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Allylic Rearrangements. VII. The Action of Metals on Crotyl and Methylvinyl-
carbinyl Bromides1 

BY WILLIAM G. YOUNG, NORMAN KAUFMAN, ABE LOSHOKOFF AND DAVID PRESSMAN 

Some time ago an attempt was made to pre­
pare Jraws-2-butene from crotonaldehyde by the 
following steps: irans-crotonaldehyde —>• crotyl 
alcohol —>- crotyl bromide —*• crotylmetallic bro­
mide —*• £raws-2-butene. According to the clas­
sical concepts of organic chemistry this pro­
cedure should have offered no outstanding diffi­
culties. However, it was found that the final 
butene product consisted of a mixture of 1-butene, 
cw-2-butene and Jrares-2-butene.2 Since the start­
ing material, crotonaldehyde, had been prepared 
by the dehydration of aldol—a process which 
could, theoretically, give rise to a mixture of 
three isomeric aldehydes—it was at first thought 
that such a mixture was the cause of the butene 
mixture finally obtained. Subsequent studies 
of the absorption spectra3 and oxidation4 reactions 
of crotonaldehyde indicate, however, that this 
material is a pure trans isomer rather than a mix­
ture. Likewise, unpublished experiments in this 
Laboratory and those by Gredy and Piaux5 have 
demonstrated that the ordinary preparation of 
crotyl alcohol is also a pure substance containing 
at most only a trace of the cis isomer. On the 
other hand, investigation of the next step in the 
above-mentioned synthesis of butenes has shown 
conclusively that crotyl alcohol yields mixtures 
of crotyl and methylvinylcarbinyl bromides when 
treated with several different reagents6 even 
under controlled conditions and that these bu-
tenyl bromide mixtures tend to rearrange ther­
mally to an equilibrium mixture during the isola­
tion and purification process unless special pre­
cautions are used.7 Furthermore, it is now known 
that the formation and hydrolysis of the butenyl 
metallic complexes of magnesium or zinc8 produce 
a mixture of the three above-mentioned butenes 
the composition of which is independent of the 
composition of the butenyl bromide mixture from 

(1) This work was accomplished with the aid of a grant from the 
Board of Research of the University of California. 

(2) Young and Prater, T H I S JOURNAL, 54, 404 (1932). 
(3) Blacet, Young and Roof, ibid., 59, 608 (1937). 
(4) Young, ibid., 54, 2498 (1932). 
(5) Gredy and Piaux, Bull. soc. Mm., [5] 1, 1481 (1934). 
(6) Young and Lane, T m s JOURNAL, 59, 2051 (1937). 
(7) (a) Young and Winstein, ibid., 57, 2013 (1935); (b) Winstein 

and Young, ibid., 58, 104 (1936). 
(8) (a) Young, Winstein and Prater, ibid,, 58, 289 (1936); (b) 

Young and Winstein, ibid., 58, 441 (1936). 

which they are prepared. Summarizing, we find 
that in the original preparation of butene from 
crotonaldehyde there were at least three separate 
allylic rearrangements involved, namely, during 
(a) the formation, (b) isolation of the butenyl 
bromides, and (c) the conversion of the bromides 
into butenes. The last step in the synthesis, the 
conversion of the butenyl bromides into butenes, 
has required careful consideration. It was im­
portant to determine whether or not-the com­
position of the butene mixture was dependent 
on the character of the metal and solvent or on 
the temperature at which the butenes were gen­
erated. Preliminary experiments9 having shown 
that butenes could be liberated from butenyl 
bromides by several metals, the present paper 
shows that the composition of a butene mixture 
obtained with the aid of a metal varies decidedly 
with the character of the metal, but is independent 
of the nature of the butenyl bromide mixture. 

Discussion of Results 

When mixtures of crotyl and methylvinylcar­
binyl bromides are treated with aluminum amal­
gam, zinc, chromium, cadmium or tin in 80% 
ethanol to form butene mixtures an allylic rear­
rangement occurs in each case. This is shown by 
the fact that the compositions of the butene mix­
tures obtained with any of the metals do not cor­
respond even remotely to the compositions of the 
butenyl bromides used. Although widely differ­
ent compositions of butenyl bromides were used 
the butene mixtures from any given metal 
varied in composition only by amounts to be 
expected from the procedure of converting the 
butenes into dibromobutanes and applying the 
reaction-rate method of analysis.10 An allylic 
equilibrium is thus indicated. From the experi­
mental results summarized in Tables I and II it 
may be seen that this allylic equilibrium is differ­
ent for each metal used. The striking effect which 
the character of the metal has in determining the 
proportion of the butenyl forms is shown in 
Table II where the ratio l-butene/2-butene 

(9) Young, Lane, Loshokoff and Winstein, ibid., 59, 2441 (1937). 
(10) (a) Dillon, Young and Lucas, ibid., M, 1953 (1930); (b) 

Young and Winstein, ibid., 58, 108 (1936). 
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and the ratio m-2-butene/£ra«s-2-butene are 
listed. Just what property of the metal de­
termines the character of the allylic equilibrium 
is not yet known with certainty. Since the re­
action involves an oxidation of the metal it is 
possible that the molal reduction potential may 
be involved. It is recognized that the absolute 
values of molal reduction potential are of no par­
ticular significance since they pertain only to 
aqueous solutions and we are dealing with an 
80% ethanol solution in which the concentrations 
of the metallic ions are continually changing as 
the reaction proceeds. Nevertheless, when the 
molal reduction potential is plotted against the 
mean percentage of 1-butene in the mixtures 
(Fig. 1) an interesting correlation is observed. 
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Fig. 1.—Composition of butene mixture as 
a function of the molal reduction potential 
of the metal. 

The points for the divalent metals fall upon a 
straight line while those for the trivalent metals 
fall upon another. Unfortunately only two 
trivalent metals have been found which liberate 
butenes from the butenyl bromides. Chromium 
is considered trivalent in this case since the color 
of the reaction mixture corresponds to that of 
chromic rather than chromous bromide in alcohol. 
Likewise, if the molal reduction potentials are 
plotted against the ratio cis-2-butene/trans-2-
butene (Fig. 2) all of the points lie upon a smooth 
curve. Since the /raws-2-butene content can­
not be determined with precision in small con­
centrations, the curve is not too significant. 

Nevertheless, it seems to be more than a coinci­
dence that the ratios calculated from the mean 
cis- and /raws-2-butene compositions all fall 
upon a smooth curve. At any rate, it appears 
that the same property of the metal which de­
termines the character of the molal reduction 
potentials may determine the character of the 
allylic forms produced. 
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Fig. 2.—Composition of cis- and trans-2-
butene mixture as a function of the molal 
reduction potential of the metal. 

In a previous communication,8b five explana­
tions were suggested to account for the formation 
of the same mixture of butenes when different 
mixtures of crotyl and methylvinylcarbinyl bro­
mides were allowed to react with zinc or magne­
sium. The first and fifth explanations could 
be ruled out, leaving only the following for con­
sideration. Retaining the same numbers of the 
previous communication: (2) the formation of 
the same mixture of alkenyl metallic bromides 
from any bromide mixture at the instant the bro­
mide reacts with the metal due to resonance be­
tween the primary and secondary forms of the 
intermediate positive ion, CH3CH=CHCH2

+ and 
CH3

+CHCH=CH2 ; (3) the establishment of 
equilibrium between primary and secondary 
alkenyl metallic bromides after the butenyl 
bromide has reacted with the metal; (4) the re­
arrangement to equilibrium during hydrolysis 
of the alkenyl metallic bromides. 

With the aid of the experimental work presented 
in the present paper, it is now possible to recon-
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sider these alternate explanations more effec­
tively. Number 4, always considered improb­
able, is now dropped from consideration since it 
would lead to the conclusion that the compo­
sition of the butene mixtures would be inde­
pendent of the character of the metal used. Such 
a conclusion would not be justified by the data 
in Table II. This leaves only numbers 2 and 3 as 
possibilities. 

Although number 2 postulated the establish­
ment of the allylic equilibrium by resonance of the 
intermediate positive butenyl ions, it is not ne­
cessary for these ions to exist independently in 
the solution. The following mechanism would 
suffice to explain the experimental facts: as the 
butenyl bromide molecule approaches the en­
velope of electrons on the metal surface the 
bromine atom starts to move away from the 
adjoining carbon atom, taking the covalent 
electrons with it. When the carbon-bromine 
distance becomes sufficiently great resonance sets 
in. In this activated condition the butenyl 
bromide molecule may coordinate with the valence 
electrons of an atom of the metal at either carbon 
atom number 1 or 3 allowing the bromide ion to 
leave the molecule. The proportion of the mole­
cules forming the primary and secondary butenyl 
metallic complex is determined by the character 
of the metal and of the resonating molecule, but 
this proportion will be independent of the struc­
ture of the butenyl bromide molecule at the start 
of the reaction. 

If the allylic equilibrium is established ac­
cording to explanation number 3 the resonance 
may involve the different modifications of the 
negative butenyl ions as well as several forms of 
the metallic complex. However, if this is the case 
it should be possible to alter the proportion of the 
butenyl forms by introducing into the reaction mix­

ture other metallic ions than those produced dur­
ing the reaction of a given metal with the butenyl 
bromides. This would bring about a competition 
between the two metallic ions in coordinating with 
the resonating negative butenyl ions, giving rise to 
a different mixture of butenes than would be ex­
pected from either metallic ion alone. Experi­
ments of this character are being carried out at 
the present time. 

Experimental Part 
Metals.—Commercial "c . P . " preparations of the metals 

were used. The cadmium, chromium and zinc were fine 
powders; the tin was SO mesh and the aluminum was a thin 
sheet 0.005 inch (0.13 mm.) thick. The aluminum was cut 
into small pieces and amalgamated as previously described.9 

Butenyl Bromides.—Two types of butenyl bromide 
mixtures were used in generating butenes with the aid of 
the various metals. One mixture was essentially crotyl 
bromide with a small amount of methylvinylcarbinyl 
bromide and the other mixture was mainly methylvinyl­
carbinyl bromide with some crotyl bromide. The first 
mixture was obtained from the fractional distillation of an 
equilibrium mixture of the two bromides at 90 mm. pres­
sure. The second mixture was prepared by the high 
temperature fractionation of the equilibrium mixture using 
the modification suggested by Jasaitis.8 No attempt was 
made to prepare the pure primary and secondary bromides 
since previous experiments with zinc8b had demonstrated 
that the composition of the butene mixture obtained was 
independent of the composition of the butenyl bromide 
mixture from which they were prepared. However, the 
refractive index and composition of the butenyl bromide 
mixtures used in each experiment are included in Table I. 

Generation of the Butene Mixtures.—The reduction of 
the butenyl bromides to butenes with the aid of various 
metals was carried out in the apparatus used by Young and 
Winstein.8 The bromides were dropped into a suspension 
of the metal in boiling 80% ethanol. The butenes were 
purified and converted into dibromobutane mixtures as 
before.8b In all experiments except the ones with alumi­
num amalgam, three gram atoms of metal, 135 ml. of 9 5 % 
ethanol and 30 ml. of water were used per mole of butenyl 
bromide mixture. In the case of aluminum amalgam it 
was difficult to maintain rapid stirring of the reaction mix-

TABLE I 

T H E ACTION OF M E T A L S ON M I X T U R E S OF CROTYL AND METHYLVINYLCARBINYL BROMIDES IN BOILING 80% ETHANOL 

Metal 

Run number 
tt**D of butenyl bromide mixture 
Crotyl bromide, % 
Methylvinylcarbinyl bromide, % 
B. p. (50 mm.) of dibromobutane mix­

ture, °C. 
d26* of dibromobutane mixture 
Reaction rate, K2, of dibromobutane 

mixture 
1,2-Dibromobutane (1-butene), % 
d/-2,3-Dibromobutane (cis-2-butene), 

% 
ffi»o-2,3-Dibromobutane (trans-2-

butene), % 

Chromium 

1 
1.4742 
72.5 
27.5 

80.3-81.0 
1.7868 

0.0747 
95.9 

3.5 

o.a 

2 
1.4630 

14.5 
85.5 

80.0-81.3 
1.7865 

0.0746 
94.6 

4.19 

1.2 

Tin 

1 
1.4742 
72.5 
27.5 

79.5-81.3 
1.7866 

0.0708 
87.9 

12.2 

- 0 . 1 

2 
1.4625 

11.9 
88.1 

79.0-81.0 
1.7861 

0.0702 
84.4 

11.4 

4.15 

Cadi 

1 
1.4735 
68.9 
31.1 

78.0-80.9 
1.7858 

0.0678 
78.6 

16.1 

5.32 

tnium 

2 
1.4650 
24.9 
75.1 

78.1-81.6 
1.7858 

0.0675 
79.4 

19.0 

1.6 

Aluminum (amalgam! 

1 
1.4742 
72.5 
27.5 

75.0-80.9 
1.7826 

0.0556 
41.2 

31.8 

«7.0 

2 
1.4625 
11.9 
88.1 

75.5-80.i 
1.7824 

0.0545 
38.1 

33.8 

28.1 
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ture due to the formation of a thick gel of aluminum hy­
droxide. This difficulty was obviated by the use of a 
double quantity of ethanol and water. The dibromo-
butanes were distilled a t 50 mm. pressure through the 
column described by Lucas, Dillon and Young11 or the 
column described by Weston12 depending on the size of the 
sample. The boiling points and densities of the various 
dibromobutane mixtures are listed in Table I. 

Analysis of the Dibromobutane Mixtures.—The reaction 
rate determinations necessary for the analysis of the di­
bromobutane mixtures were carried out according to the 
directions of Dillon, Young and Lucas.18 Since the num­
ber of runs which could be made with each metal was 
limited by the supply of butenyl bromides available, it 
seemed advisable to carry out the analysis of each dibromo­
butane sample with special care. Consequently duplicate 
rate determinations were made on each sample by at least 
two of the co-authors using a different supply of methanol 
as a solvent. Each solvent was standardized as recom­
mended by Young and Winstein10b against pure 1,2-
dibromobutane and another sample of dibromobutanes, the 
composition of which was known from previous work. 
The constants, K2, listed in Table I for each dibromobutane 
mixture are the average of all the runs made with the dif­
ferent supplies of solvent. 

In connection with this work one supply of synthetic 
methanol was purchased containing an impurity which 
used up iodine slowly over a period of sixty hours at 75°. 
The total iodine used a t any time depended on the concen­
tration of the iodine present in the solvent during the run. 
Consequently this methanol was discarded since it was not 
possible to determine a reliable iodine correction which 
could be applied during a run with a dibromobutane sam­
ple because of the manner in which the blank run differed 
from the run using dibromobutane mixtures. The blank 
runs start with an appreciable iodine concentration which 
diminishes with time. On the other hand, in the actual 

TABLE I I 

SUMMARY OF RESULTS 
. Mean butene composition—. „ . 

cis-2- trans-2- . R a*'° , R a t l ° 
1-butene, butene, butene, "t-2-butene 1-butene 

Metal % % % <ro«s-2-butene 2-butene 
Chromium 9 5 . 2 * 0 . 6 3 . 9 * 0 . 4 0 . 9 * 0 . 3 4 .3 19.8 
Tin 8 6 . 1 * 1 . 7 1 1 . 8 * 0 . 4 2 . 1 * 2 . 0 5.6 6.2 
Cadmium 7 9 . 0 * 0 . 4 1 7 . 6 * 1 . 5 3 . 5 * 1 . 8 5.0 3.8 
Zinc" 6 2 . 1 * 1 . 9 3 0 . 5 * 0 . 5 7 . 5 * 2 . 4 4.1 1.6 
Aluminum 
(amalgam) 3 9 . 6 * 1 . 5 3 2 . 8 * 1 . 0 2 7 . 5 * 0 . 5 1.2 0.65 

° Results of Young and Winstein.7b 

(11) Lucas, Dillon and Young, T H I S JOURNAL, S3, 1949|(1930). 
(12) Weston, Ind. Eng. Chem., Anal. Ed., 5,]179 (1933). 

rate runs the iodine concentration starts at zero and in­
creases with time. AU other supplies of methanol which 
had been used in the analysis of dibromobutane mixtures 
have required the application of a small iodine correction. 
However, in each case the iodine was used up rapidly so 
that a constant correction could be applied. 

The following procedure may be followed in determining 
whether or not a given supply of methanol is acceptable for 
use as a solvent in analyzing dibromobutane mixtures by 
the reaction rate method. Amounts of iodine and potas­
sium iodide equivalent to those encountered in the actual 
rate measurements are dissolved in the solvent. Tubes 
containing 20 ml. of this mixture are then placed in the 
thermostat at 75° and titrated against 0.02 JV sodium thio-
sulfate at intervals. If the iodine consumption reaches a 
constant value of not more than 0.5 ml. in a short time, 
three to five hours, the solvent is acceptable. In the actual 
rate measurements on the dibromobutane samples the 
reaction is aUowed to proceed for fifteen to eighteen hours 
before the first tubes are removed and titrated. This pro­
cedure allows sufficient time for all of the impurity in the 
solvent to react with the iodine and thus makes it possible 
to apply a constant correction. The two samples of 
methanol used in the present work possessed iodine correc­
tions corresponding to 0.14 and 0.30 ml. of 0.02 JV sodium 
thiosulfate per 20 ml. of solvent. Although it is possible 
to remove the impurity before using the solvent, the proc­
ess of purifying large batches is burdensome. Reaction 
rate constants obtained with a highly purified solvent and 
those obtained using an iodine correction agree within 
0.5%. 

The authors are indebted to Professors H. J. 
Lucas and G. Ross Robertson for valuable sug­
gestions during the preparation of the manuscript. 

Summary 

An allylic rearrangement to an equilibrium has 
been shown to occur when different mixtures of 
crotyl- and methylvinylcarbinyl bromides are re­
duced with various metals in 80% ethanol to form 
butenes. The composition of the butene mixtures 
varies decidedly with the character of the metal, 
but is independent of the composition of the bu­
tenyl bromide mixture. There appears to be a 
correlation between the molal electrode potential 
of the metals and the composition of the butene 
mixtures. 
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