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1. Introduction

type reaction of tertiary amiria with aldehyde?a in acetonitrile
under air at 60C and found that the use of CsF afforded epoxide

Three-membered rings are present in many bioldgical 35 i the best yield (72%) with 98@ans/cisselectivity (Table

relevant molecules and serve as versatile intemesliin

chemical synthesis.Among the general approaches for the

construction of three-membered rings, the well-kndvarzens
reaction proves powerful for the synthesis of epesilly treating

aldehydes or ketones witt-halo carbonyl compounds in the

1, entry 1
(trace), tetrahydrofuran (trace), 1,2-dimethoxyatha(32%
yield), and dimethyl sulfoxide (trace), but unforately, failed to

enhance the yield.

presence of baséslo expand the scope of the Darzens reactionJ able 1

many efforts have been devoted to find readily ssibde
surrogates ofa-halo carbonyl compounds.

to access epoxides, despite that the substrate ssdjmited to
aryl-, carbamoyl-, and cyano-stabilized ammoniuides, which
are prepared by-alkylation of tertiary amines followed by
treatment with bases (Scheme 1 @he Darzens-type reaction
of ammonium ylides has been extended to iminesedectron-
deficient alkenes, yielding the corresponding diies and
cyclopropanes, respectively®®'"P"*  Related  strained
aziridinium ylides, generated in situ from aziridghand arynes,
have also been reported to add to aldehydes toddffaryl a-
amino epoxides (Scheme 1, *bHerein we report a modified
Darzens-type reaction by in situ formation of urised
ammonium ylides from tertiary amines and benzynethin
absence of strong bases and metals for the cotistruaf three-
membered rings such as epoxides, aziridines, addprppanes
(Scheme 1, c).
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Scheme 1. The Darzens-type reactions of ammonium ylides and

aziridinium ylides.
2. Results and discussion

Inspired by the previously reported nucleophilidi&dn of
tertiary amines to arynes generated from 2-(triylsilyl)aryl
triflates under mild conditions] we envisioned that the
zwitterions generated from tertiary amines, havingeéectron-
withdrawing group, and benzyne would undergo protanstier
to generate quaternary ammonium yli#&8>' which would
participate in nucleophic addition to aldehydes,nigs, and
electron-deficient alkenes to afford epoxides, idiries, and
cyclopropanes, respectively (Scheme 1,* clUsing 2-
(trimethylsilyl)phenyl triflate as a benzyne presor, we
surveyed a few fluoride sources, such as CsF, KF,
tetrabutylammonium fluoride (TBAF), in the model Rens-

In addition to
sulfonium ylidess ammonium ylides have been explored to
replacea-halo carbonyl compounds in the Darzens-type reactio

Benzyne-promoted Darzens-type reaction of tertianinas with
aldehyde2a.?

CHO TMS
o]
R! _R? . NO
. OTf EWG" %@/ 2
EWG NO, CsF, MeCN, 60 °C
1 2a 3a-g
152 Yield dr (trans
Entry 1 NRR EWG 3 %F  [cisy
la N(Me)Ph CQEt 3a 72 98:2
2 1b NMe; COEt 3a 56 >98:2
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5 1le Q\/OM‘? COsEt 3a 28 982
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10 1j N(Me)Ph Me N 3e 76 87:13
] ( ) MeXJ..\Ph
o}
11 1k N(Me)Ph CN 3f 90 50:50
0
12 1 N(MePh =Y ]@ 3g 31 >982
N
# Reaction conditions: 1 (0.24 mmol), 2a (0.20 mmol), 2-

(trimethylsilyl)phenyl triflate (0.30 mmol), CsF.@0 mmol), acetonitrile (1.2
mL), 60°C, 24 h.

® |Isolated yield.
¢ Determined byH NMR spectroscopic analysis.
425% ee foBa.

¢ 2-(trimethylsilyl)phenyl triflate (0.60 mmol) an@sF (0.80 mmol) were
used.

798% de for3e (trans).

The benzyne-promoted Darzens-type reaction of tgrtia
amines was significantly affected by tihesubstituents. When
the N-methyl group and thdl-phenyl group of tertiary aminga
were replaced witiN,N-dialkyl groups, epoxid&a was obtained
in much lower yields but still with higtrans-selectivity (Table
1, entries 2-5). The introduction of dnproline-derived N-
substituent permitted the synthesis of opticalljvacepoxide3a
albeit in a low yield with poor chirality transfefgble 1, entry
5). To our delight, in situ generation of amitefrom secondary
aminelf also led to the formation of epoxi®a in a good yield
(Table 1, entry 6). In addition to ester groups,examined more
electron-withdrawing groups such as carbamoyl, cyamad, 2-
benzoxazolyl, delivering a range of functionalizedoxides in

andaried yields andrans/cisselectivity (Table 1, entries 9-12). It is

noteworthy that the reaction of substrdie having a chiral

We also examined more solvents such as toluene



carbamoyl grouf®afforded epoxideSe, the majortransisomer,
with 98% de (Table 1, entry 10).

A range of aromatic and heteroaromatic aldehydes were

examined in the benzyne-promoted Darzens-type oraabif
amine la, and in general,
epoxides were obtained in moderate to good yieldd Wwigh
trans-selectivity (Scheme h-r). A variety of functional groups
were introduced into the epoxide products by empigyihe
corresponding aromatic aldehydes having such grodpe
reaction was successfully extended to a propargitiehyde, an
aliphatic aldehyde, and an activated ketone suchisasn

the corresponding functionalized
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7d, R = 2-naphthyl, 95%, >98:2 dr
7e, R = 2-furyl, 60%, >98:2 dr

Scheme 3. Benzyne-promoted Darzens-type reaction of arhane
with imines or vinyl ketones.

(Scheme 23s-u). In these cases, the corresponding epomde& Conclusion

were also obtained in good yields with higans-selectivity.
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Scheme 2. Benzyne-promoted Darzens-type reaction of arfane
with carbonyl compound8 Reaction conditionsta (0.24
mmol), 2 (0.20 mmol), 2-(trimethylsilyl)phenyl triflate (80
mmol), CsF (0.60 mmol), acetonitrile (1.2 mL), €0 24 h”
Isolated yields and dtr@ns/cig were given.

Changing the reaction conditions was able to extére
benzyne-promoted Darzens-type reaction to the agstiin of
more types of three-membered rings (Scheme 3hdmptesence
of 2-(trimethylsilyl)phenyl triflate, KF, and 18-onm-6, amine
la reacted withN-Boc aromatic imines in acetonitrile at room
temperature, delivering aziridinesa-e in moderate to good
yields with hightransselectivity. Simply replacing acetonitrile
with dichloromethane as the solvent, the reactionkearwell
with a range of vinyl ketones to afford cyclopropaia-e in
good to excellent yields with highans-selectivity.
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5a, R = Ph, 78%, >98:2 dr

5b, R = 4-MeCgHg4, 80%, >98:2 dr
5¢, R = 4-CICgH4, 60%, >98:2 dr
5d, R = 4-O,NCgH,4, 66%, >98:2 dr
5e, R = 2-naphthyl, 40%, >98:2 dr

In summary, a modified Darzens-type reaction hasnbee
developed to access three-membered rings througtsitin
formation of unstrained ammonium ylides from tegtimamines
and benzyne. With 2-(trimethylsilyl)phenyl triflatss a benzyne
precursor, a range of tertiary amines having edeetvithdrawing
groups were activated in situ to react with carbamyhpounds,
imines, and vinyl ketones to afford structurallyeatise epoxides,
aziridines, and cyclopropanes, respectively, in enatt to
excellent yields with higlrans-selectivity. It is noteworthy that
the reaction proceeds in the absence of transitietals and
strong bases and tolerates a wide variety of funatigroups.

4, Experimental
4.1.General information

Amines la-i and 1k,"* imines 4,** vinyl ketones5,** and
compound8™ were prepared according to literature procedures.
'H NMR and**C NMR spectra were recorded on a Bruker AC-
400 FT spectrometer (400 MHz and 100 MHz, respegiivel
using tetramethylsilane as an internal referenog, ehemical
shifts @) and coupling constants)(were expressed in ppm and
Hz, respectively. High resolution mass spectra (HRM®)e
recorded on a LC-TOF spectrometer (Micromass). la&s data
were acquired using a Thermo LTQ Orbitrap XL instrumen
equipped with an ESI source and controlled by Xcalibu
software. High pressure liquid chromatography (HPLG)Igses
were performed on a Hewlett-Packard 1200 Series msint
equipped with anisostatic pump, using a Daicel Chidal
column (OD, 250 x 4.6 mm) with isopropanol/hexanenabile
phase, and the UV detection was monitored at 254 nm.

4.2.Preparation of amindj

O Me Me Me O Me wme
I\K/JIE . Br\)LNXO NayCOs, EtOH, refulx_ , N NSy
Ph”
Ph)\/ Ph)\/
8 1j

To a solution ofN-methylaniline (1.07 g, 1.08 mL, 10.0
mmol) in ethanol (20 mL) was added sodium carbo(bt9 g,
15.0 mmol) and compourti(2.57 g, 8.6 mmol). The suspension
was stirred under reflux for 14 h and cooled to ragemperature.
The mixture was quenched with water (50 mL) and etdchc
with ethyl acetate (4 x 20 mL). The combined orgdréctions
were washed with water (4 x 25 mL) and brine (20 mlijpdd
over anhydrous sodium sulfate, and concentrate@rurediuced
pressure. The residue was purified by silica gebictatography,
eluting with ethyl acetate/petroleum ether (1:10 Me give R)-
1-(2,2-dimethyl-4-phenyloxazolidin-3-yl)-2-
(methyl(phenyl)amino)ethan-1-ongj) as a yellow solid (2.56 g,
95% yield). m.p. 84-85C; '"H NMR (400 MHz, CDC}) ¢ 7.45-
7.39 (m, 2H), 7.38-7.32 (m, 3H), 7.15-7.09 (m, 2H}{76(t,J =



4
7.2 Hz, 1H), 6.41 (dJ = 8.0 Hz, 2H), 4.97 (dd] = 6.4, 2.4 Hz,
1H), 4.41 (ddJ = 8.8, 6.4 Hz, 1H), 3.94 (dd, = 8.8, 2.4 Hz,
1H), 3.87 (dJ = 16.8 Hz, 1H), 3.56 (dl = 16.8 Hz, 1H), 2.93 (s,
3H), 1.87 (s, 3H), 1.64 (s, 3H)C NMR (100 MHz, CDG)) §
167.6, 149.2, 141.0, 129.3, 129.2, 128.4, 126.7,111112.2,
97.0, 60.8, 56.2, 39.8, 25.6, 23.5; HRMS (ESI) cafod
C,ooH.aNLONa" (M + Na)' 347.1730, found 347.1730.

4.3. Preparation of aminél
Me
Me

o) Ph—-N 0
: Na,CO,, EtOH, refulx \ :
/NH + N ]@ : : \ jg
Ph cl N N

11

To a solution ofN-methylaniline (214 mg, 0.21 mL, 2.0
mmol) in ethanol (10 mL) was added sodium carbo(&t& mg,
3.0 mmol) and 2-chlorobenzoxazole (335 mg, 2.0 nuribhe
suspension was stirred under reflux for 14 h, codtedoom
temperature, quenched with water (20 mL), and etadaavith
ethyl acetate (4 x 10 mL). The combined organictfoms were
washed with water (4 x 10 mL) and brine (20 mL), driaekr
anhydrous sodium sulfate, and concentrated undduces
pressure. The residue was purified by silica gebrtatography,
eluting with ethyl acetate/petroleum ether (1:10),vie give N-
(benzofoxazol-2-ylmethyl)N-methylaniline (1l) as a pale yellow
oil (424 mg, 89% vyieldj> '"H NMR (400 MHz, CDC)) 6 7.71-
7.66 (m, 1H), 7.49-7.44 (m, 1H), 7.32-7.27 (m, 2HR57(t,J =
8.0, 2H), 6.89 (dJ = 8.4 Hz, 2H), 6.77 (tJ = 7.2 Hz, 1H), 4.74
(s, 2H), 3.18 (s, 3H)*C NMR (100 MHz, CDGJ) ¢ 164.0,
151.0, 148.8, 141.1, 129.4, 125.1, 124.5, 120.Z7,.91113.1,
110.8, 50.6, 39.4.

4.4.General procedure for synthesis of epoxdde

A mixture of amine 1 (46.4 mg, 0.24 mmol), 2-
(trimethylsilyl)phenyl triflate (89.5 mg, 0.30 mmpICsF (91.1
mg, 0.60 mmol), and acetonitrile (0.80 mL) in alsdaube was
heated at 66C (oil bath) for 10 min, and a solution of aldehyle
(0.20 mmol) in acetonitrile (0.40 mL) was added. Thixture

Tetrahedron

148.6, 137.4,:134.8, 131.8, 130.0, 128.9, 128.8.7.2124.0,
121.0, 67.9, 56.9, 56.8; HRMS (ESI) calcd fagHG,NOs (M +
H)" 300.0867, found 300.0858.

4.4.3.
(30)

Yellow oil (32.4 mg, 61% yield)*H NMR (400 MHz, CDC}))
5 8.23-8.16 (m, 2H), 7.65 (d,= 7.6 Hz, 1H), 7.57 (] = 7.6 Hz,
1H), 4.15 (dJ = 1.6 Hz, 1H), 3.43 (dJ = 1.6 Hz, 1H), 1.53 (s,
9H); ®C NMR (100 MHz, CDC)) ¢ 166.5, 148.6, 137.8, 131.9,
129.9, 123.9, 121.1, 83.4, 57.6, 56.5, 28.1; HRMSI Ealcd for
C1H:1sNOsNa' (M + Na)" 288.0842, found 288.0842.

4.4.4. N-Methyl trans-3-(3-nitrophenyl)oxirane-2rsaxamide
(3d)

Obtained as a 90:10 mixture tbdns andcis-isomers. Yellow
solid (19.5 mg, 44% yield), m.p. 143-14¢; 'H NMR (400
MHz, CDCL) ¢ 8.23-8.19 (m, 1H), 8.15 (s, 1H), 7.64-7.53 (m,
2H), 6.27 (s, br, 1H), 4.01 (d,= 1.6 Hz, 1H), 3.54 (dJ = 1.6
Hz, 1H), 2.89 (dJ = 5.2 Hz, 3H); PartiatH NMR for thecis-
isomer:o 6.07 (s, br, 1H), 4.37 (d, = 4.8 Hz, 1H), 3.88 (d] =
4.8 Hz, 1H), 2.59 (dJ = 5.2 Hz, 3H); HRMS (ESI) calcd for
CiH1oN,0Na" (M + Na)' 245.0533, found 245.0533.

4.45. ((R)-2,2-Dimethyl-4-phenyloxazolidin-3-yl)((28)-3-(3-
nitrophenyl)oxiran-2-yl)methanor(8e)*

tert-Butyl trans-3-(3-nitrophenyl)oxiraneearboxylate

Obtained as an 87:13 mixture todns andcis-isomers. White
solid (56.0 mg, 76% vyield), m.p. 119-120; [0]p*° = -40.0 € =
0.50, CHCY); *H NMR (400 MHz, CDC}) ¢ 8.07 (ddd,J = 8.0,
2.4, 0.8 Hz, 1H), 7.60-7.57 (m, 1H), 7.38-7.32 (m, 1H},7-7.07
(m, 5H), 7.03-6.97 (m, 1H), 5.09 (dd~= 6.8, 4.8 Hz, 1H), 4.42
(dd,J =9.2, 6.8 Hz, 1H), 3.87 (dd,= 9.2, 4.8 Hz, 1H), 3.71 (d,
J=2.0 Hz, 1H), 3.22 (d] = 2.0 Hz, 1H), 1.89 (s, 3H), 1.72 (s,
3H); Partial'™H NMR for thecis-isomer:s 5.20 (dd,J = 6.8, 4.8
Hz, 1H), 3.68 (dJ) = 4.8 Hz, 1H), 2.85 (d] = 6.0 Hz, 1H), 1.58
(s, 3H), 1.47 (s, 3H).

4.4.6. trans-3-(3-Nitrophenyl)-oxirane-2-carboniér{3f)"°

was stirred at 60C for 24 h, cooled to room temperature, and Compound 3f was separated from the correspondicig

purified by silica gel chromatography, eluting witbthyl
acetate/petroleum ether (1:10 v/v), to give epogide

4.4.1. Ethyl trans-3-(3-nitrophenyl)oxirane-2-caxytate (3a)

Obtained as a 98:2 mixture tthns andcis-isomers. White
solid (34.2 mg, 72% vyield), m.p. 51-8¢; '*H NMR (400 MHz,
CDCl,) 6 8.24-8.16 (m, 2H), 7.65 (d,= 7.6 Hz, 1H), 7.58 (] =
8.0 Hz, 1H), 4.36-4.24 (m, 2H), 4.22 (®= 1.6 Hz, 1H), 3.52 (d,
J=1.6 Hz, 1H), 1.35 (1) = 7.2 Hz, 3H); PartialH NMR for the
cis-isomer:d 3.89 (d,J = 4.4 Hz, 1H), 1.07 () = 7.2 Hz, 1H);
¥%C NMR (100 MHz, CDGJ) § 167.5, 148.6, 137.5, 131.8, 130.0,
124.0, 121.0, 62.3, 57.0, 56.8, 14.2; HRMS (ESlI)caalor
CuH1NOgNa'™ (M + Na) 260.0529, found 260.0529.

Table 1, entry 5: The ee was determined to be 25HRIyC
analysis (Chiralpak OD column,= 254 nm, hexane/isopropanol
95/5, flow rate 1.0 mL/min): tR(major) = 24.8 mi
tR(minor) = 32.0 min.q]p*° = -1.4 € = 0.30, CHC)).

4.4.2. Benzyl trans-3-(3-nitrophenyl)oxirane-2-aaxlate 8b)

Obtained as a 98:2 mixture whns andcis-isomers. Yellow
oil (49.7 mg, 83% vyield)’H NMR (400 MHz, CDCJ) § 8.22-
8.14 (m, 2H), 7.62 (d) = 8.0 Hz, 1H), 7.55 (tJ = 8.0 Hz, 1H),
7.41-7.34 (m, 5H), 5.30 (dl = 12.4 Hz, 1H), 5.24 (d] = 12.4
Hz, 1H), 4.23 (dJ = 1.6 Hz, 1H), 3.56 (dJ = 1.6 Hz, 1H);
Partial'H NMR for the cis-isomer:s 4.33 (d,J = 4.4 Hz, 1H),
3.92 (d,J = 4.4 Hz, 1H);"*C NMR (100 MHz, CDG)) ¢ 167.3,

isomer3f-cis on silica gel chromatography.

3f: White solid (17.1 mg, 45% vyield), m.p. 115-196. 'H
NMR (400 MHz, CDCJ) § 8.29-8.24 (m, 1H), 8.18-8.15 (m,
1H), 7.68-7.59 (m, 2H), 4.44 (d,= 1.6 Hz, 1H), 3.49 (1= 1.6
Hz, 1H); **C NMR (100 MHz, CDG)) ¢ 148.8, 135.2, 131.8,
130.4, 124.8, 120.9, 115.3, 57.4, 44.9.

3f-cis: White solid (17.1 mg, 45% yield), m.p. 111-1°2 'H
NMR (400 MHz, CDCJ) & 8.33-8.28 (m, 2H), 7.76 (d, = 8.0
Hz, 1H), 7.66 (tJ = 8.0 Hz, 1H), 4.39 (d] = 3.6 Hz, 1H), 3.89
(d, J = 3.6 Hz, 1H)**C NMR (100 MHz, CDGJ) 5 148.5, 133.9,
132.0, 130.2, 124.8, 122.0, 114.4, 56.7, 45.2.

4.47.
(39)

White solid (17.4 mg, 31% yield), m.p. 145-1%8 ‘H NMR
(400 MHz, CDC}) 6 8.29-8.23 (m, 2H), 7.79-7.72 (m, 2H), 7.65-
7.55 (m, 2H), 7.45-7.36 (m, 2H), 4.68 = 2.0 Hz, 1H), 4.21
(d, J = 2.0 Hz, 1H);*C NMR (100 MHz, CDCJ) ¢ 160.3, 150.9,
148.8, 141.0, 137.5, 131.8, 130.1, 126.2, 125.2,.11,2121.0,
120.6, 111.1, 58.8, 55.3; HRMS (ESI) calcd fqgHGN,O,Na’
(M + Na)" 305.0531, found 305.0533.

4.4.8. Ethyl trans-3-phenyloxirane-2-carboxylasa)t’

Colorless oil (26.5 mg, 31% yieldfH NMR (400 MHz,
CDCly) ¢ 7.40-7.33 (m, 3H), 7.34-7.27 (m, 2H), 4.35-4.21 (m,

trans-2-(3-(3-Nitrophenyl)oxiran-2-yl)bendpjxazole



2H), 4.09 (dJ = 2.0 Hz, 1H), 3.51 (d] = 2.0 Hz, 1H), 1.33 (1J
= 7.2 Hz, 3H):®C NMR (100 MHz, CDCJ)) 5 168.3, 135.1,
129.1, 128.8, 125.9, 61.9, 58.0, 56.9, 14.2.

4.4.9. Ethyl trans-3-(4-chlorophenyl)oxirane-2-caxfylate 8i)"’

Colorless oil (33.6 mg, 74% yieldfH NMR (400 MHz,
CDCl,) § 7.35 (d,J = 8.8 Hz, 2H), 7.23 (d] = 8.8 Hz, 2H), 4.36-
4.21 (m, 2H), 4.07 (d) = 1.6 Hz, 1H), 3.46 (d] = 1.6 Hz, 1H),
1.33 (t,J = 7.2 Hz, 3H);*C NMR (100 MHz, CDG))  168.1,
135.0, 133.7,129.1, 127.3, 62.1, 57.4, 56.9, 14.3.

4.4.10. Ethyl trans-3-(4-bromophenyl)oxirane-2-catpate(3j)

Obtained as a 98:2 mixture whns andcis-isomers. Yellow
oil (42.3 mg, 78% yieId)}H NMR (400 MHz, CDC}) 6 7.50 (d,

White solid (31.3 mg, 66% vyield), m.p. 64-86; '"H NMR
(400 MHz, CDCY}) § 8.22 (ddJ = 8.4, 1.2 Hz, 1H), 7.71 (di,=
7.2, 0.8 Hz, 1H), 7.64-7.60 (m, 1H), 7.58-7.51 (m, 14469 (d,J
= 1.6 Hz, 1H), 4.35 (q] = 7.2 Hz, 2H), 3.39 (d] = 1.6 Hz, 1H),
1.36 (t,J = 7.2 Hz, 3H);"*C NMR (100 MHz, CDCJ) 6 167.7,
147.5, 134.7, 132.3, 129.5, 127.4, 125.0, 62.23,586.0, 14.3;
HRMS (ESI) caled for GH;;NOsNa® (M + Na) 260.0529,
found 260.0529.

4.4.16. Ethyl
(3p)*’
Obtained as a 98:2 mixture whns andcis-isomers. Yellow

oil (35.9 mg, 74% yield)*H NMR (400 MHz, CDCJ) § 7.83-7.9
(m, 4H), 7.52-7.45 (m, 2H), 7.31 (ddi= 8.4, 1.6 Hz, 1H), 4.37-

trans-3-(naphthalen-2-yl)oxirane-Xuwaxyate

J=8.4 Hz, 2H), 7.17 (d] = 8.4 Hz, 2H), 4.36-4.21 (m, 2H), 4.05 4.22 (m, 2H), 4.26 (dJ = 1.6 Hz, 1H), 3.61 (d] = 1.6 Hz, 1H),

(d,J = 1.6 Hz, 1H), 3.45 (d] = 1.6 Hz, 1H), 1.33 () = 7.2 Hz,
3H); Partial'™H NMR for the cis-isomer:s 3.81 (d,J = 4.4 Hz,
1H), 1.07 (t,J = 7.2 Hz, 3H);"*C NMR (100 MHz, CDCJ) ¢

168.0, 134.2, 132.0, 127.6, 123.1, 62.0, 57.4,,542; HRMS
(ESI) caled for GH,,BrO;Na” (M + Na) 292.9784, found
292.9787.

4.4.11. Ethyl trans-3-(4-iodophenyl)oxirane-2-caxplate @k)
Yellow oil (44.5 mg, 70% yield)*H NMR (400 MHz, CDC}))

§7.70 (d,J = 8.4 Hz, 2H), 7.04 (d] = 8.4 Hz, 2H), 4.36-4.21 (m,

2H), 4.04 (dJ = 1.6 Hz, 1H), 3.45 (d] = 1.6 Hz, 1H), 1.33 (]

= 7.2 Hz, 3H);"*C NMR (100 MHz, CDGJ)) ¢ 168.0, 137.9,
134.9, 127.7, 94.8, 62.1, 57.6, 56.9, 14.3; HRMSIYE&lcd for
CpH1:10sNa (M + Naj 340.9645, found 340.9648.

4.412. Ethyl
(3|)18

Obtained as a 97:3 mixture whns andcis-isomers. Yellow
oil (33.0 mg, 76% yieId)}H NMR (400 MHz, CDCJ) 6 7.68 (d,

trans-3-(4-cyanophenyl)oxirane-2-acatgate

1.33 (t,J = 7.2 Hz, 3H); PartialH NMR for the cis-isomer: 6
3.89 (d,J = 4.4 Hz, 1H), 0.95 () = 7.2 Hz, 3H):*C NMR (100
MHz, CDCkL) ¢ 168.3, 133.7, 133.1, 132.5, 128.7, 128.0, 127.9,
126.7, 126.6, 126.1, 122.6, 61.9, 58.3, 56.9, 14.2.

4.4.17. Ethyl trans-3-(pyridin-2-yl)oxirane-2-carkdate Bq)™

Obtained as a 98:2 mixture thns andcis-isomers. Yellow
oil (26.2 mg, 68% vyield)'H NMR (400 MHz, CDCJ) & 8.60 (d,
J=4.4Hz, 1H), 7.72 (dfl = 7.6, 1.6 Hz, 1H), 7.32-7.28 (m, 2H),
4.36-4.22 (m, 2H), 4.25 (d,= 1.6 Hz, 1H), 3.72 (d] = 1.6 Hz,
1H), 1.33 (t,J = 7.2 Hz, 3H); PartialH NMR for thecis-isomer:

5 3.90 (d,J = 4.4 Hz, 1H), 1.09 (t) = 7.2 Hz, 3H);"*C NMR
(100 MHz, CDC}) ¢ 168.0, 154.5, 149.9, 137.1, 123.9, 120.7,
62.0, 58.1, 55.8, 14.2.

4.4.18. Ethyl
carboxylate 8r)

Yellow oil (39.2 mg, 79% yield)*H NMR (400 MHz, CDC))
8 7.81-7.77 (m, 1H), 7.75-7.71 (m, 1H), 7.41 (s, 1H}477.30

trans-3-(benzo[b]thiophen-2-yl)oxieag-

J=8.4 Hz, 2H), 7.42 (d] = 8.4 Hz, 2H), 4.37-4.23 (m, 2H), 4.15 (M, 2H), 4.41 (dJ = 1.2 Hz, 1H), 4.37-4.22 (m, 2H), 3.73 (&

(d,J = 1.6 Hz, 1H), 3.47 (d] = 1.6 Hz, 1H), 1.34 () = 7.2 Hz,
3H); Partial'™H NMR for the cis-isomer:s 3.88 (d,J = 4.4 Hz,
1H), 1.05 (t,J = 7.2 Hz, 3H);"*C NMR (100 MHz, CDCJ) ¢
167.5, 140.5, 132.6, 126.6, 118.5, 113.0, 62.31,5%7.0, 14.3;
HRMS (ESI) calcd for GH;;NO;Na® (M + Na) 240.0631,
found 240.0632.

4.4.13. Ethyl trans-3-(4-nitrophenyl)oxirane-2-calylate(3m)

Obtained as a 98:2 mixture tbhns and cis-isomers. White
solid (32.3 mg, 68% vyield), m.p. 65-66; ‘H NMR (400 MHz,
CDCly) 6 8.24 (d,J = 8.8 Hz, 2H), 7.48 (d] = 8.8 Hz, 2H), 4.38-
4.24 (m, 2H), 4.21 (dJ = 1.6 Hz, 1H), 3.49 (d] = 1.6 Hz, 1H),
1.35 (t,J = 7.2 Hz, 3H); PartialH NMR for the cis-isomer:§
3.90 (d,J = 4.4 Hz, 1H), 1.05 () = 7.2 Hz, 3H):*C NMR (100

MHz, CDCk) ¢ 167.4, 148.5, 142.4, 126.8, 124.1, 62.3, 57.1,

56.8, 14.3; HRMS (ESI) calcd for1;;NOsNa" (M + Na)
260.0529, found 260.0530.

4.414.  Ethyl
carboxylate 8n)

trans-3-(4-(methylsulfonyl)phenyl)axie-2-

Obtained as a 98:2 mixture thns andcis-isomers. Yellow
solid (46.5 mg, 86% vyield), m.p. 141-142; ‘H NMR (400
MHz, CDCk) § 7.96 (d,J = 8.0 Hz, 2H), 7.52 (d) = 8.0 Hz,
2H), 4.34-4.25 (m, 2H), 4.20 (s, 1H), 3.49 (s, 1H)63($, 3H),
1.35 (t,J = 7.2 Hz, 3H); PartialH NMR for the cis-isomer:§
3.90 (d,J = 4.8 Hz, 1H), 1.06 () = 7.2 Hz, 3H);"*C NMR (100

1.2 Hz, 1H), 1.34 (tJ = 7.2 Hz, 3H);"*C NMR (100 MHz,
CDCly) 6 167.8, 139.5, 139.4, 139.3, 125.2, 124.8, 1243,8
122.6, 62.2, 57.3, 55.4, 14.3; HRMS (ESI) calcd for
CiH1,.SONa" (M + Na) 271.0399, found 271.0399.

4.4.19. Ethyl trans-3-(phenylethynyl)oxirane-2-aaxplate Bs)

Yellow oil (28.1 mg, 65% yield)*H NMR (400 MHz, CDC}))
5 7.47-7.43 (m, 2H), 7.37-7.28 (m, 3H), 4.34-4.21 PH), 3.82
(d,J = 1.6 Hz, 1H), 3.70 (d] = 1.6 Hz, 1H), 1.33 () = 7.2 Hz,
3H); ®C NMR (100 MHz, CDGCJ) § 167.6, 132.1, 129.4, 128.5,
121.4, 84.7, 83.4, 62.2, 54.8, 45.6, 14.2; HRMS YE&lcd for
CiH1,05Na" (M + Na) 239.0679, found 239.0679.

4.4.20. Ethyl trans-3-phenethyloxirane-2-carboxg|@t)"’

Obtained as an 86:14 mixture d&fans and cis-isomers.
Colorless oil (34.4 mg, 78% yield#4 NMR (400 MHz, CDC}))
0 7.32-7.26 (m, 2H), 7.23-7.17 (m, 3H), 4.28-4.12 i), 3.20
(s, 2H), 2.89-2.70 (m, 2H), 2.08-1.81 (m, 2H), 1.29 & 7.2 Hz,
3H); Partial'™H NMR for thecis-isomer:d 3.50 (d,J = 4.4 Hz,
1H).

4.4.21. Ethyl trans-1-methyl-2-oxospiro[indoline-30irane]-
3'-carboxylate 8u)*°
Yellow solid (33.6 mg, 68% yield), m.p. 107-1%8; '"H NMR

(400 MHz, CDCJ) § 7.45 (dd,J = 7.6, 0.8 Hz, 1H), 7.41 (td,=
8.0, 1.2 Hz, 1H), 7.07 (tdl = 8.0, 0.8 Hz, 1H), 6.92 (d, = 8.0

MHz, CDCL) § 167.5, 141.4, 141.1, 127.9, 126.9, 62.2, 57.0Hz, 1H), 4.36-4.22 (m, 2H), 4.21 (s, 1H), 3.28 (s, 3H29 (t,J

56.9, 44.6, 14.2; HRMS (ESI) calcd for.8,,0sSNa (M + Na)
293.0454, found 293.0455.

4.4.15. Ethyl trans-3-(2-nitrophenyl)oxirane-2-caxylate(30)

= 7.2 Hz, 3H);”*C NMR (100 MHz, CDGJ)) § 170.0, 165.8,
145.7, 131.2, 124.8, 123.2, 119.3, 109.0, 62.32,680.8, 26.9,
14.2.
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4.5.General procedure for synthesis of aziridbhe

To a reaction tube equipped with a magnetic stir was
charged with benzaldiminé (0.20 mmol), KF (34.9 mg, 0.60
mmol), and 18-crown-6 (159 mg, 0.60 mmol). The twiees
sealed with a septum, evacuated and backfilled wittogen
three times. Amine 1 (464 mg, 0.24 mmol), 2-
(trimethylsilyl)phenyl triflate (89.5 mg, 0.30 mn)pl and
acetonitrile (1.2 mL) were added via syringe undérogen
atmosphere. The mixture was stirred at room temperdor 24
h, and purified by silica gel chromatography, elgtwith ethyl
acetate/petroleum ether (1:10 v/v), to give aziwd.

451. 1-(tert-Butyl)  2-ethyl
dicarboxylate(5a)**

Yellow oil (45.4 mg, 78% yield)*H NMR (400 MHz, CDC}))
0 7.34-7.29 (m, 5H), 4.34-4.19 (m, 2H), 3.81J& 2.4 Hz, 1H),
3.09 (d,J = 2.4 Hz, 1H), 1.46 (s, 9H), 1.33 &= 7.2 Hz, 3H);
*C NMR (100 MHz, CDG)) § 167.6, 158.5, 135.5, 128.7, 128.5
126.6, 82.3, 62.0, 45.1, 44.2, 28.1, 14.4.

45.2. 1-(tert-Butyl) 2-ethyl
dicarboxylate %b)

Yellow oil (48.8 mg, 80% yield)*H NMR (400 MHz, CDC}))
5 7.30 (d,J = 8.0 Hz, 2H), 7.12 (dl = 8.0 Hz, 2H), 4.05-3.93 (m,
2H), 3.79 (dJ = 6.8 Hz, 1H), 3.39 (dJ = 6.8 Hz, 1H), 2.32 (s,
3H), 1.48 (s, 9H), 0.99 (fl = 7.2 Hz, 3H)**C NMR (100 MHz,
CDCly) § 166.4, 160.8, 138.0, 130.2, 128.9, 127.6, 82.53,61
44.6, 42.8, 280, 21.3, 14.0; HRMS (ESI) calcd
C7H,sNO,Na™ (M + Na) 328.1519, found 328.1519.

4.5.3. 1-(tert-Butyl) 2-ethyl trans-3-(4-chlorophd@ziridine-
1,2-dicarboxylate %c)

Yellow oil (39.1 mg, 60% yield)*H NMR (400 MHz, CDCJ)
57.31 (dJ = 8.4 Hz, 2H), 7.25 (d] = 8.4 Hz, 2H), 4.36-4.17 (m,
2H), 3.78 (dJ = 2.4 Hz, 1H), 3.03 (dJ = 2.4 Hz, 1H), 1.47 (s,
9H), 1.33 (t,J = 7.2 Hz, 3H);"*C NMR (100 MHz, CDG)) §
167.4, 158.3, 134.3, 134.2, 128.9, 128.0, 82.52,624.4, 44.3,
28.1, 14.3; HRMS (ESI) calcd for @,,CINO,Na" (M + Na)
348.0973, found 348.0975.

4.5.4. 1-(tert-Butyl) 2-ethyl trans-3-(4-nitrophd)yaziridine-1,2-
dicarboxylate %d)

Yellow oil (44.4 mg, 66% yield)*H NMR (400 MHz, CDC}))
58.21 (d,J = 8.4 Hz, 2H), 7.50 (dl = 8.4 Hz, 2H), 4.37-4.19 (m,
2H), 3.90 (dJ = 2.0 Hz, 1H), 3.06 (dJ = 2.0 Hz, 1H), 1.49 (s,
9H), 1.34 (t,J = 7.2 Hz, 3H);*C NMR (100 MHz, CDG)) ¢
166.9, 157.9, 148.0, 143.0, 127.5, 124.0, 82.94,624.8, 43.8,
28.0, 14.3; HRMS (ESI) calcd for 1,0N,OsNa” (M + Na)
359.1213, found 359.1214.

4.55. 1-(tert-Butyl) 2-ethyl trans-3-(naphthalend2aziridine-
1,2-dicarboxylate %e)

Yellow oil (27.3 mg, 40% yield)*H NMR (400 MHz, CDCJ)
6 7.83-7.79 (m, 4H), 7.49-7.45 (m, 2H), 7.39-7.35 (i), 4.36-
4.21 (m, 2H), 3.98 (dJ = 2.0 Hz, 1H), 3.17 (d] = 2.0 Hz, 1H),
1.48 (s, 9H), 1.34 (tJ = 7.2 Hz, 3H);*C NMR (100 MHz,
CDCl,) ¢ 167.6, 158.5, 133.4, 133.2, 133.0, 128.5, 1280,9,
126.6, 126.4, 126.2, 123.8, 82.4, 62.1, 45.3, 42811, 14.4;
HRMS (ESI) calcd for GH,sNO,Na" (M + Na) 364.1519,
found 364.1515.

trans-3-phenylaziriéi1,2-

trans-3-(p-tolyl)azime-1,2-

4.6.General procedure for synthesis of cycloprop@ne

To a mixture of aminé& (46.4 mg, 0.24 mmol), KF (34.9 mg,
0.60 mmol), and 18-crown-6 (159 mg, 0.60 mmol)
dichloromethane (1.2 mL) was added 2-(trimethylkiggl

in
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triflate (89.5 mg, 0.30 mmol) and vinyl keto®e(0.20 mmol).
The mixture was stirred at room temperature for 4ahd
concentrated under reduced pressure. The residupusified by
silica gel chromatography, eluting with ethyl acetaétroleum
ether (1:10 v/v), to give cyclopropaiie

4.6.1. Ethyl trans-2-benzoylcyclopropane-1-carbatey(7a)*

Colorless oil (42.8 mg, 98% vyieldfH NMR (400 MHz,
CDCl) 6 8.04-7.99 (m, 2H), 7.62-7.55 (m, 1H), 7.50-7.45 (m,
2H), 4.18 (q,J = 7.2 Hz, 2H), 3.19 (ddd] = 8.4, 5.6, 3.6 Hz,
1H), 2.38 (dddy = 8.4, 5.6, 3.6 Hz, 1H), 1.66-1.56 (m, 2H), 1.29
(t, J = 7.2 Hz, 3H)**C NMR (100 MHz, CDC}) 5 197.1, 172.4,
137.1, 133.4, 128.7, 128.4, 61.2, 26.0, 24.7, 1¥493; HRMS
(ESI) caled for GH,.O;Na" (M + Na) 241.0835, found
241.0834.

4.6.2. Ethyl
carboxylate Tb)

Colorless oil (42.2 mg, 85% yieldfH NMR (400 MHz,
CDCly) 6 8.01 (d,J = 9.2 Hz, 2H), 6.96 (d] = 9.2 Hz, 2H), 4.18
(g,J = 7.2 Hz, 2H), 3.88 (s, 3H), 3.14 (dddF 8.8, 6.0, 4.0 Hz,
1H), 2.35 (ddd,J = 8.8, 6.0, 4.0 Hz, 1H), 1.63-1.52 (m, 2H), 1.29
(t, J = 7.2 Hz, 3H);®®C NMR (100 MHz, CDG)) § 195.5, 172.7,
163.9, 130.7, 130.2, 113.9, 61.2, 55.7, 25.8, 2458, 14.3;
HRMS (ESI) calcd for gH,O,Na" (M + Na) 271.0941, found
271.0941.

4.6.3.

trans-2-(4-methoxybenzoyl)cyclopropane-

Ethyl trans-2-(4-chlorobenzoyl)cyclopropaiiel

forcarboxylate 7c)

Colorless oil (43.0 mg, 85% yieldfH NMR (400 MHz,
CDCl) 6 7.96 (d,J = 8.4 Hz, 2H), 7.47 (d] = 8.4 Hz, 2H), 4.19
(9, J = 7.2 Hz, 2H), 3.13 (ddd] = 9.2, 5.6, 3.6 Hz, 1H), 2.39
(ddd,J=9.2, 5.6, 3.6 Hz, 1H), 1.65-1.56 (m, 2H), 1.29&,7.2
Hz, 3H); *C NMR (100 MHz, CDCJ) 6 196.0, 172.3, 140.0,
135.4, 129.8, 129.1, 61.4, 26.0, 24.9, 18.2, 14BRMS (ESI)
calcd for GgH150;CINa" (M + Na) 275.0447, found 275.0445.

4.6.4. Ethyl
(7d)22

Colorless oil (51.0 mg, 95% vyieldfH NMR (400 MHz,
CDCl,) 6 8.58 (s, 1H), 8.05 (dd,= 8.4, 1.6 Hz, 1H), 7.99 (d,=
8.0 Hz, 1H), 7.93-7.86 (m, 2H), 7.64-7.53 (m, 2H), 4@L) =
7.2 Hz, 2H), 3.36 (ddd] = 8.4, 5.6, 3.6 Hz, 1H), 2.45 (dddi=
8.4, 5.6, 3.6 Hz, 1H), 1.70-1.62 (m, 2H), 1.3 7.2 Hz, 3H);
¥c NMR (100 MHz, CDGJ) ¢ 197.0, 172.6, 135.8, 134.5, 132.6,
130.4, 129. 8, 128.8, 128.7, 127.9, 127.0, 1241(B,626.2, 24.8,
18.2, 14.3.

4.6.5. Ethyl
carboxylate 7e)

Colorless oil (25.0 mg, 60% vyield) as a colorle#s'si NMR
(400 MHz, CDC}) ¢ 7.64 (ddJ = 1.6, 0.8 Hz, 1H), 7.29 (dd,=
3.6, 0.8 Hz, 1H), 6.58 (dd, = 3.6, 1.6 Hz, 1H), 4.18 (d§,= 7.2
Hz, 2H), 3.08 (dddJ) = 8.4, 6.4, 3.6 Hz, 1H), 2.36 (ddii= 8.4,
6.4, 3.6 Hz, 1H), 1.63-1.53 (m, 2H), 1.29J& 7.2 Hz, 3H)*C
NMR (100 MHz, CDC)) ¢ 185.7, 172.3, 152.8, 147.1, 118.0,
112.6, 61.3, 26.2, 24.5, 17.5, 14.3; HRMS (ESI) cafor
C;iH1,0,Na" (M + Na) 231.0628, found 231.0627.

trans-2-(2-naphthoyl)cyclopropane-Yhaaylate

trans-2-(furan-2-carbonyl)cyclopropate
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