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The configurational lability J+2 of a-aryl-vinyllithium in ethereal 

solvents as studied by Curtin et al. 132 has never been subjected to kinetic 

scrutiny. 3 We report here that a quantified study reveals the kinetic impor- 

tance of de-aggregation of l+, provides an explanation of solvent participa- 

tion, and discloses large structural effects on reactivity. 

We prepare the vinyllithium compounds 1 from a-aryl-bromoethylenes and n- 

butyllithium in pentane/hexane below -7OOC. Colourless precipitates of ,l_ 

formed in most cases on stirring at room temperature were washed with pen- 

tane. The liquid compounds 2 and z were dried at 0.01 Torr below 25OC. All 

operations had to be performed under purified nitrogen gas in order to pre- 

vent explosions. Appropriate solvents were then added below -2OOC and the 

formal concentrations of 1 determined by 
1 
H nmr integration against calibra- 

ted capillaries (C1CH2CN) or solvent signals; all samples contained some 

lithium bromide (AgN03 titration). The purity of 3 was checked by comparing 

olefinic and aromatic nmr integrals and also by computer simulation of the 

aromatic part of the nmr spectra. Structural proofs relied on derivatizati- 

on. 

(E/Z)-Equilibrium mixtures la-c &2a-c are well suited for kinetic measu- -- MU 

rements, using full 
1 
H nmr lineshape analyses of the olefinic signals with 

/B - 
c=c - 

Li’ ‘A Li / ‘B 

1 2 

1 a b c d e 

A H H H CH 
3 

2-C6H4CH3 

B D D D CH 
3 

2-C6H4CH3 

X H 2-CH(CH3)2 2,6-(CH3)2 H H 

3969 



3970 No. 45 

deuterium decoupling. Rate constants ky were practically the same for l_ and 

their non-deuterated analogs, with isotope effects well below the error li- 

mits. The singlet resonances of la-c oqffer the additional advantage of apply- -_ 

ing the saturation transfer technique. Since a llO" change of temperature 

was covered by these two methods, the parameters of activation given in Table 

I should be reliable. No rate changes were noted if a sample was run again 

after several months or after addition of the naphthalene anion-radical in 

tetrahydrofuran (THF); induction of E/Z isomerization by a radical mechanism 

is therefore improbable. 

From the dependence of pseudo first-order rate constants k,+, on the formal 

concentrations (0.3 - 0.7 M) in THF, we found the order of reaction to be 

0.5 (20.2) in & or lb. As one example, k,,, for l& at +88'C was 52 s 

(0.55 M),35 s-' (0.65 M), 

-’ (0.3 

M), 41 s-' and 19 s -' (1.7 M). Therefore, a disso- 

ciative step must precede configurational isomerization. 5 However, dissocia- 

tion to give lithium ions is very unfavourable in THF 6,7 and is not rate- 

controlling for ;tja since addition of lithium bromide causes no common ion 

rate depression. 
8 

In view of the persistence of lithium aggregation even in 

donor solvents, 5 we conclude that the 0.5 order of reaction is due to de- 

aggregation into two sub-units. It is reasonable (albeit not compelling') to 

suppose that E-2 is a dimer 2; solvation presumably occurs with one THF (S) 

per lithium atom. 
10,ll 

Partial dissociation produces the monomer or contact 

ion pair 3 which is expected to bind about two THF molecules. 6,12,13 

In order to arrive at a tentative interpretation of the activation parame- 

ters in Table I, we searched the literature for model reactions. Negative 

(rather than positive) entropies for dissociation reactions indicate exten- 

sive solvent immobilization. A pertinent model for 3+$ could be the forma- 

tion of monomers14 from [LiN(SiMe3)2]2 with AH0 = -4 kcal/mol and AS0 = 

-17 eu in THF. However, comparison with AS* = -36 eu for 1~ in Table I sug- 

gests the occurence of more strongly solvated intermediates. The solvent- 

separated ion pair 5 will presumably bind four THF molecules; 15 comparison 

of the step 2 '5 with literature data 13,16 brings the balance for 3+2 to 

AH0 ca. -10 kcal/mol and AS0 ca. -37 eu. According to Table I, a transition 

Table I. Parameters of activation for la-c and pseudo first-order rate -_ 

constants k,+, of configurational inversion. 

J Formality Solvent AH' (kcal/mol) AS' (eu) ky (s-l at 27OC) 

4 
2 0.5 M Ether ca. lo- 

J 0.7 M 1.1 M TMEDA/Ether ca. 0.05 

J 0.9 M TMEDA 9.9 2 0.7 -31 +3 0.062 

a 0.9 M 2.5 M TMEDA/THF 7.3 k 0.3 -38.4 !: 1 0.13 

s 0.6 M THF 7.8 + 0.6 -36 t2 0.17 

,a 0.28 M 1.9 M HMPA/THF 5.4 + 1.5 -24 _+ 6 ca. 4040 

?Z 1.7 M CD8tiHF 11.1 t 0.3 -22.4 f 1 0.63 

s 0.7 M [D8fiHF 8.9 !: 0.2 -22.5 + 0.6 24.1 
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6 
state like 5 (ion-paired) can now be reached with an additional enthalpy of 

ca. +18 kcal/mol, in close agreement with the inversion of N-phenyl-imines 17 

as a model for 5-k. (The exact magnitude of the barrier to anion inversion 

cannot be deduced from this analysis, of course.) Thus, our activation para- 

meters of la lead to a thermodynamically consistent mechanistic rationaliza- 

tion and lend some support to Curtin's 
la 

lateral-shift-mechanism which can- 

not operate in a contact ion pair like 2. 

It must be stressed that monomeric ion pairs like 5 or k_ cannot be ground 

states because dissociation into free anions and free lithium ions was shown 

to be kinetically unimportant yet the order of reaction less than one. Hence, 

the kinetic behaviour of systems 2 which meet such conditions constitutes 

evidence for a more aggregated ground state like 2; it is, therefore, also 

an indicator for the integrity of the carbon-lithium bond in the sense that 

de-aggregation occurs on the way to the transition state 5. As discussed abc+ 

ve, large negative entropies of activation support but do not prove this 

conclusion. 

The donor dependence of k,,, in Table I agrees with current notions, lg3 ex- 

cept for 1,2-bis(dimethylamino)-ethane (TMEDA).3 Moderate amounts of tris- 

(dimethylamino)-phosphinoxide (HMPA in Table I) cause an impressive rate en- 

hancement. Roughly 2 - 3 HMPA are frozen for inversion via 5/6; unfortunate- _N 

lY9 the decomposition temperature of 5 drops from ca. +80° to below O°C, 

precluding a more precise study. 

Whereas Ewith 13-CH 

18 

3 groups does not invert faster than & but rearranges 

irreversibly, 

C (ky = 7.4 s-’ 

the E/Z topomerization of 5 is rapid in THF already at -25' 

for CH 3 coalescence). For 7 with even bulkier tert.-alkyl B- 

substituents, nonequivalences were detected only in the 13 - C nmr spectra with 

coalescences about -45OC (k ,,, = 50 s-’ in THF). Rate extrapolation by the ac- 

tivation parameters for & (krel = 1) in Table I permits a direct comparison 

with g (krel = 820) and with 7 (krel = 24200). This tremendous steric acce- -- 



leration is possibly due to prevalent de-aggregation 19 such that the analog 

of frt. becomes the ground state. Interestingly, 
18 

the chemical reactivity of 7 

is also greatly enhanced. 
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