 42,1, 184.4, 215.8;
L3 5—"5N |umichrome § [‘ 1,3,5-1°N PAD- (pH 5.8) 1.5, 184.3 215.7,
| 1,3,5-1°N lumichrome (in 39.1 246.5, 217.9
DMSO-dg ) .
1,3,5-15N lumiflavin (in - - 214.3
DMSO-ds)
1,3-15N barbituric acid 223.2
. (pH 2.0)
L 1 1 I 1
[} 100 200 300
ppm

* Measured from external NHy!S5NOj.
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13¢ Resonances of !3C-enriched flavins in neutral D0

¥>7T2, %,
¢a, /0 a Mz
ST BEN

Chemical shifts (ppm)*

AR . %o s
L AEL Y N
1) Brertmajer
5 oI5k ey
5 A.E ° ((%2
L B2

VU723
2R 3X2% 2|
SHeH —g

4-13¢ 2-13¢ 10a-!3c  4a-13c
2-13¢ riboflavin (0.9 mg/ml) -159.4
2-13C FMN (20 mg/ml) -158.8;
2-13¢c FAD (20 mg/ml) -158.8
4a-13c riboflavin (0.9 mg/ml) ~135.5
4a-13Cc FMN (20 mg/1.5ml) -134.9,
4,10a-'3C riboflavin (0.9 mg/ml) .-163.0 -151.5,
4,10a-1%c FMN (20 mg/1l.5ml) -162.2 ~150.9
FMN (88 mg/ml) -161.6, -158.6; ~-150.7 ~135.0
FAD (100 mg/ml) -161.4  -158.25 -150.5. -134.94

LEOOHIE
KB * O v
L. BOSBRHE V- FOE?
BALrt. Thee aBE
FRIIEGrBR s oy
F Bt v B Aok
Ve I0E®. BCoy >z x8
BAKTRERTI ErdE) oS
WEesBISHRTH. 29y 4
k73 e AtVLEHE 3.

IOFPETE . 238 0.%mp (2t
wMo VR 75 12 FO mg (2.2
mMo7Ee (R 77
6,57 8§ 36000 ttox Tl Y
S hoBERT FEREES
DES kK, . BRIE CHCoo
e BT LTk B T
%él:l3g,{e¢‘m.ﬁ;ﬁﬁ"§‘é§7“
I, 0 BppmnTH3Io 2z,
G, %a, f0a fZ12~ ) TEG ke

Az el¥3:7 f eukize, Lo B
Ceftopn K=y rEe rEHBEER LT3 ERS S.

1
2)
3)
4)
5)

* Measured from external TMS .

/%(-3 Induced shifts in !3C resonances of riboflavin on
addition of the apoprotein of egg white flavoprotein*
Apoprotein
Position Chemical shifts (ppm}**
* addition
2-13¢ riboflavin 2 - 23.38
+ 23.11
a -0.27 (-6.8 Hz)
4a-13C riboflavin 4a - 46.91
—F 46.63
s -0.28 (-7.0 Hz)
4,10a-13c riboflavin 4 - 19.57
+ 20.79
8 +1.22  (+30.7 Hz)
10a - 31.05
+ 30.29
A -6.76 (-19.1 Hz)

* 80 mg of the apoprotein of egg white flavoprotein was added

*x

to the solution containing 0.9 mg !3C-enriched riboflavin in

1.0 ml of 0.1 M phosphate buffer, pb 7.l. Spectra were recorded

over 1250 Hz range with 8192 data points, i.e. the accuracy of

the observed frequency is 0.30 Hz, and were about 16,000 times

accumulated.

Measured upfield from the !3C=0 resonance of CHjz!3COONa in D,0

{external) .
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12.5 5.3 7.3 0.24 0.43 0.34
L-Trp 7.6 4.8 8.2 0.20 0.51 0.29
5.3 7.2 0.24 0.42 0.34
12.5 5.7 7.8 0.19 0.48 0.33

*
D,L-kyn 8.8 3.7 7.8 ~0.10 0.48 0.42
12.0 4.8 8.9 0.20 0.57 0.23
L-Asn 7.0 4.3 7.9 0.15 | o0.48 0.37
12.2 3.6 9.9 0.09 0.67 0.25
L-Asp 8.6 3.6 8.5 0.09 0.56 0.35
11.7 5.2 7.8 0.24 0.47 0.30
L-His 7.7 4.6 8.2 0.18 0.51 0.31
2M NaOH 5.5 7.6 0.27 0.46 0.28
I-Phe 5.8 5.2 8.0 0.24 0.50 0.27
2M HC1 5.9 7.0 0.30 0.40 0.30

|23 ; Fm, P it %\@%%/ﬁs 3 /ﬁ_ﬁ;&%—f *D,L-kyn=D,L~kynurenine
$ 2R
1. G.W.Beadle, Chem.Rev. 37,15, (1945)
2. P.J.Black and M.L.Hefferman, Aust.J.Chem. 18,353, (1965)
: =9
4

H.Ogura,Y.Arata and S.Fujiwara, J.Mol.Spectrosc. 23,76,(1967)
S.Fujiwara,H.Ishizuka and S.Fudano, Chem.Letters 1281, (1974)

—198—



. DNP7YJBREPTHT Y 807 ok /NMRZRT ML
2B06  (#x%x 1z-on2) & AH

7 R e AT 4 Ko BT ) BhE 24- 3= b0 7= (DNPIFERE (1)
& Tr=V 64 LG o N A v (PTHEFEE (D =L 2 TAMTOFEE. 25D

— RBBE OB 12 K\ H  NO, . 2
- W [ 9 '9 .
¥lA2+Tn D, Zh s H R ~ , . Ry

LOTF ) BRE R
AM @ BEEEN 7O T 7 T4 —n Foe 94T 28, NMRGHZE 20
B I=BR T 2 - 2 1BE0 B3 0B nh tHoRE 121833, ch T,
DNP-F ¢ ) BRIZ?2WT ZONH & DNPRYD 70 b w0 NHR T = 4 2 Fajiwara
501k THRB s L. B R ﬁu-tg“cffx“v “nBLostkics 20 PTH-7 3/ 8

DNMRT = IREERENT W BN, T ) a3 Bo B &1k /\Lf- To b v«
BRIV ZERDTO R VB Y W) D NMREEAI o7 ) BRE
BRI 5w T BB IS BAHEZE oo LT VT, SBE G 2 E<XA T b —
ARLE LU RO Tok Y MIRA RS b L2 GaRes e iy atrml)
% PERE KRS IBO ST ST 2 2 L gt Y sz ;nr,;of/g;‘;g&/‘\
By I M BAT 4 mgiwaﬁu:%,’VMR/,;\;&&.%:&I%” 2z2%8H2L T
WELHRRABISYC 0 s, 221U Abie 20 BES~D—FIv LT DNP-7 3/ Bk
LPTH=T 3 ) Be B &G R0 NT L 41 AL I BFErs o o, HMR AR 7 b
Wiz o CEHRRL 7 L BATEE % ’&%a’ 5,

(&)

Z R0k BL =K =& TNM-4H- 160 (Jo0 ivith ) % AE [ L 455 BrARIpa1k 12 &
5T DNP-7 I/ BE LI PTH-7 3 /) SRR SFERBLEBV ., Z R ZHRE9T % %
FEbord Py 4w A AmEy K(DMS0) B3R LT 28CTAR7 Rk
R LT, (T b v dy b DM30-dy 1BFERBL AN 2 Z B i, VS HEN T 5
DDOABATH Y, BTN o TR b VBl Ta X mIz2ERT 2 1=
Hlzanon o ,/j‘f,vlz: TR AR hvizid Q,hn f N oo FTH-F 3
) By T b witld. Fokprgg ) v v & A W3 Inplis 5 InFikizd > (Mfw‘
FLoniehpnzR 7 b BIEIE 024~ 48M CDC; f Riz? W TR 285CChT
Waleo 2 7hRAEL LC R Efod)s & F8EB & ROt EC HA 12 858 LT200 5%
I‘f’l L My 7 (Ae)1E 00521215 0. /M7 M/XQ% BE 2 EnT /.m,m,e

PoFiki Lot Kb =, RS IS E L S N S S
uﬁ’v/’%_%z/w BECR v Tve )%E,«gﬁnﬁrtn e LY QTR
b/}ﬁﬂd)/\y VRSB BT LT 50 T2, ’

(g ]
Vs {inz

—199—



2 F1 Teby-dg BB TIDNP-Ts ) Gan it 7 h (S10) L6652 3K
(1 12ABODNP-F Y |owp | A% v 7k Y X

) BoH-X B & o RiEgE | TP Yo | g | Hew [2RER [L | das] xese
NIk DIFL TN Gly {5‘.47 — | — — | —

: 4.62 .

LACVEBERETT. pyglal 1278 177 — 78—
A Wy byl NS RYP | 4slgao
P A ll 100 adadt M sl R Ve “ |50

BACTER, Prea—[-L X L-Leu| «52|~ 188 |~ /. 88\ H-8 {0.% 85 Jgs z(

. ) P L00 ]| 80
[§ Roberls 5 XBR” ) |L-Tde| 4.69|~2. 20 zr-mz- Yss\H-6 104 | 80 55-0 Js 75
. (T ~cH;
/p) % [ Y. 4 2 L\ ‘O( . CHz £.08 M ]
. bn"m%'{" H L-Ser {6(.5’2 {«.2/ — 5 ,_‘
WEILO ppm H-P #8502 %.89| L 422
b (5 BHIGD ~ A%8h L L-Thr|~ . 68|~ %68 [ 3£ , 6.3
ppr B saRin W" C N imet] 4oa| 240l 270|sch 2.12| 63| 43
L\Népf;-‘ H‘B;G H-& fJ;\ 4-45/, {;-%9 jjg — 4.5 —
L hoAERL 2D | . .. 1
e L-Glu %88 2.39| 258 &3] 43
2By 35 ar o4t |4-Lyd| #.8215~2.3(15~23|H-8 [ 5~23] 7.0
B b Bige LB | | A€ ~3.68
}, l;? AR LArg| 428\l 4~2./h4~2-/\H-8 ~3.17 :
L v Lil\}’jﬁ\wn L‘P/le Log| 243l — A BUIE ‘{5'.5 R
LT oNP-F 3 / {34 30745 |45
. DLTrp| 502 § 2.60| — [ AukuiR &3l —1 g, 72
BEo 27 kI3 ; {262 (H-2 71{‘; :
e . | H-% 7.5
LOKEEF Y BNV % - : w'{,Z-;,A 4.9
N . LA o 4 ! ~ fa
AR 7 [RBIB R = B : (7 T
Y . ) . -~ -~ s (3 321 7 T (8¢
no ABRO BN 5B (Pro KTR[E IS ~alE e (3 33) 10170 B (G|
B ipzruid, X< . A TGN ERA *K DMSO-dg SRRk E

= BRAkRTIE R :
13, YBBOG (0BT ONvn L) FRBhne 8=24-4.2 o§E L7 b
RFSIDNP- 73 ) B Fak 2w IEB =Y 5o o CEBBE GEATHS,

FR1ZH-B A :z@mizy 2HA AR LR VIS FRIL A ) RY ﬂ—/m, 7
N g 2 en G (DNP-Sor. Asp. Phe. - Tip . -Pro )0 I3 BHET 1887 L BT
b 545 DNP- Gly. Ala Vak, Ser b & W-Asp 03581218, €HIRHS- RG>
fAly 7K EFRTL ) Fn 2BBOND0 n KT HD, —hid, Glylz 20

B e CO-NFogh Y OREAER TN T4 E £ L THReATHE THEm M
@07 o b YieRT2EDTHeNHB OB Br K/ E 1 gy one, T
s chhROT Rt BRI VBISE B L EDTHS L. DNPEENY
L5380 50 ) o BDE&A LR T T, 1BRBITATEEY 2 o méa%f_
ARECT2- D LBETE o7 %5, Uy, MARISHEMT J BRIt LT
REB 1 L DNP-Vak. -Ile. ~Ser.-Asp % ED T, 5 W LR MMFE&’F;’O#%@K
ehd, K. DNPRFn T e b /mcéxﬂ 1. Mu@,mmb ) e L
Tek o1z, —WREH-3 K §220-91, HSw §=83-84  H-6# §=72-73 D #&
BB e Bhi (Je=~27. Fs=~28H). DNP-Pro & H-3 0w <8730

—200—



PEEONE L 7 NEE T F.

ETHRED ERLERL L T DNP-TI) BROLE NMR R X7 ww,oe TE%
HIAFE 2 Zem T2 Do b 240D LBLGLTVERD YT 7 0 E
5z é_’DA/PVd (H-Y, §=120).~Ser (H-L). -Tht (H-¥). -Asp (H-$). - T/o (1 v
N =wiBoH-4) £ ku-Pro (DNPE D H- 3)%;1?%71 G, SRi=ZntERICE
L a’u( b DNP-7 3 /@};lf/%qb g 7';1/@ b‘%"i’l—ﬁ\&w H—REnBY) &
%2237 7w E 5D DNP-Met (H-Y). ~Glu (H-7). ~Lys (H- €)b}u -Phe (H-8)
DM AT 5N, SR EWBR 2D FRE L ) 2T 2 LI’J? Ll:;:!afbﬁﬁﬁ\éttb
ns,

2.PTH-73) B —— K2\ UMD PTH-T 3 ) 85D H-K BLWRIEFD 7o b
VoIS 7 h L RE EREEERT. %é’fw/? hEf T, - e, DA
7 2/ 8h0 BB AU BRT o7 - 47 LTS L HX K 07-08 ppn
IBRESADNATHBh L T 50 130 € H- 2 1849 O/ g Brhas BRI NGB L < v s
LAnD, $1HY e WS WEN LTk 2 ppmIAT o ﬁ@mf"{m@;ﬁu
R EHBBEI~NT TN L v BEDNP-F 3 BRI R LR B 105, Ll
ARG NWBRL LTI, ik Y HBHET I ) Bhaztl i, X U 4KA 12550
12 IBON ST DB BIIK XV Fh<H Y, F - HEBRKS L3900 BEHT £45
WECH KIS, DNP-T 3/ ph 0388 %> < PHELHD, ;A n'Bh 1k .
PTH-Thr. -Phe B3 . |
Ty 0 Toog W NG Y NG %2 DMSO-dgqn:ﬁ!jg)PrH-n/@émcfi'wh(51&)%/%:&%}

L‘ﬁﬁiﬁ’\; ”_,L%F,%;\’(‘ PTH- ACH =7 h 5 23
3 - ~n 7 >/ B ) ;
By 2 ) w7 RER |TVB U | H-B | U et T Tar todt
Gu om 7= DL%’ e R 75 L
2 ~ e P Ala . . - ) T
Fo7ebrodUze7 {5 437220 0,94 2.8l( 78
b= 5273-77 | ) tZog| | TCHas
R Y T TR N i B BE A o A V3 I RUE TR S
20 550 24R 1Rl LT L-Ife 4-42~/-93{-C//1'M¢/ H-§ 0.9% 4‘.0{’/.5 Js 75
- CHy 086 7.5 -y
& PTH-Phe € PTH'Tp |, 7ul wodl 407 120 24 83!
1= w0 i BRI Df/;/ef Z.Z 2.09| 2.7/ \5CH 2.09] 63| 43
. - DL~ s { 2. —_ —_
Y7 b LT 1n ? N 3.8
L E=~ 683 & E=~EW |4 ?/u Ziz 2.70f 2.49 4.0 6.0
‘ B L- 2L 4~2.0{[4~2.0| H-§ /4~20] &
(V\;'h:g%g,&?g)nﬂjé 4 “ 4( H-E ~3.55 5
. . . DLphe| #.83| 379 — 40} —
&%’Lb Oﬂ*ﬁ%’t«%b L‘G/" %472 207 — Tz} 3B ] 371‘-—- JZ,J 1
T ko) 1ERE1RA | (#-26 712 Tys J10
) . H-35 682 g
LT DNP-T ) BRD gl sar 50/ —
BLr @Ml PTH-7 32| :
I/ BEASHME NMR R [ 4-Proj #.64211.8~23 1823 H-§ {3.5“6 7.5 Tys {5.5
3.8/ s
N R IEE > TRERD

. o am % E-N-Tx W AEASIIN Y - PTH-L-Y
124 FuHLrhTED, N

—201—



Tips. oot BrusyvBED ) Fibw, PTH-Val (H-¥, 8=/.08),
~Ile (H-%, 8§=086) . ~Thr (H-¥ ). ~Met (H-Y ). ~Asp (H-B). ~Phe (H-/3) ,
“Tyr (H-BY -Trp (7= B0 —3p, 5=~§70) 1 X -Pro (H-8, 8=3.8/)
&GN DT ot £F ZER LML S T512205 0 PTH
TIBBmiscyrrondtneor -2oBr)etryrutsxs
PTH-Grly (H-o ). Ale (H-p ) Lew (H-8)\-Glu (H-£) BET ~Lgs (H-€)o
AT sz icd» T BN EES5ND,

SN-TF4IL-PTH- 73 )Ba—Z:9=K>7 h%%iﬂﬁ’é LT ART b
DEBEMRARY A GBS MELE—BBS1c F 5Tedr . CDCls Iz beBEOE R
VN N-F & 4 - PTH-F ‘

V) BARB LT 10 E3 CDCL#EETIN-Tesn-PTH-73) Ben (6t 27 N51R)

,(/\07 "’Vi’-’%ilffi naaiik(l-'l})

219 BT 4T [Te 14 v 7 b HEB R
peoizrat wS zym B-% | 0 | H-Y (SRR Mrepu Tl 2o
S Fak vpie | Glyl 460 — | — 289 —

Loleu| 4971 2.02]~ /85 \H-8 §0.97| 2,9/154515.. |70
v 7 b LRER IR Xl (/02 17¢]°% (7o
NT4ERE TF. AU | LLyS| KIT 0/~ 24/4~2.0\H-8 [4~20] [/ 94| (3.7
7 NI, (7/5 V)J»ﬁfé’ H-€ %3{% (292058
2t < Hek A 89 0.5 335 &

Fbm A-8 ' 0.2-0.4 K N,NELT G- EN-Tz= s g AR W N S -PTH-L-Y £

ppm R 4535 BINHII L,

MBR I{lmddﬁ”‘ B9 29niBeT TR IR HS . RisN-F4di-PTH-

Lew 1= 700, 7 0 < Cuils 5550 AR i & Elfodss 0 AT 1= LT,

ZDEER AKIEEM S 7 AE S LER T vk HX (45=940) b Y .

AT H-B (Lg=~7.9). N-Toén'T ok (4p=738) HB (4e=~58) H-T

(dg=~48). H-§ (o= ~/ 9D 0uBI= SR VNE-R G F I AN XA IV Y

KERMD . PTH-7 3J BROF L4 ALL Eu(fod ) wffﬁs)k.t wisho ok (O
LLizHRIPSH vgr kb LAt BE L 00 BT B 1=T O ARW

ThELLE L -711“ 2y 12 IRk BT v EE WEARK s 03 Rz iE K T3,

(X#R]
y§) S'@u)tzﬁa., Y Arata, A//—/a;a,éda}a., and H.Momoi: Budl. (hem. Soc. Japan, 5, /658 0%2)

L) M.L.Bouguerra. and YA"MX CR Acad. Sc. Paris (SévieC), 279, 99/ (1971).

3 K Tzumi i Agr. Biol. Chem., 38, /876 (1971, K.Tzumi ; Carohyd. Res., 21,278
(19730, K. Lzumd 5 J. Bmcéem., 78, §38 U974).

4 K.I}urni s Brochim. B/'o,oé,s. Acta , 320, 3// (/973).

8 ASInglis and B . Nickolls; J. Chromatoy, 86,117 (/973).

9, I.A;—m/‘z‘age', G-Dunsmore , L. D. Hatl ,and A.G. Marshall ; Can.J. Chem., $0, 2//9 4972).

D G C. K. Roberts anat 0.Jardetshy ; Adv. Prot. Chem., R¥, 447 (/970).
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Meta((oenwe L EE 0 BEAER o BTE (£21)
B TP A0k B 1T & 3EEBRE T - ¥ s M Mo BEda iR
2 B O 7 (ZR %8 Stanford Res. Inst.) °AR @ ¥ , M. Tanase,
' L.W. Cary, K. F. Kuhlman
LU < S
BE AL MBIt E o 23 BEL, Yo mEHo
ﬁ’z‘#ﬁﬁﬁ%‘&za\% LR TvwBdan, §I97 bo ik v 7y BEAEE I
B, HloBripryansn  BEod ottt 2Rtz
1o l‘-‘/i\%@ 30% 0 a1y, metalloensyme & 1 wmetal activated ensyme b 3 &
MT 03 NMRZAR 2 < m/i\/‘ t probe 12 | RéhroEE (V7 \/Tz) Zzﬁl/g'ﬁ
W, BE LS L 2w 34t Y3 o R REI3 1 AT 3 3. B3R
GrudFozer 45 Bra b a MI{ERH L L, ¢ & (“55%0@)1 t
%b?Soloyv\ow—Bloembevgey\as;t‘24?@)? o
L2 s(s+l)b&2g2(31(‘ 3, 1T )
fTip T 15 ré [rwETE e
s f e8RS T MRG0 Tk, i AR A S TR A0 o
/\:{%/f?f/ A4 E7 0 20 VTO0F 3wt o 2, Vrim it BB ital AS o
GpdR s s b3, S(NFERERL A o MARE WS RS, I EAA
kf}:f'ﬁl"\ TRk "Z‘clize;m)?{]n}?‘\ wr RIEBRI 3 Ko H E%ﬂ&f&(zrcxwowo‘

at /4090 gauss) , Ws @& o LB B HL ( 27T X3.9X /0751 /410?0311,{:9? 53 .0
ko P2 B aMll%h e 03@/;&;.09 ¥ R W RPN OGN AN SR o
F(mA) = C L Tmf () T* 2)

Y, 00 C & M@, CC, Pt ok 812, 6ol 512 ¥ 52 kT 13T
PARRIE T i 1> < B Sk 3 e EX8G AR LT3 2 105 3.%E kR
T3ad3soFiEmdh), o b AR R Lo & STpo B BIEG I 2 ¥R
IFE L W3, RIERS AU b > BB 1IBAL L 734K a Ho
/f‘nFE g 2 LT Tz AR T 3 A 3o Fitu ﬂr/‘};,,a) tbr s Ny 35 avd 3,
@DOF S bz iR \”lifTMjc(‘T)]G‘Z HL b W3o T, Tt Timw 0%
BEzL> et 1 P R2%0ERE CIRR S I, Teo) at<;k¢i\ h3 e xakl
o EME E X02R & b, T XM T — 4 — &y BEavx 0,

2 . PR R T

BFBRF 7 — € 1% SKgma B ot o T RMGH (E.Coli /57 & Y1k HEI h 2y o
LRM T, BEBRA T — ¢ (Mw:d, f000) 1k TcA BIER ISR FU, BEBL & 3 1¢7°Db°7Y
BT EB L CATP 2L ) S @Rt vy P oy BREIEIRICERAE T3
M_g(m,_M—n(I“D CH3—8‘O-—3—O_ + ADP
, pH 7.5 &
oM REI AR BRI MyWaMs BT h3, BHw el £ c2
% 90 atom % 'C T enrich LT: BEdR ¢ REEBES (<Al toranf+ LR
won e R i 4y - A, WA AW Ty =, e Fe Yoy

CH3COO_ + ATP
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45 atom %2 enrsch sample 13 WL T 3. R o R ILEEBR /00mM, 0. /M Trs-cl EEABIR
PH 7.8, KCL 0.18 M, phosphate ¢& ik /0mM , PH 0.5, BEBR 470" 13 M, dithivery-
theitol (mM, Mall, 10~20u Mt T AT P 1% Shmatto Lo vidh 3.

Co G (T, T,) o & it BE o '75bit-?‘o:7fusé‘s A 3 Taversion Recovery
3028 U, Varian XL=100-15 ymp (25 /4MHz) ¥ B 2 & 3- FX 60 nmr (150l MHz) o2
DAAN GO L =Y T 25°C RIR A T TP ER50ME IO X Vayian XL~00-IS nmr
(40.5MH2) ReWB (T, T olfEwt0% K ErsH- N, To kBB - 7

X @ r VK (Ve e T) Lo RER 355 T T,

3. R BRE&ER

BN 2504 MHe TIRIE & b T2 BEER o HTipt ST ol eAT. CHoh oo h o
# MA@o B ID £ © RECHILLZ ™ CO0 0 T, ek A& <FEIET 3, Ma(mod
TAAMIE & W T HEE S0 ( %CT”DIZ( Mn—acetate s % ¢ 328, @ % o iz\mu T+ F19 5085
1T, T3, RERPBF (STpRk Mumacetater Z el B KR ¥ <2, < uw“@i
EX RN R R AT I m‘méfe 7 - m@?%;i/* Y HgJL)I £ AR
o3 (PREZSR 1 Hy(D~SXO™TM/L 78 & & b i 3) w 4 (o Spt. T E T & 3R
Hatls £ Hx07m /4 Bl pes 3 z/ch.r M;@w b (2 3 2 8 s 3,

%zuz CSEUFT s ot MHe v IR U 4Ty & Y Tpodfis % (T
Mn(T) - acetate for if o R -k - Tip 125, [4MHz 0 (B e 13 e & v B Lo T3 3 o

Aeetate . kinase —Mn(l)— P~ acelate & & -4 % o {23 K1 T &Y &%z,%dg, 4 o
BS b T 3, l/{Tsz/@_\i o o NGB Y (5.0 MHZ T~ fiu‘x*( T v 3,
Table I

LONGITUDINAL (1/T;) RELAXATION RATE AND PARAMAGNETIC CONTRIBUTIONS TO
LONGITUDINAL (1/f T;p) AND TRANSVERSE (1/f T,;) RELAXATION RATES OF THE METHYL
CARBON-13 AND CARBOXYL CARBON-13 OF ACETATE IN VARIOUS COMPLEXES AT 25.14 MHz

Acetate - Carboxyl-13C
1-13C and Enzyme® | Divalent | Methyi-13C '
4 2% | mnce, | Sites Cations T, T, 1/Tj UTp | Ty £ Top
Experiment (mM) (uM) (M) (1M} sec sec sec™! sec™! sec sec™!
1 108 . 10.9 53.0 | 0.0189
2 100 73 10.8 42.0 | 0.0238
3 098.2 40 10.2 6.6 | 0.162 328 0.069 | 80,000 " +7500
4 100 12.5, 73 10.2 11.4 0.088 515 0.133 40,300 +4300
5 100 18.5 73 10.1 8.7 0.115 -| - 493 0.160 33,800 +3100
6 100 20.0 73 10.0 8.0 | 0.125 505 '0.127 '} 39,300 - 4100
7 100 18.5 o3 HQC.Q2 11 10.8 20.0 | 0.049 136 0.133 . 40,500 £7200
8 100 73 ] MQCQ2 35 10.7 40.0-| 0.025
Table. 11 1_/?§Zza::d - | Carboxyl-13¢ at15.01 MHz
. 2-13¢ MnCe -Sites T 1 .
Experiment (mM) (“M)z (M) se1c seg; 1::;;’) 1::;? -

1 100 475 |0.023

2 | 100 73 | 400 {0025 | |

3 100 40 6.5 | 0155 | 315 40,200£20100

4 100 1251 73 8.1 10123 787 |-

5 100 200} 73 5.7 10174 745 | 15,100% 7,050
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Solomen - Bloembersenm‘\)»\‘b “z B2 t & WTp o BK BARE S T o B B
2-30%/07Tsec &3 e X 1SEHL b 3L A3 111500 MHz e 2514 MHzo 14T
ot hpho -{-j'?i—\-hf\"z;q'fél'ﬁ (lee ShoB5h a3 &5 i, Ma (T)-acetate

ik w B %/z;\z; MRS bb oz v &0 BEEEALS 2 BFBRo. coo @ Tk

Bitfoimkds: vt iBRr iz 03, GrtE33 038035 D
(V5Tip) sormts _ |+ @r) (2504 /0" "
(%C_nl’)z;./sw/-/z | + (2T (15012107

Table 11T
RATIO OF 14TIpAT 15.01MHz TO 1/{Tip AT 25.14 MHz AND % VALUES

1Tip,15.0IMHz)l Z% at 15.01 MHz

(3>

SYSTEM [T, 254Mr)| (secxic®)
Carboxyl—(mc Carboxyl-13¢
Mn(ID - acetate 0.96.:010

Acetate kinase-Mn(ll)-Pi-acetate] 1.52% 015 4.60-682

£33 1 Teolfis £.82X107%ec > 2113 o B EHIT R Lo T, 4.40X
(07%sec 13 % o T 03 o RTGARIM TR AL CLAAE T3 £ cEh s o0t
Blom\:cr%en— Morgan o 3012 & > 1er§ Aph Vo piaD

T ARk F@QX &y Ma@) #3580 Bc hr wPE o BRI W 3,
M (Z)- acetate &5 & - Mn (@ 5 C00™ F T o Eiﬁméfﬁ.lt#{ﬂ) £3 ek oo Tz,
FPALLE Y Yo BhKo ¥Tpa B9 322 3 N Ml & BEBR m;%?mﬁ:f%&c 7
W3 Y Wi BET 3, Bieo BERE Kd=0.//M 1B R 35 36.5% 0 BFER.
Mu@GEEEE L, oo BEEE XAEL | 2w 3. &> T %c-r.m:m QoL BT TS
e 208 Ee YT X RIRHMEBET A Y RV 0T (D, Mildyan b sv o £
BE— M) f?‘/\i—@gb{iL w3 Hh0 oo k> m\fiﬁofgf‘ B3R R Te=0. 035X (0Fec
B4 @ P i - BFEE Ao vt REIRES W ETeoifiz B v,
Ma@o BE » Lo fRBERIT e AP ot L‘C?,)/%\\ w%c-r,rz 5013 Lvtu . 83 R
$E2 4R Utc, BE#Bo coo” #5 Mn(l) 372 REB 2 8.3A ¢ B 5 203, Wk
FFr—tab3 —aw%@‘{g Lza Db N> o cod d 1o ZERERS. ORt 7%y
Bedas ) by iaf BB e 3 3,7 P ot R E 2R LR3I 10 & 3Ta B A
L 2 Acetate kinase - Ma(Z)— Pi- acetcte A o My@)---RoPEdE 1z 5012 1.0 A & v 3

Table 1v
DISTANCES BETWEEN THE BOUND METAL AND THE CARBOXYL CARBON ATOMS
OF ACETATE,AND THE PHOSPHORUS ATOMS IN VARIOUS COMPLEXES FROM 1/TTip

Distances(A) Distances(R)
Complex Mn(I1)-C00~ Mn (ID)--P Oy
Mn()-acetate 3,58+ 0.12 |
Acetate kinase-Mn(ll)-Pi-acetate 8.33: 008 5.1 1.0
Acetate kinaseMn(1l)-Pi-propionate- 8.00* 010 : »
Acetate kinase-Mn(I)-ATP ‘ 45,45,4.741.0
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(5218 Rk, Btk Acetate kinase “Mn(@)-ATP o R o> PofidoR Fo iR 2 & 2 &

WR59 A RERIBR, hLo YeTpt TCED BRI HEIMRATP 2 20
Table V' :
LONGITUDINAL {1/T,) RELAXATION RATE AND PARAMAGNETIC CONTRIBUTIONS TO
LONGITUDINAL (1/f T,p) AND TRANSVERSE (1/f T,p) RELAXATION RATES OF
THE «, B, ¥-PHOSPHORI-31 OF ATP IN VARIOUS COMPLEXES AT 405 MHz

Enzyme | Divalent i Pa . - 31 P8 31 Py
ATP | MnCZ, | Sites | Cations [1/Ty | 1/fT,p Ty 1T, | U Top YTy 1Ty | YT /T,
(mM) | (uM) (M) {(uM} sec! | gee-l sec™! sec=! | sec™! sec™t sec™!| sec1 sec™!
100 0.42 0.57 0.66
100 5 1.59 | 22,300 | 100,410 £25,000 {'1.96 | 26,500 | 75,300 *19,0001 2.28 | 30,900 | 75,300 =+
100 73 0.44 . 0.35 0.46
100 25 73 1.16' | 28,800 1.24 | 35,600 1.38 | 37,400 -
100 | 10 73 2.78 | 23,400 18,800 + 4,300 { 3.85 | 35,020 | 31,400 * 7,200 3.84 ; 33,850 | 25,100 *
100 2.0 73 H(.}sz2 55| 0.96 | 26,000 1.10 } 37,500 1.10 | 32,000
100 73 MgCKZ2 43 | 0.46 0.38 0.48

PPro My iToRedgr 24 1cE s . 51T bt Heely oihibiz &5 © AT
Po=>o'Po MiToo fir R RIZEIS 2 0 RIEDTAETH 3,

4. %% , :

Mn(m)~ BEEL & binary complex 248 Tx Mal).2C00™0 BEME A 4B 3.55 012 8 (X X 4% © 3 v 18
ot MalD- 92280 00T 3T 0FhE 2.38-320 8 £9 DRI B, 2w 3y
By Ev=302 7Lz 3, Mlvan 5 ov Maf@)-to L L' 2 FRo £ o 3 7L A4EH L 2
3 75\“3,) BEBR 4 Mu(I)i1z COO™ 7" monodentate (3B | T v 3 2%k 2 5 k3o — FaEEg
T - M (M-P-BE R o quaternary $HE v % BFRR 00T & §.3310.084 £ %
> TH Y, BEBRE MulD) o second coordivatim sphere ALB Y T w3 e Fi S k3. My
(D)o 'mer coordination sphere (z (x POs 24X L T &Y, 2 R ABEEE: MyME _ AK
WET I FAT D> T3 Y HELE A
Mallly PO, o BEGE~ 5. 1A ¥ 2, T 3ot
POy ~ B Ma@ B L 2 0 3 T (TR < 8.3&
distorled Prner sphere Ligand 1875 2 w3 ¢ %z \
3, ATP odPas Mnm3ToEERE+E =0
Brilehin, o @s-—Mad® i : g
JIOE & SN metrPle phasrkd’e site 3 L, H\—{
TH3l e TR LT 3. HelMaikmw iz : _
$TYIBE Y W3 site X BEBRE & EEAT 3 site /'\QA'K
2w, ATPY RE@ddasdet 2o | 458
P REEBR T B T3 S 2 T v 3 WA -5k 4 ADA
MSHE 2 e B LB, Hylm) a2 o site € 8< Ot P g =R~

AT tr ot FOR T3, (k. 1975 ‘
0 A-5. Mldvan | The Enggmes”, P D. Boyer Sd. 3d edst I 4%8, (2) Mildvan 4 Cohn, Advan.
Enygmol. 331/ (19703, (3) CH: Fung ot al, Buochemdstig., 12, €20U1973), 4) A.s. mildvan etal,
Ammal . New York Acodemy Science, 222, /a2 (1973), 5) R.S. Anthony, T. Blod. Lhem. 249, 2/20 (1292)
®> (ildvan, Engle , Methods Enggmol. XX VI C: 65¢ C1e72), M@ . AS 1% 27 872 (29+)
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KILZ ) 78(M)EBAONMR (P 3%2)
'HEWED-NMR 12 £3 a el BEAT3({ 35YHL T BAR)
2BO8B ogmiss7r ptorskatiAok A
(FRI, K £FD) &b #4 offm HMY AL 4RP
XK BREP AN AR Fhw % BW E— TR VAP

0F] 45 i3 %12 220MH'H-NMR 12 £3 2470V~ {3I9VLEE BAE 0 ) 2
YRMB Iz 0T ERY LE.) ¥o® HuT ALTRE4E ol TILE RS
22 RBALYEIIR O Basicity LAB B 05 TLE M A" B 13 N-MeFw 4Med -
N"AC{\M Dm‘lir'/?" L T'I,%QO)( F CH; ~ CH,
LEOZT 7LD DSS 836485 “ j
A9 /5 ppm 1= BB BII N3 CY ZBRS
BELE, AR TLEMTIL L TO g
139V~ ILFEEREORBMEI IR

H
CH;

; 2
WYL Y RERE AT 3BT C{f“z 2{3"] New o
ALOETFIAASMERY £ (" Biz rig. s hNAS TP

ANLNEEB Lo AL H k., ,
(BEE] H-NMR ZBIRIEE Vayign HR=220 /&R B AL G EHBIR 1213
Time Avemging Compul e (CAT)E AT B I LT MBLE. D-NMR BRI L BE
BIPFT-100(5 I MH)IREY BIRLTE, A4 0 model . B¥zImL. AKX A Y
L4 LT Y »8) (CEPFE®). FRI = IWNILA Y ~4e M) (TPPR2)E
Hu., CDC&‘F 13 '7“)1‘)[/%7; éfﬁ (f.m, Iw'dz , Twa- 07(4, N-Meiw, N"Etfm, N-Ac L , 2=
Melm, 4-Metm, Brvrazele , Triazole ,ek) ‘
B 5~|5@B RML, +50°C ~ ~56C
ORTBATMEFIZ) FEBURLE 2
AABAR SpemWhile Hovse 0340 0" Sl " .

DL YMb) 12 extrmel Ligand LT A2 VAN
Ttk B (F EBO(E 2. Ha0 R D20 e

i

: WI%ﬁﬂﬁJ,EO“ o - . - ﬂﬁhim%j&)bﬁt SN
(#8822 {3TY-1LHER o Rz Ik o -
OEPR "W % Fig 112 J &3>0t e AL
K% o L BB LR IR 0~ e
FOMBEES PR NALR D 4K SR
AL L. Low opin BEAF L 1%, Fig2 < A AN

27/ [OE PRe(N-Et Fn). )W 0 20 T ReA ¢
DAAIRILE, Figdltu to/resd o AN
T3 7boplot SR LIE, Fig.2 '

FI HTUE
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©EPFe L) W {81480 B-CH:B  ol-CHs B meao H 13 £ 4 »
MR R E A LA BRMTIRIE B0, FILTHE o
O TTILXICE Cunde BYIRAES 0" FILA R BI L 4D,
SHERAIEOZITILO BAEIRE L O o5 N-EtTu ™ ] oermamis
2LSEATLERZ T ILL B A%, HUA (& N-Eta D
“CH; 146, ~CHoLE 1L ] Ving proton % 2010 23, 80T Fig2
(CATE 512 [OLPTe(N-ELin), ] Vi o 8 20 FLE Lgand ~CH,
RUIRRE S Y (N FM '5( (B Liqay\JT V3Iu 2R Bﬁa)

......

t:;;/\‘\" i‘/w;atiuh st TN .1-/. ',\’:J,v«ﬂ,u-—.s.mu}jf . S~

< T Yln,ﬁ_ L5 Ul e ')"T"& % B J(L(‘ N, T~ 0(2(4‘.3),15«;\ ‘GM
AUD, Fen- e 123U, BRI L0 1, 5, 4mii N H L LL, -
AL UALE L L XL DR 2 LT 0D 2 L B4
YL 8z ik T Ax, -.'m‘J{;;A,NJ, Em 9(-4\*1-,9) ETPrRX 4
TERMEX AU NMRITEY B MBS RBILLE, (Rs 4

/

R AraA T
Table I p.yamag. Shift of -CH N .
3 NP BVARTE e
N~Me Im N-Et Im ©N=Ac Im 4-Me Im 2-Me Im . .
D BHRAT -
23.9 16.1 15.8 19.4 14.7
. . » - j . i )'/’L J/.XJ 7- e
TCH2— 23.5
e
Shift in ppm , at -50°C . T
from TMS Fig.3

(224975 r\urvfﬁﬁ_;/’i’)fzjrﬁﬁﬂu@) ) :
B L2 D (OT T (AH Y (YL TG B S BS LG G R (E
BYXhl,, SLLRR R AS{mIniEd CEL LA,

et BUS(St1) fae axy sHmiy A Y ATESGED
L Y A N A Y EF S
%D FT NMR SPECTRA OF DEUTERATED STATEYVHLLOTIRGTS (Xj;?\m';"—/}}i
AXIAL LIGAND I dL-,'O,—;Jr;J)Pp éﬁ‘_ﬁ_) /ld)PlatO

MAILY, IS B R (ORI IRATRCS. B XA
VA Table T R 3o Table LEYA 3&512CS.
/ : ﬂ BB ¥ ) FLRY Im @ ring proton & 1=13
T BorRrrBRENMBRINZEOL RN,
H AV oB GBS R IIRY, URF-INDO
i J}\ CMOHMBREY 435V-L OS5 2o, T-AS
/#,\WM/\W AXIVO LT E=R YT DANO AN
| L RCEBRERS e Tablel 1T X 0y Rel Vil §71
%/k T, CRLACYRBEYIT Bs $1 AN 3
P T EY CS AMOBT RN ROREACT R
e BYEHBURLTHBZ L QRT+TLY)/3 o 8%

TPP(Fe™),

Fig.4
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Chemical Shifts of [OEPFell)JE at -56°C

wmEEUA R IA
FILRH T
Ligand //{i 5 '({5 g"y‘;)u'A

Imidazole . s BCH, :]: 0 S s
S . :—]H SCHy- e " tisgng . | >H .F€ IVZT L (‘TL ?(m’ﬂf‘
F] ligand 4 . i . i [ . .
NeMedm ligand 5+ o NCH, " : :[:>H yYLiEn & 7T-
®LH;y .
i Al [ Au)bFIZ/VL Lo
4-Me-dm = ” 4CH o H:[:\>H ) t
wCH; y
tigand “CH, ’"‘ 51” l meso r e 4 ’ g ﬁ %
- 1
Pyrazole ecn 35 B-CH; = N\N-H a4y F‘ : ﬂ--’/j o r./:
i B I e ~ '
Triazole BEH, - N N
X s \ . - s
] 7 " meso HJLV>”' (L|€]and Etfect)
1 "
20 20 -%0 oo 80 P -40 a0 +40 89 20 60 ‘ F\'é . 5 ETERAZR
FVILBIVY
: Fig.o |

=50 = diy AT ISl R B S \A\LAJ/AN\ AL L, AA &

ﬁﬁ?&‘&i /\A\’fa‘_‘éé(l) \.«H3%\\ *B%?§LOE?-FQLJ{/Z 0)0( kH;

VIENR G, LR

iiéﬁ;& P ASSY-ILRER G R DO U
Vil Y7 Y AL u;,{‘y N AR
T AL, THE J///‘./A A3 Y=L oy T

g £ 'F)L" A o Ny )X/Zf BYDS Fe(An) Ao BIS A% &) i‘fﬁ»T‘)" 2

PRCH éﬁé gy 7°U 6’/‘*";57-»‘ FE.Z 0 0/?5:3}3_‘ e
LTHME RO EERE ST IATDY
2 CMVEBRUER SO IS,
4 Ko CHy B o N B E A D IR 2
TAILARILA Y RS & A-Clis OFEHY
SRR EAL (V3L ul e M4,

rable II
Separation of Dipolar and Contact Shifts

JRYLTOBPRI
(= @‘tﬁi REul Rl =1

 faity
" ’d;ll ;25'3

FELCOEBLIRBINLY A 2)
lmeoo L% A byl A R

e 2
BRIttt AT LR O

Al
A

3T:

™~ T
AR

\}il: ‘L/"C:‘z-y)\/‘)ﬂ‘/'\"v

ATV RGO VAT TV ROL L
RES

wa

> g
~

S ATV Y 0 \A TR EERD
AT IR OFB 20879
AT ORI SINREG LAY ﬂ:ﬁ’k
/\/A'l"\. ‘ ‘.1\'% ;_B(E\ 1347y ")J,’f%

A oAl A FILE B R 53

BIpIL2 ) rofBmE &5

Position Chem.Shift P.S. C.S. Obsd. I.S. - ) k
2-H +7.48  =20.7 +27.0 +6.4 ER PRI e T TR,
4-5 -11.23  -20.3 8.8 -11.5 (ALZaB AOieA)
5-H -8.05.. -12.8 +9.6 3.2 A3V oReEME D FOY
N-H -14.53  -13.6 +7.9 -5.7 S 51 (L ving proton g acd
Shift in ppm, at 0°C  in CDCl,. 3 9--y“~ LIz Eﬁ‘i’— 'QY, ;)L FIL
Table IIT B regiik 4 heohy
UHF INDO Calculati . i b . .
alcutation ' _ DTN DO
Position o " e T e g U MB(RSI exhenrad
S ~ < ~
2-H +0.45 -2.50 =-7.10 -12.10 ‘
H 7
4-H +1.51 +0.19 -2.65  -2.27 W’['* { HmHe B, MoAct,,
5-H +1.83 =0.91 =7.72 -9.54 4 -Velwm, A 5B LL.@
N-H +1.00 -1.00 +1.00  -1.00

RCEA ~18ppm,~8ppm, = [Fprm

—209—



CHREBEMZIFLERATILE kR, M oM SPERM WHALE

BT, FE.OEPRUI BIARRERS /’7 ——

LT 3L, K2 -18ppm, ~l4ppm,~I45 A / km/\w [
pr AT IS BRI T M3 (Fg. 6), 5 EE k
TOTLEY 4 MeTn0FFLE RN P
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