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As typical ªpush ± pullº (PP) acetylenes,[1] dialkylamino-
propinals react easily with carboxylic acids and HCl to give 3-
X-substituted 3-aminopropenals, which nearly quantitatively
rearrange to 3-acyloxy- and 3-chloroacrylicamides.[2, 3] Sim-
ilarly, PP-enynes of type 1 are expected to add acids, while the
hereby formed 5-substituted 5-aminopenta-2,4-dien-1-als 2
could be prone to a vinylogous rearrangement to give 5-
substituted pentadienecarboxamides 6 after extrusion of Xÿ

(2!3), ring closure (3!4), addition of Xÿ (4!5), and ring
opening (5!6). Whereas simple PP-enynes 1 remained
unknown for a long time,[4] they have been made available
recently by two synthetic sequences.[5, 6] As a result, reactions
of 1 with acids may be investigated in more detail now.

stilbene (E)-3. Its lithiation by (Z)-2 then produces ortho-
lithiated (E)-5, which absorbs at 278 nm and is the final
product of the 253 ± 278 conversion.

The proposed mechanism accounts for the formation of the
trans-stilbene carrying two deuterium atoms, one vinylic and
one aromatic, upon addition of MeOD. The monolithium
adduct (E)-3, but not (Z)-3, is lithiated by (Z)-2 since the
agostic effect[15] of its vinylic lithium atom activates its ortho
proton. The lack of activation of the (Z)-3 protons accounts

for its inertness. The isomerization of (Z)-3 to (E)-3 regen-
erates the latter and allows for the repetition of the process.

The 253 ± 278 conversion is expected to accelerate on
addition of the independently prepared intermediate (E)-3 to
the solution of the primary dilithium adduct (Z)-2 in diethyl
ether. This has been experimentally verified.[10] A solution of
(E)-3 (5 mmol), prepared by allowing lithium to react with a-
chloro-trans-stilbene in diethyl ether, was added to one of two
aliquots (6 mmol each) of the primary solution of the
dilithium adduct (Z)-2 in diethyl ether. After both aliquots
had been kept at 20 8C for four hours, the analysis showed
10 % conversion in the aliquot containing the added (E)-3, but
only 2 % in the other.

The intermediate (E)-3 is continually formed through the
isomerization of (Z)-3 and destroyed by its reaction with (Z)-
2. It is plausible to assume that its minute concentration is
stationary, that is, d[(E)-3]/dt� k2[(Z)-3]ÿ k1[(Z)-2] ´ [(E)-
3]� 0. Hence, [(E)-3]� k2[(Z)-3]/k1[(Z)-2], and the rate of
the 253 ± 278 conversion, equal to k1[(Z)-2] ´ [(E)-3], is k2[(Z)-
3]; that is it is constant for a constant concentration of (Z)-3
but increases with increasing concentration of (Z)-3. The
observed zero-order kinetics of the conversion is therefore
accounted for at low concentrations of (E)-3.

Experimental Section

High-vacuum technique was used during this study. The oxides coating the
chunks of lithium are stripped away by keeping the metal for a few hours in
a solution of anthracene in diethyl ether. Shaking and decanting removed
the anthracene and the stripped residues (see reference [16] for details of
this operation to leave the chunks with a silvery surface). The stilbenes
were isolated by evaporation of the solvents, and the residues were then
recrystallized.
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In fact, PP-enynes react with carboxylic acids (e.g. HOAc[7])
and hydrogen halides HF, HCl,[7] HBr, and HI to give trans-
addition products 2[8] with high yields; these may be isolated
(X�OAc, Cl, F)[9] or spectroscopically identified in most
cases. Qualitatively, reaction rates for 1�HX!2 increase
with acidity of HX. For example, additions of HF or HOAc
are considerably slower than those of HCl, HBr, or HI,
whereas uncatalyzed additions of phenol are very slow (50 %
conversion after two to four days).

In most cases, compounds 2 rearrange to form 2-amino-
pyrylium salts 4 with high yields in the presence of acids, and
the reaction rates of conversions 2!4 are strongly influenced
by the ability of X to act as a leaving group. Thus, reactions of
5-substituted 5-aminopentadienals 2 bearing good leaving
groups (X�Cl, Br, I) are so fast that it is not easy to isolate
the corresponding addition products 2 for X�Br, I. The
consequence is that salts 4 are conveniently available in a
simple one-pot procedure by treating PP-enynes 1 with
1.05 molar equivalents of HCl, HBr, or HI.[9, 10] On the other
hand, compounds 2 bearing comparably bad leaving groups
(X�F, OAc) only react in the presence of a large excess of
acid. These results favor acid-catalyzed cleavage of the
leaving group X (2!3) to be the rate-determining step in
the reaction 2!4.

2-Aminopyrylium halides 4 (X�F, Cl, Br, I) are quite
unreactive[11] and are not prone to spontaneous ring openings
to form 5-halopentadienecarboxamides 6. In that respect,
compounds 2 (X�Cl) are very different from 3-amino-3-
chloroacroleins, which rearrange to 3-chloroacrylicamides[2, 3]

at 0 8C in the presence of traces of acid; the sequence proceeds
over oxetene immonium salts 7 as intermediates, according to
mechanistic investigations.[12] We believe that the different
behavior is related to the considerable difference in energy
between intermediates 7 and 4 : Oxetene immonium salts 7 are
highly strained molecules without any resonance stabilization
(7 B[13]), while 2-aminopyrylium salts 4 are essentially strain-

free compounds whose energy
decreases due to p delocalization
(4 B[13]). This reasonably explains
why salts 4 with weakly nucleo-
philic counterions Xÿ are not
prone to an easy ring opening of
the type 4!6. In the following we
will show that the ªaminopenta-
dienal rearrangementº[14] may
take place at low temperatures
(0 ± 20 8C) in the presence of
stronger nucleophiles.[15]

5-Morpholinopent-2-en-4-in-1-
al (1 b) nearly quantitatively adds
acetic acid to give 2 b (X�OAc),
which rearranges to the corre-
sponding 2-aminopyrylium ace-
tate 4 b (X�OAc, ca. 90 % yield)
only in an excess of HOAc

(ca. 25 molar equiv). In the absence of a further nucleophile,
no ring opening 4 b!6 b (X�OAc) is observed. However,
if Et3N is added to a solution of 4 b (X�OAc) in CH2Cl2,
then 6 b (X�OAc) may be isolated in moderate yields
(23 %).[16] Similarly, 4 b (X�OAc) as well as 4 b (X�F)
rearrange in an excess of EtOH to give 6 b (X�OEt, 33 %).

For realizing faster aminopentadienal rearrangements[14]

2!!4!!6, salts 4 with more nucleophilic counterions
Xÿ are needed. For example, phenol adds very slowly in the
reaction 1 b!2 b (X�OPh). According to 1H NMR spectro-
scopy (300 MHz, CDCl3, 20 8C), a maximum concentration of
2 b (X�OPh) is observed after about four days. Quite
surprisingly, 2-aminopyrylium phenolate 4 b (X�OPh) is
not directly observed by NMR spectroscopy because nucleo-
philic attack of phenol 4 b!5 b is too fast. Considering the
low reaction rate of the addition of phenol to 1 b, the overall
yield of 66 % for the isolated morpholinamide 6 b (X�OPh)
is remarkable.

Finally, a quite spectacular rearrangement sequence is
observed for (Z/E)-2 g (X�OPh) in the presence of HBF4:
Ring closure (2 g!4 g, X�OPh) followed by ring opening
(4 g!6 g) and final addition/elimination (6 g!8�PhOH)
gives the well-known[17] 3a-aza-azulen-4-one 8.
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These results show that PP-enynes 1 react with a variety of
acids, while the hereby formed addition products 2 easily
rearrange in most cases (X�Cl, Br, I) to give 2-amino-
pyrylium salts 4. On the other hand, the postulated ring-
opening reaction 4!!6 only proceeds in the presence of
nucleophilic counterions.
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