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Previously, we have shown that nature of solvent ‘plays a very important l"olez"6
in controlling the steric course of bimolecular elimination and suggested that ion-pairing
of the participating base is a key factor. In this paper we wish to report further evid-
ence in support of this view and to discuss an unprecedented observation indicating
that steric course of bimolecular elimination can be altered pronouncedly by simple
variation in concentraticn of the participating base. The pertinent results were obtained
by determination of the isomer olefin composition in reaction of 1,1,4,4-tetramethyl-7-cyclo-
decyl derivatives with 0.1-1.0M solution of potassium tert-butoxide in anhydrous dimethyl-
formamide ( Scheme 1) and are exempliﬁed7 in TABLE 1 for the reaction of the

corresponding tosylate I (X=OTs).
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From these data it is immediately apparent that the values of trans- to cis-olefin
ratio (trans-Il/cis-Il and trans-lll/cis-IlI) are not concentration-independent, but undergo a
regular8 and rather pronounced decrease with decreasing concentration of the base.
About twofold decrease of these values is a net result of a tenfold lowering in the base
concentration, both for isomer 1I and IIL

An incursion of solvolytic elimination might be suspected to cause such changes;

however, a comparison of the olefin composition data for the reactions performed in the
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presence of the base and those obtained in reaction with dimethylformamide alone9

(last entry of Table 1) excludes this possibility.

TABLE 1

Effect of Base Concentration on the trans- to cis-Olefin Ratio in Reaction of the
Tosylate I (X=OTs) with Potassium tert-Butoxide in Dimethylformamide

a Jii 11

t-BuOK
Y%trans %cis  trans/cis %trans %cis trans/cis

1.0M 47,7 36.5 1.31 3.8 12,0 0,32
0.8M 45.8 39,2 1,17 3.0 12.0 0,25
O.5M 42,1 41,8 1.01 3.0 13.1 0.23
o.2M 36.6 46.2 0,79 2.5 14.7 0.17
0.1M b 34,3 47.2 Q.73 2.4 16.1 .15
o,OM 73.6 1.3 56.6 15.3 9.8 1.56

®Concentration of the tosylate was kept approximately constant (about 0.02M). The re-
action mixtures were heated under nitrogen at 25°C/20 h, The product composition was

determined by vapour phase chromatographyG. b?.oolvolysis9 in dimethylformamide.

Hence, it has to be indeed the bimolecular elimination which accounts for these
changes and an element of heterogeneity involved in this process has to be the
responsible factor, We gave an ample evidence previously indicating that bimolecular
elimination is frequently a heterogenous process being a blend of syn- and anti-

pr'ocessesz_e’:l'o’11 and pointed out that the two distinct mechanisms operate in the

present system I in an exceptionally clear-cut manneré’lo, the syn-mechanism leading,
exclusively, to the trans-olefin formation (trans-ll and trans-ill) but the anti-mechanism
to the cis-olefin formation (cis-Il and cis-Ill), again predominantly or perhaps exclusively.
However, such a mechanistic duality does not sv.,{ffice12 to account for the observed
changes, for, as a simple consideration immediately shows, contributions of the two bi-
molecular processes should be - other things being equal - concentration-independent.
It follows, therefore, that the base has to be responsible and to be altered, gradually,
by the concentration changes.

Ion-pairing of the base affords the most plausible explanation for such a
behaviour, Although no direct evidence is available concerning the ion-pair - free ions
equilibrium for potassium tert-butoxide in dimethylformamide, it follows from general

13

principles that, in the presenl case, the equilibrium should be concentration-depend -

ent, the proportion of the dissociated base being increased by gradual lowering of the
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total base concentration,

Clearly, then, the present results can be viewed as a consequence of the
simultaneous coperation of the dissociated and ion-paired species of potassium tert-
butoxide differing in their propensity to take part in the alternative anti -e=cis and
syn - trans processes: under such circumstances, the concentration-dependent ratio
of the two reactive species accounts immediately for the observed varation in the
trans- to cis-olefin ratios,

As data of Table 1 show, it is the anti -sclis process which predominates
considerably at lower concentrations (up to O.8M) of the base and has to be, consequ-
ently, accounted for by the dissociated base, On the other hand, it is the syn -s=trans
process which gains on importance by increasing the base concentration and becomes
prevailing at 1.O0M concentration; this has, by the same tenets, to be accounted for by
the ion-paired base,

Thus, the present findings suggest strongly that both the dissociated and ion-
-paired potassium tert-butoxide t&ke part in the reaction simultaneously, the former
preferring strongly anti~ and the laiter syn-elimination, Moreover, as the anti - cis and
syn —m trans processes are rather equally represented in this reaction (Table 1), the
present findings can be taken to imply that the cotributions of the dissociated and
ion-paired base are also comparable14. There is, however, an evidence available
suggesting that the basicities of dissociated and ion-paired potsssium tert-butoxide are
very differentls. the former being at least by three powersof ten stronger base than
the latter, Furthermore, the dissociated base can be assumed to prevail greatly16 over
the ion-paired base under present conditions, Hence, a question poses itself, namely,
what makes the ion-paired base capable to compete so successfully in this reaction,
We have suggested previously3 that ion-pairing of the base cation might afford a sub-
stantial support for syn-elimination, the pairing of the cation with both the alkoxide
anion as well as the leaving group being a driving force (Scheme 2). The present
findings suggest that it is indeed so: therefore, it may well be the coordinating abllity
of the cation that promotes so effectively the reactivity of the ion-paired base.
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X = e.g. OTs or halide
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