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The dealcoholation of a series of l,5-dialkoxy-2-hexenes has been investigated in an effort to prepare a l-alkoxy-2,4-hexa-
diene. Though the dealcoholation reaction could be accomplished in several ways, a 2,4-hexadiene structure was not 
obtained. Instead, the corresponding 5-alkoxy-l,3-hexadienes resulted in good yield. The infrared absorption characteris
tics of these compounds are described. 

Various 3-methyl-6-chloro-2-hexenes (II) , con
taining an alkoxyl group in the 5-position and an 
alkoxyl or acetoxyl group in the 1-position, have 
been described in an earlier publication.1 These 
compounds have been examined as possible pre
cursors of the vitamin A side chain. With this 
objective in mind, the 1,5-dialkoxy compounds have 
been subjected to a dealcoholation in the presence of 
p-toluenesulfonic acid. The product desired from 
this dealcoholation was the corresponding 1-al-
koxy-2,4-hexadiene ( I I I ) , formed by an elimination 
of the internal alkoxyl group (reaction A), but this 
product was not obtained. Instead the terminal 
alkoxyl group was eliminated and 5-alkoxyl-l,3-hex-
adiene (IV) was isolated as the principal product 
of the reaction (reaction B). 
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I (a) R = C2H5; (b) J-C3H7; (c) C6H5CH2 
II (a) R = C2H5; R ' = CH3; (b) R = C2H5, R ' = n-

C4H9; (c) R = /-C3H7, R ' = CH3; (d) R = J-C3H7; 
R ' = W-C6Hn; (e) R = J-C3H7, R ' = C6H5CH2; (f) 
R = J-C3H7, R ' = C6H5; (g) R = C6H6CH2, R ' = CH3; 
(h) R = C2H6, R ' = COCH3; (i) R = J-C3H7, R ' = 
COCH3; (j) R = COCH3, R ' = CH3 

IV (a) R = C2H6; (b) R = J-C3H7; (c) R = C6H5CH2 

The dealcoholation reaction was carried out ini
tially with l-methoxy-3-methyl-5-ethoxy-6-chloro-
2-hexene (Ha) . This compound could be dealco-
holated in several ways. The most effective method 
employed a catalytic amount of anhydrous p-tolu-
enesulfonic acid in boiling toluene. The main 
product formed under these conditions was 3-
methyl-5-ethoxy-(3-chloro-l,3-hexadiene (IVa). I t 
was observed tha t the rate of dealcoholation of the 
1-methoxy-5-ethoxy compound (Ha) was not af
fected markedly by varying the amount of the tolu
ene in the reaction mixture. However, cyclohexane 
proved to be quite inferior to toluene as a reaction 
solvent. When the reaction was catalyzed with 

(1) J. N. Coker, A. .S. Bjornson, T. H. Londergan and J. R. Johnson, 
T H I S JOURNAL, 77, 5542 (1055). 

oxalic acid instead of ^-tolueuesulfonic acid, the 
same 1,3-diene (IVa) was formed, but the reaction 
proceeded very slowly. No appreciable reaction 
was observed when sodium bisulfate was used as 
the dealcoholation catalyst. Dealcoholation was also 
accomplished by pyrolysis over alumina at a tem
perature of 150-200°. The same 5-ethoxy-l,3-
hexadiene (IVa) was isolated as the predominant 
product of this pyrolysis. 

In order to determine the effect of various al
koxyl groups upon the course of the dealcohola
tion reaction, other 3-methyl-6-chloro-2-hexene 
derivatives (Hb-g) have been studied. The basis 
for this investigation has been the assumption 
tha t the formation of the desired 2,4-hexadiene 
(III) could be accomplished if appropriate dissimi
lar alkoxyl residues were present in the parent 2-
hexene system (II) . Presumably, the presence of 
either a relatively stable group in the 1-position or 
a relatively labile group in the 5-position of the 
compound would favor the selective elimination of 
the group in the 5-position. The lat ter approach 
has been favored mainly because the presence of a 
stable ether group in the 1-position might be ex
pected to lower the biological activity of any vita
min A structure obtained from the compound.2 

The dealcoholation of 2-hexenes containing three 
other pairs of alkoxyl groups in the 1- and 5-posi-
tions (Hb-d) has been observed to proceed in the 
same manner as the reaction observed with the 1-
methoxy-5-ethoxy adduct (Ha) . The failure of these 
compounds to yield the desired 2,4-hexadiene struc
ture (III) has prompted an investigation of several 
compounds (Ile-g) containing either benzyloxyl or 
phenoxyl groups. 

Benzyl ethers in general readily undergo cleavage 
in the presence of acidic reagents.3 The dealcohol
ation of a 2-hexene containing a 5-benzyloxyl group 
might be expected therefore to yield a 2,4-hexadi
ene derivative. The dealcoholation of such a com
pound, l-methoxy-3-methyl-o-benzyloxy-6-chloro-
2-hexene (Hg), did not bear out this contention, 
however. In fact, the product of the reaction, 3-
methyl-5-benzyloxy-6-chloro-l,3-hexadiene (IVc) 
was shown on the basis of spectroscopic data to be 
more stable to the conditions of the dealcoholation 
than had been observed previously for 3-methyl-o-
ethoxy-6-chloro-l,3-hexadiene (IVa). 

The unexpected stability of 3-methyl-o-benzyl-
oxy-(J-chloro-l,3-hexadiene (IVc) to the conditions 
of the dealcoholation reaction has suggested that a 

(2) O. lsler, Section 10, paper 98, XIIth International Congress of 
Pure and Applied Chemistry, New York City, September, 1951. 

(3) B. W. Tronow and L. W. Ladigina, Bee, 62, 28-14 (1929). 
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l-benzyloxy-2-hexene structure might possess a 
relatively high stability under such conditions, bu t 
this has not been found to be the case. 1-Benzyl-
oxy-3-methyl-5-isopropoxy-6-chloro-2-hexene ( l ie) 
rapidly underwent the elimination of the elements 
of benzyl alcohol in the presence of £-toluenesul-
fonic acid to form 3-methyl-5-isopropoxy-6-chloro-
1,3-hexadiene (IVb). 

Likewise, an a t t empt to stabilize the ether link
age in the 1-position of a 2-hexene structure by 
means of a phenoxyl group was unsuccessful. While 
the dealcoholation of l-phenoxy-3-methyl-5-iso-
propoxy-6-chloro-2-hexene (Hf) appeared to give a 
mixture of products, the infrared absorption spec
t rum definitely indicated tha t a 2,4-diene structure 
was not present in this mixture. 

An acetoxyl group in the 5-position of a 2-hexene 
should be sufficiently labile to permit its removal by 
pyrolytic means, bu t our preparative methods did 
not give access to such a compound (Hj) and this 
condition could not be tested experimentally. On 
the other hand, the prediction t ha t an acetoxyl 
group in the 1-position of a 2-hexene structure 
would be removed easily has been confirmed by a 
s tudy of a l-acetoxy-5-ethoxy-2-hexene and a 1-
acetoxy-5-isopropoxy-2-hexene (HIh and i). The 
elements of acetic acid were eliminated from these 
compounds by the action of ^-toluenesulfonic acid 
in boiling toluene, and the expected 1,3-hexadienes 
(IV) were formed. 

The experimental results establish clearly tha t 
dealcoholation of the l,5-dialkoxy-2-hexenes (II) is 
a highly selective process in which the 1-alkoxyl 
group is eliminated preferentially, even though a 
more reactive alkoxyl group may be present in the 
5-position. The reaction is presumed to occur by 
a typical carbonium ion mechanism: fixation of a 
proton on the 1-alkoxyl group to form an oxonium 
structure (V), elimination of alcohol a t the 1-posi-
tion to form an allylic carbonium ion (VI-VII ) , 
and stabilization by loss of a proton from the 4-
position to yield a 5-alkoxy-l,3-diene (IV). 
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The selectivity of the reaction may be a t t r ibuted 
to the relatively greater proton at tract ion of the 
oxygen of the allylic ether grouping over tha t of the 
/3-chloroalkyl ether grouping and the ability of the 
resonance of the allylic carbonium system in the 
transition complex to facilitate rupture of the car-
bon-alkoxyl bond. The first of these factors is 

Time (hours). 

Fig. 1.—Dealcoholation of l-methoxy-3-methyl-5-ethoxy-
6-chloro-2-hexene. 

probably of little significance but the second factor 
is regarded as the crucial one in determining the 
course of reaction. 

The observation t ha t the l-phenoxy-5-isopro-
poxy-2-hexene (Hf) did not furnish a 2,4-hexadiene 
(III) suggests tha t this compound followed a differ
ent course of reaction. This compound is an allyl 
phenyl ether and might be expected to undergo the 
Claisen rearrangement to form an allyl phenol.4 

Several efforts were made to devise means of con
verting the 3-methyl-5-alkoxy-6-chloro-1,3-hexa
dienes (IVa-c) obtained in this s tudy into useful in
termediates for the synthesis of vitamin A, but 
these have not been successful. In this connection, 
particular at tention was given to the 5-ethoxyl 
derivative (IVa). This compound has been treated 
with a variety of acidic reagents in an effort to pro
mote its anionotropic rearrangement into a 2,4-
hexadiene (III) . 6 
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C I C H 2 C H C H = C - C H = C H 2 -V-—>• 
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OC2H5 IVa 
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I Il 
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IHa 
The catalysts employed were concentrated sulfuric 
acid, boron trifluoride, zinc chloride, ferric chloride, 
stannic chloride and ^-toluenesulfonic acid. AU of 
these materials were used in the presence of acetic 
anhydride, a reagent capable of transforming ali
phatic ethers into the corresponding acetates.6 These 
reactions did not produce the desired l-acetoxy-2,4-
diene but led only to extensive polymerization of 
the 1,3-diene. 

(4) D. S. Tarbell, "Organic Reactions," Vol. II, John Wiley and 
Sons, Inc., New York, N. Y., 1944, p. 1. 

(5) E. R. H. Jones and D. C. L. Weedon, / . Chem. Soc, 937 (1946). 
(6) D. Kastner, "Newer Methods of Preparative Organic Chemis

try," Interscience Publishers, Inc., New York, N. Y., 1948, p. 301. 
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Discussion of Infrared Absorption Data7 

The complex nature of both the products of the 
dealcoholation reaction (IV) and the 2-hexene pre
cursors (I and II) has made the use of infrared ab
sorption spectra invaluable in the assignment of 
structures to these compounds. With regard to the 
parent l,5-dichloro-2-hexenes (I), a consideration 
of individual absorption spectra clearly brings out 
characteristics relating all of these materials. The 
absorption spectrum of l,0-dichloro-5-ethoxy-2-
hexene (Ia without the 3-methyl group) contains 
the 10.36 /j, band associated with a trans-~R.CH= 
C H R structure as well as a broad ether absorption 
at 9.1 n- The absorption a t 13.4 JX is in the proper 
region for a C-Cl group while absorptions a t 8.0 and 
14.7 /I are characteristic of the allyl chloride struc
ture, - C ( R ) = C H - C H 2 C l . The presence of a 
methyl group in the 3-position, or an isopropoxyl 
instead of an ethoxyl group in the 5-position, intro
duces only the expected changes in the general 
absorption pat tern. The observed similarities es
tablish, therefore, t ha t all of the prepared isoprene-
a-chloroether adducts had the same basic structure. 

Methoxylation and acetoxylation of the 1,6-di-
chloro-2-hexene compounds resulted in the removal 
of the bands a t 8.0 and 14.7 p, which are at t r ibuted 
to C-Cl. The acetoxyl group in compound H h is 
readily distinguished by absorption maxima at 5.8 
and 8.0 M- All of the alkoxylated and acetoxylated 
adducts (Ha-i) which have been prepared have been 
found to have infrared absorption spectra similar to 
that observed for compound Ha . Inasmuch as 
the structure of the latter was established by ozon-
olysis, all of these materials are indicated to be 3-
methyl-6-chloro-2-hexenes (Ila-j) , having oxygen-
containing groups in the 1- and 5-positions. 

The infrared spectra of the dienes (IVa-c) pre
pared by the dealcoholation of the 2-hexenes (II) 
just described are characterized by an absorption 
doublet at 10.1 and 11.1 /i. This doublet is as
cribed to terminal unsaturation of the t3rpe R C H = 
CH2. Moreover, the resulting conjugated system 
of double bonds is established by the presence of an 
absorption band at 6.2 /j, and by characteristic ul
traviolet absorption maxima. The strong absorp
tion a t 7.3 n is a t t r ibuted largely to the presence of 
a 3-methyl side chain rather than to one or more 
methyl groups present in the 5-alkoxyl group. It 
should be noted tha t the intensity of this absorp
tion band remains relatively undiminished in 3-
methyl-5-benzyloxy-0-chloro-1,3-hexadiene (IVc) 
where there can be no contribution from the 5-al
koxyl group. The presence of an internal double 
bond corresponding to R C H = C H R was not noted 
in any of the diene spectra examined. This type of 
double bond would have been formed if the ether 
group in the 5-position had been eliminated to pro
duce the desired 2,4-hexadiene ( I I I ) . 

The use of infrared absorption spectra also has 
(7) Because of space limitations, the infrared absorption spectra 

discussed are not included. These scans have been deposited as Docu
ment number 4602 with the ADf Auxiliary Publications Project, 
Photoduplication Service, Library of Congress, Washington 2.'>, D. C. 
A copy may be secured by citing the Document number and by re
mitting S3.75 for photoprints, or S2.00 for 35 mm. microfilm in ad-
Vance by check or money order payable to: Chief, Photoduplication 
Service. Library of Congress. 

afforded a means of studying critically the sulfonic 
acid-catalyzed dealcoholation reaction. Relative 
changes in the intensity of characteristic absorp
tion maxima have been used to determine the prog
ress of this reaction. As an illustration, three such 
maxima were used to follow the dealcoholation of 
the l-methoxy-5-ethoxy adduct (Ha) . Changes 
in the intensity of these absorptions are plotted in 
Graph I. The absorption at 11.1 /j is at t r ibuted to 
the 1,3-diene formed in the reaction; this absorp
tion reached a maximum in one and one-half hours 
at the boiling point of toluene and then decreased 
rapidly as heating was continued. The diminishing 
maximum at 3.6 ,u, on the other hand, is indicative 
of the methoxyl group initially present in the 1-
methoxy-5-ethoxy adduct (Ha) and is useful for 
determining the relative concentration of start ing 
material at various stages of the reaction. The 
appearance of an uncharacterized compound, ap
parently formed a t the expense of the 1,3-diene 
and represented by the absorption a t 5.9 /n, also 
has been noted in the graph. 

Infrared absorption spectra has facilitated the 
study of the dealcoholation of three other 1,5-di-
alkoxy-2-hexenes. The l-methoxy-5-benzyloxy ad
duct (Hg) was observed to undergo reaction more 
slowly than the l-methoxy-5-ethoxy adduct (Ha) ; 
the 11.1 n absorption reached a maximum inten
sity only after three to four hours had elapsed. 
Moreover, the 5-benzyloxy-l,3-hexadiene (IVc), 
once formed, appeared to be more stable to the 
conditions of the dealcoholation than the corre
sponding 5-ethoxy analog (IVa). Even after pro
longed heating of this diene with a catalytic amount 
of p-toluenesulfonic acid in boiling toluene, the 
presence of the degradation product represented 
by an absorption maximum at 5.9 n was not noted. 
The dealcoholation of the l-benzyloxy-5-isopropoxy 
compound (He), on the other hand, proceeded rap
idly, and the lability of the resulting 5-isopropoxy-
1,3-hexadiene (IVb) was comparable to that ob
served for the 5-ethoxy analog (IVa). While the 
complexity of the infrared scans obtained during 
the dealcoholation of the l-phenoxy-5-isopropoxy 
adduct (Hf) did not permit an entirely adequate 
analysis of this reaction, these scans did establish 
tha t a 2,4-diene structure (III) was not formed. 

Experimental 
3-Methyl-5-ethoxy-6-chloro-l,3-hexadiene (IVa).—Tn 

100 ml. of dry toluene was added 0.95 g. (0.05 mole) of p-
toluenesulfonic acid monohydrate and the mixture refluxed 
vigorously for 15 minutes under a condenser equipped with 
a water trap. An anhydrous solution of the reagent resulted. 
After 20.6 g. (0.1 mole) of l-methoxy-3-methyl-5-ethoxy-
6-chloro-2-hexene had been introduced in a single portion, 
the solution was refluxed 1.5 hours. After three water wash
ings to remove the ^-toluenesulfonic acid, tiie solution was 
dried over sodium sulfate. The toluene was removed under 
reduced pressure and a vacuum flash distillation was used 
to separate the other distillable components. Finally, a 
fractionation of the products through a 20" X 1Zi" rotating 
platinum-band still yielded 11.4 g. ((1.065 mole) (65%) of 3-
methyl-5-ethoxy-6-chloro-l,3-hexadieue, b.p. 35-37° (1.0 
mm.), W20D 1.4752. This product was characterized by its 
infrared absorption spectrum and by elemental analysis. 

Anal. Calcd. for C9H16OCl: C, 61.89; H, S.59; Cl, 
20.34. Found: C, 61.78, 62.10; H, 8.59, 8.59; Cl, 20.35. 

3-Methyl-5-benzyloxy-6-chloro-l,3-hexadiene (IVc).— 
Ten grams (0.37 mole) of l-methoxy-3-methyl-5-benzyloxy-
fi-chloro-2-hexene was dissolved in 50 ml. of dry toluene, 

trans-~R.CH=
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containing 0.32 g. (0.002 mole) of anhydrous ^-toluenesul-
fonic acid, and the solution was refluxed gently for four 
hours. Three water washings removed the p-toluenesul-
fonic acid. The solution was dried over sodium sulfate and 
the toluene separated under reduced pressure. A flash dis
tillation in a high vacuum removed the distillable compo
nents and these materials were fractionated through a 20" X 
1Zt" rotating platinum-band column. Three and eight-
tenths grams (0.016 mole) (45%) of 3-methyl-5-benzyloxy-
6-chloro-l,3-hexadiene, b .p . 86-89° (0.2 mm.) , M20D 1.5301, 
was isolated. This product was characterized by its infra
red absorption spectrum and by elemental analysis. 

Anal. Calcd. for Ci4H17OCl: C, 71.04; H, 7.19; Cl, 
15.01. Found: C, 71.00, 70.96; H, 7.07, 7.20; Cl, 13.85, 
13.60. 

Use of Infrared Absorption Spectra to Follow the Dealco-
holation Reaction.—The required amount of £-toluenesul-
fonic acid monohydrate was dissolved in toluene. The 
solution was dehydrated by vigorous refluxing for 15 minutes 
under a condenser equipped with a water t rap. The anhy
drous solution was cooled to 40-50°, and the compound 
to be dealcoholated was added in a single portion. The 
first 1.0-ml. aliquot was removed immediately. The reac-

The reasons for the synthesis of a series of ortho-, 
meta- and ^aro-substituted phenylpropiolic acids 
are given in the accompanying paper.2 In this 
paper are described the synthesis of phenylpropiolic 
acid and the o-, m- and ^-chloro, nitro and meth-
oxy analogs. 

In the synthetic work prime attention was paid 
to purity of product so that the yields reported do 
not reflect efforts to reach a maximum. All of the 
acids were prepared by dehydrobromination of the 
corresponding dibromocinnamic acid or ester. In 
each case by-products were obtained which ren
dered the isolation of pure propiolic-type acid dif
ficult. Since each case was different no attempt at 
generalization concerning conditions for reaction or 
purification will be made. Rather each experi
mental procedure will be described. 

A new procedure was used for some of the alka
line dehydrobrominations. This procedure in
volves addition of a small excess of sodium hydride 
to a benzene solution of the dibromocinnamate fol
lowed by small additions of absolute alcohol. The 
alcohol reacts with sodium hydride to form sodium 
ethoxide and hydrogen (equation 1). The so
dium ethoxide then removes hydrogen bromide 
from the dibromoester thereby regenerating alco
hol (equation 2). 

C2H6OH + NaH — > • C2H5ONa + H2 (1) 

C2H6ONa + (HBr) >- C2H6OH + NaBr (2) 

The fact that sodium ethoxide is the real dehy-
drobrominating agent is shown by the failure of the 

(1) Holder of a National Science Foundation Fellowship, 1952-1953. 
(2) M. S. Newman and S. H. Merrill, THIS JOURNAL, 77, 5552 

(1955). 

tion mixture was brought to reflux temperature, and 1-ml. 
aliquots were then removed at regular intervals. The in
frared absorption scans were obtained for each aliquot im
mediately after removal from the reaction mixture. Graphs 
showing changes in intensity of various characteristic ab
sorptions were then prepared. 

In Fig. 1, the dealcoholation of l-methoxy-3-methyl-5-
ethoxy-6-chloro-2-hexene is described. In this run, a 20:1 
molar ratio of adduct to ^-toluenesulfonic acid was used; 
the concentration of adduct in the toluene was 17% by 
weight. In the plotting of the absorption data obtained, 
the variance in reactant concentration and cell thickness 
was corrected to a concentration of 20 g. adduct/100 ml. 
of toluene with an absorption path of 1 mm. In the graph, 
curve A is a plot of infrared absorptions at 3.6 u and repre
sents a decrease in concentration of the starting material. 
Curve B is a plot of infrared absorptions at 11.1 n and shows 
changes in concentration of the 1,3-diene formed in the re
action. Changes in intensity of infrared absorptions at 5.9 
Ii are described by plot C; this plot represents the appear
ance of an uncharacterized product, presumed to be formed 
largely at the expense of the 1,3-diene. 

NIAGARA FALLS, N. Y. 

benzene solution of dibromoester to react with so
dium hydride, even at reflux. Indeed it is impor
tant that the benzene-dibromide solution be inert 
to sodium hydride else a violent reaction might oc
cur on adding the relatively large amount of so
dium hydride needed. 

In principle a small amount of alcohol could suf
fice to complete a large scale reaction. In practice 
occasional small additions of alcohol are needed. 
In any event this method drastically reduces the 
amount of alcohol present and, in certain cases at 
least, markedly improves the yield. For example, 
with sodium ethoxide in ethanol ethyl dibromocin
namate was converted mainly into ethyl /3-ethoxy-
cinnamate3 whereas by our procedure a good yield 
of pure phenylpropiolic was obtained. However, 
our procedure could not be used for any of the ni-
trocinnamic ester dibromides. 

The sodium hydride procedure could be general
ized by using alcohols other than ethyl or any 
compound which will react with sodium hydride 
to form a conjugate base capable of effecting dehy-
drohalogenation. Since the solvent is mainly 
benzene the tendency for solvolytic side reactions 
with certain types of halogen compounds should 
be minimized. 

Experimental4 

Phenylpropiolic Acid.—A solution of 115 g. (0.65 mole) of 
ethyl cinnamate in 250 ml. of methylene chloride was 

(3) V. L. Leighton, Am. Chem. / . , 20, 136 (1898). The procedure in 
"Organic Syntheses," Coll. Vol. II , John Wiley and Sons, Inc., New 
York, N. Y., p. 515, uses potassium hydroxide in 95% alcohol and is 
preferable to that of Leighton. 

(4) All melting points are corrected and were determined with cali
brated Anschiitz total immersion thermometers. 
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The synthesis of phenylpropiolic and of o-, m- and £-chloro-, methoxy- and nitrophenylpropiolic acids is described. A 
new procedure for alkaline dehydrohalogenation is illustrated in several of the syntheses. 


