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An Endohedral Simple Enol: The First Isolation of Chart 1
a B-Unsubstituted Simple Enol Utilizing a

Lantern-Shaped Molecular Framework
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Capsule-shaped macromolecules with a three-dimensional
closed-shell sphere have been receiving increasing attention,
because of their unique ability for molecular recognition as well S¢heéme 1
as the expectation of the development of endohedral chenhistry.
The application of their endohedral space as a reaction environ-
ment with special properties is a major area of current interest
and importance. Various types of reactions of guest molecules
incorporated in the capsules have been repéréedl among
them there is the generation of long-lived cyclobutadiene inside
a hemicarcerand, which is highly reactive under normal
conditions?® However, these capsule-type molecules have been 4
designed primarily as a container molecule, and they are at a
disadvantage with respect to functionalization of the endohedral
surface. Recently, we reported the design and synthesis of

lantern-shaped molecules which can fix an inwardly-directed
functional group in its endohedral spatcen this Communica-
tion, we describe the unique ability of this type of compound
as a reaction field as well as a steric protection group.

When a lantern-shaped molecule of this type is applied to

5: R'= COCH,SCH,

shaped molecules, we have examined the photochemical reaction
of a methylthioacetyl-substituted compound, which is known
to generate a simple enol along with thioformaldeh§ydéthis

stabilization of a highly reactive species, it is expected that a reaction occurs in the endohedral space, it is expected to afford
monosubstituted compound of a reactive species can be obtainegy s-unsubstituted simple enol stabilized by the surrounding

which otherwise requires more than two bulky groups to be
stabilized. Simple enols are one of such spetidshas been

capsule cage.
A capping unit2 and a bottom unitt were prepared from

reported that small simple enols generated by double-bondyesorcin[4]arene tetral and bromide3a, respectively (Chart

migration of allylic alcohols can have a rather long lifetime
under rigorously purified aprotic conditions, but they are
observable only in dilute solution and cannot be isoldfed.

1). A lantern-shaped molecule bearing a methylthioacetyl
substituent was synthesized in 18% yield by the coupling
reaction of both units in the presence of potassium carbonate

Whereas simple enols bearing more than two bulky aryl groups jn N,N-dimethylacetamide at 65C under high dilution condi-

are sometimes isolabfé;¢ there has been no example of the
isolation of a monosubstituted compound of this class. Fur-

tions (Scheme 1), and its structure was confirmed#yand
13C NMR spectrd. We previously reported that there are two

thermore, all the stable simple enols isolated so far have two jsomers (concave (C) and convex (V) ones) for this kind of

substituents in th@-position of the hydroxyl group. In order
to estimate the properties of the endohedral space of lantern

lantern-shaped molecule (Chart 2), and their structures can be
“determined by théH NMR chemical shifts of the protons on

3 .
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and methyl protons of the methylthioacetyl substituent were
observed ab 3.79 and 2.19 in CDGlandd 2.73 and—1.22 in
tolueneds, respectively, indicating that in CDEb takes the
C-conformation, where the methylthioacetyl group is located
outside the capsule, whereas in toluelg&-exists as a V-isomer,
where the substituent is accommodated in the endohedral space.
The structures ob in each solution were further supported by
the NOE experiments as well as the measurements using shift
reagent$. In the present study, all photochemical reactions were
carried out in toluenels to estimate the properties of the
endohedral space of the lantern-shaped molecule.

The photochemical reactions (400 W medium pressure
mercury lamp through Pyrex and an aqueous filter solution of
NiSO4-CoSQ, (280—360 nm)) of the lantern-shaped molecule
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5 were carried out in toluends in the presence of Danishefsky’s
dieneb as a trapping reagent for thioformaldehyde. Monitoring
of the reaction by'H NMR indicated thats was completely
consumed within 4 min to afford en@| which was isolated as
white crystals in 71% yield by silica gel chromatograghghis

is the first isolation of a monosubstituted simple enol as well
as of ag-unsubstituted simple enol. The corresponding acetyl
derivative9 (R! = COCH; in 5, Scheme 1) was not detected.
Thioformaldehyde formed in this reaction was trapped as enone
8,8 which is considered to be derived by the hydrolysis of the
Diels—Alder adduct of thioformaldehyde with Danishefsky’s
diene6. As a control experiment, the reaction & without

the capsule framework was carried out under the same condi-
tions. Irradiation of3c for 3 h gave the acetyl derivativgb in
73% yield with the recovery o8c (25%).

The lantern-type endl showed its parent peak in the high-
resolution FAB MS. ThéH NMR measurements established
that enol7 is a V-isomer both in CDGland tolueneds, showing
no solvent-dependent conformational change such as wa
observed for5. In CDClk, two signals due to vinylidene
methylene protons of the enol moiety were observed @1
and 3.33 with a coupling constant of 2.5 Hz, which agrees with
that between geminal protons of olefins. The upfield shift of
the methylene protons of endlcompared with those of the

(6 4.5 is consistent with the structure @fbeing a V-isomer.

In the IR spectra, the OH stretching absorption of enalas
observed at 3551 cm in CH,Cl,. The OH bands of vinyl
alcohol in Ar matri¥® and the enol of acetone in gas phidse
are reported to be 3625 and 3628 Tmrespectively, and
assigned as the free OH stretching vibration of simple enols.
Although the slight low wavenumber shift of ca. 80 Tt
observed for7 suggests possible existence of a very weak
intramolecular hydrogen bonding with the surrounding ether
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7.10 (d,J = 7.3 Hz, 4H), 7.16-7.38 (m, 16H). HRMS (FAB)m/z
1680.7898, calcd for ggH112017 1680.7900. Anal. Calcd for fggH112017
H.0: C, 76.30; H, 6.76. Found: C, 76.60; H, 7.10.
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oxygens, it is unlikely that this effect is a major factor of the
stability of 7.

The endohedral endlis stable in CDC at room temperature,
and, even in the presence of trifluoroacetic acid, the ketonization
to the corresponding acetyl derivati@took 3 days. The
upfield shift experienced by the methyl protons of the acetyl
moiety of 9 (6 0.02) in comparison with the corresponding
mterphenyl3b (6 2.60) indicates tha® is a V-isomer. The
fact that7 showed such remarkable stability while it finally
underwent complete ketonization indicates that thermodynami-
cally the keto form is more stable than the enol form and the
high stability of enol7 originates from the steric protection effect
due to the enclosure by the capsule framework. The observation

doresented here also gives the direct evidence for the occurrence

of Norrish type Il photocleavage ingketo sulfide; an enol is
a kinetic product in the reaction, and it tautomerizes to the
corresponding ketone, a thermodynamic product.

In summary, we have demonstrated that the capsule cage can
provide a unigue reaction environment for the endohedral
functionality, because its interior is separated from a bulk phase.
The lantern-shaped molecular framework has been found to be
very effective for the stabilization of a highly reactive species
such as a monosubstituted simple enol havinggwrydrogens.

The behavior of thioformaldehyde generated in the cage is also
of interest, which is currently under investigation.
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