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Abstract: An efficient oxidative cyclopropanation
of the Michael adducts of nitroolefins with activat-
ed methylene compounds by the combination of io-
dobenzene diacetate and tetrabutylammonium
iodide is reported. Highly functionalized nitrocyclo-
propanes are synthesized in moderate to good
yields via the Michael addition and cyclopropana-
tion with high diastereoselectivity and enantioselec-
tivity under mild conditions.
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Nitrocyclopropanes are versatile intermediates in or-
ganic synthesis.! They not only appear as substruc-
tures in a variety of biologically active natural and un-
natural compounds, for example, peptide-lactone hor-
maomycin® and nitropyrethroids,®! but also can un-
dergo transformations to other useful synthetic build-
ing blocks, e.g., the conformationally restricted
aminocyclopropanecarboxylic acids.”! Nitrocyclopro-
panes are most often prepared by the intermolecular
addition of nitrodiazo esters,”! ylides,'® diazoalkanes,”!
or carbenoids!® to unsaturated systems, or intramolec-
ular cyclization of y-nitroalkanols®”’ or y-halo nitro
compounds.'”! However, compared to the extensive
studies on asymmetric cyclopropanations,''?! the effi-
cient catalytic asymmetric synthesis of functionalized
nitrocyclopropanes is underdeveloped.

1) catalytic asymmetric Michael addition

Catalytic asymmetric Michael additions of activated
methylene compounds to nitroolefins to afford the
Michael adducts in high enantioselectivity have been
achieved.!”! The development of an expedient and ef-
ficient method for the synthesis of enantiomerically
enriched functionalized nitrocyclopropanes by the
direct cyclization of the corresponding Michael ad-
ducts, if applicable, will be desirable in many applica-
tions (Scheme 1).

Recently, Connon et al. reported the stereoselective
synthesis of nitrocyclopropanes via a one-pot reaction
involving the organocatalytic asymmetric Michael ad-
dition of dimethyl chloromalonate to nitroolefins, fol-
lowed by cyclization in the presence of 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) under carefully
controlled reaction conditions.'"¥ However, the use of
chloromalonate resulted the low enantioselectivity
(7-47% ee), and highly toxic hexamethylphosphor-
amide (HMPA) was used as the solvent to provide ef-
ficient ring closure. On the other hand, although the
asymmetric Michael addition of dimethyl malonate to
nitroolefins gave the Michael adduct 1a in high enan-
tioselectivity,* it could not be converted into the
corresponding cyclopropane via bromination in the
presence of a base.

As a part of our development of the synthetic ap-
plications of hypervalent iodine compounds,"! we
were delighted to find that the oxidative cyclopropa-
nation of la occurred in the presence of PhI(OAc),
and Bu,NBr, and afforded cyclopropane 2a in 51%
yield with high diastereoselectivity after 12h
(Scheme 2).
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MeO,C._COMe 3 equiv. Phi(OAC), MsO,C,_CO.Me

2 equiv. BuNBr__ NO,
NO, >
toluene, 30 °C
1a 2a
51% yield
anti:syn > 95:5
Scheme 2.

The presence of a strong base was not good for the
cyclopropanation (Table 1, entry 1). As a strained-ring
compound, cyclopropane 2a was sensitive to the basic
conditions, and it decomposed when the reaction was
left for a longer time (Table 1, entry 2). The yield of
2a increased to 78% using Bu,NI (Table 1, entry 4),
while no cyclopropane was detected in the presence
of Bu,NCI (Table 1, entry 3). The best ratio of 1la,
PhI(OAc),, and Bu,NI was 1:1.5:1.5, with which the
yield of 2a increased to 93% (Table 1, entry 6). Cata-
lytic amounts of Bu,NI were not enough to finish the

Table 1. Optimization of the cyclopropanation of 1a.
MeO,C CO,Me

MeO,C.__CO,Me

oxidative cyclopropanation NO,

NO,
toluene, 30 °C, 12 h
Entry Reagent (equivalents) 2a dr!"
[%]%
1 PhI(OAc), (2), Bu,NBr (2), BuOK 18 >95:5
1)
2 PhI(OAc), (2), BuNBr (2), tBuOK 0"
1)

3 PhI(OAc), (2), Bu,NCl (2) 0
4 PhI(OAc), (2), BuNI (2) 78 >95:5
5 PhI(OAc), (3), BuNI (3) 65 >95:5
6 PhI(OAc), (1.5), Bu,NI (1.5) 93 >95:5
7 PhI(OAc), (1), Bu,NI (1) 67 >95:5
8 PhI(OAc), (1), Bu,NT (0.5) 45 >95:5
9 PhI(OAc), (1.5), Bu,NT (0.25) 21 >95:5
10 PhI(OAc), (1.5), Bu,NI (1.5) <5t
11 PhI(OAc), (1.5), Bu,NI (1.5) 741 88:12
12 PhI(OAc), (1.5), Bu,NT (1.5) 88l >95:5
13 L (1.5) 0
14 K,COs(1.5), 1, (1.5) 0
15 PhI(OAc), (1.5), 1, (1.5) 0
16  H,0, (1.5), Bu,NI (1.5) 0
17 NIS (1.5), AcOH (1.5) 0
19  m-CPBA (1.5), BuNI (1.5) 45 83:17

[ Isolated yield based on 1a.

Pl The reaction was stirred at 30°C for 24 h.

[l The reaction was carried out at 0°C.

The reaction was carried out at 50°C.

[l The reaction was carried out in an air-open system with
untreated toluene as the solvent.

1 The ratio was determined by "H NMR.
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cyclopropanation (Table 1, entries 8 and 9). The reac-
tion proceeded sluggishly at 0°C (Table 1, entry 10).
When the reaction mixture was warmed to 50°C, the
reaction time was shortened to 2 h, but a lower yield
of 2a was obtained (Table 1, entry 11). It was note-
worthy that, when the reaction was carried out in an
air-open system with untreated toluene as the solvent,
the reaction still proceeded smoothly, and gave rise to
cyclopropane 2a in a slightly lower yield (Table 1,
entry 12).

Several control experiments were conducted to in-
vestigate the possible reaction pathway. During the
reaction, the formation of iodine was observed. How-
ever, no cyclopropanation was detected when I,, the
combination of K,CO; with I,, or PhI(OAc), with I,
was used (Table 1, entries 13-15). The combinations
of H,0O, with Bu,NI, and NIS with AcOH were also
not effective to the cyclopropanation (Table 1, en-
tries 16 and 17), while cyclopropane 2a was obtained
in 45% yield using m-CPBA and Bu,NI under the
same conditions (Table 1, entry 18).

A proposed reaction pathway for the oxidative cy-
clopropanation is outlined in Scheme 3. The reaction

PhI(OAc), + Bu,NI —0 Bu,NI(OAc), =——= AcOI + Bu,;NOAc
A
o’ Ko}
__AcOl _ I{!@
R3
“ZACOH R
o
RSN
B O
OHO |
i r® _BuNOAc  R?0C_COR’
R NO, ANOz
R’ R'
c

Scheme 3.

of PhI(OAc), with Bu,NI gives a tetrabutylammoni-
um salt of diacetoxyiodine(I) A, which can be re-
garded as an acetyl hypoiodite equivalent.'” In the
presence of intermediate A or acetyl hypoiodite, the
enolate of the Michael adduct is converted into the
intermediate B, which undergoes an intramolecular
cyclization to afford the intermediate C. After the
elimination of HI in the presence of Bu,NOAc, the
corresponding highly functionalized nitrocyclopro-
pane is formed.

The generality of the present PhI(OAc),/Bu,NI-in-
duced cyclopropanation of Michael adducts was fur-
ther explored under the optimized conditions
(Table 2). The reactions of substrates with an aromat-
ic or heteroaromatic ring proceeded smoothly, and
gave the corresponding cyclopropanes in moderate to
excellent yields (entries 1-12). Compounds with an
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Table 2. PhI(OAc),/Bu,NI-induced cyclopropanation of Michael adducts.

EL,E? E! E?
CH 1.5 equiv. Phl(OAc),, 1.5 equiv. Bu,NI >_< NO,
R NO, toluene, 30 °C R
1 2

Entry R E! E? 2 Yield [%]® drt®

1 C¢H; COOMe COOMe 2a 93 >95:5
2 C¢Hs COOEt COOEt 2b 88 >95:5
3 4-CH;0-C¢H, COOEt COOEt 2¢ 64 >95:5
4 4-CH;-C¢H, COOEt COOEt 2d 78 >95:5
5 4-CI-C¢H, COOEt COOEt 2e 98 >95:5
6 4-F-C,H, COOEt COOEt 2f 80 >95:5
7 4-NO,-C¢H, COOEt COOEt 2g 91 >95:5
8 2-Br-C¢H, COOEt COOEt 2h 88 >95:5
9 1-naphthyl COOEt COOEt 2i 87 >95:5
10 2-furanyl COOEt COOEt 2j 55 >95:5
11 2-thiophenyl COOEt COOEt 2k 47 >95:5
12 2-pyridinyl COOEt COOEt 21 88 91:9
13 CH,(CH,), COOEt COOEt 2m 78 >95:5
14 (CH;),CHCH, COOEt COOEt 2n 88 >95:5
15 C¢H; COOBu-t COOBu-t 20 38 94:6
16 C¢H; COCH;, COOEt 2p 52 >95:5
17 C¢H; COCH, COCH, 2q 66 >95:5
18 C.H; NO, COOEt 2r 0

19 C¢H; CN COOEt 2s 0

20 C.H; CN CN 2t 0

[ Isolated yield based on 1.
[l The ratio was determined by 'H NMR.

electron-withdrawing substituent were better sub-
strates than those with an electron-donating substitu-
ent. Compounds derived from aliphatic nitroolefins
were also good substrates (entries 13 and 14). The re-
action of sterically hindered di-fert-butyl malonate de-
rivative required a longer time, and gave a low yield
(entry 15). Moreover, the reactions with ethyl aceto-
acetate and 2,4-pentanedione derivatives also gave
the corresponding cyclopropanes in moderate yields
(entries 16 and 17). All 1,1-dicarbonyl-2-nitrocyclo-
propanes were formed with high diastereoselectivity.
The anti relative stereochemistry was confirmed by
'"HNMR and the comparison with known com-
pounds.'"" No corresponding cyclopropanes were
formed when ethyl 2-nitroacetate, ethyl 2-cyanoace-
tate, and malononitrile derivatives were employed
(entries 18-20).

Enantiomerically enriched Michael adducts were
prepared by the asymmetric addition of 1,3-dicarbon-
yl compounds to nitroolefins catalyzed by the bifunc-
tional thiourea 3, and then underwent the oxida-
tive cyclopropanation under the optimized condition
(Table 3). The corresponding functionalized nitrocy-
clopropanes were obtained in moderate to good
yields over two steps with high diastereoselectivity
and enantioselectivity. No racemization was observed
during the cyclopropanation.

2490 asc.wiley-vch.de
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B-Aminocyclopropanecarboxylic acids are the con-
formationally most rigid cycloalkyl bridged [-alanine
derivatives and are therefore of special interest.'"l
The synthetically relevant reduction of 1,1-dicarbon-
yl-2-nitro-cyclopropane 2a to afford the correspond-
ing B-aminocyclopropane-1,1-dicarboxylate 4a can be
achieved (Scheme 4).5°)

In summary, we report here an efficient oxidative
cyclopropanation of the Michael adducts of nitroole-
fins with activated methylene compounds by the com-
bination of iodobenzene diacetate and tetrabutylam-
monium iodide. Highly functionalized nitrocyclopro-
panes are synthesized in moderate to good yields with
high diastereoselectivity and enantioselectivity. The
potential of this reaction system can be evaluated by
its mild conditions and simple process. Studies on the
scope, mechanism, and synthetic application are ongo-
ing and will be reported in due course.

Experimental Section

Typical Experimental Procedure

The mixture of 1a (56 mg, 0.2 mmol) and PhI(OAc), (97 mg,
0.3 mmol) in toluene (1 mL) was treated with Bu,NI
(111 mg, 0.3 mmol). The reaction was allowed to stir at
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Table 3. Stereoselective synthesis of enantiomerically enriched functionalized nitrocyclopropanes.

1) 2 equiv CH,E; 0.1 equiv. catalyst 3
__NO, tolzuezne, 25°C E F NO
o 2) Phi(OAC),, Bu,NI, toluene, 30 °C - /A/ 2
CF,
el
HC-N, N)J\ N CF,
cH,H H
3
Entry R E! E? 2 Yield [%]® ee [% ] dr'®
1 C¢H; COOEt COOEt 2b 73 87 >95:5
2 4-CH;0-C¢H, COOEt COOEt 2¢ 52 89 >95:5
3 4-Cl-CH, COOEt COOEt 2e 87 90 >95:5
4 4-F-C,H, COOEt COOEt 2f 71 93 >95:5
5 2-Br-C¢H, COOEt COOEt 2h 81 94 >95:5
6 1-naphthyl COOEt COOEt 2i 80 93 >95:5
7 2-thiophenyl COOEt COOEt 2k 35 89 >95:5
8 C¢H; COOMe COOMe 2a 81 92 >95:5
9 C.H. COCH, COCH, 2q 60 86 ~95:5

[ Isolated yield based on nitroolefins over two steps.
] Determined by HPLC (see Supporting Information).
[l The ratio was determined by 'H NMR.

EtO,C. CO,Et
NH,

EtO,C_ CO,Et

NO; 25 equiv. Zn dust, 5 M HCI

40 °C

2a 4a 52% yield

Scheme 4.

30°C for 12 h. Upon completion as shown by TLC, the reac-
tion mixture was directly purified by flash column chroma-
tography (5-10% ethyl acetate in hexanes) to provide the
corresponding nitrocyclopropane 2a; yield: 93%. The char-
acterization data are available in the Supporting Informa-
tion file.
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