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Abstract: The 3,3-dimethyl-l-butyl cations generated by anodic oxidation of the radical and by deoxideation 
show similar patterns of trapping, /3 cleavage, and double 1,2 rearangements over a wide range of solvent basicities; 
no 1,3-rearrangement product was detected «0.01%). Product formation occurs from the cations: 3,3-di
methyl-l-butyl, 3,3-dimethyl-2-butyl (pinacolyl), 2,3-dimethyl-2-butyl, and r-butyl (from /3 cleavage). Both 
cation-generating procedures show characteristic alterations of product with changing solvent basicity with a 
sharp discontinuity at pH 14. It is postulated that the products are formed from free cation intermediates trapped 
by water below pH 14, by hydroxide ion above pH 14, hydroxide trapping showing a greater preference for de-
protonation to produce mainly olefins. It is hypothesized that superimposed on this effect, by the steepening of the 
potential gradient at the anode with increasing pH, is an effect which alters the rates of the rearrangement and the 
/3-cleavage processes. The free 4,4-dimethyl-2-pentyl cation shows similar behavior. The products from ace-
tolysis and formolysis of 3,3-dimethyl-l-butyl tosylate are the unrearranged esters. 

Studies of free carbonium ions under conditions that 
permit rapid trapping and no possibility for return 

of the products to carbonium ions are revealing the 
early behavior of these reaction intermediates. These 
intermediates are best studied in the presence of hy
droxide ions, the products of the reaction R+ + O H -

being olefins and alcohols. Earlier it was reported 
that deoxideation by CX2 was a useful method for 
making R+ from ROH in basic media.2'3 Anodic 
oxidation on a platinum surface also can be used to 
generate R+ from RCO2

- in basic media. The forma
tion of carbonium ions in the abnormal Kolbe electroly
sis has been recognized in a number of laboratories4-10 

and has been called the Hofer-Moest reaction.u 

R C O r — > R- + CO2 + e- (Kolbe) 

RCO 2 - — > R + + CO2 + 2e~ (abnormal Kolbe) 

Deoxideation of 2-methyl-l-butanol to 2-methyl-l-
butyl cation in aqueous hydroxide solution demon
strated that 1,2-hydrogen, 1,2-methyl, 1,2-ethyl, and 
1,3-hydrogen rearrangements occur in competition with 
trapping by hydroxide ion,3'12 indicating the half-lives 
for the unimolecular rearrangements are less than 1O-10 

sec.312 Anodic oxidation of potassium 3-methyl-

(1) From the Ph.D. Thesis of P. H. R., The Pennsylvania State Uni
versity, 1967. 

(2) P. S. Skell, Seventh Reaction Mechanisms Conference, Chicago, 
111., Sept 1958; P. S. Skell and I. Starer, J. Am. Chem. Soc, 81, 4117 
(1959); 82, 2971 (1960); 84, 3962 (1962). 

(3) P. S. Skell and R. J. Maxwell, ibid., 84, 3963 (1962). 
(4) C. Walling, "Free Radicals in Solution," John Wiley and Sons, 

Inc., New York, N. Y., 1957, p 581. 
(5) E. J. Corey, R. R. Sauers, and S. S. Swann, J. Am. Chem. Soc, 

79, 5826 (1957); E. J. Corey and R. R. Sauers, ibid., 81, 1743 (1959); 
E. J. Corey, N. L. Bauld, R. T. LaLonde, J. Casanova, and E. T. Kasier, 
ibid., 82, 2645 (1960). 

(6) L. Eberson, Acta Chem. Scand., 17, 1196, 2004 (1963). 
(7) F. F. Rawlings, G. W. Thiesen, T. G. Lee, M. J. Murray, Jr., 

and J. L. Seago, Electrochem. Technol, 2, 217 (1964). 
(8) J. A. Waters, J. Org. Chem., 29, 428 (1964). 
(9) W. J. Koehl, Jr., / . Am. Chem. Soc, 86, 4686 (1964). 
(10) J. G. Traynham and J. S. Dehn, ibid., 89, 2139 (1967). 
(11) H. Hofer and M. Moest, Ann., 323, 284 (1902). 
(12) P. S. Skell and J. T. Keating, manuscript in preparation. 

pentanoate in alkaline solution results in formation of 
the same product mixture as obtained from deoxidea
tion,13 indicating a similar precursor. Another ex
ample, rich in the detail it provides for carbonium ion 
processes, is the anodic oxidation of potassium 4,4-
dimethylpentanoate to the 3,3-dimethyl-l-butyl cation, 
an experiment originally designed to examine the im
portance of 1,3-methyl migrations. The 3,3-dimethyl-
l-butyl cation also was generated by deoxideation. 

1,3-Methyl Rearrangements. Because of the am
biguity of many 1,3-methyl rearrangements in car
bonium ions,14-19 the 3,3-dimethyl-l-butyl cation 
system20 was chosen as an unambiguous system where 
different carbon skeletons would be obtained if 1,3 and/ 
or successive 1,2 shifts were operative. A 1,3-methyl 
shift gives the 2-methyl-2-pentyl cation while successive 
1,2 shifts lead to the 2,3-dimethyl-2-butyl cation. 

- 2 - * C-CCC 
I l 
CC 

Products other than those shown can be envisaged, but 

(13) R. J. Maxwell, M. S. Thesis, The Pennsylvania State University, 
1963. 

(14) F. C. Whitmore, K. C. Laughlin, J. F. Matuszeski, and J. D. 
Surmatis, J. Am. Chem. Soc, 63, 756 (1941). 

(15) N. L. Drake, G. M. Kline, and W. C. Rose, ibid., 56, 2076 
(1934). 

(16) W. A. Mosher and J. C. Cox, ibid., 72, 3701 (1950); for related 
work see; M. F. Ansell, M. A. Davis, J. W. Hancock, and W. J. 
Hickinbottom, Chem. lnd. (London), 1483 (1955); M. F. Ansell, J. 
W. Hancock, and W. J. Hickinbottom, J. Chem. Soc, 911 (1956); R. 
Luft, Bull. Soc Chim. France, 24, 181 (1957). 

(17) A. Schneider and R. M. Kennedy, J. Am. Chem. Soc, 73, 5017 
(1951). 

(18) W. H. Saunders, Jr., and G. L. Carges, ibid., 82, 3582 (1960). 
(19) L. Schmerling, ibid., 67, 1778 (1945); see also A. V. Grosse and 

V. N. Ipatieff, J. Org. Chem., 8, 438 (1943). 
(20) W. H. Saunders, Jr., / . Am. Chem. Soc, 78, 6127 (1956). 
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Table I. Carbonium Ion Products from Anodic Oxidation of Potassium 4,4-Dimethylpentanoate" 

Products Mole %" Products Mole %» 

3,3-Dimethyl-l-butene 
3,3-Dimethyl-l-butanol 
3,3-Dimethyl-l-butyl ester0 

Ethene 
2-Methylpropene 
2-Methyl-2-propanol 
2-Methyl-2-propyl ester" 

4.3 
20.6 

1.2 
26.0 
21.0 
0.6 
1.6 

3,3-Dimethyl-2-butanol 
3,3-Dimethyl-2-butyl ester0 

2,3-Dimethyl-1 -butene 
2,3-Dimethyl-2-butene 
2,3-Dimethyl-2-butanol 
2,3-Dimethyl-2-butyl ester' 

1.0 
0.2 

18.3 
0.1 
3.5 
1.4 

99.8 

" pH 10, determined by narrow range pH papers; the pH did not change from beginning to end of electrolysis. ° Percentages obtained 
from the experimental data (Table VIII) by subtracting the amounts of free-radical products (2,2,7,7-tetramethyIoctane, 2,2-dimethylbutane, 
and a quantity of 3,3-dimethyl-l-butene equal to the amount of 2,2-dimethylbutane) and then adjusting the remainders to total 100%. ' 4,4-
Dimethylpentanoates. 

the telltale carbon skeletons (2-methylpentyl or 2,3-
dimethylbutyl) would be the bones of these, too. 

Table I lists the carbonium ion derived products from 
anodic oxidation at a platinum electrode of potassium 
4,4-dimethylpentanoate; product variation as a func
tion of pH will be discussed separately. 

Rearrangement of 3,3-dimethyl-l-butyl cation (pri
mary) to 2-methyl-2-pentyl cation (tertiary) did not 
occur; products from the latter cation could not have 
accounted for more than 0.01 % of the total. 

Deoxideation21 of 3,3-dimethyl-l-butanol (Table 
II), also producing the 3,3-dimethyl-l-butyl cation, 
failed to exhibit 1,3-methyl rearrangement; 2-methyl-l-

TaMe n . Deoxideation of 3,3-Dimethyl-l-butanol" 

Olefins Mole % 

3,3-Dimethyl-l-butene 
Ethene 
2-Methylpropene 
2,3-Dimethyl-l-butene 
2,3-Dimethyl-2-butene 

72.9 
3.1 
3.2 

18.7 
2.1 

100.0 

the intervention of protonated cyclopropanes,23 1,3-
methyl shift has not been recognized in the 3,3-di
methyl-l-butyl and 4,4-dimethyl-2-pentyl (vide infra) 
cation systems. 

The 3,3-Dimethyl-l-butyl Cation. While the 3,3-
dimethyl-l-butyl cation does not show 1,3-methyl re
arrangement, it does undergo two 1,2 shifts yielding 
2,3-dimethyl-2-butyl cat ion; at pH 10, 3 1 % of the 

CCCC+ 

I 
C 

1,2-H~ 

C 
1 + 

CCCC 
1,2-Me- CCCC 

I l 
CC 

3,3-dimethyl-l-butyl cation produced by anodic oxida
tion underwent these rearrangements (Figure 1). The 
same double 1,2 shifts are observed in deoxideation and 
deamination20 but insignificantly in acetolysis or 
formolysis of the corresponding tosylate (Table III). 

Table i n . Relative Amounts of Successive 1,2 Shifts 
in 3,3-Dimethyl-l-butyl Cations 

»[KOH] = 19 M. 

C 
I 

CCCC + CCCC 

pentene and 2-methyl-2-pentene were not products of 
the reaction. Likewise, deamination of 3,3-dimethyl-l-
butylamine yielded no 2-methyl-2-pentanol;20 Saun
ders20 reported 3,3-dimethyl-l-butanol (56%) and 2,3-
dimethyl-2-butanol (44%) (olefins were not men
tioned). Solvolyses of 3,3-dimethyl-l-butyl tosylate 
gave no indications of a 1,3-methyl migration. 

Although 1,3-hydrogen shifts are recognized as valid 
carbonium ion processes,22 some proceeding through 

(21) Deoxideation systems do not reflect the total product composi
tion because only olefins are examined. Since high Br - concentrations 
are developed during the reaction, the coupling, R+ + Br-, followed by 
dehydrobromination may make a contribution to the olefins; however 
under strongly basic conditions olefin formation from R+ + OH -

dominates. 
(22) (a) For 1,3 shifts and cyclopropane formation see ref 2,3, 9, 10,12, 

and 13; O. A. Reutov and T. N. Shatkina, Tetrahedron, 18, 237 (1962); 
O. A. Reutov, "Congress Lectures, XIXth International Congress of 
Pure and Applied Chemistry," Butterworth and Co. (Publishers) Ltd., 
London, 1963, p 203; J. H. Bayless, F. D. Mendicino, andL. Friedman, 
J. Am. Chem. Soc, 87, 5790 (1965); C. C. Lee, J. E. Kruger, and E. W. C. 
Wong, ibid., 87, 3985 (1965); C. C. Lee and J. E. Kruger, ibid., 87, 
3986(1965); M. Silver, ibid., 83, 3487 (1961); G. J. Karabatsos, R. A. 
Mount, D. O. Richter, and S. Meyerson, ibid., 88, 5651 (1966); G. J. 
Karabatsos, N. Hsi, and S. Meyerson, ibid., 88, 5649 (1966); A. A. 
Aboderin and R. L. Baird, ibid., 86, 2300 (1964). (b) J. T. Keating and 
P. S. Skell in "Carbonium Ions," G. A. Olah and P. von R. Schleyer, 
Ed., Interscience Publishers, Inc., New York, N. Y., in press, (c) J. T. 
Keating, Ph.D. Thesis, The Pennsylvania State University, 1968. 

Method 
Trapping C CC 

agent Products Products 

Anodic oxidation" 
Deamination0 

Deoxideation0 

Solvolysis* 

H2O 
H2O 
O H -
RCO2H 

1.0 
1.0 
1.0 
1.0 

0.98 
0.79 
0.27 

<0.02 

"From Table I; both elimination (olefins) and substitution 
(alcohols and esters) products considered. b Only substitution 
products (alcohols) considered.20 c From Table II; only elimina
tion products (olefins) considered.21 <* Acetolysis or formolysis of 
tosylate: 1.9% yield of rearranged olefins may be products from 
pinacolyl tosylate contaminant; no rearranged esters found. 

The presence of unrearranged products 3,3-dimethyl-
1-butene, 3,3-dimethyl-l-butanol, and 3,3-dimethyl-l-
butyl 4,4-dimethylpentanoate from the anodic oxida-

(23) Protonated cyclopropanes: R. L. Baird and A. A. Aboderin, / . 
Am. Chem. Soc.,86,252 (1964); A. A. Aboderin and R. L. Baird, ibid., 86, 
2300 (1964); R. L. Baird, Tetrahedron Letters, 235 (1963); C. C. Lee 
and J. E. Kruger, Can. J. Chem., 44, 2343 (1966); J. Am. Chem. Soc, 
87, 3986 (1965); C. C. Lee, J. E. Kruger, and E. W. C. Wong, ibid., 
87, 3985 (1965); N. C. Deno and D. N. Lincoln, ibid., 88, 5357 (1966); 
H. Hart and R. H. Schlosberg, ibid., 88, 5030 (1966); P. S. Skell, I. 
Starer, and A. P. Krapcho, ibid., 82, 5257 (1960); G. J. Karabatsos, 
R. A. Mount, D. O. Richter, and S. Meyerson, ibid., 88, 5651 (1966); 
G. J. Karabatsos, C. E. Orzech, Jr., and S. Meyerson, ibid., 82, 1944 
(1964); G. J. Karabatsos, N. Hsi, and S. Meyerson, ibid., 88, 5649 
(1966); S. Meyerson and H. Hart, ibid., 85, 2358 (1963). 
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tion of 4,4-dimethylpentanoate (Table I) provides evi
dence that the free primary cation was trapped. The 
immediate precursor of the cation is the free radical. 
The vertical transition from radical to cation occurs 
over an interval of ^ 1 O - 1 5 sec,24 ,25 producing a car-
bonium ion subject only to the nominal encumbrance 
of the free radical. The amount of this primary cation 
trapped before rearrangement varied with p H between 
the limits of 19 and 4 0 % . The earlier observation20 

that unrearranged alcohol is formed in the analogous 
deamination was not carried to an unambiguous con
clusion regarding the intermediacy of a primary cation 
because the possibility of an S N 2 displacement of N 2 

from primary R N 2
+ could not be eliminated.26 Be

cause of the similarity of products from the three exo
thermic2 7 cation-generating processes it is reasonable to 
discard the displacement possibility for deamination 
and deoxideation and to ascribe to each of these reac
tions a free primary cation intermediate. The failure to 
observe rearrangement in the solvolyses of 3,3-di-
methyl-1-butyl tosylate is a basis for eliminating a free 
cation intermediate. 

F rom the work in other primary tosylate systems it 
is apparent that solvolytic displacements occur without 
significant rearrangement.26 '28 '29 This is under
standable, since the cation is encumbered at birth and 
all subsequent stages of its existence.27 The three 
other reactions produce poorly solvated (less en
cumbered or free30) 3,3-dimethyl-l-butyl cations, and 
the amount of rearrangement in these carbonium ions is 
inversely a measure of (1) the efficiency of the trapping 
agents in the environs of the cation and (2) the amount 
of encumbrance on the cation at birth. The relation 
of exothermicity of the cation-generating reaction to 
encumbrance at birth is treated elsewhere.12 F rom 
energetics alone deamination gives a less encumbered 
carbonium ion than deoxideation. Encumbrance for 
anodic oxidation is variable with potential; this method 
can produce the least encumbered carbonium ion. 
However, the trend shown in Table III cannot be inter
preted simply, because there are large differences in 
temperature and the efficiency of the trapping agents 
differ, deoxideations occurring in strong base, deamina-
tions in weakly acidic media. The thesis is developed 
in detail elsewhere12 that free cations in water-like sys
tems become encumbered by neighbor nucleophiles in 
~ 1 0 ~ 1 0 sec and these encumbered cations rapidly col
lapse to products (olefins, alcohols, esters, etc.). The 
encumbered cations are very similar to the intermediates 
in the endothermic cation-generating reactions as, for 
example, solvolyses. Encumbered cations lacking j3 
branching collapse to products without significant 
amounts of rearrangement.26 '28 '29 The distinctive 

(24) E. Sacher and K. J. Laidler in "Modern Aspects of Electro
chemistry," No. 3, J. O'M. Bockris and B. E. Conway, Ed., Butter-
worth and Co. Publishers, Inc., Washington, D. C , 1964, p 8. 

(25) R. A. Marcus in "Transactions of the Symposium on Electrode 
Processes," E. Yeager, Ed., John Wiley and Sons, Inc., New York, N. Y. 
1961, p 239. 

(26) A. Streitwieser, Jr., and W. D. Schaeffer, / . Am. Chem. Soc, 79, 
2888 (1957). 

(27) See ref 22b. 
(28) C. C. Lee and J. E. Kruger, Can. J. Chem., 44, 2343 (1966). 
(29) R. Huisgen and C. Ruchardt, Ann., 601, 1 (1956). 
(30) In the condensed phase a cation designated free makes van der 

Waals contact with neighbors but does not experience the interactions 
characteristic of an encumbered cation: neighbor nucleophiles re
laxed about the positive center. 

1 
i 

trapping 

31JS 

fragment 

34Ji 

1 .2-H-

35Ji 

olefin 

ester 

-*C-C + 

C 

I + "*• C(Xl» 

C 
31fJl,2-Me~ 

cccc 
CC 

C 

I+ 

CC+ 

C 

trapping. 

trapping 

4JS 

trapping 

olefin 
- alcohol 

ester 

olefin 
alcohol 
ester 

olefins 
alcohol 
ester 

Figure 1. The 3,3-dimethyl-l-butyl cation generated by anodic 
oxidation, pH 10; data from Table I. 

reactions of free cations take place in the lCr-10-sec inter
val prior to the development of encumbrance. 

Pinacolyl Cation. Solvolyses of 3,3-dimethyl-2-butyl 
halides31-33 or tosylate32 produce only 2,3-dimethyl-2-
butyl compounds, the rearrangement of pinacolyl 
cation being almost as facile as neopentyl cation re
arrangement. These rearrangements to tertiary cat
ions are sufficiently fast to compete with trapping of 
the original encumbered cations by nucleophiles. In 
anodic oxidations of potassium 4,4-dimethylpentanoate 
13% of the 3,3-dimethyl-2-butyl (pinacolyl) cation is 
trapped: 3 % alcohol, 1 % ester, and 9% 3,3-dimethyl-
1-butene (estimated by assuming the same ratio of 
alcohol to olefin as found in the direct generation of 
pinacolyl cation by anodic oxidation of 2,3,3-tri-
methylbutanoate).34 Saunders had suggested a con
certed rearrangement of 3,3-dimethyl-l-butyl cation 
(from deamination) to 2,3-dimethyl-2-butyl cation be
cause he had failed to obtain any 3,3-dimethyl-2-
butanol.20 

Water and Hydroxide Ion Trapping. Electrolyses of 
potassium 4,4-dimethylpentanoate were conducted at 
various base strengths (pH 6.6-14.5; see Table IV); 

Table IV. Electrolytically Generated 3,3-Dimethyl-l-butyl Cation 

Process 
% a t p H 

6.6 8.2 9.4 10.0 13.6 14.0 14.5 

3,3-Me2-I-Bu+ 39.9 35.2 30.2 31.5 19.0 37.8 39.7 
trapping 

Fragmentation 21.6 30.6 32.1 34.1 46.1 44.4 56.3 
3,3-Me2-2-Bu+ 2.5 1.0 2.9 3.7 2.9 1.3 1.8 

trapping0 

2,3-Me2-2-Bu+ 35.9 35.2 34.8 30.7 32.0 16.5 2.3 
trapping 

Total 99.9 100.0 100.0 100.0 100.0 100.0 100.1 

"The amount of 3,3-dimethyl-l-butene from 3,3-dimethyl-2-
butyl cation was calculated by assuming that 3,3-dimethyl-2-butyl 
cation partitions itself between alcohol and olefin in the same ratio 
as found in the electrolysis of potassium 2,3,3-trimethylbutanoate.84 

(31) E. Linnemann, Ann., 162, 12 (1872). 
(32) G. M. Calhoun and R. L. Burwell, Jr., / . Am. Chem. Soc, 77, 

6441 (1955). 
(33) F. Brown, E. D. Hughes, C. K. Ingold, and J. F. Smith, Nature, 

168, 65 (1951). 
(34) P. S. Skell and P. H. Reichenbacher, / . Am. Chem. Soc, in press. 
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Table V. 3,3-Dimethyl-l-butyl Cation Generated by Deoxideation (Only Olefins) 

Process 

3,3-Me2-I-Bu+ 

trapping 
Fragmentation 
2,3-Me2-2-Bu+ 

trapping 

Total 

13.3 

30.9 

56.0 
13.0 

99.9 

13.5 

31.5 

47.9 
20.6 

100.0 

13.9 

31.5 

52.2 
16.3 

100.0 

14.3 

30.8 

54.4 
14.8 

100.0 

- % at pH° -
14.5 

32.2 

42.8 
25.0 

100.0 

14.7 

53.5 

12.7 
33.8 

100.0 

14.8 

62.5 

5.8 
31.7 

100.0 

14.9 

67.7 

5.6 
26.6 

99.9 

15.3 

75.2 

3.3 
21.5 

100.0 
a Calculated from the initial molarity of KOH; see Table X. 

these changes influenced the relative amounts of prod
ucts, both carbonium ion derived (Figure 2) and free 
radical derived (discussed later). Product variations 
as a function of hydroxide concentration in the deox-
ideations of 3,3-dimethyl-l-butanol were studied also; 
see Table V and Figure 2. 

A-G....... or I ~ 
e-i-c-c* * 

70 

60 

40 
30 

20 

10 

O 

I 

« 

. 

L. I 

\ 
\ 
\ 

' L V h . 

Figure 2. Variations of product ratios vs. pH: O, anodic oxida
tions of potassium 4,4-dimethylpentanoate (olefins, alcohols, esters); 
A, deoxideations of 3,3-dimethyl-l-butanol (olefins only). 

The sharp discontinuity in these profiles which ap
pears at pH 13.5-14.5 suggests two kinds of trapping. 
Although the break comes at different pH values for 
the two types of reactions, the difference probably 
appears greater than it really is since knowledge of O H -

concentrations is poor in these concentrated solutions 
which consume base during the reaction. The in-
sensitivity of product composition to basicity below 
this pH leads to the postulate that water is the major 
trapping agent; above this pH, hydroxide ion trapping 
dominates. Above pH 13.5-14.5 the ratio of rear
ranged to unrearranged products decreases dramatically, 
indicating the greater effectiveness of hydroxide ion as 
a trapping agent. Rearrangement is a unimolecular 
process which competes favorably with the trapping of 
the initial cation by water and less favorably when hy

droxide ion is the trapping agent. Accompanying this 
change of trapping agent is a change in selectivity, 
hydroxide ion showing a larger ratio of olefin to alcohol 
formation than is found for trapping by water (vide 
infra). 

It may seem trivial to emphasize the greater reactivity 
of hydroxide ion, but as E^ diminishes, a leveling effect 
operates, and eventually rates become diffusion con
trolled. The reactions of alkyl cations with water and 
hydroxide undoubtedly fall in this latter category. Un
fortunately there are few pertinent analogies. The 
reaction of H+ with O H - is perhaps the fastest chemical 
reaction,35 but its great velocity is attributable to the 
Grotius transfer of H + through the medium. A rate 

H+ + OH- • H2O k = 1.4 X 1011 A/"1 sec"1 

factor of 106 separates the reactions of O H - and H2O 
with CO2.35 Perhaps more relevant is the 104 separa-

CO2 + OH- —>• HCO3-

CO2 -f H2O —>• H2CO3 

(R+) + OH- —>• ROH 

(R+) + H2O — > ROH2
+ 

k 

k 

k 

k 

= 1.4 X 104 Af"1 sec"1 

= 4.3 X 10-2 sec-1 

= 2.2 M-1 sec"1 

= 2.1 X 10-* sec"1 

tion of rates of trapping of triarylcarbonium ions by 
these bases.36 In the present work it is clear that O H -

and H2O trapping differ in both rate and selectivity. 
A Grotius-type transfer of O H - may be operative at 
high hydroxide ion concentrations. On the other hand, 

H H 

H - O T ^ H - 0 ^ - - 0 - / " V 

the rate of trapping by water is limited by the rate of 
molecular tumbling of water molecules in the highly 
hydrogen-bonded environment of aqueous systems. 

/3 Cleavage. An important reaction of 3,3-dimethyl-
1-butyl cation is fragmentation to ethene and 2-methyl-
2-propyl cation, 20-55% of the cation processes in 
anodic oxidations and 3-50% in deoxideations. The 
reaction was not recognized in deamination20 (probably 
not sought) and does not occur in solvolyses. In 

C 
I . 

CCCC+ 

I 
C 

CC+ 

I' 
C 

+ C-C 

olefin, alcohol, ester 

deoxideations and below pH 13 anodic oxidations, the 
ratio of 2-methyl-2-propyl products to ethene is unity. 

(35) M. Eigen, Angew. Chem. Intern. Ed. Engl., 3,1 (1964); M. Eigen, 
W. Kruse, G. Maass, and L. De Maeyer, Progr. Reaction Kinetics, 2, 
287 (1964). 

(36) C. D. Ritchie, G. A. Skinner, and V. G. Badding, /. Am. Chem. 
Soc, 89, 2063 (1967). 

Journal of the American Chemical Society / 90:9 / April 24, 1968 



2313 

Table VI. Elimination and Substitution Reactions of Carbonium Ions from Electrolyses of Potassium 4,4-Dimethylpentanoate 

. Elimination/substitution" at pH 
Cation 6.6 8.2 9.4 10.0 13.6 14.0 14.5 

3,3-Merl-butyl (primary) 0.08 0.15 0.12 0.12 0.15 2.6 2.6 
3,3-Mej-2-butyl (secondary) 1.2 0.5 1.3 1.3 1.6 7.3 7.3 
2-Me-2-propyl (tertiary) 1.9 3.0 6.0 9.0 6.7 19 99 
2,3-Meir2-butyl (tertiary) 4.3 3.8 4.5 3.8 1.7 4.5 >100 

° Substitution products are alcohol and ester. 

Anodic oxidations above pH 13 give much higher ratios 
(up to 7:1). With 14C labeling it was shown that, in 
those circumstances where the ratio is greater than unity, 

C C 

CCC-4C+ —> CC+ + C-14C 
1 ! 
C C 

C=14C —»• CO2 + 14CO2 + H2O 

ethene is very efficiently oxidized to CO2 and H2O, and 
thus the 2-methyl-2-propyl products are the best mea
sure of extent of fragmentation. In fuel cell operation 
it is established that ethene is more readily oxidized than 
longer and branched-chain hydrocarbons.37-39 

Quite striking is the difference in pH profile (Figure 2) 
of fragmentation for deoxideations and anodic oxida
tions, the former behaving normally in decreasing with 
increasing hydroxide ion concentration because of more 
effective trapping of the 3,3-dimethyl-l-butyl cation. 
The reverse is true for anodic oxidations carried out at 
high hydroxide ion concentrations. This observation 
leads to an intriguing possibility. 

Fragmentation for gas-phase free 3,3-dimethyl-l-
butyl cation is nearly thermoneutral;12 this is a reason
able model for the free cation fragmentation in the 
condensed phase.40 However, in anodic oxidations the 
cation is generated at the anode surface in a steep po
tential field. Fragmentation moves the charge away 
from the anode and thus the reaction becomes more 
exothermic than in the absence of the field. The po
tential gradient increases with increasing hydroxide ion 
concentration.41'42 

The gradually increasing dominance of fragmentation 
in anodic oxidations over the range pH 6-13 (field 
gradient effect) forces a complementary decrease in the 
amount of 3,3-dimethyl-l-butyl cation which is trapped. 
The decrease is not as large in the rearranged products 
over this pH range because these too would be more 
exothermic in the steepened potential gradient. 

The differences between the pH profiles for anodic 
oxidation and deoxideation can be explained by con
sidering for the latter the change in trapping efficiency 
only; for the former there is superimposed on this 
effect a change of rearrangement and cleavage energetics 

(37) J. O'M. Bockris, H. Wroblowa, E. Gileadi, and B. J. Piersma, 
Trans. Faraday Soc, 61, 2531 (1965). 

(38) W. T. Grubb and L. W. Niedrach in "Direct Energy Systems," 
G. Sutton, Ed., McGraw-Hill Book Co., Inc., New York, N. Y., 1966, 
p 39. 

(39) B. S. Baker, Ed., "Hydrocarbon Fuel Cell Technology," Aca
demic Press Inc., New York, N. Y., 1965. 

(40) The encumbered cation of solvolysis does not fragment be
cause electrostatic work of ~ 7 0 kcal/mole would be added to the gas-
phase reaction heats, making the reaction highly endothermic.12 

(41) P. Delahay, "Double Layer and Electrode Kinetics," Part I, 
Interscience Publishers, Inc., New York, N. Y., 1965. 

(42) D. M. Mohilner in "Electroanalytical Chemistry," Vol. I, A. J. 
Bard, Ed., Marcel Dekker, New York, N. Y., 1966, p 241 ff. 

and rates with field gradient changes at the electrode 
surface. This field effect is being examined further. 

The cleavage of 4,4-dimethyl-2-pentyl cation (vide 
infra) to propylene and /-butyl cation is approximately 
16 kcal/mole endothermic from the ethylene cleavage;12 

nonetheless, this anodically generated secondary cation 
does cleave, albeit approximately one-half as readily 
as the primary cation. The cleavage of the secondary 
cation could not be fast enough to occur under these 
trapping conditions (pH 14) were it not for the po
tentiating effect of the field gradient. 

Elimination and Substitution. The similarity of pH 
profiles for olefin formation/substitution (Table VI) 
and the profiles for total product from each cation 
(Figure 2) indicates that primary, secondary, and tertiary 
cations show the same response to changes in basicity; 
hydroxide trapping shows a much larger tendency than 
water to deprotonate the carbonium ion, producing 
olefinic products. 

The 4,4-Dimethyl-2-pentyl Cation. The free cation 
was generated by anodic oxidation at pH 14 of po
tassium 2,4,4-trimethylpentanoate. Although 4,4-
dimethyl-2-pentanol and its ester were recognized 
among the higher boiling products, quantitative analysis 
was limited to the C7Hi4 products and the olefins from 
/3 cleavage. The radical-disproportionation product 
2,2-dimethylpentane could not be resolved from the 
4,4-dimethyl-l-pentene fraction; it was assumed to be 
formed in the same yield as 2,2-dimethylbutane from 
2,3,3-trimethylbutanoate oxidation34 under the same 
conditions, thus 8% of the C7 + cleavage products. 
The olefins from the disproportionation were assigned: 
5% 4,4-dimethyl-l-pentene and 3 % *rans-4,4-dimethyl-
2-pentene. Substraction of these leaves the olefinic 
products from 4,4-dimethyl-2-pentyl cation (Table VII). 

Table VTI. Carbonium Ion Products (Olefins Only) from 
Electrolyses of Potassium 2,4,4-Trimetnylpentanoate', 

Products Mole percentages 

4,4-Dimethyl-l-pentene 34.3 
Propene 19.9 
2-Methylpropene 15.5 
fra/w-4,4-Dimethyl-2-pentene 10.7 
c/j-4,4-Dimethyl-2-pentene Trace 
2,3-Dimethyl-l-pentene 19.6 
2,3-Dimethyl-2-pentene 0.0 

100.0 
_ _ _ _ _ 

It is apparent that the secondary 4,4-dimethyl-2-
pentyl cation reacts as does the primary 3,3-dimethyl-l-
butyl; the differences are in accord with the expected 
consequences of a primary to secondary cation change. 

Skell, Reichenbacher / 3,J- Dimethyl- 1-butyI Cation 
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Table V m . Electrolyses of Potassium 4,4-Dimethylpentanoate 

PH 
AZ(RCO8K) 
Amperes 
Volts 
Voltage at anode 

vs. see 
Temp, 0C 
Time, min 
mmoles of RCO2K 

electrolyzed 
mmoles of total 

products 
mfaradays 
Current yield, % 

Products 

2,2,7,7-Me4-octane 
2,2-Me2-butane 
3,3-Me2-l-butene 
3,3-Me2-l-butanol 
3,3-Me2-l-butyl ester 
Ethene 
2-Me-propene 
2-Me-2-propanol 
2-Me-2-propyl ester 
3,3-Me2-2-butanol 
3,3-Me2-2-butyl 

ester 
2,3-Merl-butene 
2,3-Me2-2-butene 
2,3-Me2-2-butanol 
2,3-Mer2-butyl 

ester 
Unidentified com-

pound(s) 

Total 

6.6 
1.0 
1.0 

15 
1.7 

50 
5 
4 

2 

3 
120 

37.9 
3.4 
5.2 

15.8 
1.5 
8.6 
6.6 
0.2 
3.2 
0.4 
0.1 

5.7 
7.8 
1.4 
1.7 

0.5 

100.0 

8.2 
1.0 
1.2 

15 
1.6 

45 
5 
8 

1 

4 
40 

38.1 
4.8 
6.8 

10.1 
1.7 

11.1 
9.5 
0.3 
2.8 
0.1 
0.2 

6.8 
4.7 
1.8 
1.2 

0.0 

100.0 

9.4 
1.0 
1.2 

15 
1.6 

50 
7 
6 

2 

5 
70 

38.9 
5.5 
7.4 
9.6 
0.8 

12.4 
9.9 
0.2 
1.4 
0.4 
0.1 

9.2 
1.8 
1.3 
1.1 

0.0 

100.0 

10.0 
1.0 
1.4 

15 
1.7 

55 
10 
8 

3 

9 
60 

Mole percentages 

39.7 
5.5 
7.6 

10.1 
0.6 

12.8 
10.3 
0.3 
0.8 
0.5 
0.1 

9.0 
0.07 
1.7 
0.7 

0.2 

100.0 

13.6 
1.0 
3.0 

19 
1.5 

65 
45 
24 

12 

84 
20 

32.9 
3.6 
5.5 
5.9 
1.4 

20.4 
13.1 
1.6 
0.4 
0.5 
0.0 

8.6 
0.3 
5.0 
0.2 

0.6 

100.0 

14.0 
1.0 
3.0 

12 
1.9 

70 
80 
2 

1 

150 
1 

7.6 
2.3 

20.8 
6.1 
0.5 

17.2 
27.3 

1.4 
0.01 
0.2 
0.0 

7.7 
1.0 
1.9 
0.07 

5.9 

100.0 

14.5 
1.0 
4.0 
8 
1.2 

70 
360 

6 

3 

900 
1 

0.8 
0.7 

24.7 
8.2 
0.0 
6.2 

43.5 
0.6 
0.0 
0.3 
0.0 

0.4 
1.4 
0.0 
0.0 

13.2 

100.0 

The absence of 2,4-dimethyl-l- and -2-pentenes indi
cates 1,3-methyl shift is not occurring. The greater 
extent (47 vs. 34 %) of trapping of unrearranged cation 

trapping 

I + 
CCCCC-

47?» 

fragment 

C 
I 

CCCC' 

24/» 

1.2-H-

C 

C (40%) 

*-C=CC + 

C 

CCC=CC 

CC+ 

I 
C 

• (795) 

trapping. 

29JS 
• CCCCC 

C 
237»h, 2-Me-» 

ccccc 
CC 

trapping. 

trapping.. 

C 

CCC=CC 

C 

O=CCCC 
I l 
CC 

Figure 3. The 4,4-dimethyl-2-pentyl cation generated by anodic 
oxidation, pH 14; data from Table VII. Partitioning of the 2,2-
dimethyl-3-pentyl cation was assumed to be the same as partitioning 
(between rearrangement and trapping) of the 3,3-dimethyl-2-butyl 
cation.34 

is attributable to two factors: (1) the rearrangement is 
isoenergetic (secondary -»• secondary) as opposed to an 
exothermic rearrangement (primary -*• secondary) for 
3,3-dimethyl-l-butyl cat ion; (2) the availability of five 

hydrogens for deprotonation of the 4,4-dimethyl-2-
pentyl cation and two for the 3,3-dimethyl-l-butyl 
cation. A second significant difference is the distribu
tion of the cation between the two routes of /3 cleavage 
(24 vs. 50%) and double 1,2 shift (23 vs. 16%). The 
origin of this alteration in proport ions appears to be a 
decrease in the rate of /3 cleavage. The energetics of 
cleavage of the secondary cation under field-free con
ditions would preclude it from competition with the 
other fast reactions. Under the influence of the po
tential gradient in the vicinity of the anode cleavage 
becomes feasible from an energetic point of view; how
ever, propylene cleavage is 16 kcal/mole less exothermic 
than ethylene cleavage (vide supra), and therefore slower. 

The distribution of the 4,4-dimethyl-2-pentyl cation 
among the olefinic products is summarized in Figure 3. 

Free-Radical Products. Among the products ob
tained from electrolyses of potassium 4,4-dimethyl-
pentanoate are the normal Kolbe products derived 
from radicals, 2,2,7,7-tetramethyloctane, 2,2-dimethyl-
butane, and 3,3-dimethyl-l-butene (Table VIII). The 
excess of 3,3-dimethyl-l-butene over 2,2-dimethyl-
butane is attributed to the cation route. 

The amount of free radical derived products (both 
coupling and disproportionation) decreases dramatically 
with increasing alkalinity of the electrolyte; a concom-
mitant increase in carbonium ion products occurs. 
This is not a new observat ion; 4 ' 1 1 4 3 ' 4 4 it corroborates 
the hypothesis that the precursor to the carbonium ion 

(43) B. C. L. Weedon, Quart. Rev. (London), 6, 380 (1952). 
(44) B. E. Conway, "Theory and Principles of Electrode Processes," 

The Ronald Press, New York, N. Y., 1965, pp 136, 166 ff, and 244 ff. 
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Table K . Electrolyses of Potassium 4,4-DimethyIpentanoate-2-14C 

PH 
M(RCO2K) 
Amperes 
Volts 
Temp, 0C 
Time, min 
mmoles of volatile products 

including CO2 
mfaradays 
Current yield, % of volatile 

products 
ma/mole (RCOsH) 

Volatile products 

2,2-Dimethylbutane 
3,3-Dimethyl-l-butene 
Ethene 
2-Methylpropene 
2,3-Dimethyl-1 -butene 

mole 7, 

6.1 
12.8 
43.4 
20.5 
17.2 

10.0 
0.2 
1.2 

30 
80 
18 
3.1 

13 
9 

9.4 

mCi/ 
\ mole 

17 
17 
17 
0 

17 

14.4 
0.3 
4.1 

10 
75 

105 
1.6 

270 
0.1 

8.6 

mCi/ 
mole % mole 

0.0 
43.1 16 
9.0 14 

47.9 0 
0.0 

Carbon dioxide 

100.0 

mmoles 

2.3 

mCi X 
104 

5.4 

100.0 

mCiX 
mmoles 104 

1.5 43 

bp 95° (6.5 mm); /I»D 1.4195; nmr: singlet (9 H)at 0.90ppm, triplet 
with second-order splitting (2 H) at 1.49 ppm, triplet with second-
order splitting (2 H) at 2.26 ppm, and singlet (1 H) at 12.26 ppm. 

Electrolyses of potassium 4,4-dimethyIpentanoate were carried 
out in the apparatus previously described,61 a slow sweep of N2 
through the anode compartment removing the volatile products to 
traps. Less volatile products were extracted from the electrolyte. 
Products were separated by gas chromatography and identified by 
comparison of retention times, infrared spectra, and mass spectra 
with authentic samples. Unused acid was removed by acidification 
and extraction, with titration for determining the amount. All 
gas chromatographic data were converted to mole percentages with 
the appropriate empirical thermal responses. The results are 
summarized in Table VIII. The esters were 4,4-dimethylpentan-
oates. In addition, oxygen, carbon dioxide, and small amounts of 
2-methyl-l-butene and 3,3-dimethylbutanal were produced; hydro
gen was the only recognizable cathodic product. 

The composition of the volatile products was studied as a func
tion of time and found to be invariant over the entire electrolysis 
period. 

4,4-Dimethylpentanoic-2-14C Acid. This acid was prepared in 
the same manner as above, starting with l-bromo-3,3-dimethyl-
butane-l-14C (~0.034 mole) 

"CO2 LiAlH* 
Me3CCH2MgCl — > Me8CCH2

14CO2H —*-

PhiPBr* 
Me3CCH2

14CH2OH >- Me8CCH2
14CH2Br 

Table X. Deoxideations of 3,3-Dimethyl-l-butanol 

M(KOH) 
Yield, %, of 

hydrocarbons 

Hydrocarbons 

0.2 
0.2 

0.3 
0.4 

0.8 
1.3 

2.0 3.0 5.0 
1.4 0.8 2.0 

6.0 
10 

8.0 
13 

19 
23 

3,3-Merl-butene 
Ethene 
2-Me-propene 
2,3-Mea-l-butene 
2,3-Me2-2-butene 

Total 

24.8 
45.0 
19.8 
4.0 
6.5 

100.0 

21.6 
31.5 
32.8 
3.8 

10.3 

100.0 

27.8 
46.1 
11.6 
3.9 

10.5 

99.9 

27.5 
48.6 
10.7 
5.8 
7.4 

100.0 

27.1 
36.0 
15.9 
11.2 
9.8 

100.0 

47.8 
10.7 
11.3 
23.3 
6.9 

100.0 

60.2 
5.6 
3.7 

24.1 
6.4 

100.0 

64.8 
5.4 
4.3 

22.5 
3.0 

100.0 

72.9 
3.1 
3.2 

18.7 
2.1 

100.0 

is the free radical. With increasing alkalinity the partial 
current density increases for discharge of oxygen and 
decreases for discharge of carboxylates. At high 
alkalinities the rate of radical production and the in
stantaneous radical concentration are smaller. Cou
pling and disproportionation have [R-]2 dependence 
whereas cation formation has [R-]1- It is well estab
lished that dimer yields improve with increasing current 
density4'43-46 under conditions where carboxylate is 
the sole electroactive species. 

The disproportionation to coupling ratio for the 3,3-
dimethyl-1 -butyl radical is 0.1. It is perhaps fortuitous 
that the gas-phase values for ethyl and 1-propyl radicals 
are also 0.1,47 since there is good reason to believe that 
the Kolbe bimolecular radical reactions often occur on 
the electrode surface.48-50 

Experimental Section 
4,4-Dimethylpentanoic acid was prepared in 90% yield by car-

bonation of the Grignard reagent from l-chloro-3,3-dimethylbutane; 

(45) S. Glasstone and A. Hickling, "Electrolytic Oxidation and Re
duction," Chapman and Hall Ltd., London, 1935, p 279. 

(46) L. Ruzicka and M. Stoll, HeIv. CMm. Acta, Yl, 1308 (1934). 
(47) A. F. Trotman-Dickenson, "Free Radicals," John Wiley and 

Sons, Inc., New York, N. Y., 1959, p 53. 
(48) B. E. Conway and A. K. Vijh, J. Org. Chem., 31, 4283 (1966). 
(49) T. Dickinson and W. F. K. Wynne-Jones, Trans. Faraday Soc, 

58,382,388,400(1962). 
(50) Seeref22c. 

giving the desired acid, 8.61 mCi/mole, ir identical with nonradio
active acid. Radioactivity assay was as follows: vpc effluent was 
led from the thermal conductivity detector into a flow-through ion 
chamber (Cary Model 5010), scavenged by a flow of argon ten 
times greater than the vpc flow; current was measured by a vibrat
ing reed electrometer (Cary Model 31) and simultaneously recorded 
with the thermal conductivity vpc trace. The absolute 14C values 
were obtained by comparison with a commercial standard toluene-
14C sample (New England Nuclear Corp.). With the usual correc
tions the two traces yielded molar percentages. 

Electrolyses of Potassium 4,4-Dimethylpentanoate-2-14C. The 
technique was the same as that described above for electrolyses of 
potassium 4,4-dimethylpentanoate except that at the end of an 
experiment the electrolyte was acidified (H2SO4) to a Congo red end 
point, and the carbon dioxide released was collected with the vola
tile products; the results of two experiments are given in Table IX. 
The less volatile products were not analyzed. 

3,3-Dimethyl-l-butanol. Hydroboration52 of 3,3-dimethyl-l-bu-
tene gave 3,3-dimethyl-l-butanol in 59% yield, bp 141-143° (730 
mm), 94.2% pure (contaminants: 1.0% 3,3-dimethyl-2-butanol and 
4.8 % of four other components), lit.53 bp 139-140° (727 mm). 

Deoxideations of 3,3-dimethyl-l-butanol were carried out by 
stirring 100 ml of aqueous potassium hydroxide solution with 1.0 g 
of alcohol, and adding slowly 7.6 g of bromoform while the flask 
was heated in a 150° oil bath. The volatile products were swept 
out in a nitrogen gas stream and analyzed as above; see Table X. 

(51) P. H. Reichenbacher, M. Y.-C. Liu, and P. S. Skell, /. Am. Chem. 
Soc, 90, 1816 (1968). 

(52) H. C. Brown, "Hydroboration," W. A. Benjamin & Co., New 
York, N. Y., 1962, pp 102 and 114, and references therein. 

(53) A. H. Homeyer, Ph.D. Thesis, The Pennsylvania State College, 
1933. 
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Table XI. Electrolysis of Potassium 
2,4,4-Trimethylpentanoate 

PH 
RCO2K, M 
Amperes 
Volts 
Voltage at anode vs. see 
Temp, 0C 
Time, min 
mmoles of RCO2K electrolyzed 
mmoles of volatile products 
mfaradays 
Current yield, %, of volatile 

14.0 
1.0 
8.0 

13.0 
1.2 

55 
40 
19 
6 

200 
5 

Volatile products 

2,2-Dimethylpentane 
4,4-Dimethyl- 1-pentene 
Propene 
2-Methylpropene 
//•a/w-4,4-Dimethyl-2-pentene 
c;>4,4-Dimethyl-2-pentene 
2,3-Dimethyl- 1-pentene 
2,3-Dimethyl-2-pentene 

Mole % 

40.6° 

17.2 
13.4 
12.0 

Trace 
16.9 
0.0 

100.0 

" Unresolved on the vpc column. 

3,3-Dimethyl-l-butyl />-Toluenesulfonate. This ester was pre
pared in 84% yield by allowing 3,3-dimethyl-l-butanol (10.2 g, 
0.10 mole) containing 1% 3,3-dimethyl-2-butanol to react with p-
toluenesulfonyl chloride (21.0 g, 0.15 mole) and pyridine (60 cc). 
The crude tosylate was taken up in chloroform and then washed 
successively with dilute HCl, water, dilute K2CO3, and water; the 
chloroform solution was then dried over anhydrous K2CO3, and 
the chloroform was removed at 30° under reduced pressure; nmr: 
singlet (9.0 H) at 0.86 ppm, triplet (2.1 H) at 1.55 ppm, singlet (3.3 
H) at 2.41 ppm with a small shoulder on the downfield side (possibly 
some o-tosylate), triplet (2.0 H) at 4.07 ppm, poorly shaped doublet 
(2.3 H) centered at 7.31 ppm, poorly shaped doublet (2.3 H) cen-

Astudy of the conformer distribution in two !-sub
stituted 1,2-dibromoethanes, BrCH2CHBrR, has 

shown2 that the more stable conformer with R = 
i-butyl is 1 (bromines gauche) whereas that with R = 
C6H6 is 2 (bromines trans). It has been assumed3 

that the most stable conformer of BrCH2CHBrCO2H 
(R = CO2H) corresponds to 2, but no definitive support 
is available. Although dipole-dipole repulsions be
tween bromines will undoubtedly favor 2, the carboxyl 

(1) This investigation was supported in part by Public Health Service 
Research Grant GM-12113 from the National Institute of General 
r^f pH j PA. I SdfiTlCGS 

(2) M. Buza and E. I. Snyder, J. Am. Chem. Soc, 88, 1161 (1966). 
(3) R. Freeman, K. A. McLauchlan, J. I. Musher, and K. G. R. 

Pachler, MoI. Phys., 5, 321 (1962). 

tered at 7.75 ppm. There was a small peak (ca. 0.17 H) at 1.18 
ppm; this latter peak indicates the possible presence of ~ 5 % 
3,3-dimethyl-2-butyl tosylate or ~ 3 % 2,3-dimethyl-2-butyl tosylate. 

Solvolyses of 3,3-dimethyl-l-butyl p-ToluenesuIfonate were carried 
out by refluxing the ester for 19 hr in acetic or formic acids in the 
presence of a small excess of sodium acetate or cesium formate, re
spectively. Esters were isolated in 50-60 % yield. After reduction 
with lithium aluminum hydride, the alcohol component was identified 
by gas chromatographic retention time as 3,3-dimethyl-l-butanol, 
not contaminated by any other C6 alcohol. In another acetolysis 
the olefinic products were removed by sweeping the reaction vessel 
with nitrogen during the solvolysis, the last traces being removed by 
distilling at 10 mm three-quarters of the solvent into the trap. The 
olefinic products and yields were: 1.4% 3,3-dimethyl-l-butene, 
0.9% 2,3-dimethyl-l-butene, and 1.0% 2,3-dimethyl-2-butene; 
ethylene and isobutylene were not detected. 

2,4,4-Trimethylpentanoic Acid. The Grignard reagent from 2-
chloro-4,4-dimethylpentane, (bp64 64.5° (85 mm), n*>o 1.4180, 99% 
pure by vpc, 74.8 g, 0.556 mole) and magnesium turnings was carbo
nated with CO2, yielding 2,4,4-trimethylpentanoic acid (35%), 
bp 108-110° (12 mm), « « D 1.4231; lit." bp 109.8-109.5° (12-14 
mm), «20D 1.4231. 

Electrolysis of Potassium 2,4,4-Trimethylpentanoate. The elec
trolysis cell61 was modified to separate the cathode and anode by a 
sintered-glass disk of medium porosity; the cathode compartment 
contained 12 M KOH, the anode compartment the aqueous 
RCO2K-KOH electrolyte. In addition to the compounds listed in 
Table XI, 4,4-dimethyl-2-pentanol and 4,4-dimethyl-2-pentyl 2,4,4-
trimethylpentanoate were identified; the remainder, probably 
rearranged alcohols and esters, were not identified. 

Acknowledgment. The authors thank the donors of 
the Petroleum Research Fund, administered by the 
American Chemical Society, the Army Research Office, 
and the Air Force Office of Scientific Research for 
partial support of this research. P. H. R. gratefully 
acknowledges fellowships from the National Science 
Foundation and Esso Research and Engineering Co. 
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R Br 
1 2 

(and carboxylate) group is also a polar one. The extent 
of bromine-carboxyl (or carboxylate) electrostatic 
interactions will depend sensitively on the precise 
geometry of the latter with respect to the halogen, but it 
seems reasonable that these will be repulsive and will 
tend to favor 1. 

The conformation of ethyl 2,3-dibromopropionate 
has been unequivocally determined by examination of 

Conformational Stability in Ethyl 2,3-Dibromopropionate 
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Abstract: Preparation of ^eO-BrCHDCDBrCO2C2H6 and comparison of its nmr spectrum with that of undeu-
terated ester permits unequivocal identification of the most stable conformer as the one with trans bromines. 
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