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The J(13C-13C) coupling constants of simple ally1 compounds of nickel, 
chromium, magnesium and lithium have been determined on natural abundance 
samples. In transition metal complexes 1J(13C-13C) is reduced to 41 Hz (Ni) 
whilst in allyllithium it is 58.7 Hz. 

The structure and fluxional behaviour of the simple allylmetal complexes has 
been well studied by X-ray analysis or NMR spectroscopy [1,2] _ In spite of con- 
siderable volume of NMR data [3] the chemical shifts and spin-spin coupling 
constants are difficult to interpret and in particularly difficult to quantify, since 
the NMR parameters of the ally1 ligand itself cannot be obtained. Moreover, 
there is discussion [ 2c,4] about the interpretation of the relatively small 
‘J(C(B)--H) coupling constants in a.llyl-alkali metal compounds_ In order to get 
more insight into the nature of the allyl-metal bonding we have determined the 
NMR parameter ‘J(‘3C-‘3C) by using the double quantum coherence technique 
[ 51 for measuring ‘J( 13C-13C) in natural abundance in a variety of simple allyl- 
metal complexes. 

In Table 1 are listed selected ‘J(‘3C-‘3C) coupling constants together with the 
corresponding ‘J(C-H) couplings and some bond lengths of (tetraallyl)di- 
chromium (I) [lb], ~s-cyclopentadienyl-~3-syn-l-methyl-anti-3-ethylallylnicke1 
(II), ~s-cyclopentadienyl-~3-anti-l-methyl-syn-3-ethyl~lylnickel (III), Q’-cyclo- 
pentadienyl-v 3-svrz -1-methyl-syn-3-ethylallylnickel (IV), r) s -cyclopentadienyl-71 3 - 
syn-3-propylallylnickel (V) [6], diallylnickel (VI) 11,171, allyllithium (VII) [la,21 
and allylmagnesium bromide (VIII) [ la,2a]. In I 1J(13C--‘3C) is significantly larger 
in the non-bridging q3-ally1 groups than in the bridging Q 3-allyl groups, indicating 
that there is more a-character in the bond of C( ll)-C( 12) than in C( 1 )-C( 2) or 
C(2)-C(3). Of special interest is the fact that all the differences in the bond 
lengths [S] are also reflected in the ‘J(13C-13C) couplings, at least qualitatively. 
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TABLE1 

SELECTED'J<'3C--'3C). 'J<C-H)COUPLINGCONSTANTSANDBONDDISTANCESINI-VIII.Imeasu~ 

mentinTHF_d, at-20°C.VIintoluene-ds at-30°C.VIIin THF-d, at-70°C.II.III.IV.Vand VIIIin THF- 
d, at+37OC_ ForI.II.III.IV.Vand VIIthe double quantum technique withrecofussing wasemploYed:for 

VIand VIIIthespectra wererecordedinthenormalmode. Longrange couplingsin VI<tronsisomer)r 

'J(C(l)_H,,so) 3.7.3J(C(2)_Hsy,)10.5and 3J(C(1)_H,,tt) 3.7. 

?1('3C-'3C) (Hz) 'J(C-H) (Hz) d(C-C)(A) 

“1 = NICK 

12 

XV 
ni 

21 : 23 

n’i 

[I) 

(II) 

(III) 

mu 

(PI 

(EI) 

a?E) 

(+_0.5) 

1.2 

2.3 
11.12 
21.22 

(20.3) 

1.2 
2.3 
l.CH, 
3,CH, 

<+0.3> 
11.12 
12.13 
1 l.CH, 
13.CH, 

(to.31 
21.22 
22.23 

21&H, 
23.CH, 

(kO.3) 
31.32 
32.33 

33.CH, 

(kO.8) 

1.2 

(kO.8) 

1.2 

<il) 

= 46.4 
= 47.9 
= 43.6 

= 44.2 

= 44.1 
= 41.6 
=41_3 
=.41-o 

= 42.4 
= 44.0 
=41.6 
=41.3 

=43.5 
= 44.1 

= 41.4 

=41.3 

= 42.7 

=43_5 
= 41.3 

= 43.5 

= 58.7 

%X1.2+2.3) = 53.5 

1-syn =161.7; l-anti=149.0 

2-meso =151.4 

3syn =164.8: 3anti= 150.4 C81 
11-sYn = 152.2;ll-anti=152.2 1.2 =1.39 
12-meso =151.4 2.3 = 1.38 
2lsyn = 159_5:2l_cnti= 148.3 11.12 = 1.42 
22-meso = 151.4 21.22=1.42 

l-anti =154-s 
2-meso =161-l 
3-sun = 150.9 

11-syn =153.2 
12-meso = 160.9 
13anti = 153.4 

2lanti = 154.4 
22-meso =160_2 

23-anti = 152.6 

31-sun, =157_3,31_anti= 157.3 

32-meso = 161.2 
33-u&i = 152.9 

1-syn =161.2: lanti= 150.8 171 

2-meso =154-o 
1.2= 1.41 

l-syn = 149.8: l-anti= 140.8 

2-meso = 132.4 

%(I-H+3-H)= 136.0 
2-H =138.7 

One bond couplings between sp’ hybridized carbons are generally larger [ 91: the 
reduction of ‘J(C-C) in I may therefore be attributed to back-donation of elec- 
trons from the metal orbit& into the I& and GLj ally1 orbitals, which also affects 
the vicinal H,H couplings [lb] and the bond lengths IS]_ Compared with the ear- 
ly transition metal complexes q3 -ally1 complexes of nickel can be assumed to in- 
volve stronger back-bonding, and this is in line with smaller rJ(‘3C-13C) values 
in II-VI compared to those of the non-bridging ally1 groups of I_ In II-V some 
long range couplings could be observed. In II 3J(CH,-C(3)) is 4.8, 3J(C(1)-CH2 ) is 2 
and 3J(C(2)-CH3) is 3.6 Hz, an average of the former two values. Just like the 
‘J(C-H) couplings (cf. Table l), the 3J(C-C) couplings show a Karplus-type 
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Fig. 1. 100.6 MHz spectrum of (q3-allyl),C$ in THF-d, at -20°C. <a) carbon signals 2. 22 and 12 of the 
broadband decoupled spectrum; (b) 13C-“C coupling constants from INADEQUATE spectra with 
XefOCussing. All lines are resolution enhznced by Lorentz-to-Gauss transformation. 

bond angle dependence [lo] on the ally1 skeleton: 3&C-C) for dihedral angles 
of Q = 180” is greater than found for $ = 0”. 

In the main group ailylmetal complexes VII and VIII, rJ(C-C) is significantly 
larger than jn tie Wmsjtjon mea) com@.exes_ The aye-age Jar ‘J(“C-‘3C) in &e 
fluxional q i allylmagnesium bromide (VIII) is 53.5 Hz, close to the average value 
for propene (56 Hz) [ 93 ; the 2.5 Hz reduction may be due to the electropositivity 
of magnesium. In contrast to VIII, the ally1 group in VII forms a delocalized sym- 
metrical trihapto-ally1 system, as evidenced by the low temperature NMR 
spectr;l, { $a]. Same bv+ -ternp-e-ia~xe ‘%I H&Et data are @ven in Table 1; as in the 
oth~~,q3~~~l’,-~~~~~, ‘&C-K& -- c3 -s~&W.ZE& “rd-* %Srl r’ qZ+!Z&& -iii- 

dicating that the anffprotons are bent out of the ally1 plane and point away from 
the metal. This interpretation is in agreement with the results of the X-ray anal- 
ysis of VI [7a] and theoretical calculations for VI [ 7b] and VII [ 111. In VII ‘J(C-C) 
58.‘r;i’t<PZj-, anu’so~ ih-trle range or”vahes IGundrGr sp2 carbon atoms with n- 
bond order less than unity [9]_ In VII the small ‘&C-H) couplings, especially 
‘J(C(B)-H) and the relatively large ‘J(C-C) coupling, can be rationalized if a 
dominant anionic type of bonding with C(i)-C(2)-C(3) angle widening is as- 
sumed, but a minor degree of overlap of the HOMO of the anion and the vacant 
Lit p-type orbital cannot be ruled out. 

These results show that in ally1 metal complexes the values of ‘J(‘3C-13C) pro- 
vide a sensitive parameter for investigation of the nature of the ally1 bond. 
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