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Scheme I 

Carbanions. XV. Tight and Loose Ion Pairs in 
Rearrangements of Organoalkali Compounds1 

Sir: 

Whereas 2,2,3-triphenylpropyllithium (A), prepared 
from reaction of l-chloro-2,2,3-triphenylpropane with lithi
um at —65 to —75°, has been reported2 to rearrange in te-
trahydrofuran (THF) at 0° with at least 98% 1,2-migration 
of benzyl, we now find that reaction of the same chloride 
with cesium in THF at 65° gives 96% 1,2-migration of phe
nyl rather than benzyl. In order better to understand the 
phenomena responsible for such diverse migratory apt
itudes, the rearrangement has been studied under widely 
variable conditions as reported in Table I. Previous work3 

has indicated (see Scheme I) that benzyl migration pro
ceeds by elimination of benzyl anion and readdition of this 
anion to 1,1-diphenylethene to give B (path I) while aryi 
migration proceeds intramolecularly via a spiro anion to C 
(path II). In the present work 1,1-diphenylethyl anion (D) 
has been identified; indeed D is a major product under 
strongly reducing conditions with solutions4 of alkali metals 
(e.g., potassium plus 18-crown-6 in THF). It is reasonable 
to suppose that this anion results from reduction of interme
diate 1,1 -diphenylethylene. The appearance of D along with 
benzyl anion5 constitutes additional evidence for the occur
rence of path I. 

Ph2CCH2CH2Ph 

M+ 

B 

PhCrLCPh2CE2M ^PhCH2HVI+ + Ph2C=CH2 

A I 2M. SH 

I"""111 Ph2CCH, 
Ph 

M" 
Ph D 
I 

PhCH,CCH.,Ph 

M"1 
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Examination of Table I reveals that 2,2,3-triphenylpro-
pyllithium does not rearrange at an appreciable rate upon 
standing in the THF at —75°, even upon addition of 18-
crown-6 ether;6 however, sodium ferf-butoxide or better po
tassium and cesium ferf-butoxides are effective catalysts, 
with the product being notably dependent upon the cation 
present. For a related rearrangement, lithium fe/-/-butoxide, 
unlike potassium or cesium ferf-butoxides was an ineffec
tive catalyst.7 These pronounced cation effects suggest that 
the cation plays an important role in determining the fate of 
the anion and imply that the cation must be geometrically 
close to the anion during the rearrangement process. This 
could be understood, for example, if the rearrangement cat
alyzed by cesium fe/7-butoxide took place in the corre
sponding organocesium compound; therefore, the following 
metathetical reaction appears to occur under our conditions 

PhCH2CPh2CH2Li + MOf-Bu —* 

PhCH2CPhCH2M + LiOf-Bu (1) 

Additional evidence (see Table I) for this metathesis comes 
from the similar ratio (equal within likely experimental er
rors) of products of path I to path II observed for the reac
tion of cesium metal with the chloride at —75° as compared 
to the reaction of cesium ferf-butoxide with the organolithi-
um compound at the same temperature. 

Table I. Rearrangements of 2,2.3-Triphenylpropyl Alkali Metal Compounds 

Conditions mp, 0C 

- 7 5 
- 7 5 

0 
+ 35 
- 7 5 
- 7 5 
- 7 5 
- 7 5 
- 7 5 
+65 
+ 65 
- 7 5 
- 7 5 
- 7 5 

A 

100 
100 

0 
0 

33 
0 
0 
0 

20b 

0 
0 
0 

0 

Products, 
B 

0 
0 

100 
0 

58 
63 
25 

100 
77 
10 

2 
5 
2 
0 

1 rel mol % — 
C 

0 
0 
0 

100 
0 

37 
72 

0 
0 

90 
96 
67 
0 

<8 

D 

0 
0 
0 
0 
9 
0 
3 
0 
3 
0 
2 

28 
98 

>92rf 

PhCH2CPh2CH2Li 
PhCH2CPh2CH2L: 
PhCH2CPh2CH2L 
PhCH,CPh-CH2L: 
PhCH2CPh2CH2L: 
PhCH2CPh2CH2L: 
PhCH-CPh2CHoL 
PhCH2CPh2CH2L: 
PhCH-CPh-CHoL 
PhCHoCPh-CH-Cl 
PhCH2CPh2CHoCl 
PhCH-CPh2CHoCl 
PhCH2CPh-CH2Cl 
PhCH-CPh-CH-Cl 

7 hr, THF 
+ 2(18-crown-6), 3.3 hr, THF 
30 min, THF 
3 hr, Et-O 
+ 2NaOf-Bu, 30 min, THF 
+ 2KOr-Bu, 30 min, THF 

30 min, THF 
- 2(18-crown-6), 30 min, THF 
f 2(18-crown-6), 30 min, THF 

+ 2CsOf-Bu 
+ 2KOf-Bu 
+ 2CsO-f-Bu 
,K, THF 
, Cs, THF 
Cs,' THF 
+ 2(18-crown-6), excess K, THF 
+ 2(18-crown-6), excess Cs,c THF 

" Yields are based only on acidic products from carbonation; the entry "O" % means that none was detected by the nmr and glpc tech
niques used and therefore less than 1 or 2 % was present.h The reaction is apparently retarded by precipitation of a cesium fpj-f-butoxide com
plex with the 18-crown-6. 'The organoalkali product was treated with excess mercury to lower activity of cesium (destruction of radical 
anions) prior to carbonation. d The measured ratio of C:D was 8 ;92 in this run; however, since the ratio of Cs:18-crown-6 was 1.15:1 and 
the adventitious presence of an impurity caused most of the cesium to react, it is thought that the yield of C would have been reduced if an 
excess of 18-crown-6 over cesium had been present. 
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While the present work is to our knowledge the first re
port1 of the use of alkali metal alkoxides as catalysts for the 
rearrangement of organolithium compounds, potassium 
tert-butoxidc has been previously reported to activate n-
butyllithium toward metalation of hydrocarbons such as 
toluene8 and benzene.9 Treatment of a heptane solution of 
w-butyllithium with an equimolar amount of potassium 
re/7-butoxide is reported8 to give a precipitate which has 
roughly a composition corresponding to a one to one adduct 
of the alkoxide with the organolithium compound; similar 
treatment with potassium /-menthoxide10 gives a relatively 
pure precipitate of n-butylpotassium. While the mechanism 
of potassium alkoxide catalyzed reactions has not been pre
viously elucidated, it has been interpreted as involving for
mation and facile reactions of either an organopotassium 
compound l 0 J ' or a one to one adduct of organolithium re
agent with potassium alkoxide.9 The present work favors 
the former interpretation (eq 1) for reactions in solution in 
tetrahydrofuran. We find that with a two to one ratio by 
formula weight of potassium ?e/7-butoxide to 2,2,3-triphen-
ylpropyllithium, rearrangement goes to 74% completion in 
9 min or 100% (±3%) completion in 30 min, while with a 
one to one ratio rearrangement goes to only 15% completion 
in 9 min. Since only one formula weight of alkoxide is re
quired per formula weight of organolithium reagent accord
ing to eq 1, the reason why a second formula weight of alk
oxide is required for effective catalysis is evidently that it 
combines with the lithium chloride which is always present 
in an amount equivalent to the 2,2,3-triphenylpropyllithium 
in our preparations of organolithium reagent. 

In conjunction with the above discussion on the nature of 
alkoxide ion catalysis, an examination of Table I reveals 
that the following systems undergo reaction almost exclu
sively by path I of Scheme I: 2,2,3-triphenylpropyllithium 
and -sodium in THF at 0 and —75°, respectively; 2,2,3-tri-
phenylpropylpotassium and -cesium 18-crown-6 com
pounds n in THF at —75°, whether prepared via the chlo
ride and alkali metal-crown procedure or via the lithium 
compound with alkali metal r-butoxide-crown complex. 
The following undergo rearrangement almost exclusively by 
path II: 2,2,3-triphenylpropyllithium in ethyl ether at 35°; 
2,2,3-triphenylpropylpotassium and -cesium in THF at 65°. 
The following undergo reaction in comparable amounts by 
paths I and II: 2,2,3-triphenylpropylpotassium and -cesium 
i n T H F a t - 7 5 ° . 

A restatement of these observations is that low tempera
tures, good solvents for solvating cations, coordination of 
cations by 18-crown-6, and Li+ and N a + as opposed to K+ 

and Cs + favor reaction by path I while high temperatures, 
poorly solvating solvents, absence of good ligands such as 
18-crown-6, and large rather than small alkali metal cations 
favor reaction by path II. The conditions which favor path I 
are precisely those which favor loose or separated ion pairs 
while those which favor path II are those which favor tight 
or contact ion pairs.13 Hence, we propose that path I has a 
transition state resembling a loose ion pair, while path II 
has a transition state resembling a tight ion pair. 

In retrospect it is logical that phenyl migration occurs 
largely or exclusively in a tight ion pair while benzyl elimi
nation occurs preferentially in a loose ion pair. Thus in the 
rearrangement leading to the spiro anion, E, the alkali 
metal cation in the tight ion pair may accompany the anion
ic center during bridging (see sketch F) such that no great 
separation of charged centers is necessary at any time for 
cyclization. In contrast for elimination of benzyl anion from 
the ion pair, the cleavage reaction gives rise to an alkali 
metal cation separated from benzyl anion by a molecule of 
diphenylethylene; this is most obvious if the elimination 
reaction occurs in the usual anti-periplanarXA conformation 

M + 

Ph CH2CCH,: M+ 

'). Ph 

H ^ H , H 

Ph 
G 

G. In order for elimination of benzyl anion (which possesses 
a delocalized charge) to occur from a conformation such as 
G extensive solvation is required to overcome the unfavor
able separation of charge in the resulting transition state. 
Conditions which are ideal for solvating the dipolar transi
tion state are just those required for formation of solvent 
separated ion pairs. It is tempting to suggest that loose and 
tight ion pairs are the species which are the immediate pre
cursors respectively for the transition states which resemble 
loose and tight ion pairs; however, this plausible microscop
ic picture is not required by thermodynamic arguments.15 

Recently Biellmann and Schmitt16 have emphasized the 
importance of solvation in competitive Stevens and Som-
melet rearrangements. The intralnolecular Sommelet rear
rangement was favored by conditions which strongly solvat-
ed the cation while the Stevens rearrangement was favored 
by conditions of weaker solvation. 
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