&Hﬁ
B
B

# H M N M R

196649 H 23 H (&) - 24 (1D
BoE MR R & M

H & bt % %
HA 2 #HKFE=R
H ® £ % =



£18(9A238) @

10,

11,

12,

F B o # 9.30 ~ 12.30
| B2 TR S
Y VAo NMR 2<=7 + v GE1HD

GRAEXR - 90 OFE %H;’J GRAk -8 Wi AR, (B« HED B Al

~u =&Yoo F19 NMR

(EZ!KEE%C) OFE EZ-RK %8, GIF ﬂ’F" JRE:-

FYUAFL e E2L e 7TVEZD A e Fu<f ¥ UN—1H %t/ﬂ%“‘fﬁ:%{

GREFSRPD OKE M -8 Rk

F 7V v BN BN—H 2 v vESERk o 545

CEEZM) OB Rk« KBEET, EU’Avvx-) REET IR &

@ 1050 ~ 11.10)
(B B | @ %
€w e 2 B S EIE

ek - T OFN %= HE  #iE--

A} L3 long range coupling » BEEVEEICIT B B

' (%:ﬂ:ﬁ( '%‘F7J<) Oﬁa/z*ﬁ? A W= . ﬁ’EF’ F—, (B3 « B3 N &R

AR F //1/%75{@ LT long range couplmg

GHTE) Ok FAT -BIR -k -

a fric B X huic bibenzyl » NMR 7&?\" R

GUBA B) ¥ WE - f—-04 R W - EEETE-

F % o #H 1400~ 17.20
(BBE & R
BEIAF T « £V FOEEL NMR

(FK -1 Oy — «HEK RE-&A IEW -G8 2

N-qv7ue)Fv-P-Bif7 =9 voilrfEs L BRigyn

CHESRED |l B
FHEBRBRIEO IERERE & (i

TBRTARVEBI AV LER VYOS TFREEL NMR A7+

Gk -1 B BE -8R - GEER O+l Hik - &g #-

FEARF) Oa Rk & B« & A HF-

4

10

13

16
-19

-22

-25

Bk - ) OWR 7 - ME =g, CHRAA - 508 WK, 7F-28

-31

34


takai
鉛筆

takai
鉛筆


13,

14,

15,

16,

17,

% ® (15.20 ~ 15.40)
(g & 7w OF B R
Some aspecté of the NMR of the Ginkgolides (¥ 25 4 VD NMR =2-27 1 o)

- (Varian) OM, C. Woods, (Fidbk - 3) =@ g

An NMR Study of the Preparation of 1-bromo -2- trichloromethyl cyclooctane

(Varian) L. F. Jcohnson and N, .S, Bhacca -

(BR kxR B B

NMR A7 p MZ X BF LD b e R v R BGOSR
(ﬁﬂ:ﬂbﬂ)gﬁ - OF8 Bk - w3k FIR,  (Varian) M. C. Woods:-

F7F 7T VOBTHENE (Lo 4d) BARKMEF T+ 77 VO ARSI v

CCHEAER < 950 OFlg &8 - PR 17 - BKR k-

EEESTFEED NMR 227 1L

CGHAEK B b RS - OFM (A BAE-

%28 (98248 (O

18,

19,

20,

21,

22,

23,

24,

F Bl o & 9.30 ~ 12.30
(BEE kR AR

ZYRYPAFATIVEIBAIEV—ABIRT T ovD sy ZFA0RET L

(%:ﬂ:ﬁ « FEAO OPEEHS » CGRILK <) Il —E-

AV T ey — OTENG

GRK-3) O BRH - BK R HE-

KEEHC BT 5 L2y volkE

GEk <) O/ME BH-FRE M6 R 5

7YY VLB BT 5 EBRET OMKE TR L KEEE

GRv « 3688 OxpE  HE-HE &F -0 EfE-ZE g

% @ (10.50 ~ 11.10)
R H B R R

RV VR OBECEWTRT 5 KEFH ALY E OB IMHR

GER I B BE-OFKE & < KRR

EH BRI ko NMR

AF VY -HE ko p.m, v

Gk« 3 K% BRE -OllE R« pREET, GEK-B) #E ER-

Gk - T) OFfs 8 « FIRERS-

-37

-40

-43

-46

-51
-54

57

-61

64
-67

70


takai
鉛筆


25,

26,
27,
28,

29,

30,
31,

32.

33,
34,

35,

SEIEIC L BT € b 7 ¥ KB O A € VBRREG
(BERBPD @ F B =73
£ #% o # 14.00 ~ 18.00
(R # ® B 8

SCF-LCAO-MO i X 54T Ofe2 > 7 L OftH
(RGRBFD Kk A E--T6

BA v vEAEROATHEEC X 8HE—1 .
Gk -I) O WBE - & 59 « RIREKE-79

%i~wﬂ%7sy%ﬁ@m%ﬁ%?ﬁ%ﬁ@gké@%gﬁ
(BEEM OB BoKE  HiR-82

7 3 FEo CN HigEiz: NMR
(HAET) ¥6 RBE-BBI -0k %8

# M (15.20 ~ 15.4D
EEE + Il ' 8

NMR 3513 % a, f REIRI7 1 = AL AHOWIR & Ol F
ROk %) B W %88

7=V A% IOEOBEEEYD NMR L YREAR
(LK Iy FH P -0 B.OnR 491

Eo 78/ Ve AR F AR~ VOSBE L RIBESSE
REHITH) OFs Em.-882 H-Hf B2l A9

o ® (16.40 ~ 17.00)
» (Er B K # 3
NMR ¢ X ARy V' 4V — A SFEAOEELEIE OB 58
(ZILFP) BE FOxF EH-
AFAAX (VD 78y ¥FeAFpr=<) (VD) 78) Fo NMR 27+ AFEHAHR
| (BEA « T Ofbk b5« I 24 - Brh ok « KIEAES---100
Cl, Sn (acac); DNMR 27 | A O EKFME
(A - TD ON &8« | b ek « KEEALS--103


takai
鉛筆





1 B Y JACEMONMRARTI MW (F | #2)

CRIRIAF) 0 BIBE A (R3ekBeD) L of KB
(ef#t=)  F & Al

Fidme ik, Lt BRY 7AW P e i 1% 27tz o ot er”
o TARN &) aNE E 049200y LB s L0
f AR AT o NMRA~7 Fiwvicouz, (RO P Yom
He 2O X, om vodlthizouz >“<
MHT 5 RERTE9TMSI %mﬁiﬁ%‘z Lo -
LR R Ton 7, 8L H-60% & o Varian V-4311E9RN s ko X =) =2
By, H e T@60 Mo, PYicid L 7id 24.288 Mo, T4TH 2 . 155 hkEEF 99
I ERONYE 27 by A LR Al R . BIE LRAEYBRE
LiTZFWERFWTH Y, BFEBa~ 7 v HEiy s 3-4 Ny R
BEG B Y L T ELOPOL, o Ay bWER IR Lk, 2oBTIE 3-4 /87—
wAMLIR=EHRYL &> T B, R
2 Af VB0 zBRo syl @1 EtOPO, 9
Som, PRERT G0 IS ozs BFRANTEV
Az AR I T
Wy RFMEN AL EESLTY 3
its to LEW NG, Pog4lcs
Hib? &iﬁ‘f\-ﬁéf loSLE>Hy
T 7w 3%,
1. w7t

Az ¢ 5L kﬂ:,m{z by : —
$rmE v BB, A5 fok L
L7 L8 008 ppm BHHB ST LTS PO, PS, PSe oMk 3H ks L
TRICR KR, Py PO 9B 349 0/0 ppm 2B B3, XU Bold: st
<o 0T ES B QMR D ) A B de, 4o T oRHEix A5 VE o3k ) K3
(Ba 703 A5vrEoifbizt PO,PS, PSe v2x 2 vn&ds g,

2. A b EL . ,

Ui YLBF ORI BERK o 0 (a it p ol E L 5 BRota s PR
RHD, IRy BERR 9Ky 2B oMm L 12 K3 <k 5 Ao 913 KBR)
TMIND I EC DR 2D, 2 BERKIBREBEE & Lo REoF i, AR
v @@ iR h ), B x 3THER DS RT 0B, TS5 9% 45 4%
tt 307 -9 -0 b anBehrs CREOND, 2> oA BEERE Ty

1




Table 1 PR data of some organophosphorus compounds

No. Compound Coupling Constant, cps Chemical Shift?lppm
1. #2 2 3 4 3
Jew %pe Jpm  “pmH JHH"E:H3 ZéHQ
1 EtOPCl, - - 8.5 €0.5 7 1.35  4.27
2 (Et0),PCl  -- - 8 <0.5 7 1.29 4.05
5 (BtO)4P — e 8 <0.5 7 1,21 3.8
4 EtOPOCL, - — g 1.2 7 Llubag 442g
5 (Et0),P001  -= - 10 1.0 9 1.365 4.255
6 (Eto)sPO - — 8.5 0.7 7 1.28; 4.0k
7  EtOPSCl, - — 13 1.0 7 1l.46 4.4%
8  (BtO),PsCl -- - 11 0.85 7 ‘1.37 4,265
9 (EtO)BPS - - 10 0.7 7 ° 1.27g 4.06
10 (EtO)BPSe - - 10,5 0.5 7 1.30 4,06
11 (EtO),POR €87 - 9 <0.5 7 1.305 4.10
12 (Bt0),PsH 647,05 == 11 0.5 7 1.305 4.13
13 (Et0),PSeH 530.p -- <0.5. 7 1.30g
14 (MeO)BP - — 10,5 -- - 3.46g -
15 (MeO)ePOH#5 700.g == 13 —= - .
16 (MeO)PSH® 657 - 13 o - -
17 MePO(OEt), ~- 6.5 8.5<0.5 7 1.265 4.025
. 1.40
18 MePO(OMe)2 - 17.5 11 -— — 1,445 —
3.67
19  MePOCL, _— 6.y - — -~ 2.60 --

. #1 Downfield from TM3. #2 The notation nJi_i denotes the coupling
N o

constant between nuclei 1 and j. #3 Ref. 2.
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]3 Some Aspects of the NMR of the Ginkgolides

Department of Chemistry, Tohoku University

o * 1)
M, C. Woods and I, Miura

A common difficulty, in the use of NMR to assign structures to complex organic molecules, occurs when
the protons of the molecule being investigated exist in isolated groups with no observable spin-spin coupling
between the protoné of one group and those of another. The NMR of the ginkgolides presents such a case as
can be seen from the following spectra, Although the NMR spectra are relatively simple, ‘the fact that the
twenty protons are divided among si# distinct proton systems limits the usefulness‘of the spectra to fhe
‘extent that nothing can be said about the relationships between the proton systems,

The ginkgolides, -A (CyqH40g), =B (CgH,401¢) and -C (C¢H;,401,), which are closely related
diterpenoids from Ginkgo biloba L, , were initially isolated and studied by the late Professor S, Fujise andare
currently being investigated by Professor Kf VNakanishi and his group at thi‘s University, The chemistry of

these complex natural products is too involved to be discussed in the time (or space) available; it will

(0] ginkgolide A 100 Mc in CR,COOH (TMS) 8]
- o I ’ : : 1ig
2Me
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therefore have to be accepted that the ginkgolides have been shown to possess the part structures, I-V,
which are in accord with the NMR spectra, The ginkgolides possess three lactone groupings and can be
oxidized to a tetra-lactone, Dehydration of Ginkgolide-C (G-C) affords a diene (dianhydro-G-C) with paﬁ-
structure (rings A and B) VI; its NMR speétrum shows proton -C as a quartet (J=0, 7 cps) and the olefinic
methyl as a doublet (J=0, 7 cps) thus establishing a relétionship betwéen the A-Me and B-C proton systems
(Cf. VI

In an attempt to relate the isolated systems, by using NMDR (double resonance)techniques.to search for
some indication of small long-range couplings between protons belonging to different systems, it was found
th.t irradiation (saturation) of the tert~butyl group caused a significant increase {ca, 30%) in the height of
the I and J proton signals, but did not cause any great decrease in the half-band width of these signals,
Moreover, in the case of G-C, the heights of signals due to protons E and F were also found to increase on
irradiation of the tert-butyl group. Since it‘ seemed unlikely that all four of these protons could be coupled
to the tert-butyl by a‘through-bond mechanism, the possibility of through-space coupling or an effect involv-
ing a relaxation mechanism was considered,

In a recent series of communicatioﬁsz), Anet and his co~-workers have shown that in certain rigid
molecules, it is possible to observe an intramolecular Overhauser effect when a large contribution to the
relaxation of a particular proton comes from one or more closely situated protons‘ in the same molecule,

In such a case, saturation (e, g. by doublé resonance) of the proton(s) responsible for the relaxation of the
proton in question causes an appreciable increase (up to 50%) in the integrated intensity of the signal due to
the latter protonz) .

The results of chemical studies so far carried out indicate that the ginkgolides possess a rigid cage-like

skeleton, and it therefore appeared very likely that the increase in the height of the signals from the I, J, E

and F protons in G=C, on irradiation of the tert-butyl group, might well arise from a nuclear Overhauser 7

— 38 —
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effect, NMDR experiments support this view,

Integration of the I, J, E and F-proton signals both before and during irradiation of the tert=-butyl group
shows that a marked increase in the integrated intensities of these signals results from saturation of the
tert-butyl group (See Table), On the other hand, irradiation of proton J for example does not cause any
appreciable increase in the tert-butyl signal. ' In the case of iso~G-C triacetate, an isomer of the normal
G~-C triacetate, it is of interest to note that proton J does not exhibit any nuclear Overhauser effect but
instead the tert-butyl protons now appear to be largely responsible for the relaxation of proton F which is
not so affected in the case of the other compounds in the Table, The importance of these results in assigning
structures and steréochemistry to the ginkgolides is obvious, since in order for this relaxation mechanism

to operate the protdns in question must be very closely SituatedZ).

TABLE
Signal Proton f iso G=C G=-C dianhydro- .
obgerved irradiated Effect G-A G-B G-C  triacetate mono OMe mono OAc
Nt 32 24 26 32 34
I t=-Bu *
AA 30 26 30 31
ANH 22 - 23 21 nil 35
J t-Bu
AA 22 21 24 nil 27
AH - - 20 14 20
E t=-Bu
AA - - 14 35
ANH - - 20 23 . 23
F t-Bu
DA - - 24 18
AHE nil nil nil 15 nil
CH t-Bu
Aa nil ni 12 nil

* A H = percentage increage in signal height on irradiation,

A A = percentage increase in integrated intensity on irradiation.
ok )
Measured in CDCI3 solution. Other compounds were measured in trifluoroacetic acid, at 100 Mc on a

Varian HA- 100 using 50 cps/500 secs sweeps for recording the spectra and 50 cps/100 secs sweeps for

integrations,

1) The authors are deeply indebted to Professor Koji Nakanishi, Drs, M, Maruyama, A, Terahara and

pa

Y. Nakadaira, both for permission to make use of the results of their research on the chemistry of the
ginkgolides and for the many valuable discussions.

2) S Winstein, P, Carter, F, A, L. Anet and A, J. R, Bourn, J, Am, Chem, Soc, 87, 5247; F. A, L. Anet, and
A, J, R, Bourn, Ibid, 5250.
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] 4’ An NMR Study of the Preparation of 1-bromo-~2-trichloromethylcyclooctane

Varian Agsociates, Palo Alto

LeRoy F. Johnson and Norman S, Bhacca

The addition of bromotrichloromethane to cis-cyclooctene with light irradiation gives as a principle

1
product l-bromo-2-chloromethylcyclooctane .

Br
+ Brccl, —E%g—f' 90-97% Yield
cel,

The 60 Mc NMR spectrum of 1-bromo-2~chloromethylcyclooctane so obtained showed, among other signals in
CCl, solution, a pair of triplets centered at 4, 82 ppm from TMS, The two triplets were separated by 16 cps
and the total area of the pattern was 1/14 of the total for the spectrum. This pattern was assigned to the
CHBr proton and the possibility of a large 16 cps vicinal coupling wés considered. Subsequent NMR data
taken at 100 Mc showed the triplets now seﬁarated by 29 cps indicating two chémically shifted CHBr protons
were contribuiing to the pattern, and that the sample was, surprisingly, an equal mixture of two components,
even though the sample had been purified‘by gas chromatography., Additional 100 Mc data in other solvents,
(CD3),CO and C¢Dy with proton-proton spin-decoupling, allowed aééignment of the ‘two components to cis-
trans- isomers of 1-bromo- 2-chloromethylcyclooctane. 2

Figure 1 shows the normal and frequency-swept double resonanceJ spectra of the cis-, frans- mixture run
in C¢Dy and (CD3),CO. ‘

In C¢Dy solution, patterns from the two CHBr protons are seen at 4, 82 and 4, 60 ppm, while the CHCCl,
signals are seen at 2, 86 and 2, 57 ppm, Tﬁe patterns are quite complex due to the presence of vicinal spin-
coupliz’;g’between the CHBr and CHCCI3 protons and the vicinal and allylic spin-coupling to the four adjacent V
CH2 protons, Thus, for a given isomer the CI—ICCI3 and CHBr protons are the MX portion of an ABCDMX
case, In such cases, when the ABCD portion forms a complex pattern of signals (which‘is likely the case
here since the resonance between 1. 0 and 2, 0 ppm are quite overlapped) the splittipgs in the M and X
patterns need not be direct measurements of spin-coupling constants. This may be verified by running the
sample at-a different field strength or in a different solvent which will change the relative chemical shifts of
the ABCD protons, and hence, the splitting within the M and X patterns,

The frequency-swept double resonance spectra of the C¢Dy solution taken with a Varian HA-100 spectro-
metevr (Fig. 1) show that while the CHBr patterﬁ at 4, 82 ppm is irrédiated with an H2 field of ‘about 4
milligauss (indic?.ted by the beat-note pattern recorded at the position in the spectrum being irradiated) the
CHCC13 pattern at 2. 57 ppm shows the loss of one small splitting (recorded at the same vertical level as

that of the corresponding beat-note), Thus, the vicinal CHBr, CI—ICCl3 spin-coupling is, in this isomer,

_40__ -
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quite small, about 1,5 cps, A corresponding effect in the CHBr pattern at 4, 82 ppm is seen when the CHCC]3
pattern at 2, 57 ppm is irradiated, The remaining patterns at 4, 60 and 2, 86 ppm are thus attributable to the
other isomer and double resonance data show that the vicinal CHBr, CHCCl3 spin-eoupling is about 5 cps.

On the basis of normal variation of vicinal spin-coupling constant with dihedral angle, this larger spin~

coupling permits an assignment to the trans~ isomer for these patterns and the other two patterns to the cis-

isomer where the spin-coupling is 1, 5 cps,

The 100 Mc spectra taken in (CDB)ZCO show all four pa’[te:(’ns3 shifted toward lower field with the cis-
CHCC1, shifting much more than the frans- CHCl;, This preferential solvent shift was also noted in the
spectra taken in (CD3)2SO and suggested that a hydrogen bonding association is responsible for a greater -
deshielding of the cis- CHCCl; proton. This further suggested that a stereoselective dehydrohalogenation
might be possible,

In basie solution of dimethyl sulfoxide stereoselective dehydrohalogenations were indeed achieved.
When the cis-, irans- mixture is treated in DM SO with half an equivalent of base the cis~- isomer (whose
NMR spectra is more strongly affected by solvent) is specifically consumed and the pure trans- isomer is
isolated in nearly theoretical yield. Fig., 2 shows the 100 Mc spectra of the recovered irans- isomer run
again in the two solvents C¢Dy and (CD3),CO,

NMR studies of 1-bromo- 2-trichioromethylcyclooctane not only have established that the product is an

unexpected 50:50 mixture of geometrical isomers but also have led to stereoselective dehydrohalogenations,

b gee J. G, Traynham and T, M. Couvillon, J, Am, Chem, Soc,, 87, 5806 (1965),

A description of the preparation and dehydrohalogenation of this sample and a discussion of the NMR data
is covered in a paper by J. G, Traynham, N, Couvillon and N, S, Bhacca., This paper is currently in press
in the Journal of Organic Chemistry.,

It is interesting to note, that the patterns seen in the (CD3)2CO spectra are quite different from eorres-
ponding ones in the C¢Dy spectra which as mentioned previously is a consequence of small chemical

shift differences within the ABCD pattern,
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NMREBY3 R v RESBEHWRIE. WHred K= 1itdWwii>uvwk&EH L
C=0E o hWBBE -HRBENS S - Ll EwE IR, ol EEHA L RIEERT
VRERELS<HFIMBL IR -T" BAEL AATERILE=LiLAWE
Lo, FARILK=nithw, %/ vRiLBWIRY L& 3iEs 7} ad=
Sty Somme ERE LM S 9 a8 BLEOK)GHBRET I TR, HBR A%F9
BBy e RHTERND L L BB LR T I BET A,

MEIT. Varian A A60 27 } o f=F = &4EA. /Eﬁ;: My ST LY E B

L BRANK=0AtA® w1 . .

A8 Values for Products in Cyclic System.
s-trans s~cis
R
Pype of hydrogens CHg, CHg and CH hydrogens CH3, CH, and CH
i e o B B B ~others
Ting system trans trans cis cis trans cis
=0 ~0.07+0.07 0.22~0.49 ~0.04 0.53 :
(5) (4) (1) (1)
@0 -0.13 0.42 )
(1) (1)
< ;o d:o 0.10 0.27  -0.11
. (1) (l) (1)
@0 0,88 0.45
(1) (1) (1)
1}
@:’5 -0, 12~-o 05 0.40 0,71 -0,33~20.10
7 OO W W 3
OU 0 0.43~0.67 0.42 0.031%0.07 0.06~0.13. 7:0.52~0.60
7 O (2) 1) (5) () )
i} @rg] 0.67 -0,17
(1) (1)
& 0.46 0.97 '
> (1) (1)
@QO 0.84 0,26
% (1) (1)
oH 0:18~0.52 0.40~0.71 0.08~0.10 . ¥10.36~0.53
o (2) @' (2 , ()
OCH, -0.29 0.40 . . ‘
1) @)

LORBNTUT, RFoBcoHIRHYINWT, R &) im0 H# 5 NB, 1) S-twns
Rz, Ao EERRLE ) £ AS IB AT v, Din@muasRELr LT
RE T3, 3)Sushti, Brosital Botrans it & ¥ 4 a8 TAhT v, DAISS 70 70
B, =EHANAGELIL Lo Ty 1IN, XNy sI0AXL) vEaN
MEDBH1Z. Scsho B-astBe LM ERT. HDAF Ly ERNo- FusEbeti-
ka5 7 kv, BovHiz, AS ol BEESFwr, 2L 37X T0d PS-
tmns%nﬁ-c;sjib)('f‘l/‘/lli‘\iw ad Ei5. X/ vBoHI Hiind AiroH
THIMND E I RIS 2R T, DO RO Rt 1) cBRoBENHF S5 HD,
T Y Fujise and S.-It8, Chem. Phaem Bult, 14 797 (196b) 1R ¥ E.
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L $A%E7 LK=hn’ w11

Solvent Shift in Aromatic Carbonyl Compounds. A Pl - S A
System Hydrogen Hethy14 % 7§ i ¢ %"Z L T\ n ”/it\ “/'{LD
ortho ortho ‘meta -‘“para. : w N Lo Hi3. L9 7%% 2 /341
X=0 -0.12~0.18 (4) 0. 1] 2z 2
3l _cp, X=NOE - 0.03~0.07 223 0.15 (1) 35.( rE%k0 B L H 2 o L nEky b
X X=NOCH, ~0.02 (1 nis. B & % P-{Lo |3, :;Pg_
: -0.12~0,05 (3) 0.00~0.01 0.15~0.24 m-, 7
9
o :‘z’,-gi?g%gg ’ (2 WAL iznd T Liyr:\
o~ | * -
e 002 (1) CtHs 2 TR 25 0 KT w = ool
C@ 0.48 BOWT. 041z O BE i 7
H
o LT ZRIX 04 H k H>w,
[:(::1 A, 0.28 B, 0.58 ab k3l on fiiﬁu K%
@Fou{. -0.17~-0.07 (3} ~ 0.00 (1) .35 (1) ©0.37 {1 B sy HILK = Lot BE K
: (PR B ' § A A= X
@\{o -0.10~0.06 (4) 0.12 (1) 0.43 (1) 0.48 (1 I 3eometv3 % r ’J'. 10BAS-
©\8«NH0H= " 0.06 (1) trans @ B- s 12 Bal L 12 IKBE £ 15
1) Those with no electron-attraective group. =
2) Those with electron-attractive groups. ' > TwHbiidh) L 7.?7 ATwhH,

I 4844L&%  mamic 111

48 Values for Protons in Open Chain System. MED S ) tEMEmEL Y. &% 1% (X,ﬁ
a B-ci B-t Pref. ) .

Compound m H,ﬁ\l_sﬂ H"}%‘; cznf. REER N LR = itk s, $~ Haa

= 3 3 ’ 3

zgi‘c"‘ 0.22 0.10 0.48 seis | QEWMETI L Liv &y, RT3
o 0.11 -0,06 0.26 0 L4 k- vEMET S L ¥
N . s
cu.:-\CO’CH’ 0.02 0,10 0.52 .s-trans %, o0 .\5*{#% nHo ‘ﬁt% 2. itno
o cocn,  0.23 ' - 0.02 0.37 s-cis | MR BE A FA iz & %_fp—'% rEw -5

L,CO.CH,
:<((::2,<(:7H, 0.28 0,03 0.43 " Z H ras %,
Epcoen -0.08 "

V. BEWMB AT EBRLER

BESFIOR L€ v is & 5BEWR 15> T3, Schnerder m?&%" ERUH. wl>
MNOEEND ), HehHigs 7t T3HAR RN v €y nNfife T 38 0 Complex &
%x 1 £ F v s Schneider”, Hatton®, Stothers” B1: 5> 7 52 5 N7 v 30, A3 Rk
Ho a8 £ B9 AT 2R E- 70 en’

PSR g 28 B4R vy iz T 2608, Wl ins> T X8t e wamx\vﬂ%u <
o A LTwLR=niebmeiR) 7. B REEFFRILEWIT>0 T tharge
Density £ o8 A MR E 3Tl (Fp1) %ol Chaxge Density ¥ 09T T IS TN
L sEMNHELINERN. BamBrRoHhiviaothy). %0
&) GLema #onh PdrL T, Schreider o Dipole Interroction
NFEAN—REFTIFEOD L E XK

fie. v ik, %@%nﬁw%ﬁénﬁﬁﬁ
TORL v qgBH) Elpr st (Fig. 2), Bt BE Y 213, 4L
Fe7 b wllh o BB RmM> Twid L LFER Ny

0.90 0.95 1.00
Fig. 1 Charge Density
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@ywﬁﬁ.&#ﬁ}ﬁ%%o%%zﬁiaz.%%n&ﬁﬁﬁmwywykxéée
THHY Complex D lEEmERS 3 ot i ¥R is ki bns

. . . H .
! < >=0 . I::H;O.CH,
8§ @ & ’ . & 14
. . ’-_/*""—r_”}‘l/ “\*ﬁ“..—
oa]| e 0] @o 0.1] <;§O
ppm pPm| e ppm| S CE
T T ~ T T T T T T
0.1 0.2 0.% - 0.4 0,5 0.1 0.2 0,3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
) £-1 .
Fig. 2 ) £-1 , £-1
€ . 3Es2.5 Fig. 3 Ze42.5 Fig. 4 2e42.5

SFRAA R T LN = LA RBH T 7t EFEEN EU BB < 0k
BMeBMBELIH#R (Fig3,4) SRIRE D eietefigs 3> CBEBB 7 + T3M@mA
LS OKRSVWHT AL, BHA>7LoKIs R, A3 %mswim B .
TRA-ELIVE, 9470 HN) EROEE (013 a8 t RZFE ﬁ@&kb)
CATFig ) la bl RrEvEHIABaBEERTi0 AL 3.

1.0 WMEa&EFn H, T@ﬁnvn/ﬂ~Mu\wﬂ;&7fﬁ~kﬁ$}

- ODHOR YTy & 3K R K223, MIEE Hiw 0§
6.5 AER k&> zﬁbﬂé%%ﬁk**u e Ui O S 4
1 pl’ﬂ?' n %,
10°
]
Fig. 5
K

1) NS Bhacea rmo\ D H Williams, App|aca’m0V\ of NMR Spectroscopy in Organic Chem:sf,vg
, pi59, Holden-Day Inc.  San Francisco (1964) : .

2) C.T Timmons, Chem. Commun., 576 «[945)

2 P Diehl, I Chem. Phys, bl. 199 ¢1964)

4) WG Schneider, T Phys Chem, (b, 2683 /742)
& I V. Hatton and RE. Richavds,  Mol. Phys., 5, 153 (4962).

) RE. Klinck and I B. Stothers, Can. J. Chem., 40, 2329 ( 1962)

7 DH Williams. and D.A. Wilson, T Chem. Soc. (B, 194b , 144

8 AD Buckingham, Can. J. Chem., 38, 300 ({940)
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