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Abstract– The ring-opening mode of the title oxazolones with acylhydrazines was
investigated from both synthetic and mechanistic points of view.  It was found that
the novel ring-opening reaction proceeds to give 1,3,4-triazole-substituted (Z)-α-
dehydroamino acids in high yields, irrespective of substituents and solvents examined.
MM2 and PM5 calculations strongly suggested that the triazole ring is constructed
via the preferential nucleophilic addition of the hydrazino nitrogen to the C–N double
bond in the oxazolone ring.

N-Acyl-α-dehydroarylalanine derivatives have been used as the starting materials in our studies on the
photochemistry of α-dehydroamino acids, one of the main constituents of some antibiotics.1,2  These α-
dehydroalanine derivatives were prepared by the nucleophilic ring-opening reactions of substituted 5(4H)-
oxazolones, which have made a great contribution to advances in the chemistry of α-dehydroamino acids as
raw materials.3  On the other hand, acylhydrazines have frequently been utilized as a convenient building
block for the construction of various heterocyclic rings.4  If we consider that the mechanism of ring-opening
reactions of 5(4H)-oxazolones with nucleophiles is not well understood, it is of significance to explore the
reactions of these oxazolones with acylhydrazines, hoping to shed much light on the mechanism of the ring-
opening reactions described above.  In order to pave the way for extending our studies regarding the
excited-state chemistry of N-acyl-α-dehydroamino acids, (Z)-4-arylmethylene-5(4H)-oxazolone derivatives
[(Z)-1a–c] were synthesized and allowed to react with acetylhydrazine and related hydrazides.5

After an acetonitrile solution (15 mL) of (Z)-1a (2.0 mmol) containing acetylhydrazine (R= Me, 2.4 mmol)
was heated under reflux for 0.5 h, the reaction mixture was concentrated to dryness giving the crystalline
residue whose 1H NMR spectral analysis showed that the reaction proceeds cleanly but not afford the usual
ring-opening product, (Z)-2-acetylamino-N’-acetyl-3-(1-naphthyl)-2-propenehydrazide (Scheme 1).  The
successful growth of single crystal made it possible to establish that the novel ring-opening reaction of (Z)-1a
with acetylhydrazine takes place to produce quantitatively (Z)-2-(2,5-dimethyl-1,3,4-triazol-1-yl)-3-(1-
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naphthyl)-2-propenoic acid [(Z)-2a, 90% isolated yield; hereafter, referred to as 1,3,4-triazole-substituted
(Z)-α-dehydroamino acid], as shown in Figure 1 and Scheme 1.6  Interestingly, on treating (Z)-1b with
acetylhydrazine under the same reaction conditions, (E)-2b was isolated in a 7% yield, along with 1,3,4-
triazole-substituted α-dehydroamino acid [(Z)-2b, 88% yield].7  A careful inspection of the 1H NMR
spectrum of this (Z)-1b-derived reaction mixture indicated the presence of trace amounts of (Z)-3b and (E)-
3b (Scheme 2).  Since the presence of equimolar amount of acetylhydrazine induced negligible
isomerization of (Z)-2a or (Z)-2b to the respective (E)-isomer even in refluxing acetonitrile, the formation of
(Z)-2, (E)-2, and 3 suggests that 4-arylmethylene-5(4H)-oxazolone derivatives have three sites for the
nucleophilic addition of this hydrazide.  The first site should be the C–O double bond in the oxazolone

                          Figure 1.  ORTEP drawing of (Z)-2a.

ring, the second the C–N double bond in this ring, and the third the arylmethylene C–C double bond.  In
Table 1 are shown product distribution and composition, obtained from the reactions between (Z)-1 and
acylhydrazines in refluxing acetonitrile, along with isolated yields of (Z)-2 and (E)-2.  The results obtained
demonstrate that in any reaction systems 1,3,4-triazole-substituted (Z)-α-dehydroamino acids are formed in
high selectivities (>68%) without being greatly affected by the substituents (Ar and R) introduced.  In
addition, an analysis of substituent effects on the product composition confirms that replacement of the 1-
naphthyl group in (Z)-1 by the phenyl group somewhat lowers the composition of (Z)-2 with an increase in
composition for (E)-2.  The introduction of the bulky phenyl group instead of the methyl group as the
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Table 1.  Product distribution and composition determined from 1H NMR spectral 
data for a given reaction system
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estimating the relative composition of these two products. 
b The mixture of (Z)-3 and (E)-3.
c Isolated yield.  Attempts to isolate 3d were unsuccessful owing to its low stability.
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substituent R resulted in a decrease in composition for the corresponding major product [(Z)-2b], which was



compensated by the increased composition of (E)-2b.  The additional finding is that an increase in the
electron-withdrawing ability of aromatic acyl group attached to the hydrazino nitrogen (4-
MeOC6H4CO<PhCO<4-NO2C6H4CO) causes an enhancement in the composition for (Z)-2 that accompanies
the decreased composition of (E)-2 and 3.  These findings substantiate the existence of the three sites where
the nucleophilic addition of acylhydrazine competitively occurs and, hence, led us to propose Scheme 3 in
which the adducts I, II, and III were assumed to play pivotal roles as reaction intermediates.  As already
described, stereoelectronic effects of the substituents Ar and R on the nucleophilic addition of the hydrazino
nitrogen to the three sites given above may be a major factor in controlling the relative composition of each
product.
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In order to elucidate the origin of the preferential formation of (Z)-2, energy-minimized conformations
(MM2) and heats of formation (ΔHf, PM5) of the adducts I, II, and III (Ar= Ph, R= Me) were calculated and
shown in Figure 2.8  A comparison of the ΔHf values reveals that the adduct I is the most stable intermediate
and its formation process is able to provide the least activation energy for the nucleophilic addition of a given
acylhydrazine.  It is, thus, very likely that no occurrence of cyclization of an intermediate (corresponding to
IV) in the reactions of (Z)-1 with primary amines or alcohols forces these nucleophiles to choose the alternate
addition route affording eventually N-acyl-α-dehydroamino acid derivatives via an II-like intermediate.  In
addition to substituent effects on the product composition, this thermodynamic consideration substantiates
reversibilities of the processes: (Z)-1→I→IV→V, (Z)-1→II, and (Z)-1→III→(E)-1.  Surprisingly, the
reaction of (Z)-1c (bearing the phenyl group at the 2-position on the oxazolone ring) with acetylhydrazine
under the same reaction conditions afforded N-benzoyl-α-dehydro(1-naphthyl)alaninehydrazide as a 6:1  
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(ΔHf = –290.1 kJ mol–1)
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(ΔHf = –257.0 kJ mol–1)
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Figure 2.  Energy-minimized conformations and heats of formation of adducts I, II, and III.

mixture of (Z)- and (E)-isomers, respectively, without forming the corresponding 1,3,4-triazole-substituted
α-dehydroamino acid (1H NMR spectral analysis).  This unexpected observation allows us to conclude that
the presence of a bulky phenyl group at the 2-position exerts a considerable stereoelectronic effect on the
nucleophilic addition of this hydrazine to the C–N double bond to result in an exclusive progress of the other
two addition reactions.  The mechanism proposed by us also provides a good explanation for the finding that
the composition of (Z)-2 is decreased with increasing steric bulkiness of the substituent R
(H>Me>CH2Ph>Ph) and the reverse is applicable to the composition of (E)-2: Steric hindrance to the
cyclization process in IV is an additional factor for controlling the product composition.
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Table 2.  Solvent and temperature effects on the product composition obtained by
the reaction of (Z)-1b and acetylhydrazine
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As shown in Table 2, both solvent polarity and reaction temperature affect the product composition for the
(Z)-1b–acetylhydrazine system to only a small extent.  Somewhat different dependence of the overall rate
for each reaction pathway on these two factors is considered to be responsible for a slight change in the



observed product composition.  Therefore, we are led to conclude that the reaction of (Z)-2-methyl-4-
arylmethylene-5(4H)-oxazolone derivatives with acylhydrazines under mild conditions constitutes a novel
method for the construction of a 1,3,4-triazole ring on the amino group side of (Z)-α-dehydroamino acids.
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