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Abstract: This study details an aluminum-catalyzed regioselective isomerization of 2,2-disubstituted oxetanes
to yield homoallylic alcohols. The reaction takes place in toluene at 40 °C, employing 1 mol% of Al(C6F5)3 as
catalyst. This catalytic system shows a wide substrate scope (12 examples). The optimized conditions are
especially useful for electron-rich aryl oxetanes, completely suppressing the formation of allyl isomers and
reducing the amount of the dimer by-product. The synthetic applicability of the reported methodology is
demonstrated by the enantioselective formal synthesis of curcuquinone and the σ1 receptor agonist RC-33.

Keywords: Lewis superacid; tris(pentafluorophenyl)alane; oxetanes, isomerization; catalysis, asymmetric hydro-
genation; natural product synthesis

Introduction

Precious metals have demonstrated outstanding effi-
cacy in homogeneous catalysis, contributing signifi-
cantly to numerous total syntheses.[1,2] However, there
is an increasing need for catalytic transformations that
are not reliant on costly transition metals.[3] Conse-
quently, interest in the exploration of catalysts derived
from first-row and main-group abundant metals is
growing. Lewis acid (LA) catalysis illustrates the
expanding landscape of this field.[4]

LAs are molecules that can accept an electron pair
in their vacant orbital.[5] The term “Lewis superacid”,
introduced by Olah, categorizes those acids stronger

than anhydrous AlCl3.[6] Krossing and coworkers later
proposed as a definition those LA that are stronger
than monomeric SbF5 in gas phase.[7] There are several
ways to measure the strength of an LA. In general,
they involve a compromise of attractive (electrostatic,
covalent, dispersive) and repulsive interactions. Greb
recently reported an extensive study classifying the
Lewis superacidity of a collection of strong LAs.[8] In
this regard, compounds ER3 with elements of group 13
(B, Al, Ga, In, Tl) have been used multiple times as
canonical LAs.[9]

One of the most common strategies to fine tune the
properties of acids in order to convert them into Lewis
superacids is by employing electron-withdrawing sub-
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stituents (R=EWG). Numerous successful examples
can be found in the chemistry of LAs bearing
fluorinated aryl substituents, denoted as E(ArF).[10,11]

While B(C6F5)3 is well known and widely em-
ployed, the chemistry of Al(C6F5)3 has been less
explored. A comprehensive comparison between B-
(ArF)3 and Al(ArF)3 was recently published by Kaehler
and Melen.[12] They based the study on the syntheses,
properties and reactivity of these compounds. Al-
(C6F5)3 was first prepared by metathesis of mixed
aluminum organyls (Me2AlCl and LiC6F5).[13] The
development of novel reactivity for the alane analogue
was initially hampered by its stability; an explosion
was described during attempts to purify the compound
by sublimation.[14] Consequently, nowadays it is
prepared as a toluene adduct by transmetalation from
its borane counterpart.[15] Despite its potential sensitiv-
ity, Al(C6F5)3 is widely used as catalyst in polymer-
ization reactions.[16]

Although there is some controversy in the literature,
the consensus suggests that triarylalanes are stronger
LAs than the analogous boranes.[17] A theoretical study
developed by Timoshkin et al.,[10] supports this hypoth-
esis through the observation of the highest reorganiza-
tion energy in boron as compared to aluminum.[18] This
energy is the one required for the geometrical
modification (E� C bond elongation) upon coordina-
tion: transitioning from trigonal planar geometry to a
pyramidal conformation. Due to the smaller size and
shorter B� C bonds of boron, its complexes exhibit
higher repulsion between the organic residues com-
pared to Al-based LAs. Berionni and coworkers
experimentally measured this high reorganization en-
ergy for B(ArF)3.[19] A proof of the stronger acidity of
Al(C6F5)3 is that can form adducts even with weak
bases like toluene, while the borane analogue lacks this
capacity.[20]

Over the past years, our group has focused on the
Ir-catalyzed regioselective isomerization of strained
heterocycles: N-sulfonyl aziridines to terminal allylic
amines,[21] and epoxides to aldehydes, known as the
Meinwald rearrangement.[22] These reactions show
perfect atom economy, and in the case of allyl amines,
they yielded excellent substrates for asymmetric hydro-
genation (AH).

While molecules containing oxetanes have recently
gained relevance in medicinal chemistry
applications,[23] there is still room for further explora-
tion of their derivatization.[24] Notably, the ring-open-
ing of oxetanes has been extensively studied for
reactions involving ring expansion to carbonates,
catalyzed by Fe or Al.[25] Furthermore, successful
reductive ring-opening has been achieved using Ti as
catalyst.[26] Recent advancements include the applica-
tion of Co-catalysis for the ring expansion/ring open-
ing of oxetanes.[27]

Oxetanes are less reactive than their three-mem-
bered ring analogues,[28] and this property hampers
their ring-opening with Ir-based Crabtree’s catalyst. To
expand the reactivity of this strained heterocycle, our
group reported the regioselective ring-opening of 2,2-
disubstituted oxetanes to homoallylic alcohols using
the bulky Lewis superacid B(C6F5)3 (Scheme 1).[29] We
found that this commercially available LA, could be
employed to control the regioselectivity between the
homoallylic and the (E/Z)-allylic products that were
formed (Scheme 1). The regioselectivities to the
homoallylic alcohol ranged from 88% to 99%. How-
ever, the amount of oligomeric by-products was not
determined.

Despite the excellent regioselectivities of this
reaction, we observed two main drawbacks namely the
difficult separation of allylic alcohols from the desired
homoallylic products and the substantial formation of a
dimer by-product. The first issue lowered the enantio-
meric excess in the next AH step. As a result, only 5 of
the 15 examples were hydrogenated in the previous
work. The other weakness lowered the yield and was a
significant problem when using electron-rich oxetanes.

Although, in some cases, the first limitation could
be addressed by the derivatization to the corresponding
homoallylic sulfones, which provides crystallinity and
eases the separation of the isomers,[30] we attempted to
solve both drawbacks by improving the reactions
conditions. We report herein an improved procedure
for the regioselective oxetane ring-opening using the
Lewis superacid Al(C6F5)3. This approach supressed
the formation of the regioisomeric allyl alcohols and
reduced the dimer formation, expanding the scope to
electron-rich homoallylic alcohols. The applicability of
this methodology is shown by the formal synthesis of
curcuquinone and the total synthesis of RC-33.

Results and Discussion
All 2,2-disubstituted oxetanes 2 used in this article,
including those bearing electron-donating substituents
in the phenyl ring, were synthesized from acetophe-
nones 1a–l by a double Corey-Chaykovsky reaction
(Scheme 2).[31]

Scheme 1. Regioselective isomerization of oxetanes using B-
(C6F5)3 as the catalyst.
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Our initial explorations started from the optimiza-
tion of the reaction conditions using p-methoxyphenyl
oxetane 2a as our model substrate (Table 1).

Given that we had already tested several LAs,[29]
here we focused on Al-based LAs (Table 1). The
previous conditions, using B(C6F5)3 afforded a
67:12:21 ratio of products (entry 1, Table 1). We
should note that 21% molar ratio of dimer means 35%
in weight. Somewhat surprisingly, AlCl3 showed
poorer regioselectivity but less dimerization product
5a (entry 2, Table 1). Consequently, we proposed a
bulkier aluminum LA with electron-rich ligands (en-
tries 3 and 4, Table 1). Although dimerization was
quite low, the regioselectivity and the conversion were
still poor, with substantial amounts of allylic alcohols
4a. Finally, using Al(C6F5)3 (entry 5, Table 1), a bulky
LA with electron-withdrawing substituents, the con-
version was complete and the formation of the allylic
isomers 4a and dimer 5a was reduced with respect to
the boron analogue.

Superacid Al(C6F5)3 was easily prepared by trans-
metallation from B(C6F5)3.[32,33] To increase the stability
of this superacid, it was prepared in a 1:3 solution of
anhydrous toluene/hexane by adding 1 equiv. of AlMe3
to a suspension of B(C6F5)3. In this way, the toluene
adduct,[33,34] Al(C6F5)3 · tol, was filtered and used under
strict anhydrous and inert conditions.[35]

Once we had selected the LA, we proceeded to
further optimize the ring-opening reaction. We ex-
pected that the solvent effect would be pivotal in the
outcome of the isomerization reaction due to the huge
coordinating strength of Al(C6F5)3.[20] We realized that
Al(C6F5)3 · tol had to be freshly prepared before its use
as it degraded over time, even when stored at low
temperatures under N2. In addition, we observed that
the colour of the Al(C6F5)3 · tol solution changed
depending on the solvent. For example, orange or red
solutions were obtained with DCM and CDCl3,
respectively, whereas the treatment of Al(C6F5)3 with
C6D6 gave a colourless solution. Chakraborty and Chen
suggested that the yellow solution in DCM, corre-
sponds to the formation of an Al(C6F5)2Cl, which could
be the actual catalytic species in this solvent.[36] We
also found that the purity of the oxetanes was crucial
for the success of the reaction since small amounts of
impurities can decompose the catalyst. Therefore, all
oxetanes were purified by column chromatography to
afford transparent oils.

Table 2 summarizes the different parameters that
were assessed starting from DCM as the initial point
(entry 1). Other chlorinated solvents, such as DCE or
CHCl3, also gave good results (entry 3 and 4,
respectively). Ether solvents, such as THF or TBME[37]

(entry 5 and 6), yielded good selectivity but lower

Scheme 2. Transformation from ketones to oxetanes.

Table 1. Screening of catalysts in the regioselective oxetane
ring-opening reaction.

Entry Lewis Acid Conv 3a[a] 4a[a] 5a[a]

1 B(C6F5)3 100 67 12 21
2 AlCl3 100 50 39 11
3 AlEt2CN 15 82 12 7
4 AlEt3 15 67 23 10
5 Al(C6F5)3 100 88 4 8
[a] Molar ratio determined by 1H-NMR.

Table 2. Screening conditions for the Al(C6F5)3-catalysed ring
opening.

Entry Solvent Conv.[a] (%) 3aa 4aa 5aa

1 DCM 100 84 0 16
2[b] DCM 100 79 0 21
3 DCE 75 79 0 21
4 CHCl3 83 91 0 9
5 THF 78 88 0 12
6 TBME 79 90 0 10
7 Toluene 97 87 0 13
8[c] Toluene 100 46 0 53
9[d] Toluene 100 93 0 7
10[d,e] Toluene 100 93 (76)[f] 0 7
11[e,g] Toluene 100 93 0 7
[a] Determined by 1H-NMR.
[b] 0.2 M.
[c] At 0 °C.
[d] At 40 °C.
[e] Using 1 mol%.
[f] Isolated yield (%).
[g] Stock solution.
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conversions. In an attempt to avoid coordinating
solvents and taking into account the LA employed, we
used toluene which gave comparable selectivity and
conversion to DCM (entry 7). Furthermore, the temper-
ature played a role, with higher dimer formation for
the reaction at 0 °C (entry 8) and lower at 40 °C
(entry 9) due to entropic factors. As expected, higher
concentrations (entry 2) favoured dimerization. Finally,
the catalyst loading could be lowered to 1 mol%
without compromising the selectivity. As a result, we
enhanced the selectivity ratio of 3a/5a (93% of the
homoallylic alcohol 3a) with a 76% isolated yield
(entry 10). The difference between the NMR conver-
sion and the isolated yield is explained mainly by the
volatility of the product. To avoid the manipulation of
the reported thermally sensitive compound, we used a
stock solution in toluene (entry 11) which afforded the
same regioselectivity.

At this point, we sought to broaden the substrate
scope in the regioselective ring-opening reaction. With
the chromatography-purified oxetanes in hand, we
explored the substrate scope modifying the aryl group
with a range of functional groups, specially focusing
on electron-donating (EDG) substituents (Scheme 3).

Oxetanes 2a and 2c, with EDG (p-OMe� Ph, p-
Me� Ph), and 2b (Ph) afforded total selectivity towards
the homoallylic alcohols 3a–c and less than 9% of
dimer (yields ranging from 62 to 92%). Oxetanes
bearing naphthyl (2d), p-F� Ph (2e) and p-iBu� Ph (2f)
which purification from the allylic regioisomers was
difficult, also afforded complete selectivity since the
allylic alcohols 4d–f were not detected by NMR. The
reaction tolerated EWG (3e and 3 i), different alkyl
substituents (3j and 3k) as well as multiple electron-
donating patterns such as in 3g and 3h. As expected,
the non-aromatic substrate 2 l showed no conversion
towards alcohol 3 l Additionally, we could perform a
one gram scale synthesis of 3 i with 85% yield from
the freshly prepared stock solution.

To showcase the applicability of the synthetic
methodology, we undertook the syntheses of two
distinct chiral products namely (R)-curcuquinone and
(R)-RC-33. These compounds share the chiral α-meth-
yl aromatic fragment, which is present in many
marketed drugs. The synthetic routes focus on the
introduction of chirality by Ir-catalyzed asymmetric
hydrogenation, using the commercially available Ir-
UbaPHOX ligand.[38]

(R)-Curcuquinone belongs to the bisabolene family
of sesquiterpenes which have attested antimicrobial
and antifungal properties.[39] Among this group of
compounds, we have recently enantioselectively syn-
thesized (R)-curcumene.[30] Based on a similar strategy,
we envisioned the formal synthesis of (R)-curcuqui-
none in 7 steps (Scheme 4).

Starting from homoallylic alcohol 3h, transforma-
tion to the iodide through an Appel reaction and

subsequent treatment with sodium phenyl sulfinate
afforded homoallylic sulfone 7 in two steps with 52%
yield. Asymmetric hydrogenation of the sulfone with
Ir-UbaPHOX afforded 8 in excellent yield and

Scheme 3. Substrate scope in the Al(C6F5)3-catalysed isomer-
ization. Al=Al(C6F5)3; B=B(C6F5)3. a) Yield of the isolated
products. b) Previously reported.[29] c) gram scale.

Scheme 4. Formal synthesis of (R)-curcuquinone.
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enantioselectivity (91%, 96% ee). Then, LDA deproto-
nation, treatment with 2,2-dimethyloxirane and dehy-
dration afforded a 2:1 mixture of diastereomeric
sulfones 9 (64% yield, Scheme 4), We continued the
synthesis with the mixture because the new stereo-
center would be removed later. The last step was the
desulfonylation, however, instead of using recurring
sodium amalgam,[40] we introduced a catalytic step
based on the formation of a π-allylpalladium
complex.[41] This complex was attacked by super-
hydride to afford 10 in 42% yield. The oxidation of
this intermediate to curcuquinone has previously been
described.[42] The absolute configuration was con-
firmed by optical rotation (� 30.6, c=1.05, CHCl3)
which matched the reported value (� 32.0, c=1.00,
CHCl3).[43] Therefore, we achieved a formal synthesis
of (R)-(� )-curcuquinone with a 10% total yield in 7
steps.

(R)-RC-33 has shown promising biological activity
as agonists towards the activation of σ1 receptors.[44,45]
This receptors have garnered attention as potential
therapeutic targets for a range of neurological disor-
ders, such as drug addiction, cancer, and neurodegener-
ative diseases.[46] To date, RC-33 has already been
synthesized by Ir-catalysed asymmetric hydrogenation,
under high pressure.[44] However, those authors re-
ported an enantiomeric excess of 95%, after recrystal-
lization. In this work, we envisioned the synthesis of
the potent (R)-RC-33 σ1 receptor agonist, using the
homoallylic alcohol 3 i as a building block. Asymmet-
ric hydrogenation of alcohol 3 i at � 20 °C and 2 barg
of hydrogen afforded 12 in 84% yield and 96% ee
(Scheme 5). Dess-Martin oxidation to the correspond-
ing aldehyde 13,[47] followed by the reductive amina-
tion afforded the desired drug 14 in 33% overall yield
in 5 steps starting from commercially available 4-
phenylacetophenone 1 i.[48]

The enantiomeric purity was found to be 95% ee as
determined by chiral HPLC without the need for
recrystallization. This was confirmed by the optical
rotation (� 19.3, c=1.00, MeOH; � 30.6, c=1.00,
CHCl3) which was consistent with the literature
(� 15.9, c=0.20, MeOH).[44] As a result, we have
disclosed the total synthesis of (R)-RC-33 which, to
our knowledge, is the shortest and most efficient route
reported to date. Moreover, our approach allows the
synthesis of either enantiomer with high stereochem-
ical purity, starting from the achiral homoallylic
alcohol 3 i.

In a previous study we analyzed, by means of DFT
calculations, the mechanism of formation of the
homoallylic and allylic products mediated by B(C6F5)3
(Scheme 6, Ar=Ph; E=B).[29] In the present work we
have computed the mechanisms from oxetane 2a,
using B(C6F5)3 and Al(C6F5)3 (Scheme 6, Ar=p-
MeOPh-, E=B or Al). Moreover, in addition to these
two already known pathways, for both B(C6F5)3 and
Al(C6F5)3 catalysts and 2a substrate (Ar=p-
MeOPh� ), we have investigated the mechanism for
the formation of the dimer by-product 5a, to disclose
the origin of the selectivity and rationalize the reduced
formation of this by-product with aluminum catalyst.

Several routes, with a thorough exploration of the
conformational space and location of intermediates and
transition states, were investigated using the
B3LYP� D3 functional with basis set BS1 and includ-
ing dichloromethane solvent (DCM) in the optimiza-
tions through the SMD implicit solvent method. To
obtain accurate energies, additional single-point calcu-
lations were performed on all optimized structures
using the domain-based local pair natural orbital
coupled cluster approach (DLPNO-CCSD(T)) and an

Scheme 5. Enantioselective total synthesis of RC-33.

Scheme 6. Computed mechanism for the formation of homo-
allylic and allylic products (E=B, ref. [29]; E=Al, present
work).
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extended basis set (def2-TZVP) (see extended compu-
tational details in the Supporting Information).[49] This
method can be considered the state-of-the art for
providing energies of systems of this size, and it has
proved to be very effective in obtaining accurate
reaction thermodynamics and barrier heights. All of
the Gibbs energies collected in the text have been
obtained, adding to the DLPNO-CCSD(T)/def2-TZVP
electronic energies thermal and entropic corrections as
well as solvation energies (ΔG(solv)) obtained at the
B3LYP� D3/BS1 optimization level.

Despite reactions with B(C6F5)3 and Al(C6F5)3
proceed with the same mechanism, the relative
energies of the species involved are different. Com-
plete Gibbs energy profiles can be found at the
Supporting Information (Figures S1 and S2), as well as
the optimized structures of all the intermediates and
transition states. Here we will comment their main
features, focusing on the competition between homo-
allylic and dimeric products.

The shape of the Gibbs energy profiles for boron
and aluminum reagents is very similar, but with much
lower relative energies for aluminum containing
species. Our DFT studies showed that the formation of
all the products (the homoallylic and the allylic
alcohols and the dimer) first require ring opening of
the oxetane I, promoted by interaction with the Lewis
acid. The zwitterionic intermediates with the open ring
II are formed in this step. The ring opening step of the
electron rich 2a oxetane does not affect the product
ratio and for both boron and aluminum catalysts it has
a very low barrier. However, the strongest Lewis
acidity of Al(C6F5)3 is reflected in the relative Gibbs
energy of the zwitterionic intermediates: whereas II-B
is stabilized 9.0 kcalmol� 1 with respect separated
reagents, II-Al falls 26.4 kcalmol� 1 below the sepa-
rated species. The same happens with all the species in
the energy profiles.

Proton transfer of a C� H proton to the basic oxygen
atom of the intermediate II generates the homoallylic
and allylic products. As we showed in our previous
study, II can evolve in two ways: (a) intramolecular
pathway, in which a proton is transferred from methyl
to oxygen directly generating the homoallylic product;
(b) intermolecular two step pathway, in which first a
CβH2 proton is transferred to the oxygen of another II
intermediate, that in a second step give back the proton
to the oxygen of the first unit generating the allylic
alcohol (Scheme 6). For both Al(C6F5)3 and B(C6F5)3
catalysts formation of allylic alcohols implies higher
barriers than formation of homoallylic product (see
Figures S1 and S2). The selectivity towards the
homoallylic alcohol is, therefore, well reproduced in
both cases.

The lower dimerization observed with the alumi-
num catalysts was much harder to reproduce. The key
barriers that can justify the experimental differences

between boron and aluminum LA catalysts are
collected in Table 3.

The barrier for the formation of the homoallylic
product is decided at transition state TSIII-IV, involving
intramolecular H-transfer. The formation of dimeric
side-product also involves the very reactive intermedi-
ate II and it is a stepway process: it should entail the
attack of the oxygen of the homoallylic product to the
electrophilic carbon of II (TSIII’-IV’)[50] followed by a
proton migration from the oxygen of the protonated
ether to the terminal oxygen bonded to the Lewis acid
(TSIV’-V’).[51]

After exploring several possibilities, we have found
that the favoured pathway for the dimerization implies,
in addition to the homoallylic product, the cooperation
of two units of intermediate II. The C� O bond
formation and the deprotonation of O-ether takes place
concertedly, with the proton being transferred to the
second II unit (Scheme 7, TSIII’-IV’). Then the proto-
nated II transfers back the proton to the terminal
oxygen of the first unit (through TSIV’-V’) leading to the
formation of the dimer 5a (Scheme 7). This second
step has lower barrier than the first one and does not
influence the product ratio.

The competition between homoallyl alcohol and
dimer formation is governed by the energy difference
between transition states TSIII-IV (intramolecular proton

Table 3. Comparison of key barriers (in kcal mol� 1) for
B(C6F5)3 and Al(C6F5)3-catalysed formation of the homoallylic
and dimer products.

TSs ΔG�
DCM

[a] ΔΔG�
DCM

[a,b]

Homoallylic TSIII–IV� B 16.0 2.6
Dimer (1st step) TSIII’–IV’� B 18.6
Dimer (2nd step) TSIV’–V’� B 13.0
Homoallylic TSIII–IV� Al 17.7 3.0
Dimer (1st step) TSIII’–IV’� Al 20.7
Dimer (2nd step) TSIV’–V’� Al 12.7
[a] DLPNO-CCSD(T) computed Gibbs energy barriers.
[b] Gibbs energy difference between homoallylic and dimer
competitive transition states (TSs) highlighted in bold.

Scheme 7. Computed mechanism for the formation of dimer.
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transfer) and TSIII’-IV’ (concerted nucleophilic attack-
deprotonation). This difference amounts 2.6 kcalmol� 1
for Al(C6F5)3 and 3.0 kcalmol� 1 for B(C6F5)3.

Overall, these results justify the lower ratio of 5a
by-product obtained with Al(C6F5)3 (3a:5a products:
88:8 (Al) vs. 67:21 (B), Table 1). From these exper-
imental values the difference should be around
1 kcalmol� 1. The computed value is not far from this
value.

Conclusion
Here we developed an improved methodology for the
oxetane ring-opening by using Al(C6F5)3, as the Lewis
superacid. A wide range of oxetanes (12 examples)
were isomerized towards the homoallylic product,
completely avoiding the formation of the allylic
regioisomers, and reducing the formation of a dimer
by-product (3–9%). The procedure is especially con-
venient for substrates with EDG such as methoxy,
alkyl or aryl. The decrease of the dimer formation
highly improved the preparation of the starting materi-
al for the enantioselective formal synthesis of (R)-(� )-
curcuquinone (96% ee, seven steps from the homoallyl
alcohol, 10% overall yield). Moreover, the total syn-
thesis of the σ1 receptor agonist, (R)-RC-33, was
conducted in only five steps from 4-phenylacetophe-
none (95% ee, of 33% overall yield). DFT calculations
provided a mechanistic insight into this transformation
allowing us to understand the regioselectivity as well
as the formation of the dimeric species.

Experimental Section
Preparation of Al(C6F5)3 as a Toluene Adduct[33]

In a glovebox, B(C6F5)3 (0.51 g, 1 mmol, 1 equiv.) was
weighted in a 25 mL Schlenk tube and dissolved in 1 mL of
anhydrous toluene. The reaction mixture was left stirring for
1 min and then 2 mL of previously sparged hexane were added.
After 20 min stirring at rt, 0.5 mL of AlMe3 (2.0 M in toluene,
1 mmol, 1 equiv.) was added to the resulting suspension
dropwise. The solution became transparent once all AlMe3 was
added and after 20 min a white precipitate appeared. The
suspension was left stirring overnight at room temperature. The
Schlenk tube was evacuated and purged with nitrogen (x3) to
remove BMe3 (gas) and the supernatant was removed with a
syringe under a positive pressure of N2. The remaining solid
was washed with cold hexane (x2) and finally dried under
reduced vacuum to afford Al(C6F5)3 · tol as a white solid in 68%
yield. The compound was stored in the freezer of the glovebox.
19F-NMR (376 MHz, C6D6) δ � 123.8 (d, J=18.7 Hz, 6F),
� 151.4 (t, J=18.8 Hz, 3F), � 161.1 (m, 6F) ppm. The
analytical data for this compound was in excellent agreement
with the reported data.[33]

General Procedure for the Preparation of Homo-
allylic Alcohols
A sealed capped vial with a stirring bar was taken into the
glovebox and Al(C6F5)3 · tol (3 mg, 0.006 mmol, 0.01 equiv.)
was weighted and dissolved in anhydrous toluene (0.5 mL). It
was then added to a solution of the corresponding oxetane 2a–i
(0.4 mmol, 1.0 equiv.) in toluene (3.5 mL, 0.1 M) at 40 °C while
stirring for 2 hours. Afterwards, water was added, and the two
resulting layers were separated. The aqueous layer was
extracted with DCM (x3), the combined organic layers were
dried over MgSO4, and the solvent was evaporated under
reduced pressure. Ratios between compounds 3, 4 and 5a–i
were determined by 1H NMR of the crude mixture. The product
was further purified by flash column chromatography.

Safety
Caution! Al(C6F5)3 · toluene is potentially shock and thermally
sensitive due to the formation of benzyne intermediate upon
heating. Handle this material under strict inert atmosphere and
do not heat it in a close compartment without solvent. We
recommend to use a stock solution in toluene
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