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Arylmethylisoxazol-5-ones (3) were prepared by a new mild
reductive procedure using tertiary amines containing a flex-
ible N−CH−CH grouping. A concurrent process competed
with the reduction, yielding fair quantities of chain-elonga-
tion products (4). The X-ray structures of two selected aryl-
methyl derivatives are reported and are shown to have the

Introduction

The hydrogen bond continues to excite a great deal of
interest because of the role it plays in processes such as the
stabilization of crystal architectures,[1] the loss of informa-
tion in DNA[2] or even the construction of chemical mem-
ory devices.[3]

Particular attention has been focussed on heteroconju-
gated systems in which an inter- or intramolecular hydrogen
bond may be strengthened through strict correlation with a
conjugated π-bond in the heterosystem. This phenomenon,
called Resonance-assisted Hydrogen Bonding (RAHB), has
been interpreted on the basis of a synergistic interplay be-
tween π-system delocalization and hydrogen bond forma-
tion.[4] In this context, a variety of heteroconjugated sys-
tems have been studied with the aim of determining crystal
engineering rules for the production of materials with po-
tential practical applications.[5]

In the light of studies carried out into the chemistry of
heterocycles, we turned our attention to those heteroarom-
atic cyclic systems in which proton migration along a hydro-
gen bond may be accompanied by tautomeric changes and
possibly also a consequent RAHB effect with supramolecu-
lar autoassembly processes.

Our research group has recently investigated 4-(arylme-
thyl)isoxazol-5-one derivatives, defining a synthetic ap-
proach and determining their tautomeric compositions in
solution.[6] The structures of these compounds, which can
exist in the four forms depicted in Figure 1, seemed particu-
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Vill. S. Agata, 98166 Messina, Italy
Fax: (internat.) 1 39-090/393-897
E-mail: ggrassi@isengard.unime.it

[b] Dipartimento di Chimica Inorganica, Analitica e Struttura
Molecolare, Università,
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expected different tautomeric arrangements. The unusual
features of the NH-tautomer (3e) were interpreted in terms
of the RAHB (resonance-assisted hydrogen bond) model and
its relative stability was investigated by ab initio and DFT
calculations.

larly suitable for study of intramolecular aggregations of
solid-state structures arising from RAHB.

Figure 1. 4-(Arylmethyl)isoxazol-5-one derivatives; existing forms
in solution

This paper describes a new synthesis and a structural in-
vestigation of these interesting molecules, the predominant
solid-state forms of which can often be oriented with an
appropriate choice of crystallization solvent.[7]

Results and Discussion

Synthesis

The starting materials used in this study were 4-(arylme-
thylene)isoxazol-5-ones 1, which, because of their simplicity
and low preparation costs, as well as the marked reactivities
of their exocyclic double bonds, offer the best route to the
desired 4-arylmethyl derivatives 3. The substrates 1, in addi-
tion to their activity as dipolarophiles, dienophiles, and
Michael acceptors, also function well as dehydrogenating
agents in the homogeneous phase oxidation of benzimida-
zoline to benzimidazole, thanks to the presence of the activ-
ated exocyclic double bond and are efficiently reduced to
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the corresponding arylmethylisoxazolones 3.[6] It thus
seemed interesting to extend this reaction to other potential
hydrogen donor systems such as triethylamine (TEA) and
other suitable aliphatic tertiary amines. Indeed, in our reac-
tions TEA, degrading to diethylamine (DEA), brought
about not only the expected saturation of the exocyclic
double bond in the arylmethylene derivative, but also a
lengthening of its lateral chain.

Thus, we started out by heating 1 and 2 (in excess) with
TEA in refluxing toluene and, after a careful workup, ob-
tained arylmethylisoxazolones 3, cinnamylidene derivatives
4, and DEA (5) (Scheme 1). The yields of the products ob-
tained are shown in Table 1.

Scheme 1

Table 1. Yields (%) of products 3 and 4

3 4Substrate

1a 75 23
1b 43 14
1c 45 12
1d 48 14
1e 20 18
1f 21 14
1g 32 16
1h 66 18
1i 40 12

All the 4-arylmethyl derivatives 3 were unequivocally
identified by comparison with known authentic samples,
while the structural assignment of 4-(cinnamylidene)isox-
azolones 4 was based on analytical and spectroscopic data
and confirmed by comparison of their IR and 1H NMR
spectra and those of analogous derivatives previously
studied by one of us.[8]

It is evident, therefore, that the isolation of DEA (5),
which was characterised by gas chromatography, and the
formation of cinnamylidene derivatives 4 through insertion
of an ethylene unit into the exocyclic double bond of 1 cle-
arly indicate the involvement of an ethyl group in the start-
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ing TEA. To confirm this, the reaction was repeated with
the substrate 1a and other selected tertiary amines. As
Table 2 indicates, the results obtained with amines con-
taining ethyl groups (entries 123) were the same as those
observed with TEA, while no reaction was observed with
amines not containing ethyl groups (entries 426) and the
starting material was recovered unchanged.

Table 2. Treatment of 1a with tertiary amines

Entry Amine Products 3 and 4 recovered:
overall yield [%]

1 N,N-Diethylaniline 95
2 N,N-Diisopropylethylamine 91
3 N-tert-Butyl- 93

N-ethylisobutylamine
4 Trimethylamine 2
5 N,N-Diphenylmethylamine 2
6 Triphenylamine 2

It can therefore reasonably be hypothesized that our reac-
tion proceeds through an initial dehydrogenation of TEA,
as suggested in Scheme 2, analogously to the reaction be-
tween some aliphatic tertiary amines containing the
CH2CH2N grouping and compounds that act as powerful
electron acceptors.[9]

Scheme 2

In our case, the arylidene system favours the oxidation of
the tertiary amine to enamine 6. The proposed SET process,
which is consistent with the reduction of 4-(arylidene)isox-
azolone and pyrazolone derivatives with benzimidazolines
generated in situ, is further confirmed by the observation
that the benzyl product yields (Table 1) tend to decrease
when groups with generally electron-releasing properties are
introduced onto Ar. These groups are known to act by dras-
tically reducing the electron-acceptor ability of electron-de-
ficient olefins.

Furthermore, the fact that cinnamylidene derivatives 4
were obtained is conclusive proof of dehydrogenation of the
tertiary starting amine occurring at the expense of the aryli-
dene 1. Indeed, if 4-arylidenes 1 are treated with an appro-
priate, separately prepared, vinylamine such as N,N-di-
methylvinylamine under the same experimental conditions,
the corresponding cinnamylidenes 4 are obtained in higher
yields and without any reduction product 3. Thus, the
formation of 4 confirms this complex reaction mechanism.
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In the light of the above observations and of our previous

results, we postulate the pathway described in Scheme 3:
formation of spiran 7 by a concerted [212] cycloaddition
between (Z)-1 and vinylamine 6, followed by loss of DEA
and thermal cycloreversion of the resulting cyclobutene 8
to give the (Z,E)-cinnamylidene derivative 4.

Scheme 3

The discovery of this new synthesis pathway and the con-
crete hypothesis suggesting the considerable potential of ar-
ylmethyl 3 derivatives for use in practical applications
prompted us to scrutinize certain properties of these intri-
guing molecules further. Our interest focussed in particular
on the preparation of samples of 3 in the desired tautomeric
form in the solid state; such samples are useful for study of
their capacities for self-assembly into supramolecular sys-
tems through RAHB.

Thus, after a number of attempts, we selected derivatives
3e and 3i, obtained by crystallization from petroleum ether
and methanol, respectively. On these two molecules and rel-
ative model systems representative of the tautomers of in-
terest, we carried out structural characterization by X-ray
analysis and ab initio and density functional calculations.

X-ray Crystal Structures of 3e and 3i

Figure 2 shows the structure of compound 3e in its sup-
ramolecular aggregate and the atomic numbering scheme
for the atoms and hydrogen bonds (represented by dotted
lines). Selected bond lengths, angles, and some relevant tor-
sion angles are given in Table 3, together with the corres-
ponding values for compound 3i.

Compound 3e crystallises in the P1̄ centrosymmetric
space group, with six molecules in the elemental cell. The
asymmetric unit is made up of three independent molecules
[named A, B, and C] held together by strong hydrogen
bonds in such a way as to form a rigid trimeric unit, de-
scribed as a R3

3(15) graph set.[10]

In the supramolecular aggregate, the arrangement of
three molecules is comparable to the characteristic shape of
a propeller rotor. The strong hydrogen bonds determine the
formation of the trimeric supramolecular unit, which prob-
ably pre-exists in the liquid state and is so stable that it
guides the entire process of crystal growth.
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Figure 2. View of the asymmetric unit of compound 3e (AA-type
tautomer) with atom numbering scheme and thermal ellipsoids at
30% probability, while H size is arbitrary; dotted lines represent the
H-interactions between the molecules in the trimeric unit (A, B and
C, respectively)

The structural parameters of the three crystallo-
graphically independent molecules are, with few exceptions,
equal within the e.s.d.s, and the arrangement of the trimer
is such that it partly respects a non-crystallographic
pseudosymmetrical ternary axis perpendicular to the me-
dium plane of the same trimeric unit.

The phenyl and the p-methoxybenzyl fragments are all
oriented in the same direction, with the exception of the
phenyl group of A, which is oriented in the opposite direc-
tion, thus destroying the ternary axis of symmetry.

Individually, the three central isoxazol-5-one rings are al-
most planar, but the central trimeric unit is somewhat
folded, causing the entire aggregate to resemble a crystal
glass without a stem.

The single molecules in the asymmetric unit are com-
posed of an isoxazol-5-one ring bearing a phenyl and a p-
methoxybenzyl group on the C(2)2C(3) double bond axis.
As is obvious from the torsion angles of
N(1)2C(3)2C(12)2C(17) [50.6(4), 252.5(4), and
241.4(4)° for the molecules A, B, and C, respectively], the
three phenyl planes are significantly rotated with respect to
the central pentatomic rings; some steric interactions are
also responsible for the orientations of the p-methoxyben-
zyl groups.

The orientations of methoxyphenyl fragments with re-
spect to the methylene hydrogen are such as to maximize
C(4)···O(3) intramolecular interaction; moreover, just as
with numerous other compounds[11] containing one or two
methoxy groups, the orientation of the group in relation to
the aromatic ring is such as to favour extensive electronic
delocalization from the oxygen O(3) lone-pairs to the
phenyl. Such an interaction is possible when the methoxy
group is coplanar with the ring; here, as can be seen from
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Table 3. Comparison of selected geometric values for compounds 3e and 3i [Å, °]

3e 3i
A B C

C(1)2O(1) 1.229(2) 1.230(2) 1.233(2) 1.193(2)
C(1)2O(2) 1.385(2) 1.391(2) 1.391(2) 1.369(2)
C(1)2C(2) 1.410(2) 1.407(2) 1.412(2) 1.503(2)
C(2)2C(3) 1.368(2) 1.374(2) 1.372(2) 1.496(2)
C(2)2C(4) 1.492(2) 1.499(2) 1.501(2) 1.564(2)
C(3)2N(1) 1.339(2) 1.331(2) 1.332(2) 1.287(2)
C(3)2C(12) 1.478(2) 1.473(2) 1.474(2) 1.471(2)
N(1)2O(2) 1.395(2) 1.389(2) 1.390(2) 1.437(2)
C(4)2C(5) 1.518(2) 1.511(2) 1.508(2) 1.514(2)
C(6)2O(3) 1.368(2) 1.375(2) 1.369(2)
O(3)2C(11) 1.435(2) 1.426(2) 1.436(2)
O(1)2C(1)2O(2) 118.0(1) 117.3(1) 117.6(1) 120.4(2)
O(1)2C(1)2C(2) 133.7(1) 134.6(1) 134.5(1) 131.5(2)
O(2)2C(1)2C(2) 108.3(1) 108.1(1) 108.0(1) 108.1(1)
C(3)2C(2)2C(1) 106.4(1) 106.2(1) 106.2(1) 100.4(1)
C(3)2C(2)2C(4) 130.4(1) 128.3(1) 129.0(1) 116.5(1)
C(1)2C(2)2C(4) 123.2(1) 124.9(1) 124.2(1) 112.0(1)
N(1)2C(3)2C(2) 109.9(1) 109.9(1) 109.9(1) 113.4(1)
N(1)2C(3)2C(12) 119.2(1) 118.0(1) 118.1(1) 118.9(1)
C(2)2C(3)2C(12) 130.9(1) 132.1(1) 131.9(1) 127.7(1)
C(3)2N(1)2O(2) 109.3(1) 109.6(1) 109.6(1) 108.1(1)
C(1)2O(2)2N(1) 106.1(1) 106.1(1) 106.2(1) 109.9(1)
C(2)2C(4)2C(5) 116.2(1) 118.3(1) 118.1(1) 112.7(1)
C(6)2O(3)2C(11) 118.3(2) 118.0(1) 117.6(1)
O(2)2C(1)2C(2)2C(3) 0.7(2) 1.4(2) 1.1(2) 24.0(2)
O(1)2C(1)2C(2)2C(4) 0.2(3) 10.5(3) 8.6(3) 258.9(2)
C(1)2C(2)2C(4)2C(5) 277.8(2) 282.0(2) 288.2(2) 70.2(2)
C(2)2C(4)2C(5)2C(6) 176.9(1) 168.4(1) 176.1(1) 2104.1(2)
N(1)2C(3)2C(12)2C(17) 50.7(2) 252.2(2) 240.9(2) 7.5(2)
C(7)2C(6)2O(3)2C(11) 25.9(3) 1.5(2) 25.2(2)
D2H···A d(D2H) d(H···A) d(D···A) (DHA)
N(1B)2H(1B)···O(1A) 0.95(2) 1.74(2) 2.697(2) 179(2)
N(1A)2H(1A)···O(1C) 0.90(2) 1.89(2) 2.782(2) 169(2)
N(1C)2H(1C)···O(1B) 0.92(2) 1.85(2) 2.769(2) 175.(2)
C(17)2H(17)···N(1) 0.93 2.51 2.808(2) 98.7
C(18)2H(18B)···O(1) 0.96 2.58 3.305(2) 132.7

the mean value [176.1(2)°] of the torsion angles
C(5)2C(6)2O(3)2C(11), it is. In order to favour the π-de-
localization and to minimize steric interaction between the
methyl group and the ortho-hydrogen atom, the
C(5)2C(6)2O(3) and C(7)2C(6)2O(3) bond angles
[114.9(1) and 123.9(1)°, respectively] are strongly distorted
and this situation has been highlighted in numerous
cases.[12] Nevertheless, we are currently carrying out a crys-
tallographic and ab initio study with the aim of interpreting
this aspect thoroughly.

It is interesting to note that the structural parameters of
the three independent molecules in the asymmetric unit are
equal within the e.s.d.s, with the exception of the distances
inside the pentatomic ring, where the few consistent vari-
ations are determined mainly by the slight differences in
hydrogen bonds.

Bond lengths and angles indicate an extended electronic
π-delocalization, which, thanks to the strongly RAHB-rein-
forced N2H···O bonds, involves the supramolecular sys-
tem. This delocalization can occur by different 23 pathways
(LLL, SLL, LSL, LLS, LSS, SLS, SSL, SSS), since it can
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take a long route L [O(1)2C(1)2C(2)2C(3)2N(1)] or a
short one S [O(1)2C(1)2O(2)2N(1)] on each hetero ring.
It cannot, however, be extended to the aryl rings, because
of their relative orientations.

The structural values observed in the pentatomic ring are
in excellent agreement with the corresponding values found
in (S)-N-benzoyl-2-amino-3-(5-oxoisoxazolin-4-yl)pro-
panoic acid[13] [C(1)2C(2) 1.402(2), C(1)2O(2) 1.396(2),
C(2)2C(3) 1.372(2), N(1)2C(3) 1.333(2), and N(1)2O(2)
1.384(2) Å]. The three C5O bond lengths [1.229(2),
1.230(2), and 1.233(2) Å for the molecules A, B, and C,
respectively], although equal within the e.s.d.s, follow the
course described above and, moreover, correspond to three
N···O: 2.697(2), 2.769(2), and 2.782(2) Å for the Oa···Nb,
Ob···Nc, and Oc···Na, respectively. The first of the three is,
together with those seen in 2-arylpyrazolo[4,3-c]quinolin-3-
ones,[5a] one of the shortest N···O intermolecular separa-
tions observed to date and corresponds with the longest C5
O distance. In our compound, both the N···O and the C5
O distances are surprisingly shorter than any other set of
reported values for analogous compounds in which π-de-
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localization enhancement and RAHB are both operat-
ive.[14]

The angles around the carbonyl carbon atoms
[O(2)2C(1)2O(1), β; C(2)2C(1)2O(1), α; and
O(2)2C(1)2C(2), γ] show significant asymmetry and have
values of 118.0(2)°, 133.7(2)°, and 108.3(2)°, respectively.
The pronounced difference in the exocyclic angles is deter-
mined[15] both by steric and by electronic factors. It is con-
sistently present in the more than 2800 compounds con-
taining the O5C2O fragment [O2C5O, β; X2C5O (X5
C,N), α; and O2C2X, γ] described in the CSD.[16] The
endocyclic γ angle, on the other hand, remains almost un-
changed [mean value 5 109.8(6)° over all compounds]. The
∆|α 2 β| difference in exocyclic angles is also strongly influ-
enced by the steric effects of the substituents in the 2-posi-
tion but in all cases a significant difference is observed. We
have found that, for compounds without steric strain, ∆ is
approximately 10°. Figure 3 shows the ∆|α 2 β| difference
versus α and β. When an sp2 nitrogen atom (this means an
O5C2N5 fragment) is present on the pentatomic ring in
the place of oxygen and its lone-pair is coplanar with the
pentatomic ring, the asymmetry of the carbonyl carbon
atom angles generally vanishes but in some cases the O5
C2N (α) angle becomes larger than β.[17] As we have al-
ready pointed out[18] this asymmetry is observed consist-
ently, but is, for example, a little less pronounced because
of the slight strain in the coumarin esatomic ring.

Figure 3. Scattergrams of the bond angles O5C2X (α) and O5
C2O (β) vs. (α-β) in CSD

Compound 3i, shown in Figure 4, also presents the usual
asymmetry in the bond angles to the carbonyl carbon:
O(2)2C(1)2O(1) 5 120.3(1); C(2)2C(1)2O(1) 5 131.5(2),
and O(2)2C(1)2C(2) 5 108.1(1)°. Here, O(1) is involved
in very weak intramolecular contact: O(1)···C(18) is
3.305(3) Å. The C(1)2O(1) bond length of 1.193(2) Å is
significantly shorter than the corresponding distance found
in 3e, in which the strong hydrogen bond is responsible for
C5O lengthening. The bond lengths and angles within the
4H-isoxazol-5-one are in good agreement with values so far
reported for compounds containing this fragment.[5a] In the
molecular packing there is no significant hydrogen bond
interaction, only normal van der Waals interaction and a
graphite-like stacking interaction between the pentatomic
ring and the phenyl group; this is in agreement with the
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inability of the molecule to form RAHB, the stacking devel-
oping along the b axis as reported in Figure 5.

Figure 4. Molecule view of compound 3i (BB-type tautomer) show-
ing the atom numbering scheme, the intramolecular H bonds and
the p-methyl rotational disorder (two staggered conformations with
0.5 occupancy); thermal ellipsoids are drawn at the 30% probabil-
ity, while H size is arbitrary

Figure 5. View of the overlapping of compound 3i molecules trans-
lated along the crystallographic b axes (x, 1 1 y, z) showing the
strong π-stacking between the phenyl and isoxazolone rings of ad-
jacent units; atom size is arbitrary and hydrogens are omitted for
the sake of clarity

Ab initio and DFT Calculations

Ab initio and DFT calculations were performed on the
AA tautomer model without substituents (see Figure 1)
with the aim of establishing the relative stability of supram-
olecular complexes with respect to the monomer and to es-
timate the extent of π-delocalization and RAHB-induced
stabilization. Single-point (SP) energy calculations per-
formed at several levels of complexity on the monomer and
trimer models show how the strong hydrogen bonds pro-
mote a more pronounced degree of stabilization (4061
kcal/mol) in the cyclic trimer than in the monomer at a high
level of calculation [HF/6-31111G(d,p), MP2/6-
3111G(d,p), B3LYP/6-3111G(d,p)]. The linear dimer
and trimer, for which SP energies were calculated only at
the B3LYP/6-311G(d) level, are more stable than the
monomer (at 10.8 and 21.8 kcal/mol, respectively). The
bond length and angles in the optimized geometry of the
trimeric model are in good agreement with the values de-
rived from X-ray analysis; full details of our analyses will
be published elsewhere.

In order to investigate the relative stabilities of the four
forms in 3e in the gas phase, further ab initio and DFT
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Table 4. Ab initio and DFT SP energy (Hartree) calculations on 2H-isoxazol-5-one tautomers

Method AA CC9 CC BB ∆E[a] ∆E[b]

HF/STO23G 2315.28693 2315.31920 2315.32267 2315.33844 2.2 32.3
HF/3221G* 2317.65230 2317.64577 2317.65164 2317.66602 3.7 12.7
HF/6-31G 2319.28872 2319.27991 2319.28615 2319.29447 3.9 9.1
HF/6-3111G 2319.37727 2319.37025 2319.37592 2319.38315 3.6 8.1
HF/6-31G(d) 2319.44479 2319.44784 2319.45123 2319.46505 2.1 12.7
HF/6-311G(d,p) 2319.46368 2319.46777 2319.47110 2319.47844 2.1 9.3
HF/6-3111G(d,p) 2319.46380 2319.46790 2319.47125 2319.47856 2.1 9.3
HF/6-31111G(d,p) 2319.53471 2319.53843 2319.54170 2319.54789 2.1 8.3
MP2/6-31111G(d,p) 2319.53472 2319.53845 2319.54172 2319.54796 2.1 8.3
B3LYP/6-31G(d) 2321.24740 2321.24536 2321.24865 2321.26493 2.1 11.0
B3LYP/6-311G(d) 2321.26432 2321.26052 2321.26392 2321.27925 2.1 9.4
B3LYP/6-31111G(d,p) 2321.34908 2321.34679 2321.35016 2321.35945 2.1 6.5

[a] ∆[ECC9 2 ECC] (kcal/mol). [b] ∆[EBB 2 EAA] (kcal/mol).

calculations were also performed on model fragments of
AA, BB, CC and CC9 (Figure 1). Calculations performed
at several levels of complexity by either method indicated
the following stability order: CCøAA,CC9,BB (in agree-
ment with the previous results).[7] BB is the lowest energy
tautomer, the energy gap between tautomers BB and AA is
ca. 9 kcal/mol, while the energy gap between the two con-
formers CC and CC9 is ca. 2.1 kcal/mol. The CC9 con-
former is the more stable of the latter pair, thanks to the
formation of the intramolecular hydrogen bond present in
this conformation. Table 4 shows energy values calculated
by using the two methods and the various basic sets, to-
gether with relative differences (in kcal/mol) between the
most and the least stable tautomers, together with values
for CC and CC9. Table 4 also shows that DFT (B3LYP
functional) overestimates the energy gap only between the
AA and the CC tautomers. With B3LYP at 6-311G(d)
level, we also estimated (4.8 kcal/mol) the torsional barrier
(Figure 6) for the enol tautomers, by scanning the torsion
angle of the enol group at 20° intervals between 0° (CC9
conformer) and 180° (CC conformer).

Figure 6. Variation of the torsional energy in the tautomer C com-
puted at B32YP/6-311G(d) level
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Conclusions

In conclusion, we have described in this paper a simple
and mild procedure for the preparation of 4-arylmethylisox-
azol-5-ones from the corresponding arylmethylene derivat-
ives by use of selected tertiary amines as reductive agent.
Our results have also demonstrated that the solid-state 4H-
isoxazol-5-one system, in the tautomeric form necessary to
allow self-assembly through RAHB and thus incorporated
in more complex structures, might represent central build-
ing units for as yet unexplored supramolecular architec-
tures.

Experimental Section

General: Melting points were determined on Reichert2Kofler hot-
stage microscope and are uncorrected. Elemental analyses were
performed on Carlo Erba EA 1102 machine. Infrared spectra were
obtained as KBr pellets on a Nicolet FT-IR Impact 400D spectro-
meter. 1H NMR spectra were recorded with a Bruker ARX 300
instrument. Column chromatography was performed on Merck sil-
ica gel 702270 mesh. 2 All solvents and reagents were obtained
from commercial sources and purified before use if necessary. 4-
(Arylmethylene)isoxazol-5-ones 1 were prepared by standard pro-
cedures.

General Procedure for Treatment of the 4-(Arylmethylene)isoxazol-
5-ones 1 with TEA: Arylmethylisoxazolones 1 (10 mmol) and TEA
(15 mmol) were dissolved in toluene (80 mL) and the mixture was
refluxed for 2 hours. After cooling, the mixture was extracted twice
with 40 mL of an aqueous saturated Na2CO3 solution and the two
layers were separated:

(a) The dark violet basic aqueous layer was then acidified with a
10% aqueous solution of HCl and extracted with ether. The organic
layer was dried with MgSO4 and, after filtration, evaporated under
reduced pressure. The residue was purified by crystallization (petro-
leum ether) to yield arylmethylisoxazolones 3 (Table 1) as colour-
less needles.
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Table 5. Summary of crystal data and structure refinement for compounds 3e and 3i

3e 3i

Empirical formula C17H15NO3 C19H19NO2

Molecular mass 281.30 293.35
Crystal system, space group Triclinic, P1̄ Monoclinic, P21/c
Unit cell dimensions
a [Å] 11.989(2) 20.033(2)
b [Å] 14.160(2) 5.1877(5)
c [Å] 15.295(2) 14.669(2)
α [°] 107.44(1) 90
β [°] 106.54(1) 92.646(8)
γ [°] 107.47(1) 90
Volume [Å3] 2153.4(5) 2087.4(5)
Z 6 4
Density (calculated) [Mg/m3] 1.301 1.279
Absorption coefficient [mm21] 0.090 0.083
F(000) 888 624
Crystal size [mm3] 0.60 3 0.35 3 0.30 0.80 3 0.42 3 0.25
Data collection theta range [°] 2.42225.05 2.04225.00
Scan type ω 2 2θ ω
Reflections collected 8259 3718
Independent reflections 7643 [R(int) 5 0.0087] 2683 [R(int) 5 0.0199]
Absorption correction ϕ-scan (t 5 0.9736/0.9481) none
Data/restraints/parameters 7643/0/581 2683/0/200
Goodness-of-fit on F2 0.838 0.955
Final R indices [I . 2σ(I)] R1 5 0.0340, wR2 5 0.0761 R1 5 0.0390, wR2 5 0.1016
R indices (all data) R1 5 0.0591, wR2 5 0.0807 R1 5 0.0526, wR2 5 0.1130
Extinction coefficient 0.0089(6) 0.009(2)
Largest diff. peak and hole [e·Å3] 0.161 and 20.134 0.147 and 20.143

(b) The organic phase was dried (MgSO4), filtered, and concen-
trated to dryness. The residue was purified by column chromato-
graphy (chloroform) to provide 4 (Table 1) as an orange solid.

The IR and 1H NMR spectra were identical to and superimposable
on those of 3[6] and 4,[8] reported previously.

Crystallographic Data: A short summary of X-ray structure deter-
mination data for the two compounds 3e and 3i is reported in
Table 5. A comparison of the significant geometric values of the
three single isoxazolones constituting the trimer 3e and of the mole-
cule of 3i is given in Table 3. Both colourless crystal samples suit-
able for X-ray analysis were obtained by crystallization from petro-
leum ether and methanol, respectively. Diffraction data for both
compounds were collected at room temperature with a Siemens P4
automated four-circle, single-crystal diffractometer and graphite-
monochromated Mo-Kα radiation (λ 5 0.71073 Å). Lattice para-
meters were obtained from least-squares refinement of the setting
angles of 35 and 29 reflections and were 23 # 2θ # 27° and 10 #

2θ # 25° respectively. Diffraction data were processed by the learnt-
profile procedure[19] and then corrected for Lorentz polarization
effects. Standard deviations σ(I) were estimated from counting stat-
istics. Absorption correction was applied to 3e data only, by fitting
a pseudo-ellipsoid to the azimuthal scan data of 20 suitable
reflections with high χ angles.[20] The statistics |E2 2 1| and consist-
ent absences for compound 3i pointed to the centrosymmetric
space groups P1̄ and P21/c respectively. Data collection and reduc-
tion was performed by the SHELXTL[21] package for 3e and
XSCANS[22] for 3i.

Both structures were solved by a combination of standard Direct
Methods[23] and Fourier synthesis, and refined by minimization of
the Σw(F0

2 2 Fc
2)2 function with a full-matrix, least-squares tech-

nique based on all independent F2 data and all anisotropic non-
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hydrogen atoms using SHELXL97.[24] For 3i, hydrogen atoms were
included in both the refinements by use of the ‘‘riding model’’
method, with X2H bond geometry and the isotropic displacement
parameter depending on the parent atom. In model 3e, the three
nitrogen hydrogens were located on the Fourier difference map and
refined isotropically without constraint. In model 3i, rotational dis-
order was taken into account for the less hindered p-methyl group
of the phenyl substituent.

An empirical extinction parameter was included in the final refine-
ment cycles of both models. Neither of the last difference Fourier
maps showed any significant electron density residuals.

Final geometrical calculations and drawings were carried out with
the PARST program[25] and the XP utility,[26] respectively. Crystal-
lographic data (excluding structure factors) for the structures re-
ported in this paper have been deposited with the Cambridge Crys-
tallographic Data Centre as supplementary publication nos.
CCDC2165933 and 2165934 for compound 3e and 3i, respect-
ively. Copies of the data can be obtained free of charge on applica-
tion to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [Fax:
(internat.) 1 44-1223/336-033; E-mail: deposit@ccdc.cam.ac.uk].

Computational Details

Ab initio and DFT calculations, molecular modelling and geo-
metry optimization were carried out with the Gaussian98[27]series
of programs. Ab initio geometry optimization on tautomers AA,
BB, and CC, as well as on the trimeric complex of tautomer AA,
was performed at HF/6-311G(d,p) level.

Single-point (SP) energy calculations for all tautomers, conformer
CC9 and the supramolecular complex of tautomer AA were per-
formed at several levels of complexity, starting with HF/STO-3G
and ending with the more sophisticated B3LYP/6-3111G(d,p). A
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complete list of the basic sets used is reported in Table 4. The tor-
sional barrier of the CC9 tautomers was computed by B3LYP at 6-
311G(d) level, by scanning the torsional angle of the enol group
(O2C2O2H) at 20° intervals between 0° (CC9 conformer) and
180° (CC conformer).
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