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Aluminum Chloride Catalyzed Reactions of 
Methyl Chloropropiolate with Unactivated Alkenes 

Sir: 

We have recently reported that methyl propiolate undergoes 
aluminum chloride catalyzed ene reactions and/or stereo-
specific [2 + 2] cycloadditions with unactivated alkenes.1 We 
report that this reaction can be extended to methyl chloro
propiolate which gives rise stereospecifically to (Z)-3-
chloro-2,5-alkadienoates via a regioselective ene reaction and 
to 2-chlorocyclobutene carboxylates via a stereospecific [2 + 
2] cycloaddition (Figure 1). The resulting adducts are versatile 
synthetic intermediates which are not readily accessible by 
other routes. 

Methyl chloropropiolate (1) can be prepared in a single step 
from trans- 1,2-dichloroethylene, methyllithium, and methyl 
chloroformate in 60-70% yield by a modification of Viehe's 
procedure,2 making this versatile reagent readily available.3-4 

The products from the aluminum chloride catalyzed reactions 
of 1 with alkenes are shown in Table I. Cyclobutenes are the 
major products in most cases, while with methyl propiolate 
cyclobutenes are formed only from mono- and 1,2-disubsti-
tuted alkenes. The most significant effect of the chlorine is 
observed in the reactions of 2,3-dimethyl-2-butene (10) which 
gives exclusively ene adduct with methyl propiolate and 95% 
cyclobutene with 1. 

A possible explanation for this follows from an examination 
of the transition state required for a concerted ene reaction 
(Figure 1). If R = CH3 and X = Cl, severe steric strain retards 
the reaction. For methyl propiolate (X = H), the steric hin
drance is apparently not severe. Reactions 13 and 14 were 
carried out to test this hypothesis. If the mechanism shown in 
Figure 1 is correct, then the hydrogen on the carbon trans to 
olefinic hydrogen should be transferred preferentially. In both 
cases the major ene adduct is the one expected from the less 
hindered transiton state (Figure 1: R = H, R' = CH3). The 
minor isomer may result from isomerization of the starting 
alkene. As predicted, 1:1 mixtures of regioisomers are obtained 
from the reaction of 13 or 14 with methyl propiolate. Similar 
interactions may be responsible for the formation of a single 
ene adduct in case 9. This is a novel example of synthetically 
useful regioselectivity in an ene reaction, which should be ap-

Table I. Reaction of Methyl Chloropropiolate with Alkenes 
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" Methyl chloropropiolate is added to a stirred suspension of sub
limed aluminum chloride in anhydrous benzene under nitrogen. After 
the aluminum chloride has dissolved, 1.1 equiv of alkene is added and 
the reaction is stirred for the time shown. The reaction is quenched 
in dilute hydrochloric acid. Cyclobutenes (less polar) are easily sep
arable from ene adducts by chromatography on silica gel. All yields 
are for isolated pure compounds unless otherwise specified. Products 
were characterized by NMR, IR, and mass spectroscopy and ele
mental analysis. * Contains ~85-90% 6a and 10-15% 13a and 14a. 
'' Contains ~85-90% 6b as a 1:1 mixture of isomers and 10-15% 13b 
and 13c. d Regiochemistry determined by conversion to 18.e Similar 
yields are obtained in 2-3 days using more aluminum chloride. 
^Determined by analysis of NMR spectrum of a mixture 11a and lib. 
£ Small amounts of an unidentified compound, which may have a 
structure analogous to lib, were also formed. For similar results in 
the thermal reaction of chloropropiolonitrile with norbornadiene, see 
T. Sasaki, S. Eguschi, M. Sugimoto, and F. Hibi, J. Org. Chem.. 37, 
2317 (1972). h Determined by analysis of the NMR spectrum of a 
mixture of 13b and 13c. 

plicable to the ene reactions of a variety of disubstituted 
acetylenes. 

In addition to the regioselectivity studies which support a 

0002-7863/79/1501 -1906S01.00/0 © 1979 American Chemical Society 



Communications to the Editor 

R' 
r, ,1 C O - C H 3 A l C I 3 

[2+2] \ Z 3 3 

_ . ^ X CYCLOADDITION u 9 ^ 1 ENE REACTION -^ -—.irv—--X. 
CO2CH3 

CO2CH3 

CH; R N 

X = H or Cl 
R1R'= H or CH3 

Figure 1. 

OCH, 

Figure 2. 

concerted mechanism for the ene reaction, the propylene re
action (case 2) in which both cyclobutenes are formed and 
cases 3 and 4 which are stereospecific suggest that the cy
cloaddition reaction is also concerted. A polar two-step se
quence for the formation of the minor isomer (2b) in case 2 
requires a primary carbenium ion as an intermediate. A ste
reospecific [X2S + w2a] cycloaddition of the vinyl cation reso
nance form of the I-AICI3 complex is consistent with the steric 
and electronic effects observed in this reaction.5 

The reaction of norbornene with 1 (case 11), which gives the 
three products expected from a 2-norbornyl cation (Figure 2), 
clearly goes through a two-step pathway. However, norbornene 
may well be a special case since an ene reaction cannot occur, 
the intermediate carbenium ion is especially stable, and the 
transition state required for a [T2S + T2a] cycloaddition is 
sterically hindered.6-7 

An NMR study of the reaction of 1 with 0.18 equiv of AICI3 
and 2-methyl-2-butene (case 8) showed complex behavior 
(percent conversion, time in hours: 55, 0.25; 62, 1; 68, 2; 75, 
4; 84, 7; and 93, 21) that is consistent with the expected sec
ond-order rate in I-AICI3 and 2-methyl-2-butene8 only if the 
product complexes much more strongly than 1 with AICI3. 
Since ethynyl is more electron withdrawing than alkenyl,9,10 

1 should be less basic than the products. Similar kinetic studies 
with methyl propiolate (15) indicate that 1 is three-four times 
as reactive as 15. Chlorine, an electron-withdrawing group," 
makes 1 less basic than 15 giving rise to a more reactive alu
minum chloride complex. This reactivity difference is also seen 
in the reaction of 15 with norbornene which gives mainly the 
unrearranged [2 + 2] adduct and in the reaction of 1 with 
easily rearranged alkenes such as /3-pinene which give complex 
mixtures derived from acid-catalyzed rearrangement of the 
alkene. 

The products shown in Table I are useful synthetic inter
mediates. Treatment of 3a, 7a, or l ie with lithium dimethyl-
cuprate results in replacement of the chlorine with a methyl 
group in yields of 93, 81, and 95% respectively.12 Treatment 
of 8a with excess sodium methoxide in methanol gives a mix
ture of 16 and 17 which on acid hydrolysis is converted cleanly 
to 18.!3 Similarly 3a and 4a are converted to dimethyl threo-

-CO2CH3 

CO2CH3 

1907 

and e/7?/2/-o-2,3-dimethylglutarate14 in 64 and 68% yield, re
spectively. Treatment of l ie under similar conditions gives 19 
in 72% yield which we believe will be a useful intermediate in 
the synthesis of tricyclic sesquiterpenes. Dehydrochlorination 
of l ie to give 20 in 84% yield is accomplished by treatment 
with tetraethylammonium fluoride and potassium carbonate 
in acetonitrile.15 

The reactions of methyl chloropropiolate with alkenes 
provides a versatile route to a variety of novel highly func-
tionalized cyclobutenes and ene adducts with considerable 
regio- and stereoselectivity. We are presently investigating the 
synthetic utilization of these products and extension of this 
reaction to other acetylenes.16 
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