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Summary: This paper reports on the remarkable ability of cyclic
trimeric perfluoro-o-phenylenemercury (asf&Hg)s (1) to bind
selectiely the less stable keto form of acetylacetone (AA) with
the formation of a sandwich complg)o-CesF4Hg)s] 2(AA)} (2),

shown that this macrocycle readily coordinates different neutral
Lewis bases such as nitrilés¢ mono- and dicarbonyl com-

pounds?®cd4 and many others (see ref 5 and papers cited
therein). In the case of monocarbonyl compounds (aldehffdes,

wherein the molecule of AA is disposed between the mUtua”yketones’lyd,eestergl,b amides of carboxylic acidd9, complexes

parallel planes of two macrocycles and is bonded to each of
themvia the cooperatie coordination of its carbonyl oxygen
atoms by all three Hg centers of the neighboring molecule of
1. The synthesize®lis the first example of a structurally char-
acterized complex containing the keto form of AA as a ligand.

Introduction

Keto—enol equilibria play an important role in organic
chemistry, determining the chemical behavior of tautomeric

systems. Therefore, searches for approaches that would allow,

the quantitative shift of such equilibria toward one or another
tautomeric form are of great interest. One of the ways for solving
this intriguing problem is the use of specific supramolecular
host-guest interactions for the selective binding of the corre-
sponding keto or enol form. Among potential hosts that could
be suitable for this purpose, macrocyclic multidentate Lewis
acids, named anticrowrisseem to be very promisiryg.

In our continuing studies aimed at development of supramo-
lecular and catalytic chemistry of anticrowns, we have previ-
ously demonstrated the remarkable property of cyclic trimeric
perfluoroo-phenylenemercury ofCeF4Hg)s (1)° to bind ef-
ficiently various anionic species with the formation of hest
guest complexes of the unique structui®slt has also been
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with one, two, or three Lewis basic species per one anticrown
molecule are produced. All these adducts are characterized by
the presence of at least one fragment wherein a basic oxygen
atom of the carbonyl group is cooperatively coordinated by all
Lewis acidic Hg sites of the anticrown, thereby leading to the
unusual pyramidal or bipyramidal structures. The amide nitrogen
atom and the oxygen atom of the ester alkoxy group do not
participate in the bonding to the macrocycle. In the case of
dicarbonyl compounds such gsbenzoquinone and maleic
anhydride, 1:2 and 2:2 complexes withvere isolated and these
adducts have double-decker sandwich structtiretere, too,

only carbonyl oxygen atoms of the Lewis base are involved in
the coordination with the anticrown molecules.
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On the basis of these results, we decided to study the behavior
of macrocyclel in reactions with typical keteenol tautomeric
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systems. Because keto and enol forms should differ from each
other in the Lewis basicity of their oxygen atoms, one might
assume that these differences would reflect essentially on the
relative stability of the corresponding keto and enol complexes
of 1 and, as a consequence, on the tautomer binding selectivity.
In the present paper, data on the interaction of macrocycle
with the acetylacetone (AA) tautomeric system are reported.

Results and Discussion

Liguid AA is known to consist of ca. 80% of the enol form
and 20% of the keto forrfiln solutions, the enol/keto ratio can
vary depending on the nature of a solvent, concentration, and
temperature. In the gas phase, the content of the enol reaches
97.6%°6 and in the crystal at 110 K, the molecules of AA exist
entirely as the enol form.t is known also that a number of
organic hosts such as 2-ethyladenine,’-bjhaphthyl-2,2-
dicarboxylic acid, 1,1-djf-hydroxyphenyl)cyclohexane, and
some others are able to bind selectively the enol form of AA,
giving rise to crystalline 1:1 or 2:2 inclusion compleXes. Figure 1. ORTEP representation of the molecular structure of
Depending on the nature of the host, hydrogen bonds or vancomplex2 with thermal ellipsoids drawn at the 30% probability
der Waals interactions are responsible for the formation of theselevel.

supramolecular aggregates. Table 1. Selected Bond Lengths (A) and Angles (deg) in
Complex 2
H3C\C/CHZ\C/CH3 N A Bond Lengths
| | - | | Hg(1)-O(1) 2.989(10) Hg(3)C(8) 2.073(10)
) 0 O.._ O Hg(2)-0(1) 3.020(10) Hg(3yC(13) 2.073(9)
H Hg(3)-0(1) 3.198(9) Hg(1¥C(14) 2.044(10)
Hg(1)-C(1) 2.079(10) C(1950(1) 1.197(15)
A quite different situation is observed when macrocytle Hg(2)-C(2) 2.064(11) C(19yC(21) 1.55(2)
reacts with the AA tautomeric system. Here, the selective H9(2)—-C(7) 2.061(9) C(19C(20) 1.53(2)
binding of the less stable keto form of AA occurs and a complex, Bond Angles

{[(0-CsF4HQ)3]2(AA) } (2), containing one molecule of AA in C(1)-Hg(1)-C(14) 176.8(4)  O(1yC(19)-C(21) 119.0(14)
its keto form per two anticrown molecules is produced. By using C(2)-Hg(2-C(7) ~ 175.5(4)  C(20yC(19)-C(21) ~ 115.7(14)
this reaction, one can totally shift the ketenol equilibrium in 8%:2?8)):22% gg'gg)& C(A9CRL-C(L9AF  107(2)
AA toward its keto form stabilized by the complexation. )

Complex2 is a colorless crystalline solid stable in air. The ~_ °Symmetry transformatiorrx + 1,y, =z + 3/2 was used to generate
IR spectrum o exhibits they(C=0) band at 1679 (ms) cm, equivalent atoms.
which is shifted to lower wavenumbers in comparison with the
v5(C=0) andv,{C=0) bands (1727 and 1707 cA) for the
free keto form of AA? The IR spectrum of the uncoordinated
enol form of AA is characterized by a very strong and broad
absorption band at 1620623 cn1?, which has been interpreted
as the superposition of the=€D stretching and the €C
stretching coupled with the €H in plane bending mod&!®
However, the IR spectrum of compl@&shows only weak bands
(at 1619 and 1584 cm) in this region. The similar weak bands
(at 1616 and 1585 cm) belonging to the aromatic ring
vibrations are present in the IR spectrum of flee'he 1%°Hg
NMR spectrum of in THF ([2]o = 8 x 10-2 mokL 1) differs
only insignificantly from the spectrum of the starting macro-
cycle, but the addition of an excess of AA to a THF solution of
2 leads to a noticeable downfield shift of tA¥Hg resonance
relative to that of freel (by 7 ppm at the AA2 ratio of 40:1).
If AA is mixed with a 2-fold excess ol in CH,Cl; ([AA] o =
3.23 x 1072 mokL™?), then the subsequent removal of the

solvent and washing of the resulting crystals withexane give
rise to analytically pur@ in a 99% yield. This means that under
such conditions practically the entire quantity of AA is
transformed into its keto form stabilized by the coordination
with the metal centers. According to thid NMR spectra, the
enol/keto ratio in a ChCl, solution of AA (of the same
concentration as in the above experiment) is 79:21. It should
be noted, however, that tAi&Hg NMR spectrum of in CH,-
Cl; (as in THF) virtually does not differ from the spectrum of
free 1, thus suggesting that the equilibrium of the complexation
of AA with 1 in CH,Cl, is completely or almost completely
shifted toward the starting reagents. Therefore, one may
conclude that the above-described quantitative conversion of
AA into its keto form coordinated with the mercury anticrown
occurs at the step of the precipitation of crystals in the course
of the removal of the solvent. The reactionlofvith AA in the
absence of a solvent also giv&s a close to quantitative yield.
The structure of is shown in Figure 1. Selected bond lengths

(6) Toullec, J. InThe Chemistry of EnalRappoport, Z., Ed.; John Wiley and angles are listed in Table 1. The complex occupies in the
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em. ) e e
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Soc.1983 105 1584. (b) Toda, FTop. Curr. Chem1987 140, 43. (c) mutually parallel planes of two macrocycles and is bonded to
Gallardo, O.; Csoeregh, |.; Weber, E.Chem. Crystallogr1995 25, 769. each of these through a simultaneous coordination of its carbonyl

g’gys?égggcg%%é%'éogsﬁh Z; Yoshizawa, K., Toyota, S.; Toda, F.  qgyygen atoms by all Hg centers of the neighboring molecule
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Figure 2. Kinetic curves of the transformation of the keto form
of AA into the equilibrium mixture of the keto and enol forms in
CDClz at 23°C ([2]o = 4.3 x 1073 mokL™1).

Waals radii of mercury (1.732.00 Altab2 1 All9 and oxygen
(1.5 Allc 1,54 Alld) atoms. The C(19YO(1) and C(19AY
O(1A) bond lengths (1.197(15) A) idare typical of the normal
C=0 double bond (av 1.23 A), while the C(t9¢(21) and
C(19A)—C(21A) distances (1.55(2) A) are typical of the normal
single G-C bond (av 1.54 A). The carberoxygen framework
of the coordinated AA molecule iis not planar (the dihedral
angle between the O#)C(19)>-C(21) and O(1A)C(19A)—
C(21) planes is 83(2), and the mutual arrangement of the=C
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25°C ([AA] = 1072 mokL 1) determined by the HPLC method

is 6.0 (enol, 85.7%; keto, 14.3%), which is close to the
corresponding value (av 5.7; enol, 85%; keto, 15%; see above)
found in our work.

Conclusion

The results of our study revealed the remarkable ability of
macrocyclel to bind selectively the less stable keto form of
AA with the formation of sandwich compleR. The driving
force of this reaction is apparently a considerably higher Lewis
basicity of the carbonyl oxygen atom of the keto form of AA
as compared to that of its enol form, whoseQ functionality
is involved in the H-bonding to the enol hydroxide group. As
a result of the formation of, the keto-enol equilibrium in
AA is quantitatively shifted toward its keto form stabilized by
the complexation. The synthesiz&ds the first example of a
structurally characterized complex containing the keto form of
AA as a ligand. The described approach to stabilization of the
keto form of AA by means of its complexation with an
anticrown could be extended to other ketnol equilibria
wherein the keto form is the minor tautomer.

Experimental Section

General Comments.The starting macrocyclé was prepared
according to the published proceddreCommercial AA was
additionally purified by distillation in vacuo. Solvents were purified
by conventional methods and were distilled prior to use. The IR

O groups corresponds to a transoid conformation (the torsion gpecira were recorded on a Nicolet Magna 750 Series Il Fourier

0O(1)—C(19)-C(19A)—0O(1A) angle is 163(2). The C(19)-
C(21)-C(19A) bond angle is 107(2)thus indicating the sp
hybridization of the C(21) atom. Thus, the AA ligand in complex
2 exists indeed as the keto form.

The geometry ofl does not change essentially upon the
complexation. The C(19)0(1) and C(19A)0O(1A) bond

spectrometer. Th&*Hg andH NMR spectra were registered on
a Bruker AMX-400 instrument. The relatative content of the keto
form of AA in solutions (CDCl, and CDC}) was determined from
the intensity of the singlet of the methylene protons in'‘tHe&NMR
spectra§ = 3.56 ppm in CRCl, and 3.55 ppm in CDG), whereas
the content of the enol form was determined from the intensity of

vectors in the complex are almost perpendicular to the meanthe singlet of the methyne protod & 5.56 ppm in CDCI, and
planes of the central mercuracarbon rings (deviation from the 5.46 ppm in CDG).

normal to these planes is’)7 The mutual orientation of the

Synthesis of [(0-CeF4HQ)3]2(AA)} (2). A solution of AA (0.01

macrocycles is close to a staggered conformation, and themL, 0.1 mmol) in 1 mL of CHCI, was added to a solution df
projections of their centroids onto the plane parallel to these (0.209 g, 0.2 mmol) in 30 mL of C4€lz, and the reaction mixture
cycles are shifted relative to each other by 1.89 A. The Was allowed to slowly evaporate at 20 to dryness. After 2 days,

C—Hg—C bond angles in the macrocycles (175.5(4y8.3-
(4)°) are close to 180
In a CDC solution (as in CHCly), complex2 dissociates

and, as a result, the reverse transformation of the keto form o

AA into the equilibrium mixture of both of its tautomers occurs
(see Figure 2), which is evidenced By NMR spectra. The
process proceeds according to a first-order equakipsr (1.32

x 104 s71, kg = 2.3 x 1075 s71) and reaches equilibrium
after 6-7 h at 23°C ([2]o = 4.3 x 1072 mokL™1). By that

the resulting colorless crystals Bfwere washed witim-hexane (2
x 2 mL) and dried in vacuo at 2TC for 3 h. Yield of2: 0.218 g
(99%). Anal. Calcd for GHgF24HgsO2: C, 22.47; H, 0.37; F, 20.80.

fFound: C, 22.36; H, 0.33; F, 20.78. IR (Nujol mul(CO), cnT1):

1679 (ms). In the other experiment, macrocytl€).105 g, 0.1
mmol) was dissolved in 3 mL of AA at 20C, and the resulting
solution was allowed to stand overnight in a closed system. After
24 h, the precipitated colorless crystalafere filtered off, washed
with ether (2x 1 mL), and dried at 20C in vacuo for 3 h. Yield
of 2: 0.104 g (95%). Anal. Calcd for gHgF24HgsO,: C, 22.47;

time, the relative contents of the enol and keto forms reach ca.y .37; F, 20.80. Found: C, 22.60; H, 0.46; F, 20.93. IR (Nujol
85 and 15%, respectively. Practically the same enol/keto ratio myl, »(CO), cnrl): 1679 (ms). For carrying out the X-ray

is observed in a solution of liquid AA in CDglbf the same
concentration. The value of the ketenol equilibrium constant
for AA, calculated from the above kinetic datée(= ki/k-1 =
5.74), practically coincides with that calculated from the
equilibrium concentrations of the enol and keto forms of AA
(Ke = [enol]/[keto]e = 5.67). According to the literature dat3,
the constant of the keteenol equilibrium for AA in CHC} at

(11) (a) Canty, A. J.; Deacon, G. Borg. Chim. Actal98Q 45, L255.
(b) Pyykka P.; Straka, M.Phys. Chem. Chem. Phy200Q 2, 2489. (c)
Batsanov, S. SZh. Neorg. Khim.1991, 36, 3015. (d) Nyburg, S. C;
Faerman, C. HActa Crystallogr., Sect. B985 41, 274.

(12) Moriyasu, M.; Kato, A.; Hashimoto, YJ. Chem. Soc., Perkin Trans.
21986 515.

diffraction study, the crystals & were not dried in vacuo.

X-ray Diffraction Study of Complex 2. Cy3HgF24Hgs0,, M =
2192.01, the crystals ¢f are monoclinic, space group2/c, a =
24.5187(13) Ap = 14.2738(7) Ac = 13.8951(7) A = 116.712-
(1)°, V= 4344.0(4) B T =260 K,Z= 4, u(Mo Ka) = 21.269
mm~1, crystal size 0.30« 0.25x 0.05 mm. The single-crystal X-ray
diffraction experiment was carried out with a Bruker SMART 1000
CCD diffratometer, using graphite-monochromated Mo tadia-
tion (1 = 0.71073 A w-scan,20 < 60°) at 260 K. Reflection
intensities were integrated with the use of SAINT softwiérand
the semiempirical method SADABSwas applied for absorption
correction Tmin/Tmax = 0.080/0.333). A total of 22 109 reflections
were measured, and 628RB{ = 0.0594) independent reflections
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were used in further calculations and refinement. The structure wasis 331. All calculations were performed on an IBM PC/AT using
solved by direct methods and refined by full-matrix least-squares SHELXTL software!®
against~2 in anisotropic (for non-hydrogen atoms) approximation.

Hydrogen atoms were placed geometrically and included in the Acknowledgment. This work was supported by the Russian
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