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Abstract: The effect of changing from an n- to a sec- to a r-alkoxide-alcohol medium on the products of the E2 
reactions of 2- and 3-pentyltrimethylammonium ion, 2-methyl-3-pentyltrimethylarnrnonium ion, and 2,5-dimethyl-
3-hexyltrimethylammonium ion has been studied. The reaction of phenoxide bases with two of the salts was also 
examined. The most important effect of changing the base-solvent system was found to be that of the strength 
of the base on the transition-state structure. Stronger bases cause an increase in the proportion of the Hofmann 
rule olefin by increasing the reactant-like nature of the transition state. The effect of the base on the trans: cis 
ratios depends on the stereochemistry of the reaction. If the reaction is purely anti the change to a stronger base 
will cause an increase in the proportion of the c/s-ene. If syn elimination competes with anti elimination the change 
to a stronger base will cause an increase in the proportion of trans-sne. In the former case the "normal" pattern 
of an increase in the Hofmann rule product and a decrease in the trans: cis ratio will be observed. In the latter case, 
the "abnormal" pattern of an increase in both the Hofmann rule product as well as the trans: cis ratio will be ob
served. The occurrence of the "normal" or "abnormal" pattern gives qualitative information about the stereo
chemistry. The first example of an acyclic quaternary ammonium salt following the Saytzeff rule is described and 
is attributed to a steric effect. The effect of the alkyl structure on the trans: cis ratios is shown to follow the pre
dicted trend. 

The change from an «-alkoxide-n-alcohol medium 
to a ?-alkoxide-tertiary alcohol medium causes a 

change toward increasing Hofmann-rule product for 
E2 reactions of alkyl halides4-7 and tosylates.7-10 This 
change could be caused by the change in the polarity of 
the solvent, the strength of the base, or the steric re
quirements of the base. We felt that a better under
standing of the factors causing this change in orienta
tion could be gained from a study of the effect of the 
base-solvent system on E2 reactions of compounds con
taining a charged leaving group. The solvent effect 
on these reactions should be the reverse of that on re
actions involving uncharged leaving groups.11 

We first studied the products from E2 reactions of 
2-pentyltrimethylammonium ion under a variety of con
ditions (Table I). On changing from an w-alkoxide-
tt-alcohol medium to a ?-alkoxide-tertiary alcohol me
dium there was a small increase in the proportion of 
1-pentene, the Hofmann rule product. Control experi
ments with synthetic olefin mixtures demonstrated that 
the small differences observed were real.12 This con
clusion is reinforced by the data for reactions in the 
sec-alkoxide-secondary alcohol medium which was inter
mediate between that of the n- and f-alkoxide-alcohol 
systems. 
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Suitable control experiments precluded the possibil
ity of olefin rearrangement or fractionation under the 
reaction conditions or during the work-up.12 The 
2-pentene formed was not due to the presence of 3-pen
tyltrimethylammonium ion as an impurity in the 
2-pentyl salt. Reactions of 2-pentyltrimethylammo
nium salts made from 2-pentanone which was prepared 
by the treatment of butyryl chloride with dimethyl-
cadmium gave the same results as did the salts made 
from commercial 2-pentanone.12 

Despite these precautions we desired a more con
clusive trend. We therefore examined the products 
from the E2 reactions of 2-methyl-3-pentyltrimethyl-
ammonium ion. Here the competition is between re
moval of a proton on a secondary carbon atom and a 
proton on a tertiary carbon atom, leading to 4-methyl-
2-pentene, the Hofmann rule product, and 2-methyl-
2-pentene, the Saytzeff rule product, respectively. We 
hoped that this competition would be less extreme than 
the competition between removal of a proton on a 
primary vs. a secondary carbon atom, as occurs in the 
case of the 2-pentyl salts. The results are given in 
Table II. The trend toward increasing Hofmann rule 
product with increasingly branched base-solvent sys
tems is conclusively confirmed. The fact that the same 
qualitative trend is observed for quaternary ammonium 
salts, tosylates, and halides on changing the base-sol
vent system rules out the change in solvent polarity as an 
important factor. 

It is also apparent from Tables I and II that it is not 
the size of the alkyl chain of the base but the extent 
of chain branching that is important. There are only 
minor differences in reactions run in ethyl alcohol, 
n-propyl alcohol, or rc-butyl alcohol; or in reactions 
run in isopropyl and sec-butyl alcohol. The only ex
ception to this generalization is the small difference in 
the product proportions between reactions run in allyl 
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Table I. Orientation Studies of E2 Reactions of 2-Pentyltrimethylammonium Salts in Alcohol Solvents 

Alcohol" 

Ethyl 
Ethyl 
//-Propyl 
//-Butyl 
AUyI 
wc-Butyl 
.sec-Butyl 
•sec-Butyl 
/-Butyl 
/-Butyl 

Temp, 
0C 

78.5^ 
110 
110 
110 
110 
60 
85 

110 
82.8^ 

110 

Rxn 
time, 

hr 

13 
174 

12 
5 

66 
120-144 
12-35 
24 
4-44 
5 

% l-pentene^ 

96.0 ± 0.1 
94.0 
95.7 ± 0.1 
94.6 
93.7 
97.4 ± 0.2 
97.0 ± 0.1 
96.6 
97.7 ± 0.2 
97.2 ± 0.1 

trans :cis 
2-pentene6 

g 
g 
0.32 ± 0.02 
0.31 
0.36 
0.28 ± 0.01 
0.32 ± 0.02 
0.40 
0.41 ± 0.01 
0.42 ± 0.03 

% methyl 
alkyl 

ether6'1* 

g 
8 
21 ± 2 

21 
16 ± 2 
19.6 ± 0.2 

6.0 ± 0.3 
6.2 ± 0.9 

% yield' 

63A 

71-81 
66" 
52 
82-87 
77-80 
71* 
86-88 
84 

" The base is the corresponding alkoxide. h Average deviation indicated for repeated reactions. e 1-Pentene + 2-pentene = 100. d Ole
fin + ether = 100. e Total yield of olefin and ether determined by means of an internal standard. ! Refiuxing solvent. « The 20-ft 20% 
adiponitrile column used to analyze the cis- and trans-2-peatenes in other experiments could not be used because methyl ethyl ether and trans-
2-pentene were not resolved. The 20-ft 28 % didecyl phthalate column used in this case did not resolve the cis- and trans-2-pentene. * Olefin 
yield only. 

Table II. Orientation Studies of E2 Reactions of 2-Methyl-3-pentyltrimethylammonium Salts in Alcohol Solvents 

Alcohol" 

Ethyl 
/!-Butyl 
«-Butyl 
AUyI 
Isopropyl 
•sec-Butyl 
•sec-Butyl 
.sec-Butyl 
/-Butyl 
/-Butyl 

Temp, 
0C 

110 
117.7/ 
110 
110 
110 
60 
85 

110 
82.8/ 

110 

Rxn 
time, 

hr 

2 3 ^ 0 
14-44 
32-39 
60-65 
15 
36-90 
36-60 
21-26 
50-60 

7-39 

% 4-methyl-
2-pentene!,.c 

61.9 ± 1.7 
62.1 ± 0.6 
63.8 ± 0.3 
58.0 ± 0.8 
72.3 ± 0.3 
74.9 ± 0.3 
75.8 ± 0.1 
76.5 ± 0.2 
85.2 ± 0.3 
83.6 ± 0.3 

trans :cisb 

4-methyl-
2-pentene 

5.2 ± 0.3 
4.6 ± 0.1 
4.9 ± 0.1 
4.4 ± 0.3 

g 
9.9 ± 0.3 
9.2 ± 0.2 
9.2 ± 0.2 

12.2 ± 0.5 
11.0 ± 0.9 

% methyl 
alkyl 

ether6'* 

65 ± 1 
66 ± 1 
49 ± 3 
61 
74 ± 1 
71 ± 3 
61 ± 3 
51 ± 1 
46 ± 1 

% 
yield* 

75-94 
48-73 
53-70 
68 
95-96 
74-90 
90 
82-94 
85-95 

» The base is the corresponding alkoxide. b Average deviation indicated. c 4-Methyl-2-pentene + 2-methyl-2-pentene = 100. d Olefin 
+ ether =100. ' Olefin and ether determined by means of an internal standard. / Refiuxing solvent. « The 20-ft 20% adiponitrile used in 
this experiment did not separate CM- and /ra/w-4-methyl-2-pentene. The 40-ft tricresyl phosphate column regularly used to separate the 
methylpentenes could not be used in this case because the isopropyl methyl ether and /ra/7.s-4-methyl-2-pentene were not resolved. 

oxide-allyl alcohol and those run in the other n-alkox-
ide-n-alcohols. 

Before further discussion of the orientation effects, 
a brief summary of available information on the nature 
of the transition state in E2 reactions of quaternary am
monium salts is desirable. First, the /3-hydrogen is 
believed under most conditions to be more than half 
transferred in the transition state.13 The increase in 
the deuterium isotope effect and the decrease in the 
Hammett p value when the base-solvent pair is changed 
from ethoxide-ethanol to /-butoxide-/-butyl alcohol 
with the 2-arylethyltrimethylammonium ions indicate 
less /3-hydrogen transfer and a more reactant-like transi
tion state in the latter case.14 This conclusion is rein
forced by the observation of a decrease in the nitrogen 
isotope effect with ethyltrimethylammonium ion upon 
the same base-solvent change.15 

Since the carbanion character actually decreases in 
the more branched alkoxide-alcohol medium, the trend 
toward more Hofmann-rule product clearly cannot be 
ascribed to an increased sensitivity to the inductive 
effect of /3-alkyl substitution. A decrease in double-
bond character of the transition state must constitute 
at least part of the effect by decreasing the influence of 
product stability on transition-state energy. 

(13) L. J. Steffa and E. R. Thornton, J. Amer. Chem. Soc, 89, 6149 
(1967). 

(14) W. H. Saunders, Jr., D. G. Bushman, and A. F. Cockerill, 
ibid., 90, 1775 (1968). 

(15) P. J. Smith, Ph.D. Thesis, McMaster University, 1965. 

The trend is also consistent with a steric effect. In 
the r-butoxide-/-butyl alcohol reaction the trimethyl-
ammonio group is closer to the alkyl chain than it is in 
the «-alkoxide-«-alcohol reactions. Also, a /-alkoxide 
is more bulky than an n-alkoxide. A steric effect in
volving the base4 or the leaving group16 or both could 
explain the observed trend. 

A factor which has not been considered so far in the 
discussion is the stereochemistry of the elimination re
action. Since it has been shown that the tendency 
toward syn elimination increases from «-alkoxide-rc-
alcohol to /-alkoxide-tertiary alcohol media,17 at least 
some of our elimination reactions must have substantial 
syn components. The probable role of syn elimination 
in specific instances, particularly its effect on trans:cis 
ratios, is discussed in more detail below. While the 
occurrence of syn elimination may indirectly affect 
Hofmann-Saytzeff ratios via eclipsing effects, there does 
not seem to be any very pronounced direct effect, judg
ing from the invariance of the 2-hexene:3-hexene ratio 
from 3-hexyltrimethylammonium ion with changing 
alkoxide-alcohol." 

The question of whether double bond character or a 
steric effect is the more important influence on orienta
tion was approached by studying the effect of chain 

(16) H. C. Brown and O. H. Wheeler, /. Amer. Chem. Soc, 78, 2199 

(17) D. S. Bailey and W. H. Saunders, Jr., Chem. Commun., 1598 
(1968). 
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branching in the substrate on orientation. For this 
purpose, 2,5-dimethyl-3-hexyltrimethylammonium bro
mide (I) was prepared and treated with n-, sec-, and t-b\i-

-Br 
+N(CH3)S 

I 
C H 3 - C H - C H - C H 2 - C H - C H 3 

7 1/3 a /3' Vy' 
CH3 CH3 

I 

toxide ion, each in its respective alcohol. The results 
are given in Table III. 

Table III. Orientation Studies of E2 Reactions of 
2,5-Dimethyl-3-hexyltrimethylammonium Bromide in 
Alcohol Solvents at 110° 

Alcohol" 

n-Butyl 
.rec-Butyl 
r-Butyl 

% 2,5-
dimethyl-
3-hexene6'e 

26 ± 2 
56 ± 2 
58 ± 2 

trans \cis 
2,5-dimethyl-

3-hexene 

24 
>24 
>24 

% methyl 
alkyl 
ether* 

90 ± 1 
88 ± 1 
82 ± 1 

% 
yield6 

90 
68 

0 The base is the corresponding alkoxide. The reaction time is 
20-25 hr. b Average deviation of two runs indicated. c 2,5-Di-
methyl-3-hexene + 2,5-dimethyl-2-hexene = 100. d Olefin + 
ether = 100. ' Olefin and ether, determined by means of an in
ternal standard. 

In the w-butoxide-n-butyl alcohol reaction there is 
more 2,5-dimethyl-2-hexene, the Saytzeff rule product, 
than 2,5-dimethyl-3-hexene, the Hofmann rule product. 
This is the first example of an acyclic quaternary am
monium salt following the Saytzeff rule. Previously, 
the only exceptions to the Hofmann rule in E2 reactions 
of quaternary ammonium salts were found in cyclic 
salts. l s -2° Adherence to the Saytzeff rule in this case is 
most likely due to a steric effect, since the two methyl 
groups in the /3 position should hinder abstraction of the 
/3 proton by inductive electron release considerably 
more strongly than the two methyl groups in the y' po
sition could hinder abstraction of the (3' proton.21 

Precise description of the nature of the steric effect 
is complicated by the lack of knowledge of stereochemis
try of elimination in this system, but some analogies 
to related systems help. The 6-methyl-5-decyltri-
methylammonium ion gives 5-methyl-5-decene almost 
exclusively by anti elimination with methoxide-meth-
anol, but by nearly 50% syn elimination (from the 
erythro isomer) with /-butoxide-?-butyl alcohol.22 

This approximates the stereochemistry to be expected 
in formation of our Saytzeff rule product, syn elimina
tion is probably somewhat more important in formation 
of our Hofmann rule product than it is in formation of 
3-hexene from 3-hexyltrimethylammonium ion (be
cause the branched system affords greater hindrance 
to the anti -*• trans route). In the latter case, trans-
3-hexene is formed to the extent of 17 % by syn elimina
tion in M-butoxide-rc-butyl alcohol, and 80% in r-bu-
toxide-?-butyl alcohol.23 We would thus conclude 

(18) W. Hiickel, W. Tappe, and G. Legutke, Justus Liebigs Ann. 
Chem., 543, 191 (1940). 

(19) E. D. Hughes and J. Wilby, J. Chem. Soc, 4049 (1960). 
(20) T. H. Brownlee and W. H. Saunders, Jr., Proc. Chem. Soc, 314 

(1961). 
(21) J. F. Bunnett, Angew. Chem., Int. Ed. Engl, 1, 225 (1962); An-

gew. Chem., 74, 731 (1962). 
(22) J, Zavada, private communication. 

that both the Saytzeff and Hofmann products are 
formed mainly by anti elimination in «-butoxide-/j-
butyl alcohol. A major factor in the orientation is 
probably the greater steric hindrance to removal of the 
/3' proton by the 7 ' methyl groups (1,3 interactions) 
than to removal of the /3 proton by the /3 methyl groups 
(1,2 interactions). 

This factor cannot be responsible for the change in 
orientation with the more branched alkoxide-alcohol 
pairs, for increased steric interactions should lead to 
still more Saytzeff rule product, contrary to fact, syn 
elimination, however, is increasing in importance. 
With /-butoxide-*-butyl alcohol it is doubtless almost 
the only route of formation of the Hofmann product, 
and probably accounts for about half of the Saytzeff 
product. Formation of czs-olefin by syn elimination is 
difficult because of eclipsing effects.23 Since the Sayt
zeff product must have a methyl and an isobutyl cis, 
while the Hofmann product is mainly trans, it is not 
surprising that the latter is favored under conditions 
which favor syn elimination. An electronic effect 
could also play a role, because the transition state for 
elimination becomes more reactant-like as the strength 
of the attacking base increases. The decreased double-
bond character would lead to less preference for the 
Saytzeff rule product, with or without a concomitant 
change in stereochemistry of elimination. 

With simpler substrates such as 2-pentyl- and 2-
methyl-3-pentyltrimethylammonium ions, similar factors 
are probably involved. In the latter case, the argu
ments given above apply with little or no modification 
to the change in orientation with changes in the alcohol-
alkoxide pair. In the former, steric preferences should 
be less marked and the increasingly reactant-like char
acter of the transition state with increasing base strength 
may be the major factor. 

Of equal interest to the positional orientation is the 
geometrical orientation. Tables I and II show that 
along with the increase in the Hofmann rule product 
proportion, the change from a n- to a f-alkoxide-alcohol 
medium causes an increase in the trans:cis ratio. This 
trend is different than that observed for halides3"7 and 
tosylates7~10 where an increase in the Hofmann rule 
product is accompanied in all cases by a decrease in the 
trans:cis ratio. 

The "normal" trend observed in the halide and 
tosylate eliminations is expected for a purely anti elimi
nation. 10 The "abnormal" pattern of a simultaneous in
crease in the trans:cis ratio as well as in the proportion 
of the Hofmann rule olefin along the series n-, sec-, and 
f-alkoxide-alcohol can be explained by the increasing 
incursion of syn elimination along this series.17 syn 
elimination favors the formation of frans-olefin because 
of the severe eclipsing of the a and fi groups in the transi
tion state.23,24 The trend toward more syn elimination 
is not expected to reverse the trend toward Hofmann 
rule olefin with the stronger bases (see above). 

The trend toward increasing syn elimination with 
stronger bases17 provided us with a method for testing 
these ideas. Treatment of quaternary ammonium 
salts with bases sufficiently weaker than alkoxides 
should lead to the "normal" trend characteristic of 

(23) D. S. Bailey and W. H. Saunders, Jr., / . Amer. Chem. Soc, in 
press. 

(24) J. Sicher and J. Zavada, Collect. Czech. Chem. Commun., 33, 
1278 (1968). 
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Table IV. Olefin Proportions from E2 Reactions of 
2-Methyl-3-pentyltrimethylammonium Bromide with Phenoxide 
Bases in Alcohol Solvents at 135° 

Base Solvent 

4-Methyl-
2-pentene, 

trans :cisa 

PhOK 
PhOK 
P-NO2PhOK 

/-BuOH 
«-BuOH 
K-BuOH 

52 ± 2 
49 ± 1 
41 ± 1 

6.6 ± 0.2 
6.1 ± 0.1 
8.9 ± 0.5 

" Average and average deviation. b 4-Methyl-2-pentene + 2-
methyl-2-pentene = 100. 

Table V. Olefin Proportions from E2 Reactions of 
3-Pentyltrimethylammonium Bromide with Alkoxide and 
Phenoxide Bases in Alcohol Solvents at 135° 

Base 

PhOK 
PhOK 
P-NO2PhOK 
K-BuOK 
wc-BuOK 
/-BuOK 

Solvent 

/-BuOH 
K-BuOH 
K-BuOH 
/!-BuOH 
jec-BuOH 
/-BuOH 

2-Pentene 
trans: cisa 

0.48 ± 0.02 
0.48 ± 0.04 
0.58 ± 0.01 
0.38 ± 0.01 
0,59 ± 0.02 
0.88 ± 0.01 

" Average of at least two runs with average deviation. 

anti eliminations. Tables IV and V give the olefin dis
tributions for reactions of 2-methyl-3-pentyl- and 
3-pentyltrimethylammonium bromide with phenoxide 
and /7-nitrophenoxide ion in «- and /-butyl alcohol. 
With the 2-methyl-3-pentyl salt the change from />-nitro-
phenoxide ion in n-butyl alcohol to phenoxide ion in n-
or ?-butyl alcohol caused an increase in the proportion 
of 4-methyl-2-pentene, the Hofmann rule olefin, but a 
decrease in the ratio of trans:cis 4-methyl-2-pentene. 
The trans: cis 2-pentene ratio from the E2 reaction of the 
3-pentyl salt also decreases on changing to the stronger 
phenoxide. The expected "normal" trend has ob
viously been attained with the phenoxide bases. 

Tables IV and V illustrate two further aspects of the 
elimination reactions of quaternary ammonium salts. 
First, the change of base in the same solvent (compare 
lines 2 and 3) caused larger changes in orientation than 
a change of solvent with the same base (compare lines 
1 and 2). This agrees with the conclusion reached 
earlier that the change in solvent is not an important 
factor in the change in orientation that occurs when the 
base and solvent are changed simultaneously. 

Also from Tables IV and V, the change in orientation 
caused by the change in the base from ^-nitrophenoxide 
to phenoxide shows that a change in the strength of the 
base is sufficient to affect olefin proportions since the 
steric requirements of these bases are the same. The 
same conclusion can be drawn, though more tenuously, 
from the difference in orientation for reactions run in 
«-alkoxide-«-alcohol systems and those run in the 
allyl oxide-allyl alcohol system (see Tables I and II). 
This is consistent with the conclusion based on the E2 
reactions of 2,5-dirnethyl-3-hexyltrimethylammonium 
bromide (see above) that it is not the change in the 
steric size of the base that causes the changes in orienta
tion. 

The trans:cis ratios and the factors influencing them 
merit some further comment. A comparison of Tables 
I and II shows that the trans:cis 2-pentene ratio from 
2-pentyltrimethylammonium ion is nearly constant at 

0.3-0.4, while the ratio of trans:cis 4-methyl-2-perrtene 
from 2-methyl-3-pentyltrimethylammonium ion ranges 
from 4 to 12 in different alkoxide-alcohol media. In 
order to cancel out the influence of simple eclipsing 
effects, the trans:cis 2-pentene ratios from 3-pentyl
trimethylammonium ion were determined. Table V 
shows that the ratio varies from 0.37 to 0.88 between 
«-butoxide-«-butyl alcohol and t-butoxide-t-butyl al
cohol, in contrast to the near constancy of the ratio 
from 2-pentyltrimethylammonium ion. It has been 
shown that the 2-hexyltrimethylammonium -*• 2-hexene 
reaction shows less tendency toward syn elimination 
than 3-hexyltrimethylammonium ->- 2-hexene or 3-hex-
ene.23 The difference is believed to arise from hin
drance of the anti-* trans route by alkyl substitution on 
a /3' position (the /3 position of the branch into which 
elimination is not occurring).17'23 There is, conse
quently, more syn elimination in the 3-pentyl than in the 
2-pentyl system, and the increase in trans olefin with the 
branched alkoxide-alcohol media results from the 
strong preference for trans olefin in syn elimination. 
The variation in trans:cis 4-methyl-2-pentene from 
2-methyl-3-pentyltrimethylammonium ion undoubtedly 
also arises from the incursion of syn elimination. Al
though a difference in trans:cis 2-pentene ratios is also 
found with 2- and 3-pentyl tosylates,le the cause may 
not be precisely the same. With the tosylates, steric 
interactions of the unsymmetrical leaving group and the 
alkyl chain are probably important.10 

Experimental Section25 

2-Pentylamine was prepared in 70% yield by the Raney nickel2' 
reduction of 2-pentanone oxime according to the procedure of 
Iffland and Yen,2' bp 87.5-88.5° (lit." bp 88-90°). 

2-Pentyldimethylamine was prepared by treatment of 2-pentyl-
amine with formaldehyde and formic acid.28 The product, in 27% 
yield, had bp 117.5° and K25D 1.4050. 

2-Pentyltrimethylammonium Iodide. 2-Pentyldimethylamine (9.5 
g) was quaternized with methyl iodide (14 g) in anhydrous ether 
overnight at room temperature. The salt obtained in 83% yield 
after recrystallization from /-butyl alcohol, had mp 183-184° 
dec (lit.16 mp 180°). Anal. Calcd for C8H20NI: C, 37.36; H, 
7.84; N, 5.45. Found: C, 37.18; H, 7.83; N, 5.44. 

2-Pentyltrimethylammonium Bromide. A solution of 1.6 g 
of 2-pentyldimethylamine and 15 g of methyl bromide in anhydrous 
ether was allowed to stand overnight in a sealed tube. After 
filtration, the hygroscopic salt was recrystallized from ethanol-
ether and dried in an Abderhalden apparatus. The 87% yield of 
2-pentyldimethylammonium bromide had mp 227-227.5° dec. 
Anal. Calcd for C8H20NBr: C, 45.72; H, 9.59; N, 6.67. Found: 
C, 45.49; H, 9.59; N, 6.64. 

2-Pentyltrimethylammonium iodide from synthesized 2-pentanone 
was prepared in order to exclude unambiguously contamination by 
the 3-pentyl isomer for comparison with the 2-pentyltrimethyl
ammonium iodide prepared from commercial 2-pentanone. 2-
Pentanone was prepared by the action of dimethylcadmium on 
butyryl chloride.29 The oxime of the synthesized 2-pentanone was 
converted into 2-pentyltrimethylammonium iodide in the same way 
as was the oxime of the commercial 2-pentanone (see above). 
This salt had mp 188-190° dec. 

2-Methyl-3-pentanone. Treatment30 of 69 g of isobutyronitrile 
with ethylmagnesium bromide (3.6 mol) led to a 38% yield of 2-

(25) Melting points and boiling points are uncorrected. Elemental 
analyses were done by Micro-Tech Laboratories. 

(26) A. A. PavlicandH. Adkins,/. Amer. Chem. Soc, 68, 1471 (1946). 
(27) D. C. Iffland and T. F. Yen, ibid., 76, 4180 (1954). 
(28) H. T. Clarke, H. B. Gillespie, and S. Z. Weisshaus, ibid., 55, 

4571 (1933). 
(29) J. Cason and H. Rapaport, "Laboratory Text in Organic Chem

istry," 2nd ed, Prentice-Hall, Englewood Cliffs, N. J„ 1962, p 466. 
(30) C. R. Hauser and W. J. Humpheltt, J. Org. Chem., 15, 359 

(1950). 
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methyl-3-pentanone, bp 113-115°, «"D 1.3965 (lit.31 bp 113.7-
114.5°, n26D 1.3961). 

2-Methyl-3-pentyldimethylamine, prepared from 2-methyl-3-
pentanone oxime as above, had bp 133.5°, rc25D 1.4175. 

2-Methyl-3-pentyltrimethylammonium iodide, prepared in 85% 
yield by letting a solution of 5 g of 2-rnethyl-3-pentyldimethylamine 
and 17 g of methyl iodide in anhydrous ether stand for 2 weeks, had 
mp 222.5-223.5°. Anal. Calcd for C9H22NI: C, 39.86; H, 
8.18; N, 5.17. Found: C, 39.79; H, 8.10; N, 5.24. 

2-Methyl-3-pentyltrimethylammonium Bromide. 2-Methyl-3-
pentyldimethylamine (5 g) and methyl bromide (20 g) were dissolved 
in 100 ml of dry nitromethane and left standing for 2 days. The 
reaction mixture was added to anhydrous ether to precipitate the 
salt. After recrystallization from ethanol-ether, a 75% yield was 
obtained, mp 244-245° dec. Anal. Calcd for C9H22NBr: C, 
48.21; H, 9.82; N, 6.25. Found: C, 48.00; H, 9.96; N, 6.17. 

2,5-Dimethyl-3-hexanone oxime was more difficult to prepare 
than the other oximes used in this study. It was necessary to heat 
10 g of 2,5-dimethyl-3-hexanone, 7 g of hydroxylamine hydrochlo
ride, and 4 g of sodium hydroxide in 75 ml of water for 48 hr on a 
steam bath before the carbonyl absorption in the infrared spectrum 
disappeared. A 48% yield of the oxime was isolated. Under 
otherwise similar conditions, 2-pentanone oxime and 2-methyl-3-
pentanone oxime were formed in essentially quantitative yields in 
1 and 20 hr, respectively, at room temperature.32 

2,5-Dimethyl-3-hexyldimethylamine was prepared as above from 
2,5-dimethyl-3-hexanone oxime in 42% yield, bp 96-98° (90 mm), 
«23D 1.4256. This compound showed only one peak on a 10-ft 
glpc column of 15% Carbowax 20 M and 4% KOH on Chromo-
sorb P operated at 85 ° with a 75 cc/min helium flow rate. 

2,5-Dimethyl-3-hexyltrimethylammonium bromide was prepared 
by allowing 1 g of 2,5-dimethyl-3-hexyldimethylamine and 7 g of 
methyl bromide in 7 ml of 5:2 (by volume) nitromethane-ethanol 
to stand in a sealed tube for 2 days. The reaction mixture was 
added to anhydrous ether and the resulting precipitate was treated 
with charcoal, recrystallized from ethanol-ether, and dried in an 
Abderhalden apparatus. The product had mp 202-204° dec. 
Anal. Calcd for CnH26NBr: C, 52.37; H, 10.39; N, 5.55. 
Found: C, 52.10; H, 10.36; N, 5.59. 

3-Penty!dimethylamine. 3-Pentyl tosylate (10 g) was heated for 
67 hr at 85° with dimethylamine (6.8 g) in 50 ml of dry benzene in a 
sealed tube33 giving a 45% yield of 3-pentyldimethylamine, bp 115-
116° (lit.34 bp 116-117°). 

(31) C. G. Overberger, W. F. Hale, M. B. Berenbaum, and A. B. 
Finestone, J. Amer. Chem. Soc, 76, 6185 (1954). 

(32) See W. M. D. Bryant and D. M. Smith, ibid., 57, 57 (1935), for a 
discussion of steric inhibition to oxime formation. 

(33) D. J. Cram, F. D. Greene, and C. H. DePuy, ibid., 78, 790 
(1956). 

(34) A. C. Cope, N. A. LeBeI, H. H. Lee, and W. R. Moore, ibid., 79, 
4720 (1957). 

3-Pentylrrimethylammonium bromide was prepared by the treat
ment of 2 g of 3-pentyldimethylamine with 6 g of methyl bromide 
in 3 ml of dry tetrahydrofuran for 10 hr at room temperature in a 
sealed tube. After adding the reaction mixture to anhydrous ether, 
the precipitate was filtered and dried in an Abderhalden apparatus, 
giving a 67% yield of 3-pentyltrimethylammonium bromide, mp 
234-236° dec. Anal. Calcd for C8H20NBr: C, 45.72; H, 9.59; 
N, 6.67. Found: C, 45.62; H, 9.57; N, 6.67. 

Alkyl methyl ethers, for comparison of glpc retention times with 
those of reaction products, were prepared by treatment of the alk-
oxide with methyl iodide. The products were dried by repeated 
distillation from potassium. In each case the infrared spectrum 
and physical properties were consistent with the expected ether. 

Purification of Solvents for Product Studies. «-Butyl alcohol was 
distilled twice from potassium metal under a nitrogen atmosphere. 
Isopropyl and sec-butyl alcohols were distilled twice from sodium 
metal under a nitrogen atmosphere. /-Butyl alcohol was dried 
by distillation from potassium. Methyl, ethyl, ^-propyl, and allyl 
alcohols were refluxed over magnesium turnings and distilled. The 
water content of the n-, sec-, and f-butyl alcohols purified by the 
methods described above was shown to be less than 0.05 %. The 
analysis was by glpc on an Aerograph A90-P with a 10 ft X 0.25 
in. column of Porapak-Q (Waters Associates) operated at 200°. 

Preparation of Alkoxide Solutions for Product Studies. Potas
sium or sodium metal was added to the appropriate dry alcohol 
as described previously.10 Phenoxide and p-nitrophenoxide solu
tions were prepared by adding a 2:1 excess of phenol or p-nitro-
phenol to an alkoxide-alcohol solution. 

Procedure for Product Studies. Alcohol solutions 0.1-0.5 N 
in alkoxide and 0.03-0.1 N in the quaternary ammonium salt were 
refluxed or placed in tightly sealed stainless steel tubes, described by 
Saunders and Ashe,35 and heated in a constant temperature bath. 
At the end of the desired time period the reaction mixtures were 
distilled into a Dry Ice-acetone trap. A known weight of «-pen-
tane (Phillips, Pure Grade) was then added and the solution ana
lyzed by glpc. 

Glpc Analysis of Reaction Products. The distillates from the 
reactions were analyzed on an Aerograph A-600 B Hy-Fi. The 
2,5-dimethylhexane and pentene mixtures were separated on a 20 
ft X 0.125 in. column of 20% adiponitrile on Chromosorb P at 
40 and 30°, respectively. The methylpentene mixture was separated 
on a 40 ft X 0.125 in. column of tricresyl phosphate (Burrell Corp.) 
at 50°.36 The identity of the products was determined by com
paring retention times with those of known compounds and by 
coinjection of known compounds with the reaction mixtures. The 
areas under the peaks were measured by means of a Disc Integrator. 
Per cent yields were determined by comparing the areas of the prod
uct peaks with that of the «-pentane peak and correcting for the 
molar response coefficients. 

(35) W. H, Saunders, Jr., and T. A. Ashe, ibid., 91, 4473 (1969). 
(36) A. K. Colter and D. R. McKelvey, Can. J. Chem., 43, 1282 

(1965). 
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