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The reaction of alkylpyrazine anions with tzrans-1,2-dichloroethylene produces pyrrolo[1,2-a]pyrazines in

low yields.
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Sir:

In a previous paper (1) we reported that 2,3-dimethyl-
pyrazine anion reacts with 1,2-dibromoethylene to form
1,2-bis(3-methyl-2-pyrazyl)ethane (1) in 55% yield. This
rather unusual dimerization led us to explore the reactions
of alkylpyrazine anions with other dihaloethylenes. This
communication describes the reaction of these anions with
trans-1,2-dichloroethylene.
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Alkylpyrazines were easily converted into their anions
by reaction with lithium diisopropylamide. Treatment of a
suspension of each of these anions, in ether at 0°, with one
equivalent of trans-1,2-dichloroethylene resulted in the
unexpected formation of the corresponding pyrrolo[1,2-a]-
pyrazines (3a-c).
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In all cases studied the reaction proceeded smoothly
with only the product, unreacted alkylpyrazine, and a
small amount of tar detected in the reaction mixture. The
yields obtained from the various alkylpyrazines are sum-
marized in the Table. In the case of 2,3,5-trimethyl-
pyrazine (4) only two isomers of the corresponding
pyrrolo[1,2-alpyrazine, 5 and 6, were formed (2).

Table

Yields of Pyrrolo[l,2-a]pyrazine from the Reaction of
Alkylpyrazine Anions with trans-1,2-Dichloroethylene

Alkylpyrazine Yield (%) Recovered Alkylpyrazine (%) (a)
2a 29 56
2b 15 65
4 8(b) 72
2c <1 >95

(a) By distillation. (b) A mixture of 5 and 6 in a 2:1 ratio.
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In each of the above reactions the anion reacted com-
pletely as was indicated by the disappearance of its
characteristic red color after the addition of trans-1,2-
dichloroethylene. The dichloride could not be detected in
the crude reaction mixture indicating that it also reacted
completely. These results, as well as the observed high
recoveries of the alkylpyrazines (see Table), indicate that
the low yields of the pyrrolo[1,2-alpyrazines are due main-
ly to competing reactions taking place between the anion
and the dichloride. Organolithium reagents are known to
react with 1,2-dichloroethylenes by proton abstraction,
followed by chloride anion elimination (3). Indeed we
found that more than 30% of the chlorine in the
dichloride was converted into lithium chloride. Moreover,
treatment of the crude reaction mixture with carbon diox-
ide resulted in the formation of both 2,3-dichloroacrylic
acid and chloroacetylene carboxylic acid.

The data in the Table show that the yields decrease
significantly with increasing methyl substitution on the
pyrazine ring. This, in part, may be due to steric effects
(compare for example 2a and 2b). However, the large dif-
ference between 2b and 2c suggests that electronic effects
are also involved in determining the relative rates of the
various competing reactions.

There has been renewed interest in the chemistry of pyr-
rolo[1,2-aJpyrazines as a result of their recent detection as
new components of roasted meat aroma (4). A few syn-
thetic methods for their preparation have been developed
(4), giving in general better yields than those shown in the
Table. Qur method however, may serve as an alternative
due to its simplicity [a one step reaction, the ease of
separation of the product and the high recovery of starting
material (5)}

The results obtained for 1,2-dichloroethylene are com-
pletely different from those obtained for 1,2-dibromo-
ethylene. While the 1,2-dibromoethylene mediated coupl-
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ing reaction of alkylpyrazine anions can be easily explain-
ed (1), the formation of pyrrolo[1,2-a]pyrazines in the reac-
tion of these anions with the 1,2-dichloroethylene is not, at
present, well understood. Being a novel ring closure reac-
tion it opens the field for considerable mechanistic
studies. We are now exploring the mechanism as well as
the generality of this reaction. In particular we are ex-
amining the possibility that the pyrrolo[1,2-a]pyrazines are
formed via a [1,3]anionic cycloaddition mechanism. The
synthetic potential, as reflected by optimizing yields as
well as applying the reaction to other substrates is also
being investigated.
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