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The Baeyer—Villiger oxidation of cyclic ketones with penta-
fluoroperbenzoic acid provides the corresponding lactones
in 40-98% yields.
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The oxidation of cyclic ketones with molecular oxygen,12 hydrogen
peroxide,38 or peracids,’10 is an efficient access to lactones.
In this work, we report the Baeyer—Villiger oxidation of cyclic
ketones using pentafluoroperbenzoic acid (PFPBA), which has
been already employed in the organic synthesis, e.g., for the
epoxidation of olefins'12 and hydroxylation of adamantanes.'314
PFPBA is stable: its thermal decomposition begins at 93°C
according to the derivatographic analysis, it remains stable during
storage (e.g., the loss of active oxygen at 20 °C does not exceed
1.5% after 2 months), and it is shock-resistant as compared to
m-chloroperbenzoic acid (mCPBA).1® Taking into account the
high reactivity of PFPBA, we believed that it could serve as an
active and selective oxidizer of cyclic ketones.
Adamantan-2-one 1 was chosen as the model example to
optimize the conditions for the Baeyer—Villiger oxidation with
PFPBA. The reaction employing 1:1 reagent ratio at room
temperature for 6 h provided 4-oxahomoadamantan-5-one 2 in
40% yield (Scheme 1, Table 1, entry 1). An introduction of oxo-
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Scheme 1 Conditions: CH,CI,—~C,H,Cl,, 20°C, 6 h.

Table 1 The influence of PFPBA concentration, catalyst MoO(O,),-2 QOH,
and reaction conditions on the yield of lactone 2.2

Entry 1:PFPBA ratio [Mo] (mol%) Yield of 2 (%)
1 1:1 - 40
2 1:1 1 33
3 1:1 3 50
4 1:1 5 54
5 1:1.2 - 76
6 1:1.2 5 78
7b 1:15 - 82
8¢ 1:15 - 84
9 1:15 - 98

104 1:15 - 57

114 1:15 5 62

aReaction conditions: 20°C, 6 h. PThe duration of reaction is 1 h. The
duration of reaction is 3 h. 9The oxidizer is mMCPBA.
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peroxo complex of molybdenum MoO(0O,),-2Q0H (QOH is
8-hydroxyquinoline) as the catalyst (5 mol%) insignificantly
increased the yield of lactone 2 (to 54%, see Table 1, entry 4).
When the PFPBA amount was raised to 1.5 equiv., the yield of
lactone 2 rose to 98% in the absence of the catalyst (entry 9).

To evaluate the relative activity of PFPBA in comparison with
other oxidizers, experiments on the oxidation of adamantan-2-one
1 with mCPBA were carried out. Under the similar conditions
(20°C, 6 h, without or with [Mo]), product 2 was formed in yields
of 57 or 62% (see Table 1, entries 10 and 11). Thus, PFPBA is a
stronger oxidizing agent than mCPBA.

Diamantanone 3 also reacts smoothly with PFPBA under the
similar conditions (20°C, 6 h) and provides a 2:1 mixture of
11-oxahomodiamantan-10-one 4a and 10-oxahomodiamantan-
11-one 4b (Scheme 2). The ratio between lactones 4a and 4b
was determined from the comparison of 'H and 3C NMR spectra
with the previously reported data, when the similar mixture of
lactones (4a:4b = 1.7:1) was obtained via oxidation of 3 with
a fivefold excess of peracetic acid at 40°C.

Oxidation of 5-hydroxyadamantan-2-one 5 proceeded with
incomplete conversion (67%) at 20 °C after 6 h to give 1-hydroxy-
4-oxahomoadamantan-5-one 6. The introduction of [Mo] catalyst
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Scheme 2 Reagents and conditions: CqFsCO3H (1.5 equiv.), CH,Cl,—
C,H,Cl,, 20°C, 6 h.

T Asolution of PFPBA (0.68 mmol) in CH,Cl, (2 ml) was added dropwise
to the solution of adamantan-2-one 1 (0.05 g, 0.33 mmol) in dichloro-
ethane (2 ml) at 20°C for 1 h, and the reaction mixture was stirred for
additional 5 h. Once the reaction was finished, aqueous Na,CO5; (10%)
was added, and the mixture was stirred for 5 min. The organic layer was
filtered through Al,O5 (CH,Cl,—dichloroethane as the eluent), while the
aqueous one was extracted with CHCI;. The organic fractions were
combined and the solvent was evaporated. The reaction products were
isolated by column chromatography on silica gel (60-200 um, 60 A)
using ethyl acetate as the eluent.
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Scheme 3 Reagents and conditions: CgFsCO3H (1.5 equiv.), MoO(0,), - 2Q0OH
(5 mol%), CH,Cl,—C,H,Cl,, 20°C, 6 h.

allowed us to increase the yield of lactone 6 up to 81% at the full
conversion of 5 (Scheme 3).

To estimate the PFPBA opportunites as the versatile oxidizer,
cycloalkanones Cs—Cg and C,, 7a—e were tested. The reaction was
processed at the twofold excess of PFPBA providing the cor-
responding lactones 8a—e (Scheme 4). High yields of lactones
8c—e were achieved under the conditions of 50°C and 12 h. In the
oxidation of cyclopentanone 7a, the yield of 5-pentanolide 8a did
not exceed 50% due to the formation of side 5-hydroxypentanoic
acid. Note that to achieve high yields of lactones 8a—e using
mMCPBA, a prolonged exposure at 20 °C for 5 days!” and 70 °C for
7 days® is required.
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Oxidation of norbornan-2-one 9 at 20°C in the presence of [Mo]
catalyst gives single regioisomer 10a of two possible (Scheme 5).
The highest yield of lactone 10a (94%) was achieved in the
presence of 5 mol% of the catalyst, while in the absence of the
catalyst it was 67%. The analogous oxidation with mCPBA is
non-selective and affords a mixture of isomeric lactones 10a,b.1°
The oxidation of camphor 11 required a prolonged heating
(40°C, 20 h) in the presence of twofold amount of PFPBA,
providing a mixture of regioisomeric campholides 12a,b in the
total yield of 40% (see Scheme 5). The first experiment on the
oxidation of camphor 11 with PFPBA was carried out at a lower
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temperature (20 °C, 30 days), which could explain the low yield
(27%) of lactones 12a,b.1

In summary, we have demonstrated that pentafluoroperbenzoic
acid is a promising and efficient Baeyer—Villiger reagent highly
competitive with traditional mCPBA.

This work was carried out within the framework of the State
Assignment (no. AAAA-A17-117012610063-8). The authors are
grateful to the Regional Center for Collective Use ‘Agidel’ for
the provided equipment.
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