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High -pressure Reaction of 2 -Halogenopyridines with Dimethyl 
Acetylenedicarboxylate 
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Summary 2-Bromo-, 2-chloro-, and 2-fluoro-pyridines, 
whose nucleophilicities are not high enough for them to 
attack dimethyl acetylenedicarboxylate at atmospheric 
pressure, react with the latter under high-pressure 
(10 kbar) a t  room temperature to give 1 : 2 adducts (from 
the bromo- and chloro-pyridines) (9aH- and 4H-quinoli- 
zines) or a 1 : 3 adduct (from the fluoro-pyridine). 

VARIOUS types of products have been obtained in the 
reactions of acetylene-carboxylic esters with nitrogen- 
containing heterocyclic compounds.l These reactions, 
however, are limited to heterocycles whose nucleophilicities 
are high enough for them to attack the esters; reaction does 
not take place with Z-fluoro- (pKa -0.44),2 2-chloro- (pKa 
0.72) , 3  2-bromo- (pK, 0.90) , 3  or 2-cyano-pyridine (pKa 
- 0-26p in boiling benzene, acetonitrile, or even dimethyl- 
formamide, while pyridine (pKa 5-17), and 2-methyl- (pKa 
5-97)> 2-ethyl- (pKa 5.97), 2-methoxy- (pK, 3.28), 3-cyano- 
(pKa 1-45), and 4-cyano-pyridine (pK, 1-90)? react a t  room 
temperature to produce the corresponding quinolizines 
and/or indoli~ines.~ v 4  These reactions have been suggested 
to proceed by nucleophilic attack of the nitrogen hetero- 
cycle on the ester to form a dipolar intermediate which 
combines with a second molecule of the ester giving a 1,5- 
dipolar intermediate, followed by intramolecular cyclization 

to yield the product. Although this mechanism has not been 
definitely established, a net volume contraction (which 
would lead to a rate acceleration on application of pressure) 
is expected for a reaction involving charge separation in the 
transition state or the conversion of two or three molecules 
into a single molecule.5 
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Thus, t o  investigate the effect of pressure, an ethereal 
solution of equimolar quantities of 2-chloropyridine (1 b) 

t Taken from A. Albert, Phys. Methods Heterocyclic Chem., 1963, I, 1. Although nucleophilicity and basicity do not always vary 
in the same way, the latter can be usually employed as a measure of the former in a series of structurally similar compounds. 
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and dimethyl acetylenedicarboxylate (DMAD) in a 10 ml 
Teflon pressure-vessel was kept under a hydrostatic pressure 
of 10 kbar a t  room temperature for 7 days. After removal of 
solvent and unchanged reactants i n  vacuo, the black residue 
was chromatographed on Florisil to give the 4H-quinolizine 
(3b): (5.3% yield; yellow crystals; m.p. 139-140 oC).s The 
analogous reaction of 2-bromopyridine (lc) with DMAD 
produced, in addition to the 4H-quinolizine (3~): (2.3% 
yield; m.p. 135-136 "C), the 9aH-quinolizine (2c)I (3.9% 
yield; yellow crystals; m.p. 114-115 "C). 

The high-pressure reaction of 2-fluoropyridine (la) with 

DMAD gave an orange 1 : 3 adduct, m.p. 76-78 "C (2.3% 
yield), the structure of which has not yet been established. 

In conclusion, the use of high-pressure is valuable in those 
cases where a reactant is not nucleophilic enough to induce 
addition reactions at  atmospheric pressure. 
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$ Analytical and spectroscopic data (mass, Lr., lH and 13C n.m.r.) are in accord with the assigned structure. 
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