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The scandium trifluoromethanesulfonate-catalyzed cleavage
of acetate bearing two or three fluorine atoms at a position 3 to an
acetoxy group proceeds exceptionally rapidly. The high efficien-
cy of the hydrolysis is caused by a chelating effect of scandium
with the fluorine atoms and an acetate moiety.

The marked effect by the introduction of fluorine atoms into
an organic molecule has attracted much attention in biological and
material science.”  In particular, the interaction of a fluorine atom
to a certain metal is of great interest due to the strong affinity of
fluorine to the metal.> Hence, a proper design of chelation in-
volving the metal-fluorine interaction, if successful, would lead to
highly selective and/or facile synthetic reactions.

We herein disclose that the Sc(OTf);-catalyzed cleavage of
acetate that bears a neighboring fluorine atom is accelerated by the
chelating effect. The interaction of a fluorine atom with several
main group metallic species such as lithium and aluminum is pro-
posed;® however, the chelation of rare earth metals involving
fluorine atom has not yet been designed.

We recently reported the Sc(OTf),-catalyzed hydrolysis of
esters, in which an oxo- or methoxy group adjacent to the ester
group played a significant role for the rapid and selective reac-
tions.*® For example, the reaction of 2-acetoxyindanone (1)
catalyzed by Sc(OTf), proceeded much faster than that of 2-
acetoxyindan (2) as shown in Eq. 1. Therefore, the cleavage of
an ester neighboring to fluorine has turned to our further interest.

The reaction of 1,1-difluoro-2-acetoxyindan (3) was per-
formed in the presence of 10 mol% of Sc(OTY), in aqueous metha-
nol at 30 °C for 30 h to furnish 1, 1-difuluoro-2-hydroxyindan (4)
in 93% yield (Eq. 2).
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Since the scandium-catalyzed reaction of 3 is found much
faster than that of 2, the result suggests that the neighboring
fluorine facilitates the reaction. It should also be noted that the
fluorine effect appears to be comparable to the carbonyl effect as
observed in the reaction of 1.

The similar reaction also proceeded with several esters bear-
ing fluorine atom(s). As summarized in Table 1, a variety of

acetates that bear fluorine atom(s) at a position [} to the acetoxy

Table 1. Sc(OTf); catalyzed cleavage of fluoro acetates®
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10° ©:§-'"OAC 48 297°¢

%

The reactions were carried out using 10 mol% of Sc(OTf); at 30 °C in
MeOH-H,0 (4:1) unless otherwise noted. PIsolated yield unless otherwise
noted. “HPLC yield. dcis/zrans—Stereochemistry was not assigned.
“Consumption of the starting material.
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group was examined. The scandium-catalyzed cleavage of
difluoro- or trifluoroalkoxy acetates proceeded highly efficiently to
furnish the corresponding alcohol in excellent yields, whereas the
monofluoro ester (entry 5) was found to be less effective as well as
the non-fluorinated one (entry 6). In addition, the reactions using
the diastereomer of the monofluorinated derivatives of 2-
acetoxyindan, whose relative stereochemistries were not assigned
(entries 9 and 10), resulted in giving the corresponding products in
36% and 29% yield, respectively. The results suggest that a sin-
gle sterically preferred fluorine atom does not facilitate the scan-
dium-catalyzed reaction but geminal two fluorine atoms, at least, at
the B-position seem to be a requisite for the efficient cleavage.”®
Subsequently, the observed rapid reaction appears to be
specific in the use of Sc(OTf), as a catalyst, while such rate en-
hancement was not observed in the Bronsted acid-catalyzed hy-
drolysis of 5 under similar conditions. Figure 1 shows the re-
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Figure 1. Time course of deacetylation of 5 catalyzed by
Sc(OTf); or TFOH.

sults of time-conversion curve from § to 6 catalyzed by Sc(OTf),
and trifluoromethanesulfonic acid (TfOH). In contrast with the
increasing conversion by the catalysis of the scandium, the reac-
tion in the presence of 10 mol% of TfOH proceeded in only 5%
after 48 h.® The results indicate that the rate enhancement of hy-
drolysis is not due to the electron-withdrawing nature of a fluorine
atom. Taken together with the result that the Sc(OTf),-catalyzed
reaction of non-fluorinated acetate 7 (Table 1, entry 6) is sluggish,
we may conclude that the fluorine effect in the cleavage of acetates
is specifically observed in the scandium-catalyzed reactions.

Thus, we consider that strong chelation of the scandium
would facilitate the reaction. Furthermore, the concept could also
be applied to a variety of Sc(OTf),-catalyzed synthetic reactions’ as
well as the present deacetylation.

The experimental procedure is representative for the deacety-
lation of 1,1-difluoro-2-acetoxyindan (3): To a solution of
Sc(OT¥), (25 mg, 50 pmol) in methanol-water (4:1 v/v, 5 mL) was
added 3 (106 mg, 0.50 mmol) at 30 °C for 30 h. The reaction
mixture was poured into water and extracted with ether. The or-
ganic layer was dried over anhydrous magnesium sulfate and con-
centrated in vacuo to leave a crude oil. Purification by column
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chromatography on silica gel (hexane : EtOAc =3 : 1, R, = 0.5)
afforded 79 mg of 4 (93%) as a colorless solid. Mp 46.0-
47.5 C; IR (KBr) 3351, 1619, 1470, 1321, 1304, 1275, 1233,
1169, 1059, 982, 926, 762 cm’™'; 'H NMR (300 MHz, CDCL): 8 =
2.32 (br.s, 1 H, OH), 2.86-2.93 (m, 1 H, CH,), 3.35 (dd, J=17.0,
16.0 Hz, 1 H, CH,), 4.51-4.61 (m, 1 H, CHOH), 7.26-7.29 (m,
1H, ArH), 7.35 (t, J=7.5 Hz, | H, ArH), 7.43-7.48 (m, 1 H,
ArH), 7.55-7.58 (m, 1 H, ArH); °C NMR (75.5 MHz, CDCL,): _
=140.04 (1, J=7.5 Hz), 134.11 (t, J=26.0 Hz), 131.89, 127.72
(t, J=1.5Hz), 125.65 (t, J= 125.0 Hz), 125.60, 123.60, 74.82
(dd, J =22.0, 28.0 Hz), 36.59; '°F NMR (188 MHz, CDCl,): § =
-103.33 (dd, J = 13.5, 250.5 Hz), -108.08 (dd, J = 7.0, 250.5
Hz); HRMS (EI) found [M']:170.0547; caled for C,H,F,O:
170.0543.
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