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SUMMARY: The utlllty of ISR for structural analysis of the kg+ cor,plexcs 
of 3,7-dimethylenebicyclo[3.3.l]nonane and Its derivacrvcs is 
demonstrated. 

Being weak Lewis acids, 1anLhnnide shift reagents (122) arc widely used 

for clarlflcation of complex NKR spectra of compounds contalnrng nucleophilic 

functional groups such as -NH;,,-OH,-C=O,cts. Hitherto olefins could not be 

studled by this method because of the inabilIty of a double bond to produce 

a complex with I&Z?. That is why the study of the molecular Feometry of 

3,7-d1sethyleneb~cyclo[~.~.l]no~~~~ne (L) had required an introduction of an 

additional I-hydroxymethyl group 1 . Three studies presented evldencc thdt ISR 

induced shifts of oleflnic proton slgals In the presence of sliver proplonate, 

trifluoroacetate 2 and 1,1,1,2,2,~,~-heptafluoro-~,~-d~methyl-4,6-octane- 

dionatc (rod) 3V4. 

We have found that stable comglcxes of (I_) with different s-Liver salts 

form blnuclear complexes with ISR and this results In parama;netIc shifLs of 

NMi? signals. 
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3i:;ures 1 and 2 demonstrate the effect of ISR concentration on the magni- 

tude of the induced shifts. 

Typically, different amounts of LSR were added to the saturated solution 

of the complex in CDC13 or Ccl,, up to the rctiQ[e&$$+ = 1 .* The larcest 

induced shifts were found for the complex (L) l **Ag(fod)***Eu(fod)3 (see Table). 
TABLE 

IIIDIJC~D SHIFTS (hS,ppm) FOR BI::UCLEAR COXPIEX (L)***A@***Eu(~o~)~ 
i 

H Index 

Ag X Solvent 
Ho HA HA He H* 

A&F4 CDC13 0 0 0 0 0 

AsClO 4 CDCl:, 0,29 0,2 092 0,06 0,06 

Ag02CCH3 CDC13 ?7 

-03 CDClj ;:24 

2.2 I,02 0,Y 0,64 

2,69 I,14 0,Yb 0,78 

&i(f cd cc14 7,77 3,25 2,2 I,55 I,52 

The qualitative interpretation of spectra prompts us to suggest a symmet- 

rlcal structure for the binuclear complex. This suSgestlon was proved by appll- 

cation of McConnel-Robertson equatlgn 5 and X-Ray diffraction investigations 6 

with will be published subsequently. 

The influence of choral shift reagents on spectra of choral oleflns was 

of special interest. Using silver nitrate and Eu(hfbo)3 as a choral shift 

reagent, we succeeded in demonstrating the bifurcating of some narrow peaks In 

the spectrum of raccmlc choral j-methylene-7-benzylIdcnebicyclo[3.?5.q] nonane (2_). 

Figure j presents a comparison of unshifted, shifted with nonchiral Eu(fod)3 

and shifted with choral Eu(hfbc)j spectra of racemlc dlene (2_). 'The increase in 

L-he difference in chemical shift of bifurcated signals vs. the concentration 

of Eu(hfbc)3 proves this effect to be due to the enantiomeric composition of the 

diene (A). It was surprising that the use of Ag(fod) 3 and newly synthesized 

Ag(hfbc) instead of AgN03 was completely unsuccessful fcr determination of the 

olefin (2_) enantiomcrs. Probably this is because the structures of the binuclear 

complexes (~)...A~NOJ...;u(hfbc)j and (2)***Ag(hfbc) l ..Eu(hfbc)3 are different_ 
* 1 H EJiVR spectra were recorded on a Perkin-Elmer R32 spectrometer. 
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Figure 3.~iXB spectra fral;ment of(a) (~***AgN03t.*Eu(hfbc)3, 

(b) (2)**.Ag~~03".~u(fod)3, 

(c) (+A';N03. 

The comparison of the lanthanlde Induced shifts (LIS) for the complexes 

(2)***AgNOj and (2) l **Ag(fod) supports this view. The different structures of 
the blnuclear corqlexes follow from this analysis (seeFigure 4a and 4b). 
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Fi,,ure 4. The sLructures of the binuclear complexes A 

(a) (2)***A@03 ...,u(fod)3,(b) (2) ...Ag(fod)***Eu(fod)3 

One more distinguishing feature of the binucleJr complexes based on A@O3 

and Ag(fod) wa5 rcvea.leG when I-hydroxymethyl-3,7-dimethylenebicyclo[3.3.?]- 

nonane (3) was used as unsalurated substrate. The cha.c+acter of the UP for 

cOIIl~Jlt?x 73) 0 l l &NO l .&u(fod) IS similar to that of complex (L).*.Eu(fod)3. 

Thib mean; that HOzgroup In tze complex (3)***A&03 1s the coordination center 

for F,u(fod)3. However for the complex (2) l =*Ag(fod) the picture is different 
and rather unusual (see Figure 5). The LIS up to the ratio 

3+ 

[Y&&$3 < 0.55 

dre such as if the Zu - ion is located in the region of the double bonds and 

slml1a.r to the LIS for the complex ('I)=.. Ag(fod). The LIS of fI%proton signals 

(oCH2 -group protons) are the most informative. The coordination of the Su(fod)3 

with HO-group became perceptible when the ratio 

H.-proton signals have the largest 
picow exi -=@?% = 0,55. mat 1s why 

LIS when the ratio is 2. The sdme analysis 

may be performed for every proton of the olefin (3) (see Figure 5). 

The most plausible explanation for this result is the formation of a stable 

eight-coordinate adduct A@u(fod)4, as it WdS mentioned earliar 4. The lanthanide 
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Plgurc 3. Plots of shifts ( S, ppm) vs.the ratlo 
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KU 
3+ 

-1011 In this case h&s to be surrounded with four bulky $-dlketonate 
+ 

llgands and this makes Lt lndccess.Lblc to nucleophile. Possibly the A; -1on 

Lb re,ponslble for the siablllty of the complex Ag Eu(fod)4 . ilore detailed 

dlscusslon of the Ag ;u(fod),,, structure ~~11 be publIshed separately. 
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