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2500 Table 1 C—13VNMR Data of Bromosubstituted
g Ethanes and Ethylengs
%: No.Compound Functional Shift, lJCH’ 2JCH,
A: Group ppm Hz Hz
N 1 CH,CH, 188.0%  125% . .4,57
" 2 CHyCHBr  CHj 1734  128.5% 2.1
150t CH,Br 165.4 - 151.6° 4.0
3 CHyCHBr, CHy 157.5 13t <1.3
CHBr, - 152.4 180 5.0
4 CH,BrCH,Br 161,35 157 4,6
5 CH,BrCHBr, CH,Br 152.4 156 1.2
, CHBr, 150.8 179 4,0
100; 6 CH,BrCBry CH,Br 139.1 162 _—
CBr, 155.2 -— 2.7
A, 7 CHBr,CHBr, ‘ 14%.4 180 1.0
AE B 4695BRBEC 8 CHBr,OBr, CHBr, 135.1 179 —
CBry 149.0 - <1.5
200y 9 CBryCBry 140,35  —mm _—_
® 2 % 10 C H, 1564~  -2.4%
Q__,;B____é_ % WT 11 C,H,Br .CHZ 71,3 163 4,0
CHX, & CHBr 79.0 201 6.6,9.7
6ol o Q\Sg 12 £-C,H,Br, v 84.8 204 <2.0
Ztﬂ 0 /g/f"ﬁ X 13 c-C,H,Br, 79.1 200 15.0
s\ CHQ,X o Br ;:\'_; . 14 g;--()eHgBr2 CH2 66.5 167 _—
Ry x Ce &:. CBr, 9%,7 . -— 1.3
gH) f—" ;&k 15 C,HBr, CHBr 81.3 200 —
120 : - , . X CBr, 98,7 = —m- 8.0
&?%‘}%%E 3":‘;1{55 ! 16 62]31'4 100.0  --- ———

a) Iit. values.

RiezfveBozitirovk, BEafninsrd<ogbcf
BB 2 TN LUHY, koS 7t 298 1E 6.5 ~ 100 ppm LE 2T 1B, 2
W% o BR%R0BGE < Yo 2~ FVEBAR 66.6 ~ 80F ppm T3 T L
Wi T, % oft BABHGR TR 7 T3 S B ADS. PS5 =y o
HER 0 T ARHBR It 21CF =7 Y otk iF s, 4L e xBEER
0 KB At 7 i =7 F OMBEHF 2T 3, 2y BTt LB
Tt REERA FRFEB 2 T 0BT Bk, =5 L RT R EED
%;gg,‘@,%/m ET3BHBRIND = 7 45 o o pR e AFEIT M T 3L o
KBC T HE. 53N 2B RED 7 b 0%k gon-CuHaBr, B R E X E<
02 pmr By, Wwoxrd >BREIThE ) LREO - £ BEFO T x 75 3,



B) Jen
L C-13 FEBLTOIKEAS £T3 A SR OTNIEER 125 ¢
rx o ERE R oz a Ry T L T3 vz o n T, BREoHs
S ARy, BEAERS 0BREFRARTEY LT w345 TH3,
) en
C-13 R0 7 | L ORGaRE O TR 4 5y B LIF TR L FT LT B3,
BERBE > 0T S0 oy 13 BEBRIR 1> v TS MESBR 0135 —F Lz o
5. Yo o BixzF LS BTHBREIR Y 5 EAEE T, % 08B 0~ 15 Hz =&
Ltnd. 27 BT CHCHBE 2 5.0 Hz dfkkiBtdHa, BIE 2F g3
B, i —FoRFEorizo 0BT L, 40 BWECUETERFS
2 IMBREE AN - Wb s BERT 23 Ay ot BIaXI<H 3. BF 5 CHe CH2 B it
HOHz T %), CHCHBR T 50 Hz 3. S 24 o Blof & 3 NAF) CHy CBryit
BT ¥ 5 272, BREAE b =182 B F i< Bl L7 Aty FEm § 3 < Ty
DWBEELIIT TS Voo ix Ty CAET 3 ¢ FE AT g A TE3 25, %
D RA~ ERE T 32 GEBRTIEO X T3 B <, ¥ o T5% 2t AR Uit #UE'ES & Lo
LD HE EARRTIc 232 v Ay . kAN B ¢ R L kBB IR
DrHCANEIBOBEL 203 Hz LZ Ko £ REBTRRE 9 E R TI B0 ¥y
2 EREoMBL LT, FRCVBELTL R LTI AW MFAD =18
NHBEREINITHH-C—C 2 52 FBMrCEEE bR, ool ed S
120 = BEFRe I Ty # ¥ T3 . R GrBBRE AE NI NS cTon v FL
V43, tomEIBRVBRZFIVETR ) ALzt vl 9032~ bl ofan
BEH 2T 5 K25 R3BPRAF v B o sy, #o TBARKS 27,
dlx A4 v BT MRRTDD. i L CREERE o a s <CBAIRT LS
ST B EAmbcd, 1= GRER %ﬁzgm%\nﬂz t oy 1R T 4ok 5 M5
BiFo. Zhiyo cx bkt BHRow s BRRMsEREL cx 3R v H3 0
2, BB IEIE) BRE 0N 14§ IR LN 3 < ¢ Bl R BHD . SRtk
%L BF R 5 WY R 5T ey k KBRS B €, IR CHCHa X € 2 CHy CHY
o W) T4 Ty dIFF R MRABERT 0T B34, CH2X CHX 7% 8% 2T,
ATep =46 Hz ) LT 2Jpp K2Hz TH3. colrmiTyndit ¢k N7 )
3200 BRENBENL AL RI<FHT39 cdBkoAL I ER LT
5. 2 LT 2oz BiRE om0t hiLE i< & » 7 .53 [EF 122 DB L
LEBLEE LT8R hh3, =0 B8 Eolma s BT F Lo F i
I BRI RTHY, (At 4o b5 2L 7T Ty 9B EE
bmpnivs, BREEHI K3EBYT 20 2wt ey 2 LEHEBSF 2 & o
TRICEHAIICEFRLTV3&E3RRBhR3, 2 kioFrzys > Foiktwy
DT it EEARI v 53¢t 2L B hh3,
1) B8 BB, ¥2im awF SFHE L, p 223 (1169,
2) PC. Lawtrbun, Ann. N.Y. Acad. Sce., 70 , 841 ( 1958);
H. Spiesecke amo W. G Schnocden , J. Chem. Phyet., 35, 722 (/961) 5
W. M. Litchmann and D. M.Grant , J. Am.Chem. Soc., 20, 1400 ( 1163),
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BT C196%)  pog3,

2)  JE Anderson, J Steele, amd A. Warnicke, Rev. Sed. Inghe. 3%, 1139 (1967), (Vavian A60).

D M Sasson, A Tealmors ) amd A. Loewen afein, T Sk, Twstrum., o133 (163D, (Vavian HR-0),

4) HoKewer , Japan. J. Appl. Phys. &, 1471 C1967). (Teol INM-3)

§) I Solomon , Phys. Rev. 33_'. £59 CIEE) 5 1. Solomon amdfiBloembergen , T, Chow, Phys. 28,
agl C(11838) o

) S, BETI AP, Ao wi (1964) p 977,
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Table-I Relative Y -ratlo of Standard Sample
Al\Tucleus Sample Chemical Shift {/
, Range (ppm) : T
19p CHC1F, -100. +200 0.94086564
31p P(OCH3)3 -100~ 4400 0.40486513
iig (CH3 ) 5NBH3 -100~+ 75 0.32083558
13¢ CgHg -120~ +180 0.25148064
2p D3C-CO-CDRH -150~ +150 0,15350634
Lhy H-CO-NH, ~550~+150 0.07224493
Table-II  BELATIVE FREQUENCY RANGE OF HETERO DECOUPLING
System | Chemicsl Shift 1H: 60MHz 15: 100MHz
Renge (ppm) (at 14,092gauss) (at 23,490gauss)
lowest @ highest lowest highest
ig- 19F 300 56.437171 356.454107 9U 064461 | 94.092685
19F- 1m 300 56 444934 :.56.1461870 94.072225 ';94.1001»49
ig- 3ip 500 - 24.280573 :26.,292718 | 40 .468699 ':LLO.Lp889l+1
3p. 1g | 500 24.286192 | 20.298338 | 40474319 ! 40.Loks62
1g- ilp 175 19.247407 119.250778 | 32.079868 232.085487
11g. 1y 175 19.252690 ;19.256061 32.085151 | 32.090767
1g- 13¢ 300 15.084613 :!15.089142 25.141695 r25.149240
13¢c-2%1 | 300 15.089618 : 15.094148 | 25,146701 §25.154246
la- 2p 300 9.208386; 9.211148 | 15,347718 115.352322
2p. 1y 300 9.213000 . 9.215762 15.352332 115.356936
1g- 14y 700 4.333737 4.336776 7.223085 | 7.228154
lhy_ 1y 700 4.338026 | 4.341065 | 7.227374 1 7.232443
Irradiation : Main Band )
Measurement : Lower Side Band of 4KHz
Reference:
1). E.W.Randall énd. R.J.D.Baldeschwieler J. Mol. Spectroscopy,2, 66,(1958)
2}, E.G.Paul end D.M.Grant J. Amer. Chem.- Soc., 86, 2977, (1964)
3). H.Kamei Japanese J. Appl. Phys., 4, 212 (1965)
4). S5.Shimokawa, J.Sohma and M.Itoh  International Symposium on NMR Tokyo (1965)
5). J.A.Pople,W.S.Schneider.snd H.J.Bernstein

'" High Resolution Nuclear Msgnetic Resonance'?

6).J.W.Ensley, J.Feeney and L.H.Sutcliffe -
'' High Resolution Nuclear Magnetic Rescnance Spectroscopy vol.2 1!

- Pergamon Press

MeGRAW-HILL (1959)

(1966)
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rroton Multiplicity $pin-spin Coupling Constants
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N
=

5(3.86) d,d,d,d, P A 3 C b % P
C(4.64)  d,d,d,d,d,d,d A 44
D(1.54) d,d,d,d,d B L 8.8
#(2.54) d,d,d,d,d,d,d c 9.6 6.67 5.2
F(4.21). d,d,d,d,d,d b 3.8 T - 2.8
G(3.80) d,d,d,a,d EoO1.7 0.42 1.7 3.1 14.4 v
P 2.5 0.22  ——- 0.47 4.0 13.0
G 9.3 —— - 1.1 1.0 6.4 12.0
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‘Table 1.° Solvent Shifts for o=H. . ';»~~'-T“.,b19tz' Solvent Shifts for g-H

X Uy I S . X0 TN UIV(S-H) IV(3-H) V. o WI
Coe My 00,07 oL 0,02 o M) . -0,10 -0.14 -0.08  -0.03. -0.10
< e, -0.05  -0.11 0,11 & M, 0,19 -0.11 -0.11 -0,12 = -0,14
5 oH 0.16  0.11  0.06 5. OH 0.10° ~=0.06 0,05 - <0.03
& OMe < -0.07 0,11 0,04 5§ 'OMe = . =0.05 -0.09 0,03 - - = - .0.08
B oo 0,09 0,03 -0.03 & ol 10.26 0,18 0,23 0,10 . 0.12
;"' B 0.09 0,04 -0,02 “?' Br 0.27 0.19  0.24 0.16  0.13
P S 0.09  0.03 0,02 I © 0,26 0,23 0,28 0.20 - 0.14
5 co,Me - L =0.21° <0,18: §‘ CO,Me .- 70,08 0,15 0409
BoooN . 0,37 L. 0,28 & CN 0,53 . 0.49 0,51 0.42  0.39
8 Mo,  0.31 0.9 0.21 & MO, 0.6 0.47 0.5  0.43  0.43
s N, '.0.10 D 20,07 o M, -0.06 -0.05 = -0.06 ©0.01 -~ 0.04
5 NMe, 0.05 -0.01 § MM, 40,01 -0,01 - 0.00  0.00
& OH 7. 7=0.03 - 70,05 ~0,02: & . OH +. 0.03.  -0,04. '-0,07 . 0.01 - 0.00
'8 aMe . -0.07 0,04 0,00 § OMe 012 0.0l  0.00 0.04 =-0.01
g ..CL  -0,03 -0.01 -0,03 g & . -0.09 1-0.03 -0,03 -0.04 " -0.03
7, Br 0,03 -0.03 =-0.07 " 'Br = < -0.06 -0.07" -0.04" ~0.03 ' -0.05
@ I =0.08 . 0.00 0,01 . o T . =0.07 . 0.00 0,01 =0.03 . =0.02
@ ooMe . 0,05 -0,02 . § CO,Me =005 -0.05 . 0,01
oo =0.17 . -0,08 & N 0.03  -0.07 -0.05 -0.08 = -0.06

NO,  ©© 0,08 © 0.0 =007 NO, 0,09 -0.05 =-0.07 -0.08 - =-0.05
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‘Table 3., Solvent Shifts for p-H Table 4. Solvent Shifts for o-Me
X I* 111 v VII* p' v v Vi VII*
NH, o -0.20 =0,18 NH, 0.10 0.1' 0,08  0.09
g Me, =022 -0.19 -0.12 87 MMe,  =0.02 v,z 0.07
o OH 0.02 -0,08 & oH -0.04 0.18 0.10  0.16
2 ove -0.06  -0,13 & ome -0,03  0.01 <0.02
g ca 0.26 0.23 0.10 0.08 & o1 " 0,12 0.10 0.10 0.04
8 bBr 0.27 0.26 0.16 0.08 & Br 0.08 0.16 0.03  0.05
U | 0.28 0.11 0.10 L { 0.08 0.15 0.03 0.06
g co,Me 0.25 g coMe  -0.08 -0.05
B on , 0.37 § CN 0.30  0.32  0.20
g8 wo, 0.56 0.58 0.38 0.29 g No, 0.21 0.29 0,17 0.2
o N 0.04 o M, -0.04 =0.06 <-0.04
S e, 0.05  0.00 S e, 0.00 0.00 0.00
g oH 0.01 0.03 '?; OH -0.12 -0.01 -0.02
g ove 0.02  0.00 & oM 0.03 -0.04 0,01
8 o -0.12  -0.05 -0.04 5 ol 0,00 =0.04  0.04
, Br -0.06 -0.03 -0.04 , Br -0.03  0.00 =-0.02
o1 -0.04 -0.,03 o 1 -0.03 -0.04 0,04
8 coMe -0.02 & co,te 0.04 -0.01
® ox -0.09 ®  on -0.04 =0.04
No, -0,07 -0,08 No, -0.,03 -0.08 --0.05
Table 5. Sclvent Shifts for m=Me Table 6. Solvent Shifts for p-Me
Th R, X 111 viI* ,
_ X v vi
b)tz2v 79
#5487 i o N, <0.17 0.03 o N, -0.08 -0.08
WEFNE Aba 3 N, -0.02 S M, 0,11 0.00
P
mt (%0 3§ gi‘{e g-g: ,0-10 ) oH 0.01 0.00
g . OMe 0.02 0.06
£ < m M
1= 0 > 40 E a 0.30 0.19 g c1L 0.25 0.22
9 F) e ° B 0.33 0.19 , Br 0.24 0.17
OS2, e 1 0.34 0.20 o 1 0.23 0.18
7 o
: ; g co,Me 0.27 8 o, Me 0.26 0.17
K8 ~ B 2 g C0 . .
Arrefo 8 oN 0.36 § o 0.47 0.35
R ofimE 8 o, 0.55 0.393 % o, 0.43 0.35
Unons.
L& L, & o> 2o Ny -0.03 0.00
Lo a § MWey -0.02 E e, -0.04 0.00
= o -0.08 o on -0.09 -0.01
g B h -3 1 . .
Do X9 %0 g ome -0.04 5 o 0.01 0.01
FouX (b ! -0.08 B a -0.01 0.04
¢S gy . BT . =0.06 ' Br ~0.05 -0.04
A I -0.06 o~ 1 -0.,05 -0.04
e AV Y . (Sl Q .
oLty & g Co,Me -0.07 & oopme -0.03 -0.01
)t & N ' N’ -0.04
@%‘,’. ) ;eomgf_ No, -0.06 o, =0.07 =0.06

_.67 —



ry hy. Lk T K3 Table 7. Solvent Shifts for Substituents

30 Averzere PR L4 3, X I* 111 v v VI

3ELILEMNIF2FBo
KHFLETE LSS, L ‘ N,  0.71  0.50  0.46  0.43  0.46
HteHE o AME IR, TLAFEY <R n 0.31 0.10 0.18  0.06
L3 3_H aIF > 5'H<F qz iy, 1 OH 1.12 0.87 0,91 0,48 0.53
o> OMe 0.46 0.3  0.31° 0,29  0.25

Fifaortfe 7. noF bk
VB 303K 8% 0 1EE RER
Hedd. VobbkvrlomH
AB LB, LI REAMEOT DG I Me £ (B LYY & 0IR
LT HHG D2 bR G lrn. 70T E, oM FDBHIE > T A
JEYABRE AL RS LRI F, G o F I REAE

LY, b ntpSHEEWIHBEN N, HAREIGHE 055 1<t mt§%
TiT)EQ@%%&%,Rﬁﬁ%ﬁﬁ?ﬁ(%@gﬁ%J?hU?

CO,Me 0.31 0.24 0.24

auazueq

7¢K,Onﬂﬁ$wﬂwéﬁﬁK0HZ,ﬁzaﬁy@AMWt ;e

Me 700 b > 0) Abenzene € 2 760y F LT e, © % 9B BBAE

PRETH. BES T EXcEiELTvE llao € G B30nICL 5T B
C, Xt Fogeometr) p 5627, Mhotvoridid. W57 2L 0% 720+
FOANEN LT INDT L FRINGE. Loy o HRRBPHETEL] ¢HF
™ombEwothedxl, Y1¢F Y, BloBEkrHES LBt b D,
370709 F00FhiBRELEBS T, WU FE+0 /1 THe0 1 2h5%
A MeFirgitL vy by ol chba, BREE ) Thitoil I citErd
niE, 070y Fobat-EiB e h 2% 7). @EIHT I, LIFAS ¢,

¢ B OREIZNBT -8 51" 8 - RELDIEWRE TR~ 1217
FHFLorFng, QBEBERENRTIEREMELBE NG, . L 20T
P HBRD R E, Me%mﬁ#&mﬁéﬁw%WEﬁTfmgj% <, BIR3|E D
TBRF R YKEGUD S, 207 L DGIBL L T, RHisEo DELZE
ﬁ%ﬁﬂﬁﬁaﬁﬁ%%%w@ﬁﬁéﬂ%ﬁMMMzLzﬁ7zu@

Declyg 12 AL TR~ QB2 Fp} %k o L uBHeH 34, BR L L 7 A<
beb3on. 4 olkidrsz 11 %Y e 5.

Bt3c, Rhocitewo@icd, Willimshokirh @, T4t 2#
wﬁﬁﬁﬁ@béﬁ,Me%A@mﬁygkMU%Wﬁﬁj%hnKﬁ&%K%&L
st 0BEePEG L EE vy he B, R BEuE e BER F0fE
CRAETITATQBBT 508001 F » TREFaTh3s, LDf -EH LT
Williams RO X RE 0B 5M 20 T HT0 55 2, '

ﬁﬁ%lhb?NMR@ﬂLéﬁﬂﬂbf 4584 BR-fri e W
Y X



22 %?ﬁéﬁiﬁ@ WivEz7 b
"’RE e kEE  RAENE

%l’\ﬁ = II%}I)’Kﬂ:\/I’i ﬁ/ﬁ% Lt 5omens im W%—%‘% 10 ,{t%{:/ 7Fa
G U O VR VRN ENWEIC L E PSR £5- 7:8
RS o VE R F L0 L ERA 0, R BE s nw R st 7 b2
,Tgy)’ U,R& 2 ﬁ\‘%’?ﬁ{]"%{?f);ﬁ%/%‘le '}:’0'7Af 5’X‘ IR @]ﬂ( T NMR & ‘7 ﬂ’%ﬁ”&f{zifi
Nk, Lok tiF nahigby i ERER 25 A4 ) A
s 89¢ w~Uchnigue F o 7-v>fhs, Ke&Fh5 2 pambu &1, mono iB.
I8 bongpre ThRiE, S B pogene 35 RiF 2 wii P hiee D a t BI K AT E
150 120 PEa Nbo paaamela L BEFEFRED P OREIEE K
&, MMRJ ?%—‘k | < K%%ﬁf/{b Z(;’Fﬁ&f? LT,
(BT ke BBHT )
HREB A FRE Hitaehs Perkin-Ebmon Mot H-bo Tyne Spadromeline . Refremce
WW?%ZF' THS %?FWU‘] o BT dide ook methad . T HRE Lsoxio] N
k, 3%?}%%9:‘”%%7?{ 12epS, 9.2 epS. . doba. >V T o ‘FW(;{MWOt R
B, — i 13 dungere 39 ASFEIHIN 257 . RBIB 5 Lod mobe LHBTF 2
v, FEoba & caq, PALTERU e X hy o RAEH A nto %o,

Berr 4 B ppitine 352 15 AA’xX'uﬁ,-J’u TR, 2 BB e TR 1R
FRE e BIAIIERS P T > 9 0F 5 Koundewoki 5 Vb FITR foat ovten o BEPT2AT
T, B3 IES4Ea 8715 BRI I e MWW Kd 2 Th 2o PER
acqual 1% 8% Jaond 40 LE 3 ondB B RFLLRE 531 2 T T<, 4 BIR
Z/M‘MWRM' 6 iﬁ& ‘WW%QSqu A, B ;_&W%V\ ]LM LD ';’f*pfﬁflﬁﬁ
DIER o0 TE A PN K diopunsion method (&3 RE 84T 5017,

(k%= 7 1) '

Daituys Vs 4 BIR pitine SR 1H 0 HEFR3s L Bt e i Lo B
?%‘H RROEY e~ Al momo ‘%‘I‘QW%Q%Xﬁﬁl)%*\r’\(\”/\w'fﬁ}%{& i
Ample aum | T ppvisine 55 Bika 16527 HE 1R, BRER & (00 IR frrgine
Fopgrinne o FIETF 3 E M T 30 B0 RIR v TR e BicBa n
0 parend comprundd e {UEL 7 & Con AR aR A 1% sRns ket x 1B w155
e, 4 ﬁﬁiwm%’f)‘@fff\ TH3=0.884,10.08 . . Ak

3 B o T 315 (M2 03187004 Ism osdp-rst bQZ mz
4

THe =004, —0.03 1o
4 iﬂk WM?B\%%\ IHy = r2ldot+0.08 FHy=019d,-0.13 d, oftg“"i" ()@,\‘\4’3.\%{
b 51@ WMW%;‘$-'JH$=/-/;]&(,—406 }H7= /‘(?J-ﬂ(a_ﬂ-/¢ AP W1ﬂ‘_”) ()(,)A“,;-/fj‘)(
ﬁ; r =B RE3G BB g FRE, BRSO BB e Taok (129 Dty 072 3 R
7 G W 7
—69— )



Table I.Correction Terms of Ring 1H Chemical Shift
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Table I .Observed,Corrected and Revised Chemical Shifts (ppm),

P & fcalcd. in %-Pyridines : Table V, Observed,Corrected and Revised Chemical 8hifts(ppm) ,
nme and fcalcd. in 6-Quinoxalines
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28 RELAXATION STUDIES IN HIGH RGSOLUTION NMR

- Ray Freeman and Stefan Wittekoek

Varian Associates Analytical Instrument Division, Palo Alto, California

Spin-spin and spin-lattice relaxation times can be measured for an individual
line of a high resolution MMR spectrum without appreciable perturbation from other ..°
lines, provided suitable selective" pulse techniques are used. The radiofrequency

level during the pulse must be chosen as a compromise--sufficiently not to perturb
near neighborlines appreciably, yet strong enough ® affegt the complete line profile
_essentially uniformly. In practice a 1eveluyH1/2ﬁ,: 1 Hz is normally used, neces-
sitating a duration of 0,5 seconds for a 180o pulse., The experiments are greatly
simplified by observing modulation sideband responses excited by pulsing the audio-
frequency signal used to modulate the magnetic. field; the equipment is simply a
conventional high resolution spectrometer provided with a switch controlled by a
suitable timing device. The technique opens up the possibility of using Ty and T2
as diagnostic chemical parameters in the way that chemical shifts and spin coupling
constants have been used for years. In the one practical example studied in detail it
appears that ﬁhe intramolecular relaxation mechanisms can bé quite intricate even for

a relatively simple organic compound.
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We assume that the spin Hamiltonian HH is given by

H=H0+H1(t) cease (l); Ho=wSZ PP (2);

L
me) =zw-s=rms, + rPos, + 7 ws] L @)

where S is the spin operator and the local ﬁield F(t) is a random process of time t such

that <F(t)> = 0. The magnetic resonance absorption spectrum at angular frequency w is

proportional to wx" (w), while the imaginary part of the admittance x is given by a

general theory of linear responsez) as

X" (@) = wRe[J o) (£) exp(~iwt)atl (4)
0

with the time-correlation function, ¢(+)o(t) = (s,(t), 8, *) (5., S+*)_l. (5)

The function (S+(t), S+*) in (5) is defined as

(S+(t), §.*) = % I <exp(AHo)s+(t)exp(—xHo)s+*>dx 1 <S+(t)S+*(O)> = <s+(t)s_(0)>. (6)
0

No explanation on the notation in (6) will be needed, since it is a-quite familiar
formalism. If we can obtain the time-correlation function (5) by any method, the spin-
spin or the transverse spin relaxation time T, is easily obtained ﬂ;ﬁbugh (4).

The generalized Langevin equation for a dynamical variable S(t),
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t
%Es(t) - iwe-S(t) + J g1{t - t)s{t)yat' = £1(t), (9)
0

o~

has been derived by Moril) from the equation of motion,
ds(t)/at = iLs(t), : (10)
where the Liouville operator L is defined as ins = i[H, SI. In (9) the frequency
matrix wo is defined in terms of the time-correlation function ®4(t) = (S(t), S*)s (S, S*)_l
as ‘ iwe = [800(t)/dtl,_o = (8, s%) (s, sm)7h. (11)

the random force fi(t) acting on S(t) will be conveniently shown as

£f1(t) = explt(l - Po)iLl (1l - Py)s (12)
by introducing a projection operator onto S, PyA = (A, S*)-. (s, S*)‘l S. (13)
% .
Clearly, (£,(t), S )Y = 0. .... (14) The function ¢;(t - t') is a time-correlation

function of the random force £; (%),
01(t = £') = AF1(8), E1%(t")) (s, s0) L. » (15)
Multiplying S* from the right of (9), tﬁen taking ensemble average, and then using
(14) , we obtain the differential equation for the time-correlation function &, (t).

Changing t' to t' - t, it may be written as

t
gEQO(t) - iwe®e () + J ¢1(t")de(t - £')dAt' = 0. (16)
0

The Laplace transform of (16) results in

_ 1
®0(2) = 515, ¥ $1 (2) (a7

The time—-evolution of ¢, (t) is determined by the analytic behavior of &, (z) in the
complex z-plane: from the real part of the singularities we obtain the damping constants,
the inverses of the relaxation times, and from the imaginary part the resonance frequen-
cies.

A straightforward calculation using the Hamiltonian (1) and the dynamical variables

Sz(t), S+(t), and S_(t) results in the following set of equations;3)
(q) 1
@ 0 (2) = (18)
z - iw(q) + ¢(q)1(Z)
with g = 0, +, and -, where w(o?o =0, w(i)o = -(twL) (19)

-1

s = (s, st s,, s weM o + e w0

(20)
4052, 52) 5 (%) (1) (0 vy,

(z) L~ (8) ()
[} (t) =G (t)e (ty +
t 0 (s, g7°

In (20) we used a notation, G(q)(t) = F[qj(t)Fz_qj(O). Moreover, the functions (20)
are derived under an assumption

(F(q)(t)s(q')(t), F(q)*s(q')*) - G(q)(t)(stq')(t)’ s(q')*), (21)
which is a quite useful approximation for the spin relaxation in the liquid state where
no significant motional narrowing effect is present.
(A) THE EFFECTIVE RELAXATION TIMES

As mentioned before, the relaxation times and the resonance frequencies are obtained
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from the RHS of {(18). As far as t2|H;|? = /T _ is reasonably small, we assume that there

is only one singularity at zq = i(mu(q) + Am(q)) - l/Tq,and that the approximate value of

(q)

the function ¢ (z) is obtained by assuming

G(q)(t) = G(q)exp(-t/T) and Q(q)o(t) = exp[i(wo(q) + Aw(q)#)t - t]Tq#] (22)
in (20). The following relations are, therefore, obtained from (18).
(1) ¥ _ . i
11, = (S+, S_)’(Sz, Sz)-l 216G . (L + t/T2 T/T1) , (23)
(1 + /72" - 1/T1)2 + t%(we + Mu™)?
(0) #
1/7s = % 21G (L + 1/Ta2" = T/T3)

(1 + T/Tz# - T/T2)2% + 1% (w, - Aw#)2

1 26 M a1 4 vt - g (24)
(1 + T/Tl# - T/T2)% + 12(we + Aw)?

+2(8,, 8,)°(S,, S_)

ZTG(O)( Aw - Aw #)

(1 + t/To" - 1/T2)2% + 12 (8w - Aw')?

Aw = Aw# + %

1 2061 (wy + M) (25)

+ 2(s_, 8.)+(5,, s )~
2" T2 T T 2 /T2 4 ot e, 4+ Aw)?

where the relations Aw(l) = Aw, Aw(l)# = Aw#, Aw(o) = Aw(o)# = 0, and G(+) = G(_) =G
are used. Wo = Oy,
In the lowest order approximation we may assume T/Tq << 1 and 7Aw << 1. Thus, from

.(23) and (24) we obtain

1m0 e s, sy ets,, 57 a W e ) : (26a)

=20 (wo ) for s = 172, ’ (26b)

111 = 50y /2 + 208, 50 (s,, 507 o ) (27a)

=@, 4 3B, ) for s=1/2, (27b)

where 3Dy = J+wG(q)(t) exp(-iwt)dt = 2169 (28)
o ) 1+ T20?

The relations (26b) and (27b) have been obtained by Abragam4) by using the perturbation

for ) )
theory. The lowest order approximation &% the frequency shift may be obtained by
assuming Aw/wg zAw#/wo 2 0 in the RHS of (25);

1

0l = 205, 5 (s, 50 rwe 3 (o ) ' (29a)

wod ™ (o ) for s = 1/2. (29b)

)

The approximation in the first order with respect to the ratio T/Tq may be obtained
as follows for S = 1/2. In this approximation we may assume in the RHS of (23) - (25)

that % = 12100, mo* = 2,100 ong awt = 4009, and that /Ty - T/Tq# % 0(1%/7?) and

LS

TAw - TAW 0(t%/m?). Thus, from (23) - (25)

ZTG(l)[l + K[O](wo )] (30)
1L+ K% (wp )12 + t2002(1 + 1) (0o )12
2TG(1)[1 - K[O](wo )] (31)
(1 - kP (e )12 + 200201 + 3 (wp )12

R

l/Tl[l]

1m, 1= 1500 gy 4

2TG(l)wo[l + J(l)(mo )] (32)

e I
O (e 112 + 240211 + 3 (4o )12

Aw

(A)oJ(l) (u)u )+ [
[1 - K
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0] 0]

where k1 wo) = 1/m 100 - 1/ 100 2 L5 o) - g ).

It might be thought that the higher order approximations would be obtained by
repeating the procedures just described above. Howevef,'this is not true, since (18)
has in general more than one singularity in the z-plane unless T/T << 1. The reason for
this is as follows. In the limit of the rapid fluctuation, t/T << 1, the spin relaxation
processes in ¢i (t) may be neglected with respect to the relaxation of the local field
F(t). This corresponds to neglect the dependence of ¢;(z) on z except the periodic
part. Therefore, ¢1(z) may be approximated by ¢:(iwp). When T/T becomes large, the
dependence has to be explicitly considered, and (18) gives multiple relaxation times

and resonance freguencies.

(B) THE MomENT METHOD
The correlation time T can be also obtained directly from the second and the fourth

moments of the observed spectrum. Writing out the periodic part explicitly,
2 D ) = oD (1) expinPyy).

Then, (16) may be rewritten as

t .
L0 = - [3 D e @ik - enaer, (33)
where ’

q,(q) (t) = ¢1(

Now the time-evolution of Q(q)(t) depends only on the relaxation processes. The moments

D (£) expl-i0 D),

M, around Wy may be given as

2n
My, = (D™ reta®® o) (e)at?y . (34)
From {(33) and (34) we obtain
m, = 4 0)
_ ~(0) . ~1 _(+)
=690 + ats,, 5,00 (s,, s e (35)
= 7 (+)
M, = M22 - Rey (0)
=m,2 - @0 + 6P (oyred ()]
- 45, 8-, sOTHEM (0 + ¢ (0red @ (0) ~ w 2™ (1. 36)
The quantities Red ") (0) ana red (?) (0) in (36) are - M, ana - ¥P(0) = - 2(s,, 5.1~

(s, Sz)-lG(+)(0), respectively, where 6™ =6, as shown in (34), the moments
sharply depend on the form of time-correlation functions at t = 0. Therefore, the
exponential function such as G(q)(t) = G(q)exp(—t/r) should not be used for the
calculation of the moments, since it very poorly describes the time~evolution near the

origin of time. Instead, we may assume

'V () = ¢ P exp(-t2/12). (37)
From (35), (36), and (37) we obtain
M, = M2+ (610 4 27, + 8612 4w P(s, 8, (s, SO T (38)

Contrasting to the second moment, the fourth moment is an explicit function of 1 and Wy, »

The increase in w, leads to the line-width narrowing, whereas the increase in T results

L
in the broadening. From (38) we obtain
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= 2, M, - M, - G(O)M2 - sc2 4wL2G(+>(SZ, 8,0 (8,, s_)'ll'l. (39)

2 (0)
5 and G

processes, while the others relate to nonadiabatic processes. The latters, therefore,

The terms M M, in (38) represent the contributions from adiabatic relaxation

vanish in the spin relaxation in a rigid lattice.
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NMR Spectra of Hydroxypteridines

DMSO Trifluoroacetic acid ag: KOH
Pteridines  (neutral molecule) (cation) (anion)
2-0H 3,4-Hydrate
C(4)-H 5.61 (q 3.7, 7.0) c(4)-H 9.12
C(6)-H)(8.26 {d 2.6) C(G)-H}{8-75 (d 2.0)
c(7)-H}|8.19 (d 2.6) ¢(7)-Hi8.42 (d 2.0)
N(1)-H 10.33 (br) Tt
N(3)-H 8.08 (br) Tt
0(4)-H 6.50 (d 7.0)
4-0H c(2)-H 8.39 c(2)-H 9.09 c{(2)-H 8.45
c(6)- {9-04 (d 2.2) C(6)-H} 9.36 C(6)-H} 8.86{d 2.3)
C(7)-H)18.88 (d 2.2) C(7)-H C(7)-H {8.74(d 2.3)
N(1)-H 12.8 (br)
6-0H 7.,8~Hydrate Hydrate
C(2)-H 8.25 + C(2)-H . 8.75 + €(2)-H 8.86 +
C(4)-H 7.91 ¢ c(4)-H 8.35 + C(4)-H 8.92 +
C(7)-H 5.09 (q 3.0, 6.7) C(7)-H 6.13 C(7)-H 8.41
N(5)-H 10.70 (br) Tt
N{(8)-H 8.58 (br) Tt
0(7)-H 6.78 (d 6.7)
7-0H C{2)-Hy(9.13 C(2)-Hy(9.65 c(2)-Hy g g6 (2H)
C(4)-H}(§.99 _ c(4)-n}{9.44 C(4)-H}{8'13 B
C(6)-H/'\8.27 C(6)-H/'8.75 C(6)-H
N(8)-H 13.15 (br)
2,4-di0H C(6)-Hy{8.68 (d 2.4) C(6)-H} 9.00 C(6)-H} 8.49 (d 2.4)
C(7)‘H}{8;55 (d 2.4) c(7)-H C(7)-H {8.22 (d 2.4)
N(1,3)-H 11.75
2,6-di0H Hydrate N
C{4)-H 7.97 C(4)-Hy(8.75 .
C(7)-H 6.09 C(7)-H}{8.27
2,7-di0H C{4)-Hy(8.05 C{4)-Hy(8.63 .
c(s)-n}{7.75 c(s);H}{7.72
 4,6-di0H C(2)-H}{8.38 C(2)-H} 9.15 C(z)-H}BJ9 .
c(7)-H)18.07 C(7)-H {8.86 C(7)-H
4,7-di0H C(2)-H} 8.24 *
c(6)-H {7.93
6,7-di0H C(2)-H} 8.50 .
c(4)-H {8.37
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MR CONDITIONS

DATA NUMBER=1/2
SWERP RANGE=770-540

NOISE

LEVEL=2

DATA N{UMBER=2/2
SWETP RANGE=540- 60
NOISE LEVEL=2

NMR DATA
NO POSI INT AREA
1 74244 417 2186
2 44142 23 151
3 434804 67 423
4 4274 67 423
5 425.8 29 155
6 42046 29 325
7 4188 82 398
8 412.2 83 506
9 40546 29 181
10 3570 41 367
11 355.4 97 462
12 3538 87 392
13 35246 27 136
14 341.2 30 259
15 339.6 75 328
16 338.0 69 300
17 33648 21 101
18 12062 349 2743
19 1186 316 1464
20 113.2 323 2299
21 111.6 308 1359
TOTAL AREA=14958
NMR COUPLING
NO POSI AREA COUPLING
1 7420 4 2186
2 42342 2562 J= 740C 4) J=15.3C 2)
3 34648 2345 J=1563C 2) J= t.6C 4)
4 115.9 7865 J= 700 2) J= 1.6C 2)
k \) { l I ] l l [ I
=hT ]“
J; 4s3) T R(30)

1
'
]
'
1
I
1

|

9 (s3)

70FL B vedmcton
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43 Further observations of NOE’ s and their applications in the determination

of organic structures and conformations,

(k- £ 9 ) 7y) om. c. Woods, I Miura.

The intramolecular nuclear Oyerhauser effect (NOE)l) is becqming increasingly popular as a power-
ful means of determining stereostructures of organic molecules and in the assignment of n. m. r. signals.
Since our initial observation of thi’s effect in 19662), we have made numerous measurements of these
NOE’ s in a variety of gfoupings, many of which are as yet unpublished. Some of these results are
presented below.

1. METHOXYL GROUPINGS'

3,4

As pointed out earlier , the methoxyl methyl in the grouping —CH=C(OMe)~ can give rise to a
substantial NOE with the adjacent hydrogen. We have measured this effect in more than forty compounds,
both aromatic and ethylenic, representative examples of which are discussed in the following.

(a) Aliphatic methoxyl

Irradiation of the methoxyl methyl (W3 0. )in CHMeL CH: CHZCHZCH(OMe)2 appears to have little
: *
effect on the adjacent tertiary proton indicating that there is no appreciable NOE (£ 3%). or coupling
(£ 0. 05 cps) between these two methyls and the tertiary proton,

(b) Ethylenic methoxyls

NOE’ s ranging in value from 7 to 30%, have been observed with the grouping ~CH A=C(0Me)— in
cyclohexa-1, 4-dienes, a cyclohexa-1l, 4~-dienone, a cyclohexa-1, 4~dienedione, a cyclohexa-1, 3-diene,

in cyclopenten- 1, 4-diones, and in cyclobutene systems,

J (undegassed CDCIL, solutions) ranged from ca 0.-25 down to ca 0. 1 cps.
OMe, H A 3 .
(c) Aromatic methoxyls "
(i) In the grouping oMe | Examples studied so far indicate that the NOE'.s are small, but
H

significant (ca 10%), and that couplings between the OMe and the adjacent hydrogen can be as small

as ca 0.1 cps (CT. Compbound 1)

NOE' g*
O Me E—
s [OMe] H, ca 0%
¢ @ 3 [OMe] H, 9
[OH] H6 21
HO CMC3 [CMe3] H3 40
I (DMSO-d6 solution)

* Unless otherwise stated NOE s (for methoxyl groupings) are given as the % increase in area of the
adjacent proton when the OMe is irradiated, abbreviated as [OMe] H ,
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Ha
(ii) In the grouping @ oMe . Ten examples were studied, NOE’s are in the range
a .

5 to 25% and coupling cohstants_. 6] ) varied from ca 0. 15 to 0. 3 cps.

OMe, H,

NOE’ g
[OMe] H4 = 10%
[OMe] H6 = 0
J
OMe, H4 = 0.5
J
OMe, H6 = 0.0

(iii) Troponoids. In contrast to other aromatic systems, quite large couplings (0, 45 to 0. 65 cps)

4)

have been observed  between the OMe protons and the adjacent proton in these compounds. NOE’ s

(10 to 17%) are also observed. It is of interest that, as shown in the case of I, couplings and NOE’ s
are only observed between the OMe and the hydrogen on the same double bond, and not between an

OMe and hydrogen separated by a single bond,

(iv) Naphthalenes. Three methoxy naphthalene derivatives III, IV, V have been examined.

O —Me M
)

Me Me
! O/ 1 \o
? 2
3 y 3 3
s 4 4
oI v

It is to be noted that the OMe in III (JOMe, H'z

=

= 0, 35) shows a large NOE with I—I2 (26%) but a
relatively small NOE (5 to 10%) with HS’ despite the fact that the OMe protons could be much closer to

thus indicating that the OMe prefers the conformation with the methyl proton

to H8 than t‘o HZ’

oriented towards the H, proton.

2

In IV and V, although the OMe protons are practically equi-distant from H, and H3 (assuming no

1
preferred conformation), the Hl proton shows a greater NOE (23 to 29%) with the OMe than does the

I-I3 proton (10%, in degassed acetone—dé). J = ca 0, 25 is also much greater than J

OMe, H 1 OMe, H

3
(< 0. 05 cps).

These and other aspects of OMe couplings and NOE’ s will be discussed.
(v) Given below are a series of NOE measurements which permit the unequivocal assignment of the

OMe signals, as well as H, and Hg, in papaverine {(vD,
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HMDS . ¥
6CDCl3 NOE’s
H, - 6. 96 [6~-OMe] H, = 22
6-OMe : 3,91 [7-OMe] Hy = 17
7-OMe = 3,82 [H9] Hy = 20
_Hs : 7,27 [Hg] H, : 13‘
- " Hy = 4.47 [Hg] H )
H, : 6. 77 [12-0Me]H11 = 17
1+ & 12-OMe < 3, 69 [13-OMe] H, = 18
. - e« 3, - e B
OMe 14
13-OMe : 3,73
MCO *
H14\ . 669 Degassed C()Dé-DMSO-d6
: solution.
—_— H 6,73

u 15

That this type of NMR analysis can be of tremendous value in structure determination should be

obvious,

2. HYDROXYL GROUPINGS

That aliphatic hydroxyl groups can be involved in NOE’ s has already been notéd in the cz;se of a
ginkgolide derivatives). As far as we are aware, it has not yet been reported that NOE’ s can also be
observed with phenolic hydroxyls, ' We have observed this effect in at least twelve phenols (compounds

I and VII are examples). These NOE’ s, which in some respects are similar to OMe NOE’ s, will be

discussed in more detail.

OH

£ NOE’ s
2
[oH]H, = 23
H, [oH] = 16
3 , ~ foHlm, = 8
d 4 [HOH = ca 5 \
Vi (degassed DMSO-d, solution)
3. If time permits, the following will also be discussed:

(i) The effect of measuring NOE’ s in degassed and undegassed solutions, and the effect of change
of solvent.

(ii) Comments on the conditions necessary for the measurement of NOE’ s,
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1)

2)
3)
4)

5)
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4 My bridged devoid (R 8 & b)) vBFn aNO E(ﬁoyérhauser% B)cont
’ On NOE’ g Qbser.ved in an A/B bridged steroid (photoérraﬂgéd product)

REK B oF WA, M.C ook | WRIL A, POhE

Quite often during the careful measurement of nuclear Overhauser effects (NOE’ s) in proton NMR, it

1) )

has been noted ™’ that while certain signals exhibit the increase in area expected for a normal NOE2 5
some, but not all, of the other signals appear to undergo a sfna.ll but significant‘ de_crease in area. At
first this was assumed to be an instrumental effect such as that observed when ‘stréng signalg are

irradiated or when H2 (the irradiatiﬁg frequency) is set at too highva power, However, in 1967, while

3)

carrying out double irradiation experiments on a taxinine derivative™’, containing the grouping

4 : ’
3
mb it was found that irradiation of what appeared to be one of the Cz-methylene
G

protons caused an increase in the area of Ha and a concomitant decrease in the area of an. Because
the C2 methylene protons were ox}erlapped by other signals, and could not be separated by solvent shifts,
this sample did not appear to be a suitable one on which to f\irther study this effect and hence to deter-

mine its origin, However, since the pairs HZ/ H, and Ha/ H_are both known to exhibit NOE’ sl)

, it was
thought that this decrease in area might be due to a relayed effect, i.e. the increase in population of the

lower energy spin state of Ha’ resultiﬂg from irradiation of H,, would cause a decrease in the

2
population of the lower energy spin state of Hb and hence a decrease in the signal area of Hbl).
A more suitable compound for a detailed study of this effect was the steroid derivative (I) obtained

from 3p-acetoxycholest-5-en-7-one by a photochemical reaction (see reaction scheme)4).

R R

. (I 2
hy
‘O ToBwoH | QQ hy
AcO "0 t- o ¢ 0

3B-acetoxycholest- 3p-acetoxycholest- I
5-en-7-one : ; _'4-en-7-one
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10-Me

6p-H

6a-H

4-H

3-H

Note: - 1%
2%
3%

~ Because of the exocyclic methylene bridge across
rings A and B, protons H4, H(m’ Hep’ and the Clo-Me
are kept in a fairly rigid co-planar arrangement. For

this reason the C lo-Me and H(,p’ and H4 and Héa show

large NOE’ s (see Table 1),

*
Table of NMR data'”_for Compound 1 in cDC1,**

s TMS J (cps) NOE' s>*

ppm

1, 18 Jéu’ 68 1,1 [10-Me] Hé‘5 + 17

4,90 Ty ep 00 [10-Me]H, - 4

4,78 J4" 6a "~ 01 [Héﬁ] H, - 3

3.25 T3 4 40 N E: ) +19

5. 20 m) ", + 7
[,] Heg -3

Spectra measured on HA- 100,
Degassed solution containing C 6H6 for field-frequency lock.

The expression [10-Me] H, , = + 17 means that the Hé‘3 signal showed

6p
a 17% increase in integrated area when the 10-Me signal was strongly
irradiated.” A negative value in the last column means that a decrease

in the integrated area was observed during double resonance.

™
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Me H4
TRR. -
H
’ NORMAL
' NORMAL-
IRR.

Hep

-Me

FIG, 2. Effecton Héﬁ and Héu of irradiating C,4
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The 100 Me spectrum of compound I is shown in Fig. 1 and the effect on the H

68 and Héa signals of

strong irradiation of the C‘1 O-methyl signal is shown in Fig. 2.

The significance of the small decreases in area of protons 'Héa’ H, and H

, when the 10-Me, H‘

4 68 6B

and H e re spectively, are irradiated will be discussed, and further experimental evidence bearing on

the validity of these effects will be presented.

1))

2)

3)

4)
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