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ABSTRACT: We herein report a copper-catalyzed 1,3-aminocyclization of cyclopropanes as a direct and versatile entry to

important heterocycles. This reaction was initiated by a
copper-catalyzed, NFSI-promoted ring opening of cyclo-
propanes followed by nucleophilic cyclization. A variety of
nucleophiles successfully participate in this transformation,
including alcohols, carboxylic acids, sulfonamides, and am-
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ides, for the construction of diverse cyclic ethers, pyrrolidines, lactones, and iminolactones.

Heterocycles constitute important structures and have an
essential role in pharmaceuticals, agrochemicals, and func-
tional materials.” Efficient construction of diversely func-
tionalized heterocycles is a significant topic in organic
chemistry. Catalytic difunctionalization of heteroatom-
tethered alkenes with another functionality has been exten-
sively explored for the synthesis of B-functionalized heter-
ocycles (Scheme 1A). Building upon different activation
strategies, these difunctionalization methods of alkenes
provide a powerful, rapid access to a wide range of valuable
heterocycles. In comparison, construction of y-functional-
ized heterocycles by 1,3-difunctionalization of heteroatom-
tethered cyclopropanes remains underexplored, though it
presents great potential as a facile entry to these important
motifs. Cyclopropanes are known as highly strained systems
and show intriguing reactivity that resembles the character
of a carbon-carbon double bond.’ The ring opening trans-
formations of cyclopropanes driven by their high strain of-
fer promising opportunities to develop new synthetic capa-
bility for rapidly increasing structural complexity and diver-
sity." However, most advances using this approach have
been focused on activated donor-acceptor cyclopropanes
that bear electron-withdrawing groups and electron-do-
nating groups.’ Only a few examples of non-activated cy-
clopropanes have been reported for the construction of
heterocycles (Scheme 1A). The halocyclization of cyclopro-
panes using highly electrophilic halides have been devel-
oped for the construction of y-bromo and y-iodo-oxycy-
cles.” Furthermore, the creation of 4-substituted fluoropi-
peridines has been realized by a BFs-mediated fluorocy-
clization of cyclopropane-bearing sulfonamide using

monofluoroiodane(lll) reagents.” Recently, electrochemical
formation of oxazolines has also been achieved by 1,3-0x-
yfluorination of cyclopropanes.’ Despite these advances for
the construction of y-halo heterocycles, new strategies to
construct diversely y-functionalized heterocycles are still in
great demand.

Scheme 1. Difunctionalization of alkenes and cyclopro-
panes toward rapid construction of heterocycles
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In 2016, the Lectka group reported a novel 1,3-amino-
fluorination of aryl cyclopropanes using N-fluorobenzene-
sulfonimide (NFSI) by photolysis or copper catalysis
(Scheme 1B).” Built on this copper-NFSI system, the Zhang
group has developed an elegant series of 1,3-aminocya-
nation,” aminoazidation," and aminothiocyanation® of aryl
cyclopropanes using trimethylsilyl-based nucleophiles (i.e.,
TMSCN, TMSNs, TMSSCN). The Li group also achieved 1,3-
amino trifluoromethylation of cyclopropanes using
(bpy)Zn(CFs).."* However, the coupling with a common ox-
ygen or nitrogen nucleophile has been yet to be realized in
the NSFI-mediated ring-opening difunctionalization of cy-
clopropanes. In this paper, we report the development of
ring-opening aminocyclization of O- or N-tethered cyclo-
propanes, using the copper catalysis and NFSI, as a direct
entry to y-amino heterocycles. This approach proves effec-
tive for the modular construction of diverse cyclic ethers,
pyrrolidines, lactones, and iminolactones (Scheme 1C).

Our investigations began with the reaction using 2-(2-
cyclopropylphenyl)propan-2-ol 1a as the model substrate

Table 1. Condition optimization of 1,3-aminooxygena-
tion of 1a toward the cyclic ether formation®
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Entry  Variation from standard conditions 3a (%)°

1 none 56
2 No Cu(acac): 0
3 Cu(OAc):instead of Cu(acac). 50
4 Cu(OTf).instead of Cu(acac). 12
5 CuBr instead of Cu(acac). 48
6 Cu(MeCN).BF.instead of Cu(acac). 35
7 Cu20 instead of Cu(acac). 35
8 No L1 trace
9 L2 instead of L1 24
10 L3 instead of L1 31
11 L4 instead of L1 38
12 L5 instead of L1 34

L1 L2 L3 L4 LS
‘Reaction conditions: 1a (0.2 mmol, 1.0 equiv), 2 (1.5 equiv),
Solvent (1.0 mL). Yields determined by ‘H-NMR analysis using
dibromomethane as an internal standard.

(Table 1). The standard reaction conditions were estab-
lished, with Cu(acac). (10 mol%) and bathocuproine L1 (10
mol%) at 80 °C in DCE, which gave the desired cyclic ether
product 3a in 56% yield (entry 1). Control experiment shows
that a copper catalyst is required for the formation of 3a
(entry 2). Other copper catalysts also promoted the reaction
yet were slightly inferior to Cu(acac): (entries 3-7). Further-
more, the use of bathocuproine L1 was critical (entry 8) and
other ligands were less effective such as L2, L3, L4 and L5
(entries 9-12). Among different solvents, DCE performed
best in this reaction. Variation of other parameters such as
equivalent, temperatures, and concentrations decreased
the reaction efficacy.”

With standard conditions established, we studied the ca-
pability of different tethered nucleophiles in the copper-
catalyzed 1,3-ring opening reaction of 2-cyclopropylphenyl
substrates 1 (Scheme 2). In addition to model substrate 1a,
the reaction of diethyl substituted alcohol 1b afforded cyclic
ether 3b in 45% yield. Next, we examined amide 1c and sul-
fonamide 1d, both of which gave desired five-membered
azaheterocyclic products 3c and 3d in 62% and 55% yields,
respectively. The reaction of carboxylic acid 1e performed
well to produce y-sulfonimide lactone 3e in 63% yield. In-
terestingly, the reactions of amides 1f-1g delivered imino-
lactones 3f-3g, while the lactams products were not ob-
served, favoring O-attack over N-attack for these amide
substrates.”

Scheme 2. Formation of different heterocycles from 1,3-
aminocyclization of 2-cyclopropylphenyl substrates 1.
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Reaction conditions: 1 (0.2 mmol, 1.0 equiv), NFSI (1.5 equiv),
DCE (1.0 mL). Isolated yields shown.

We next examined the scope of this 1,3-aminofunction-
alization reaction as a modular approach for the construc-
tion of diverse y-amino-heterocycles (Scheme 3). We first
examined the 1,3-aminooxygenation reactions of



carboxylic acid-tethered 1,1-disubstituted cyclopropanes 4
for the construction of lactones. Under the standard condi-
tions, the reaction of simple 3-(1-phenylcyclopropyl)pro-
panoic acid 4a successfully afforded five-membered lac-
tone 5a in 53% yield. The reaction also effectively furnished
six-membered lactone 5b in 58% yield. Different substitu-
ents on the aryl ring (5¢-5g) were also examined to probe
their influences on this transformation. The method is ap-
plicable to aryl substrates with electron-deficient groups
such as fluoride (5¢) and bromide (5d), as well as aryl sub-
strates bearing an electron-rich methoxy group at the para,
meta, or ortho-position (5e-5g). Besides simple aryl-sub-
stituted cyclopropanes, 1-naphthyl- and 3-thiophenyl-cy-
clopropane carboxylic acids also successfully delivered lac-
tones 5h and 5i, in 47% and 34% yields, respectively. Excit-
ingly, the reaction of alkyl-substituted cyclopropane 4j also
formed desired product 5j in 23% yield, even though this
substrate lacks the stabilizing effect of an aryl group in the
ring-opened intermediate. Besides carboxylic acids, cyclo-
propane-tethered alcohols also furnished tetrahydrofuran

Scheme 3. Construction of diverse oxo- and azahet-
erocycles from 1,1-disubstituted cyclopropanes.
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product 5k in 50% yield. We next studied the competency
of nitrogen nucleophiles to participate in a 1,3-diamination
reaction for the construction of azaheterocycles The reac-
tion of cyclopropane-containing sulfonamide 4l success-
fully provided the 1,3-diamination pyrrolidine product 5l in
64% yield. The reaction of N-(tert-butyl)-amide-tethered
cyclopropane 4m delivered O-trapped 1,3-amino oxygen-
ated iminolactone 5m, while A-trapped 1,3-diamination
lactam product was not formed, similar to the outcomes of
the reactions using benzamides (3e-3f, Scheme 2). Collec-
tively, these examples showcased that this cyclopropane
1,3-aminofunctionalization transformation offers a rapid,
effective entry to diverse oxo- and aza-heterocycles.

To demonstrate synthetic utility of this ring-opening di-
functionalization reaction of cyclopropanes, we performed
the 1-mmol-scale reaction of cyclopropane 4d, which de-
livered lactone product 5e in 71% yield (Scheme 4). We also
investigated the derivatization of y-sulfonimide heterocyclic
products. The treatment of imide 3a with magnesium in
HOAc/NaOAc buffered solution™ afforded sulfonamide 6a
in 72% yield. Further reduction of 6a with magnesium in
MeOH followed by benzylation provided benzamide 6b.
Similarly, the sulfonamide 5e was readily transformed into
sulfonamide 6¢, as well as A-methyl sulfonamide 6d by
subsequent methylation.

Scheme 4. Applications for the synthesis of diverse y-
amino lactones
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In the control experiments with a stoichiometric amount
of a radical scavenger (TEMPO or BHT), the formation of 5a
in the reaction of 4a was completely inhibited. These ob-
servations support the possible involvement of the radical
intermediates under our reaction conditions. Based on our
results and the previous work related to NFSI-induced ar-
ylcyclopropane ring opening reactions,”™ we propose the

5e



reaction mechanism for the 1,3-aminocyclization reaction
in our work (Scheme 5). The copper () catalyst, generated
/n situ from a copper (ll) precursor, would cleave the N-F
bond of NFSI to form the N-centered radical (A), which
would mediate the activation of the cyclopropane l1a by a
single electron transfer (SET) process. The subsequent nu-
cleophilic addition from sulfonamide anion (B) induced the
carbon-carbon bond cleavage of cyclopropylarene radical
cation 1a’, generating the ring-opened carbon radical (C).
Finally, the formation of carbon-heteroatom bonds (i.e., 3)
was furnished along with the regeneration of the copper (l)
catalyst, by either a radical pathway via a copper complex
intermediate (D) or a radical-polar crossover process.”® Fu-
ture studies will be undertaken toward a better understand-
ing of the carbon-heteroatom bonding formation.

Scheme 5. Proposed mechanism
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In summary, we have developed a copper-catalyzed cy-
clopropane ring-opened 1,3-aminocyclization using NFSI
for a rapid entry to y-amino oxo- and aza-heterocycles.
Furthermore, this method features simple catalytic systems
and mild conditions. It is expected to find useful applica-
tions for the synthesis of biologically important heterocy-
cles.
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