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The first example of Yb(OTf);-catalyzed tandem ring opening/
Friedel-Crafts cyclization of oxiranyl and aziridinyl ketones via
selective C—C bond cleavage under mild conditions was developed.
Isochromanones and isoquinolines are formed in reasonable
yields, which often serve as building blocks for complex chemical
synthesis.

Isochromanones and isoquinolines are present in the core of
many natural products and medicinally active molecules,' such
as the ajudazols, (4R)-hydroxyochratoxin A, acetoxy-geranyloxy-
mellein and so on. Furthermore, these ring-fused systems often
serve as building blocks for complex chemical synthesis. Because
of their growing popularity in the area of complex molecular
construction, organic chemists have been steadily exploring
efficient methods for their synthesis.® One such method that
has been relatively underexplored is an acid-promoted ring
opening/cyclization of aryl oxiranes and aziridines.

Very recently, our group developed a novel strategy to
achieve carbon—carbon selective cleavage of oxiranes* and
aziridines’ under the catalysis of Lewis acids and the resultant
intermediate reactive 1,3-dipole can easily undergo 1,3-dipolar
cycloadditions with dipolarophiles such as aldehydes, olefins
and alkynes, leading to highly substituted 1,3-dioxolanes,
1,3-oxazolidines, dihydrofurans, and pyrrolidines. With this
concept in mind, we envisaged that compound 1 might be able
to undergo tandem ring-opening/Friedel-Crafts cyclization
under mild Lewis acidic conditions by introducing electron-rich
aromatic systems or alkenes instead of the Ar group of A.
If successful, it will provide a facile and general access to
isochromanones and 1,2-dihydroisoquinolines 2. However,
one issue should be mentioned that this kind of substrates
may also easily undergo the reported Friedel-Crafts cyclization
reaction through intermediate C via the C—X bond cleavage,®
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Scheme 1 Our previous work and the present work.

leading to 2,3-dihydro-1H-inden-1-one under the catalysis of
Bronsted acids or Lewis acids (Scheme 1).

We chose (Z)-ethyl 3-phenyl-2-(3,4,5-trimethoxy benzoyl)
oxirane-2-carboxylate la as a model substrate to test our
hypothesis (see Table S1 in ESIf). Initially, 1a was subjected
to the solution of 10 mol% of Sc(OTf); in CH,Cl, at room
temperature. The reaction yielded the desired product 2a in
73% NMR yield after running the reaction for 10 h (Table S1,
entry 1, ESIf), and the product is not stable during the
purification, which exists as a mixture of ketone and enolate
forms (1 : 2). To improve the yield, a representative selection
of Lewis acids, including Cu(OTf),, In(OTf);, Yb(OTf)s,
Y(OTf);, Sn(OTf),, Fe(OTf);, and Mg(OTf),, in various
solvents were tested. Catalysts such as Sn(OTf),, Cu(OTf),,
Fe(OTYf)3;, Mg(OTf), have either low efficiency or no catalytic
activity. To our delight, the reaction worked very well in
CH,Cl, at room temperature under the catalysis of 10 mol%
of Yb(OTf); to give the cyclized target in 99% yield. Solvents
other than DCE, toluene, THF, DMF failed to improve the
yield or shorten the reaction time. Performing the reaction
with a lower catalyst loading proved to be suboptimal. In the
absence of 4 A molecular sieves (MS), the reaction is sluggish,
indicating that the anhydrous conditions are essential for this
reaction.
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Table 1 Cascade ring opening/cyclization of oxiranes®
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“ The reaction was carried out at RT with 1 (racemic, 0.3 mmol), 4 A
MS (120 mg), 10 mol% Yb(OTf); in CH,Cl, at 25 °C and completed
within 15 h, and after filtration to remove the catalyst and solvent, the
crude product 2 was treated with 5 eq. CH;I with --BuOK (1.2 eq.) and
#-BuOH (a drop) in THF at RT. ? Reaction performed in 1,2-dichloro-
ethane at 80 °C. ¢ Flash chromatography with a short pad of silica gel.
4 Reaction performed with 15 mol% Yb(OTf); within 21 h for the
first step. ¢ Refluxing DCM for the first step.

With the optimized conditions in hand, a variety of aryl
oxiranes with different electronic and steric properties were
examined to determine the reaction scope and limitation. The
cascade ring opening/cyclization of la-1j could give the
corresponding isochromanones 2a-2j in good to excellent
yields with high diastereoselectivities, but all suffered somewhat
enolization issue as mentioned in ESI.1 In order to demonstrate
the synthetic application and to avoid the enolization issue,
further methylation reaction of 2a—2j was carried out leading
to 3a-3j in moderate to good yields with excellent diastereo-
selectivities (Table 1, entries 1-10). Bulky tert-butyl ester is
compatible under Lewis acidic conditions and 3b can be
isolated in 69% yield (Table 1, entry 2). Gratifyingly, sub-
strates 1c—1h bearing aryl groups of different nature proceeded
smoothly to provide the corresponding cycloadducts 3¢—3h in
40-79% total yields after two steps, albeit 1c with a strong
electron-withdrawing CN group required higher temperature
(DCE, 80 °C) to accomplish cyclization (Table 1, entries 3-8).
Substrate 1g with a poor electron-donating group (—CHjs)
afforded 2g in 99% yield, whereas it can only afford 3g in 68%
yield along with some decomposition during the methylation
step (Table 1, entry 7). In contrast, a strong electron-donating
methoxy group made the substrate 1h too reactive to give 3h in
low yield (40%) (Table 1, entry 8). The 1-naphthyl group is also
compatible with the present transformation (Table 1, entry 9).
Similarly, substrate 1j with a strong electron-rich aromatic system
gave 3jin 85% yield as a single isomer (Table 1, entry 10). What is
more, it is interesting to find substrates 1k—1m with electron-
rich systems such as 2-substituted, 3-substituted indole and
3,4-dihydro-2H-pyranyl ring afforded 2k-2m in good to
excellent yields as ketone forms, albeit with moderate diastereo-
selectivities as mentioned in ESL.1’ Further methylation reaction
of 2k-2m was carried out leading to 3k/3k’-3m/3m’ in
moderate to good yields with moderate diastereoselectivities.
It is noteworthy that only isolated examples of indoles and
pyrans fused to pyrans were reported in the literature.®
Compound 1a’ is less reactive than its diastereoisomer la
and requires higher temperature to make the reaction
occur. After the further methylation reaction, the same
product 3a was isolated in 74% yield (Table 1, entry 14).
The structure of the product was further confirmed by the
single-crystal X-ray analysis® of the product 4a, which was
prepared from the ethylation of 2a. Additionally, synthetically
useful triflate Sa can be easily prepared in 66% yield via the
sequential tandem ring opening/cyclization and triflation
reaction (eqn (1)).

OTf
o MeO - COE
MeO CO,Et 1. YB(OTA5(10 mol%)
S A S
0 2. ThO(25eq)  MeO o D
MeO Ph LiOH (3 eq.), toluene OMe Ph
OMe 0°CtoRT
1a, Racemic 5a, 66 % total yield

Next, we attempted to extend the scope of this tandem ring
opening/cyclization to the aziridines under the optimized reaction
conditions (Table 2). Aziridines lo—1r with aryl groups (Ar) of
different electronic properties could give the corresponding
products 20-2r, which were then further converted to 6a—6e
under the basic conditions in high yields. Aziridine 1o with
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Table 2 Cascade ring opening/cyclization of aziridines™”

o]
MeO. CO,Et CO.Et  MeO CO,Et
NTs
MeO Ar Cat. NTs Base MeO
OMe OMe Ar
1n-1r 2n-2r
Entry 1, Ar =, dr¢ Product 2¢ Product 6
1 In, Ph (L.1: 1) 2n, 80% 6a, 78%
2 In, Ph (3.0: 1) 2n, 83% /
3 lo, 4-CIC¢H4 (4.6 : 1) 20, 85% 6b, 84%
4 1p, 4-BrC¢H, (2.4 : 1) 2p, 89% 6c, 89%
5 1q, 4-i-PrCgH4 (5.0 : 1) 2q, 71% 6d,70%
6 1r, 4-NO,C¢H, (2.7 : 1) 2r, 55%°¢ 6e, 42%

“ Reactions of substrates In—1r were run with 10 mol% Yb(OTf); and
120 mg of activated 4 A MS in DCM at RT within 15 h to afford
products 2n-2r. * Further elimination of crude products 2n-2r was
carried out with 1.05 eq. of K,COj3 in DCM, reflux. © The numbers in
parentheses refer to the diastereoselectivity of the substrates 2n-2r.
4 Isolated yields after column chromatography with 1% HOAc. ¢ The
reaction was performed at 40 °C.

different dr ratios (1.1 : 1 vs. 3.0 : 1) afforded 1,2-dihydroiso-
quinoline 2n in almost the same yield (Table 2, entries 1 and 2),
indicating that both diastereoisomers may proceed through
the same reaction pathway. Aziridines 1p—1q bearing weak
electron-withdrawing groups at the para position of the phenyl
ring yielded 1,2-hydroisoquinolines 2p and 2q in higher yields,
while electron-donating i-Pr groups decreased the yield of 2r,
probably owing to the more unstable substrate (Table 2,
entries 3-5). Furthermore, a strong electron-withdrawing
group (-NO,) made 1r less reactive and the corresponding
product 2r was obtained in 55% yield at 40 °C, while a much
higher temperature failed to improve the yield and resulted in
faster decomposition (Table 2, entry 6).

In summary, a general protocol for the first example of
catalytic ring opening/cyclization of aryl oxiranyl ketones and
aryl aziridinyl ketones through selective C—C bond cleavage
rather than the labile C—O/N bond cleavage under mild
conditions has been explored. Synthetically useful aromatic
ring-fused pyrans and isoquinolines can be easily prepared in
excellent yields, which can undergo further transformations
such as alkylation, triflation or elimination. Further studies
including asymmetric catalysis, mechanism and enlargement
of the scope are ongoing in our laboratory and will be reported
in due course.
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