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Asymmetric ring-opening reactions of donor—acceptor cyclopropanes with 1,3-cyclodiones have been

established for the synthesis of enantioenriched y-hydroxybutyric acid derivatives in the presence of
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rsc.li/rsc-advances to 99% enantiomeric excesses.

Donor-acceptor (D-A) cyclopropanes are one of the most
powerful 1,3-dipolar synthons for the construction of natural
products and biologically active compounds.* The nucleophilic
ring-opening reactions of D-A cyclopropanes have been recog-
nized as useful strategies to access 1,3-bifunctionalized
scaffolds.” Asymmetric ring-opening reactions of D-A cyclo-
propanes® with heteroatom containing nucleophiles have been
well established.*** For example, Tang and co-workers reported
chiral Ni/bisoxazoline (BOX)-catalyzed asymmetric ring-
opening reactions of D-A cyclopropanes with secondary
aliphatic amines for the synthesis of y-aminobutyric acid
derivatives.**® In addition, related asymmetric ring-opening
processes using aromatic amines as nucleophiles were also re-
ported by Feng, Wang and Cai.>** Using thiols as the nucleo-
philes, Feng and co-workers disclosed highly enantioselective
ring-opening of D-A cyclopropanes in the presence of the
chiral Sc/N,N'-dioxide catalyst to afford <y-thiobutyric acid
derivatives.¥ Furthermore, Tang's group developed a method to
access enantioenriched y-hydroxybutyric acid derivatives by Cu/
trisoxazoline (TOX)-catalyzed ring-opening of D-A cyclopro-
panes with water and alcohols.*

1,3-Cyclodiones can be used as both O- and C-nucleophiles
due to easy formation of enol forms and have been applied in
many domino and multi-component reactions.* Recently, we
developed scandium triflate catalyzed O-selective nucleophilic
ring-opening of D-A cyclopropanes with 1,3-cyclodiones,®
where the ring-opening products 1,3-cyclodione enol ether
derivatives were obtained in good to excellent yields (Scheme
1a). In continuation of our research interests in the reactions
between 1,3-dicarbonyl compounds and D-A cyclopropanes,®
herein, we disclose the asymmetric version of the ring
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Cu(i/trisoxazoline catalyst. These reactions offered the desired products in 70% to 93% yields with 79%

opening reactions of D-A cyclopropanes with 1,3-cyclodiones
(Scheme 1Db).

According to our previous initial attempts,* reaction of 1a
and 2a in the presence of Sc(OTf); and ligand L1 (Fig. 1)
afforded desired product 3a with 62% ee (Table 1, entry 1).
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Fig.1 Ligands used for the asymmetric ring-opening reactions of D-A
cyclopropanes with 1,3-cyclodiones.
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Table 1 Optimization of the reaction conditions®

COOAd

AdOOC \]\:/V[/ __conditions Q\ PMP COOAd
>—PMP i
o" K/kCOOAd

3a

Entry Ln Solvent Yield? (%) ee’ (%)
1 L1 CH,Cl, 66 62
24 L1 CH,Cl, 80 13
3 L2 CH,Cl, 58 60
4 L3 CH,Cl, 46 69
5 L4 CH,Cl, 70 99
6 L4 PhCH, 65 89
7 L4 THF 49 71
8¢ L4 CH,CL, 83 97
9/ L4 CH,Cl, 85 99

“ Unless otherwise noted, reactions were carried out using 1a (0.20
mmol) 2a (0.40 mmol), Cu(OTfj2 (0.04 mmol) with ligand (0. 048 mmol)
in solvent (1.0 mL) at room temperature (25 °C) for 24 h. ? Isolated
yields. ¢ Determined by chiral HPLC. ¢ Scj[OTf)g, was used as catalyst.
¢ The reaction was carried out at 35 °C. 7 Cu(OTf), (0.02 mmol) with
ligand (0.024 mmol) was used and the reaction time was 50 h.

Thus, we started screening the reaction conditions using ada-
mantlyl ester substituted D-A cyclopropane 1a and 1,3-cyclo-
hexanone 2a as the model substrates (Table 1). When chiral
ligand L1 was used, Cu(OTf), performed much better than
Sc(OTH); in terms of product enantioselectivity (Table 1, entry 1
vs. entry 2). After screening various bis-/trisoxazoline ligands,
cyclohexyl-trisoxazoline (Cy-TOX) L4 was found to give the best
results with excellent enantioselectivity (Table 1, entries 3-5).
When other solvent, such as toluene and THF, was used, the
reaction results became poorer in terms of both yield and
enantioselectivity (Table 1, entries 6 and 7). The enantiomeric
excess of 3a slightly decreased when the reaction temperature
increased to 35 °C (Table 1, entry 8). Reducing the catalyst
loading to 10 mol% did not affect the enantioselectivity of 3a,
and the yield of 3a was able to be improved to 85% by pro-
longing the reaction time to 50 h (Table 1, entry 9).

Next, the substrate scope of the asymmetric ring-opening
reactions was investigated under the optimized conditions
(Table 1, entry 9). As shown in Scheme 2, the reactions of
various D-A cyclopropanes 1 with different 1,3-cyclodiones 2
proceeded smoothly to furnish enantioenriched 1,3-cyclodione
enol ether derivatives 3 in good yields and high enantiose-
lectivities (70-93% yield, 79-99% ee). For the reactions of D-A
cyclopropanes 1 with methoxyl group substituted on the phenyl
ring, the position of the methoxyl group influenced the enan-
tioselectivity of the corresponding products significantly (3a—
3c). Reaction of para-methoxyl phenyl substituted D-A cyclo-
propane afforded product with highest enantioselectivity (3a,
99% ee). When meta- or ortho-methoxyl phenyl substituted D-A
cyclopropane was used, the corresponding product enantiose-
lectivity dropped to 90% and 80%, respectively. Similar to our
previous studies, reactions of electron-rich D-A cyclopropanes
with 1,3-cyclohexanone were faster than electron-deficient ones
(3a, 3d vs. 3e, 3f), whereas the electronic nature had no
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Scheme 2 Reactions of various D—A cyclopropanes 1 with different
1,3-cyclodiones 2. Unless otherwise noted, reactions were carried out
using 1 (0.20 mmol), 1,3-cyclodiones 2 (0.40 mmol), Cu(OTf), (0.02
mmol) with L4 (0.024 mmol) in 1.0 mL CH,Cl, at room temperature
(25 °C) for 50 h. “The reaction time was 100 h.

significant effects on enantioselectivities (3d-3f). Heterocyclic
substrates, such as 2-thienyl and 3-indolyl substituted D-A
cyclopropanes, tolerated well in this asymmetric reaction, and
the corresponding products 3g and 3h were accomplished in
good yields and high enantioselectivities. Reactions using 1,3-
cyclopentanedione (2b) and 5,5-dimethyl-1,3-cyclohexanedione
(2¢) as nucleophiles in the asymmetric ring-opening reactions
were also studied. Reaction of 1a and 2b proceeded well to
afford 3i in 81% yield with 95% ee, though longer reaction time
was necessary. Reactions of 2c with 1a and 3-indolyl substituted
D-A cyclopropane afforded corresponding products in excellent
yields and enantioselectivities (3j and 31), whereas the reaction
with 2-thienyl substituted D-A cyclopropane provided 3k with
much lower enantiomeric excess, 79%. The absolute configu-
rations of 3a-3l were inferred to be (S) according to Tang's
work.*
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Scheme 3 Gram-scale synthesis of 3a.
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The asymmetric ring-opening reaction was demonstrated in
a gram-scale reaction (Scheme 3). In this gram-scale reaction of
1a and 2a, the chiral 1,3-cyclodione enol ether 3a was obtained
in 82% yield with 99% ee.

Conclusions

We have established the asymmetric ring-opening reactions of
D-A cyclopropanes with 1,3-cyclodiones for the synthesis of
enantioenriched y-hydroxybutyric acid derivatives in the pres-
ence of Cu(u)/TOX catalyst. A range of 1,3-cyclodione enol ether
derivatives were obtained in good yields and with high enan-
tioselectivities. This methodology reported here may be of
benefit for pharmaceutical research.
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