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         4-BrC6H4, 4-NCC6H4, 3-HOC6H4, 4-MeC6H4, 3,4-(MeO)2C6H3, 3,4,5-(MeO)3C6H2,                  
        2,3,4-(MeO)3C6H2, 4-(BnO)C6H4, 3-(HO)-4-(MeO)C6H3, 1-Naphthyl, 2-Naphthyl, 9-Anthryl

Ar
R1

R2

O

65–94%
D
ow

nl
oa

de
d 

by
: C

ar
le

to
n 

U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
Received: 24.06.2019
Accepted after revision: 07.08.2019
Published online: 05.09.2019
DOI: 10.1055/s-0039-1690621; Art ID: ss-2019-z0347-op

Abstract A convenient approach for the synthesis of -cyanoepoxides
is illustrated by iodine(III)-catalyzed epoxidation of electron-deficient
-cyanostyrenes, wherein the active catalytic iodine(III) species was
generated in situ. The epoxidation of -cyanostyrenes was performed
using 10 mol% PhI as precatalyst in the presence of 2.0 equivalents Ox-
one as an oxidant and 2.4 equivalents of TFA as an additive at room
temperature under ultrasonic radiations. The -cyanoepoxides were
isolated in good to excellent yields in a short reaction time.

Key words epoxidation reaction, -cyanostyrene, -cyanoepoxide,
iodobenzene, trifluoroacetic acid, Oxone

-Cyanoepoxide systems are important architectures in
synthetic and medicinal chemistry.1 These scaffolds possess
wide range of applications in organic transformations2 such
as 1,3-dipolar cycloadditions3 and regioselective nucleo-
philic addition reactions.2e,4 -Cyanoepoxides are used as
promising starting materials for the synthesis of various
heterocyclic compounds which are enriched in numerous
biologically activities.5

In literature, different metal-based or organocatalytic
approaches are published over the years for the synthesis of
-cyanoepoxides. The frequently used method for the syn-
thesis of -cyanoepoxides is the epoxidation of -cyanosty-
renes using different oxidizing agents. In 1981, Sekiya and
co-workers were the first to report on the synthesis of
-cyanoepoxides through epoxidation of -cyanostyrenes us-
ing molecular oxygen in the presence of a base, but this ap-
proach was associated with low yields.6 In 2003, Marechal’s
group developed the synthesis of -cyanoepoxides in mod-
erate yields by the epoxidation of -cyanostyrenes using so-
dium hypochlorite as the source of oxygen.3d Furthermore,
Seeberger et al. developed a non-classical approach for the
synthesis of functionalized -cyanoepoxides featuring de-

aminative Mannich-type reaction of aliphatic amines with
malononitrile using singlet oxygen produced in a continu-
ous-flow photoreactor followed by the epoxidation with in
situ generated peroxide species.7 Wang and co-workers de-
veloped a chemoenzymatic synthesis of -cyanoepoxides
through lipase-catalyzed Knoevenagel reaction of aromatic
aldehydes with malononitrile followed by the epoxidation
with urea-hydrogen peroxide (UHP) oxidant.8 In 2015,
Lattanzi and co-workers employed organocatalyst cincho-
na-derived thiourea with cumyl hydroperoxide for the
asymmetric epoxidation of -cyanostyrenes to access enan-
tioenriched -cyanoepoxides under relatively mild reaction
conditions.9 In 2018, Amrollahi and Mirhashemi reported
the epoxidation of -cyanostyrenes using catalytic amount
of calcium hypochlorite for the synthesis of -cyanoepox-
ides.10 However, the literature reported methods are associ-
ated with various drawbacks such as use of an expensive
metal reagent, ligands, harsh reaction conditions, limited
substrate scope, prolonged reaction time, and poor yields.
Hence, there is still scope to develop a simple, clean, and ef-
ficient route for the synthesis of -cyanoepoxides.

In the past two decades, the hypervalent iodine re-
agents have acquired wide attention in the field of synthet-
ic organic chemistry due to their environmentally friendly
nature, low toxicity, and simple handling.11 These reagents
act as a key replacement over toxic metal reagents because
of their mild reaction condition and electrophilic nature.12

Various iodine(III) reagents have been successfully used to
achieve different organic transformations along with the
epoxidation reactions.13 Recently, our research group re-
ported an efficient metal-free approach for the epoxidation
of -cyanostyrenes to -cyanoepoxides using iodine(III) re-
agents.14 In the current decade, various organic transforma-
tions have been successfully achieved using in situ generat-
ed hypervalent iodine reagents as active catalytic species.15
© 2019. Thieme. All rights reserved. — Synthesis 2019, 51, A–N
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Herein, we describe a catalytic approach for the epoxi-
dation of -cyanostyrenes 1 using PhI (2a) as precatalyst in
association with Oxone as terminal oxidant and trifluoro-
acetic acid (TFA) as an additive. The parent precursors 1
were prepared by Knoevenagel condensation of aromatic
aldehydes with malononitrile or ethyl cynoacetate in pyri-
dine at 95  C.16,17 The epoxidation of -cyanostyrene 1a was
executed in CHCl3 using 10 mol% of iodobenzene (2a) in the
presence of 2.0 equivalents of Oxone and 2.4 equivalents of
TFA at room temperature in ultrasonic bath. The epoxida-
tion product was characterized as -cyanoepoxide 3a and
obtained in 82% yield (Scheme 1).

Scheme 1  Epoxidation of -cyanostyrene 1a using PhI (2a) as precata-
lyst

In the beginning, our efforts were emphasized to get the
best reaction condition for the epoxidation of alkenes 1, and
-cyanostyrene 1a was selected as a model substrate. Here-
in, the oxidant plays a crucial role for in situ regeneration of
catalytic iodine(III) active species by the oxidation of iodo-
benzene. Many of these commonly used oxidants have
found to generate epoxide without the presence of any cat-
alyst or additive. Hence selecting a suitable oxidant is im-
portant, as the oxidant should not react with the substrate
or product. The progress of epoxidation reaction was exam-
ined with different oxidizing agent wherein both organic
and inorganic oxidants were used. Initially, the epoxidation
reaction was performed with m-chloroperbenzoic acid (m-
CPBA) and the epoxide product 3a was obtained in 65%
yield (Table 1, entry 1). Epoxide product 3a was obtained in
50% yield with the more common oxidant sodium perbo-
rate tetrahydrate (entry 2). Furthermore, the similar reac-
tion was performed with Oxone wherein no product forma-
tion was observed (entry 3). Similarly, the reaction with so-
dium meta-periodate (NaIO4) and potassium bromate
(KBrO3) resulted in no formation of product (entries 4 and
5). In addition, the use of hydrogen peroxide and peracetic
acid led to no -cyanoepoxide 3a product but formation of
few impurities was observed (entries 6 and 7). The same re-
action using trifluoroacetic acid and Oxone led to no forma-
tion of product (entry 8). Additionally, the course of reac-
tion was found unchanged when the Oxone was replaced
with H2O2 (entry 9).

After observing that a series of oxidants (Table 1, entries
3–7) do not react with the substrate, it was decided to use
them to reproduce the active catalytic iodine(III) species.
Next, our efforts were directed towards the selection of

most suitable oxidant for the regeneration of iodine(III) ac-
tive species to achieve the epoxidation of -cyanostyrenes 1
to -cyanoepoxides 3 successfully. In order to achieve the
perfect oxidant, the epoxidation reaction of -cyanostyrene
1a was investigated with the above selected oxidants (Table
1, entries 3–7). Initially, inorganic oxidants Oxone, NaIO4,
and KBrO3 were used for the iodine(III)-catalyzed epoxida-
tion of -cyanostyrene 1a and the epoxide product 3a was
obtained in 82%, 70% and 68% yield, respectively (Table 2,
entries 1–3). The desired product 3a was isolated in 60%
and 46% yield with hydrogen peroxide and peracetic acid,
respectively (entries 4 and 5). Finally, the reaction was car-
ried out using peracetic acid as oxidant without using any
additive and the epoxide product 3a was obtained in 35%
yield (entry 6). Additionally, the stoichiometry of Oxone
required for the efficient conversion of -cyanostyrene to
-cyanoepoxide was also studied. An initial oxidant study
demonstrated that using 2.0 and 2.4 equivalents of Oxone
resulted in full conversion and the epoxide product 3a was
isolated in 82% yield in both the cases (entries 1 and 7). Fur-
thermore, the epoxidation reaction was executed with 1.8
equivalents of Oxone and the epoxidation product 3a was
isolated in 70% yield along with unreacted starting material
(entry 8). Finally, the epoxidation reaction was performed
with stoichiometric amount of PhI (1.0 equiv) with Oxone
(2.0 equiv) in CHCl3 without using any additive, but the de-
sired product 3a did not form and all unreacted starting
was recovered (entry 9).

CN

CN

CN

CN
O

1a 3a: 82%

PhI (2a) (10 mol%), Oxone (2.0 equiv)

TFA (2.4 equiv), CHCl3, rt, 60 min, ultrasonic bath

Table 1  Optimization of Oxidant-Based Epoxidation of -Cyanosty-
rene 1a

Entry Oxidant Time (min) Yield (%)

1 m-CPBA 50 65

2 NaBO3·4H2O 90 50

3 Oxone 120 –

4 NaIO4 120 –

5 KBrO3 120 –

6 H2O2 120 –

7 Peracetic acid 120 –

8a Oxone + TFA 120 –

9b H2O2 + TFA 120 –
a Reaction conditions: Oxone (2.0 equiv), TFA (2.4 equiv).
b Reaction conditions: H2O2 (2.0 equiv), TFA (2.4 equiv).

CN

CN

CN

CN
O

CHCl3, rt, 30–120 min, ultrasonic bath

1a 3a

oxidant  (2.0 equiv)
Thieme. All rights reserved. — Synthesis 2019, 51, A–N
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Table 2  Optimization of Oxidant for Iodine(III)-Catalyzed Epoxidation 
of -Cyanostyrene 1aa

In addition, the screening of iodoarene-based precata-
lyst was carried out and the results are summarized in Ta-
ble 3. The epoxidation product 3a was obtained in 82% yield
when 10 mol% of iodobenzene (2a) was used as precatalyst
(Table 3, entry 1). The course of the reaction was quite sim-
ilar with precatalyst 4-iodotoluene (2b) and the reaction
product 3a was isolated in 77% yield (entry 2). The epoxida-
tion reaction could not work well with precatalyst 4-iodo-
anisole (2c) and the reaction product 3a was observed in
55% yield only (entry 3). The complete conversion of start-
ing material was observed but reaction was associated with
the formation of some side products. More active precata-
lyst, iodopentafluorobenzene (2d) was also tested and the
desired product 3a was obtained in 85% yield (entry 4). The
epoxide product 3a was obtained in slightly higher yield
with C6F5I (2d) compare to PhI (2a) but the latter one was
preferred as precatalyst in further catalytic reactions as it is
quite cheaper compared to iodopentafluorobenzene (2d).
Further, the amount of precatalyst 2a was also screened
(entries 1, 5, and 6). The epoxidation of compound (1a) was
examined with 5 mol% of precatalyst 2a and the product 3a
was isolated in 67% yield (entry 5). The reaction product 3a
was obtained in 84% yield when reaction was performed
with 12 mol% of iodobenzene (2a) (entry 6).

After that, our aim was to find an appropriate additive.
Initially, epoxidation of -cyanostyrene 1a was performed
in chloroform with 10 mol% of iodobenzene (2a) as precata-
lyst and Oxone as an oxidant, but epoxidation reaction
could not proceed (Table 4, entry 1). After that, the same re-
action was attempted under similar reaction conditions but
2.4 equivalents of acetic acid was used as an additive. Al-
though complete conversion was not observed, the desired
product 3a was obtained in 65% yield along with unreacted

starting material (entry 2). The epoxidation product 3a was
obtained in 82% yield when the additive acetic acid was re-
placed with TFA (entry 3). In addition, p-toluenesulfonic
acid and trifluoromethanesulfonic acid were also used as
additive but the catalytic reaction did not proceed and only
unreacted starting material was observed (entries 4 and 5).
In continuation, the amount of additive were also screened
(entries 3, 6, and 7). The epoxidation of substrate 1a was
examined with 2.0 equivalents of TFA that led to incomplete
conversion of starting substrate and the product 3a was iso-
lated in 67% yield (entry 6). The reaction product 3a was
gained in 83% yield when epoxidation of 1a was performed
with 2.8 equivalents of TFA (entry 7).

Table 4  Optimization of Additive for the Epoxidation of -Cyanosty-
rene 1a

Furthermore, various polar and non-polar solvents were
investigated in the epoxidation of -cyanostyrene 1a to -
cyanoepoxide 3a (Table 5). Initially, the epoxidation reac-
tion was executed in chloroform and the epoxide 3a was
obtained in 82% yield (Table 5, entry 1). The course of the

Entry Oxidant (equiv) Additive Time (min) Yield (%)

1 Oxone (2.0) TFA 60 82

2 NaIO4 (2.0) TFA 60 70

3 KBrO3 (2.0) TFA 60 68

4 H2O2 (2.0) TFA 120 60

5 Peracetic acid (2.0) TFA 120 46

6 Peracetic acid (2.0) – 120 35

7 Oxone (2.4) TFA 60 82

8 Oxone (1.8) TFA 120 70

9a Oxone (2.0) – 120 –
a Reaction condition: PhI (1.0 equiv).

CN

CN

CN

CN
O

1a 3a

PhI (2a) (10 mol%), oxidant (x equiv)

TFA (2.4 equiv), CHCl3 
rt, 60–120 min, ultrasonic bath

Entry Additive (equiv) Time (min) Yield (%)

1 – 120 –

2 AcOH (2.4) 120 65

3 TFA (2.4) 60 82

4 p-TSA (2.4) 120 –

5 CF3SO3H (2.4) 120 –

6 TFA (2.0) 120 67

7 TFA (2.8) 60 83

Table 3  Optimization of Iodoarene-Based Precatalyst 2 for the Epoxi-
dation of -Cyanostyrene 1a

Entry Precatalyst (mol%) Time 
(min)

Yield (%)

1 PhI (2a) (10) 60 82

2 4-MeC6H4I (2b) (10) 60 77

3 4-MeOC6H4I (2c) (10) 60 55

4 C6F5I (2d) (10) 60 85

5 PhI (2a) (5) 100 67

6 PhI (2a) (12) 60 84

CN

CN

CN

CN
O

1a 3a

ArI 2 (x mol%), Oxone (2.0 equiv)

TFA (2.4 equiv), CHCl3 
rt, 60–100 min, ultrasonic bath

CN

CN

CN

CN
O

1a 3a

PhI (2a) (10 mol%), Oxone (2.0 equiv)

additive (x equiv), CHCl3 
rt, 60–120 min, ultrasonic bath
Thieme. All rights reserved. — Synthesis 2019, 51, A–N
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reaction was quite similar in acetonitrile and the desired
product 3a was obtained in 72% yield (entry 2). The epoxi-
dation reaction proceeded well in THF and dichlorometh-
ane and the product 3a was obtained in 70% and 68% yield,
respectively (entries 3 and 4). The course of epoxidation re-
action was also screened in polar and protic solvent such as
methanol and 2,2,2-trifluoroethanol (TFE), and the reaction
product 3a was isolated in 56% and 70% yield, respectively
(entries 5 and 6). Unlikely, the above reaction in polar sol-
vents did not proceed in more polar solvents such as DMF
and DMSO (entries 7 and 8). After that, the epoxidation of
substrate 1a was carried out in chloroform/water solvent
combination; there was no product formation observed
with all starting materials remaining unreacted (entry 9).
During the reactions in the ultrasonic bath, the reaction
temperature was maintained using a thermostat (at 27  C),
but the temperature was increased by 8.0  C after the com-
pletion of reaction (60 min).

Table 5  Screening of Solvent for the Epoxidation of -Cyanostyrene 1a

After establishing optimal reaction conditions, a set of
-cyanostyrenes 1 were favorably oxidized to -cyanoepox-
ides 3 in 65–94% yields (Table 6, entries 1–28). The epoxida-
tion reaction proceeded smoothly with substrates having
both electron-donating and -withdrawing moiety on the
aromatic ring of -cyanostyrenes 1. It was observed that
epoxides 3 were obtained in lower yield when electron-
withdrawing group-bearing aromatic substituents were
used as substrates (entries 2–7 and 14–20). Additionally,
the epoxidation of more hindered substrates 1k, 1l, and 1aa
resulted in the corresponding epoxides 3k, 3l, and 3aa in
lower yields (entries 11, 12, and 27). Additionally, the reac-
tion was identified to be applicable for substrate 1ab pos-
sessing an ester group adjacent to double bond leading to
epoxide 3ab. All the synthesized compounds were charac-
terized by spectroscopic analysis.

Table 6  The Extent of Epoxidation Reaction with Various -Cyanosty-
renes 1 to -Cyanoepoxides 3 Using PhI (2a) as Precatalyst

A proposed catalytic cycle for the epoxidation of -cya-
nostyrenes 1 to -cyanoepoxides 3 is illustrated in Scheme
2. The catalytic reaction begins with the in situ formation of
active iodine(III) species 4 by oxidation of iodobenzene (2a)
with Oxone. Furthermore, the iodine(III) species 4 activates
the double bond of alkene 1 and form a three-membered
iodonium intermediate 5. The intermediate 5 then under-
goes nucleophilic attack by trifluoroacetoxy anion, which
leads to ring opening to form intermediate 6. Moreover, the
intermediate 6 undergoes intramolecular cyclization to ac-
complish -cyanoepoxide 3 with the formation of iodoben-
zene (2a). Furthermore, the iodobenzene (2a) reoxidizes to
active iodine(III) species 4 to continue the catalytic cycle.

Entry Solvent Time (min) Yield (%)

1 CHCl3 60 82

2 MeCN 60 72

3 THF 60 70

4 CH2Cl2 60 68

5 MeOH 120 56

6 TFE 120 70

7 DMF 120 –

8 DMSO 120 –

9 CHCl3/H2O (3:1) 120 –

CN

CN

CN

CN
O

1a 3a

PhI (2a) (10 mol%), Oxone (2.0 equiv)

TFA (2.4 equiv), solvent 
rt, 60–120 min, ultrasonic bath

Entry Ar R1 R2 Time (min) Yield (%)

1 Ph CN CN 60 82

2 4-FC6H4 CN CN 70 72

3 2-ClC6H4 CN CN 80 65

4 4-ClC6H4 CN CN 70 75

5 2,3-Cl2C6H3 CN CN 90 70

6 3-BrC6H4 CN CN 80 77

7 4-BrC6H4 CN CN 80 78

8 4-MeC6H4 CN CN 60 80

9 3,4-(MeO)2C6H3 CN CN 60 90

10 3,4,5-(MeO)3C6H2 CN CN 60 92

11 2-Naphthyl CN CN 60 80

12 9-Anthryl CN CN 70 77

13 Ph CO2Et CN 80 83

14 4-FC6H4 CO2Et CN 90 75

15 2-ClC6H4 CO2Et CN 90 66

16 4-ClC6H4 CO2Et CN 80 77

17 3-BrC6H4 CO2Et CN 80 79

18 4-BrC6H4 CO2Et CN 80 80

19 4-NCC6H4 CO2Et CN 90 72

20 3-HOC6H4 CO2Et CN 80 74

21 4-MeC6H4 CO2Et CN 60 84

22 3,4-(MeO)2C6H3 CO2Et CN 60 91

23 2,3,4-(MeO)3C6H2 CO2Et CN 60 93

24 3,4,5-(MeO)3C6H2 CO2Et CN 60 94

25 4-(BnO)C6H4 CO2Et CN 60 90

26 3-(HO),4-(MeO)C6H3 CO2Et CN 70 88

27 1-Naphthyl CO2Et CN 60 77

28 Ph CO2Et H 60 92

Ar

R2

R1

Ar

R2

R1
O

1 3
R1 = CN, CO2Et; R2 = H, CN

PhI (2a) (10 mol%), Oxone (2.0 equiv)

TFA (2.4 equiv), CHCl3, rt, 60–90 min, ultrasonic bath
Thieme. All rights reserved. — Synthesis 2019, 51, A–N
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Finally, the epoxidation of -cyanostyrene 1a was per-
formed with PhI(OCOCF3)2 (2.0 equiv) in CHCl3, which re-
sulted in the formation of -cyanoepoxide 3a in 83% yield.
Notably, the reaction was found quite faster compared to in
situ generated active catalytic iodine(III) species. This result
support that the formation of iodine(III) intermediate 4 as
active catalytic species during the formation of epoxides 3.

Scheme 2  Proposed catalytic cycle for iodine(III)-catalyzed epoxida-
tion of -cyanostyrenes 1 to -cyanoepoxides 3

In conclusion, we have developed an iodine(III)-cata-
lyzed synthesis of -cyanoepoxides 3 in good to excellent
yields by the epoxidation of -cyanostyrenes 1 wherein io-
dine(III) active catalytic species was generated in situ by the
oxidation of iodobenzene (2a) in the presence of Oxone as
oxidant and trifluoroacetic acid as additive. Our method for
the synthesis of -cyanoepoxide 3 is very easy, efficient,
and metal-free. Further investigations about this catalytic
route are currently in progress.

Melting points were recorded with the melting point apparatus REMI
DDMS 2545. IR spectra were recorded on Thermo Scientific Nicolet
Nexus 470FT-IR spectrometer and band positions are reported in re-
ciprocal centimeters. Samples were made as pellet with KBr and re-
corded. CHN data were recorded in Elementar VarioMICRO Select
15162036 Analyzer. 1H NMR and 13C NMR spectra were recorded on
AV-400 Bruker using the solvents indicated with 400 and 100 MHz
respectively. Mass spectra (m/z) were recorded under the conditions
of electron ionization (EI). The reactions were carried out in 2.5 L ul-
trasonic bath (Model: CUB 2.5L, Citizon, India) with power dissipation
as 50 W and frequency of 40 kHz was used for the synthesis. All the
reactions were monitored by TLC that was performed on pre-coated
sheets of silica gel 60 and column chromatography was performed
with silica gel 60 (Avra synthesis Pvt. Ltd., 100–200 mesh). Hexane
and EtOAc were used as eluting solvents and were bought from Avra
Synthesis Pvt. Ltd. MeCN, THF, CH2Cl2, DMF, DMSO, 1,4-dioxane, Et2O,
and MeOH of HPLC grade were used and dried with molecular sieves
(4Å). All other purchased chemicals were used without further purifi-
cation.

-Cyanostyrenes 1; General Procedure
-Cyanostyrenes were prepared according to the reported proce-
dure.18

A mixture of aromatic aldehyde (10.0 mmol), malononitrile or ethyl
cyanoacetate (11.0 equiv), and pyridine (0.805 mL, 10.0 mmol) was
heated at reflux temperature (95  C) for 6–8 h. The progress of the re-
action was monitored by TLC. After the completion of reaction, H2O
(10 mL) was added to the reaction mixture and extracted with CH2Cl2
(3 × 10 mL). The combined organic layers were dried (anhyd Na2SO4)
and the solvent was evaporated under vacuum. Finally, the crude res-
idue was purified by column chromatography using hexane as eluent
and characterized as -cyanostyrene 1.

2-(Phenylmethylene)propanedinitrile (1a)19–21

White solid; yield: 1.34 g (8.69 mmol, 87%); mp 81–83  C (Lit.14 mp
82–84  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 676, 753, 775, 957, 969, 999, 1100, 1149, 1163, 1297, 1316,
1334, 1372, 1449, 1566, 1588, 1735, 2222, 2925 cm–1.
1H NMR (400 MHz, CDCl3):  = 7.43 (t, J = 7.6 Hz, 2 H, ArH), 7.52 (tt,
J1 = 1.2 Hz, J2 = 7.6 Hz, 1 H, ArH), 7.67 (s, 1 H, CH), 7.79 (d, J = 7.6 Hz, 2
H, ArH).
13C NMR (100 MHz, CDCl3):  = 82.8, 112.5, 113.6, 129.6, 130.7, 130.9,
134.6, 159.9.
Anal. Calcd for C10H6N2: C, 77.91; H, 3.92; N, 18.17. Found: C, 77.68; H,
3.93; N, 18.02.

2-[(4-Fluorophenyl)methylene]propanedinitrile (1b)19

White solid; yield: 1.46 g (8.48 mmol, 85%); mp 125–127  C (Lit.19 mp
124–126  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 837, 937, 1170, 1217, 1302, 1365, 1417, 1509, 1573, 1594,
1737, 2230 cm–1.
1H NMR (400 MHz, CDCl3):  = 7.12 (dt, J1 = 2.0 Hz, J2 = 8.4 Hz, 2 H,
ArH), 7.64 (s, 1 H, CH), 7.82–7.87 (m, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 82.3 (d, J = 2.0 Hz), 112.4, 113.5, 117.1
(d, J = 22.0 Hz), 127.3 (d, J = 3.0 Hz), 133.3 (d, J = 9.0 Hz), 158.3, 165.8
(d, J = 258.0 Hz).
Anal. Calcd for C10H5FN2: C, 69.77; H, 2.67; N, 16.27. Found: C, 69.70;
H, 2.62; N, 15.99.

2-[(2-Chlorophenyl)methylene]propanedinitrile (1c)22

White solid; yield: 1.58 g (8.37 mmol, 84%); mp 94–96  C (Lit.22 mp
97–98  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 698, 756, 960, 1038, 1050, 1131, 1215, 1371, 1439, 1463,
1585, 2224, 2231, 3049 cm–1.
1H NMR (400 MHz, CDCl3):  = 7.31–7.36 (m, 1 H, ArH), 7.43–7.45 (m,
2 H, ArH), 8.06 (d, J = 7.6 Hz, 1 H, ArH), 8.16 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 85.7, 111.8, 113.1, 127.8, 129.0, 129.4,
130.6, 135.0, 136.4, 156.0.
Anal. Calcd for C10H5ClN2: C, 63.68; H, 2.67; N, 14.85. Found: C, 63.70;
H, 2.67; N, 14.80.

2-[(4-Chlorophenyl)methylene]propanedinitrile (1d)19,20,23

White solid; yield: 1.57 g (8.12 mmol, 81%); mp 161–163  C (Lit.14 mp
164-166  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 760, 794, 849, 935, 1008, 1015, 1216, 1365, 1412, 1492,
1584, 1677, 1738, 2226 cm–1.
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1H NMR (400 MHz, CDCl3):  = 7.45 (d, J = 8.8 Hz, 2 H, ArH), 7.66 (s, 1
H, CH), 7.78 (d, J = 8.8 Hz, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 83.4, 111.8, 113.6, 129.6, 131.9, 135.1,
141.1, 158.8.
Anal. Calcd for C10H5ClN2: C, 63.68; H, 2.82; N, 14.85. Found: C, 63.61;
H, 2.67; N, 14.84.

2-[(2,3-Dichlorophenyl)methylene]propanedinitrile (1e)24

White solid; yield: 1.71 g (7.66 mmol, 77%); mp 160–162  C (Lit.14 mp
159–161  C); Rf = 0.2 (EtOAc–hexane 1:49).
IR (KBr): 765, 784, 850, 930, 1020, 1220, 1370, 1420, 1510, 1590,
1670, 1740, 2230 cm–1.
1H NMR (400 MHz, CDCl3):  = 7.23 (t, J = 8.0 Hz, 1 H, ArH), 7.52 (d,
J = 8.0 Hz, 1 H, ArH), 7.83 (d, J = 8.0 Hz, 1 H, ArH), 8.08 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 87.3, 111.4, 112.7, 127.8, 131.0, 133.9,
134.8, 135.1, 156.0.
Anal. Calcd for C10H4Cl2N2: C, 53.85; H, 1.81; N, 12.56. Found: C,
53.81; H, 1.83; N, 12.49.

2-[(3-Bromophenyl)methylene]propanedinitrile (1f)25

White solid; yield: 1.86 g (8.03 mmol, 80%); mp 110–112  C (Lit.25 mp
109–111  C); Rf = 0.5 (EtOAc–hexane 1:49).
IR (KBr): 706, 815, 840, 937, 1070, 1077, 1214, 1359, 1410, 1488,
1583, 1741, 2225 cm–1.
1H NMR (400 MHz, CDCl3):  = 7.31 (t, J = 8.0 Hz, 1 H, ArH), 7.60 (s, 1
H, ArH), 7.63 (d, J = 8.0 Hz, 1 H, ArH), 7.78 (d, J = 8.0 Hz, 1 H, ArH), 7.85
(s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 84.6, 111.9, 113.1, 123.6, 128.6, 131.1,
132.5, 137.2, 158.1.
Anal. Calcd for C10H5BrN2: C, 51.53; H, 2.16; N, 12.02. Found: C, 51.54;
H, 2.10; N, 11.99.

2-[(4-Bromophenyl)methylene]propanedinitrile (1g)19,20

White solid; yield: 1.91 g (8.14 mmol, 81%); mp 162–163  C (Lit.19 mp
164–166  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 720, 859, 879, 941, 1030, 1092, 1242, 1290, 1370, 1408,
1470, 1577, 1737, 2226 cm–1.
1H NMR (400 MHz, CDCl3):  = 7.56 (td, J1 = 1.6 Hz, J2 = 8.4 Hz, 2 H,
ArH), 7.60 (s, 1 H, CH), 7.65 (td, J1 = 1.6 Hz, J2 = 8.4 Hz, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 83.4, 112.3, 113.4, 129.6, 129.9, 131.7,
133.1, 158.4.
Anal. Calcd for C10H5BrN2: C, 51.53; H, 2.16; N, 12.02. Found: C, 51.54;
H, 2.10; N, 11.98.

2-[(4-Methylphenyl)methylene]propanedinitrile (1h)22,23

Light yellow solid; yield: 1.41 g (8.38 mmol, 84%); mp 135–137  C
(Lit.22 mp 133–135  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 791, 812, 959, 1037, 1191, 1217, 1412, 1449, 1509, 1586,
1605, 1737, 2222 cm–1.
1H NMR (400 MHz, CDCl3):  = 2.35 (s, 3 H, ArH), 7.22 (d, J = 8.4 Hz, 2
H, ArH), 7.61 (s, 1 H, CH), 7.70 (d, J = 8.4 Hz, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 21.9, 81.2, 112.8, 113.8, 128.5, 130.3,
130.9, 146.3, 159.7.
Anal. Calcd for C11H8N2: C, 78.55; H, 4.79; N, 16.66. Found: C, 78.26; H,
4.80; N, 16.60.

2-[(3,4-Dimethoxyphenyl)methylene]propanedinitrile (1i)
Yellow solid; yield: 1.75 g (8.24 mmol, 82%); mp 146–148  C; Rf = 0.4
(EtOAc–hexane 1:49).
IR (KBr): 820, 849, 1015, 1142, 1204, 1216, 1263, 1365, 1422, 1443,
1468, 1505, 1512, 1564, 1727, 2221 cm–1.
1H NMR (400 MHz, CDCl3):  = 3.82 (s, 3 H, OCH3), 3.87 (s, 3 H, OCH3),
6.84 (d, J = 8.4 Hz, 1 H, ArH), 7.27 (dd, J1 = 2.0 Hz, J2 = 8.4 Hz, 1 H, ArH),
7.53 (s, 1 H, CH), 7.56 (ds, J = 2.0 Hz, 1 H, ArH).
13C NMR (100 MHz, CDCl3):  = 56.0, 56.2, 78.4, 110.8, 111.1, 113.5,
114.3, 124.2, 128.1, 149.5, 154.8, 159.1.
Anal. Calcd for C12H10N2O2: C, 67.28; H, 4.71; N, 13.08. Found: C,
67.11; H, 4.69; N, 12.98.

2-[(3,4,5-Trimethoxyphenyl)methylene]propanedinitrile (1j)20,23

Yellow solid; yield: 1.97 g (8.09 mmol, 81%); mp 143–145  C (Lit.23 mp
144–146  C); Rf = 0.2 (EtOAc–hexane 1:49).
IR (KBr): 697, 750, 842, 938, 988, 1000, 1127, 1167, 1179, 1191, 1419,
1447, 1466, 1568, 1582, 1737, 2218 cm–1.
1H NMR (400 MHz, CDCl3):  = 3.79 (s, 6 H, 2 × OCH3), 3.87 (s, 3 H,
OCH3), 7.08 (s, 2 H, ArH), 7.55 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 56.4, 61.2, 80.6, 108.3, 113.2, 113.3,
125.9, 144.0, 153.3, 159.4.
Anal. Calcd for C13H12N2O3: C, 63.93; H, 4.95; N, 4.95. Found: C, 63.60;
H, 4.94; N, 11.44.

2-(2-Naphthalenylmethylene)propanedinitrile (1k)21,26

Yellow solid; yield: 1.69 g (8.31 mmol, 83%); mp 140–142  C (Lit.26 mp
142–144  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 730, 749, 763, 857, 882, 913, 937, 969, 1204, 1216, 1244,
1351, 1371, 1508, 1565, 1588, 1737, 2226 cm–1.
1H NMR (400 MHz, CDCl3):  = 7.52–7.64 (m, 3 H, ArH), 7.87 (d, J = 8.8
Hz, 2 H, ArH), 8.02 (d, J = 8.8 Hz, 1 H, ArH), 8.20 (d, J = 8.8 Hz, 1 H,
ArH), 8.58 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 85.1, 112.5, 113.8, 122.3, 125.4, 127.3,
127.5, 128.5, 128.6, 129.5, 131.1, 133.5, 134.9, 157.8.
Anal. Calcd for C14H8N2: C, 82.33; H, 3.95; N, 13.72. Found: C, 81.78; H,
3.95; N, 13.71.

2-(9-Anthracenylmethylene)propanedinitrile (1l)20

Orange solid; yield: 2.03 g (8.01 mmol, 80%); mp 204–206  C (Lit.14

mp 205–206  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 717, 734, 896, 946, 1164, 1258, 1365, 1446, 1551, 1575,
2229 cm–1.
1H NMR (400 MHz, CDCl3):  = 7.45 (dt, J1 = 1.2 Hz, J2 = 7.6 Hz, 2 H,
ArH), 7.55 (dt, J1 = 1.2 Hz, J2 = 7.6 Hz, 2 H, ArH), 7.79 (dd, J1 = 0.8 Hz,
J2 = 8.4 Hz, 2 H, ArH), 7.96 (d, J = 8.4 Hz, 2 H, ArH), 8.51 (s, 1 H, ArH),
8.80 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 92.3, 111.3, 112.9, 123.3, 123.8, 126.0,
128.3, 129.0, 129.5, 130.9, 132.4, 160.5.
Anal. Calcd for C18H10N2: C, 85.02; H, 3.96; N, 11.02. Found: C, 84.70;
H, 3.98; N, 11.03.

Ethyl (E)-2-Cyano-3-phenylacrylate (1m)27

White solid; yield: 2.19 g (8.78 mmol, 88%); mp 49–51  C (Lit.21 mp
50–52  C); Rf = 0.5 (EtOAc–hexane 1:49).
Thieme. All rights reserved. — Synthesis 2019, 51, A–N
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IR (KBr): 763, 969, 995, 1103, 1149, 1160, 1292, 1324, 1366, 1430,
1583, 1733, 2221, 3025 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.31 (t, J = 6.8 Hz, 3 H, CH3), 4.30 (q, J =
7.2 Hz, 2 H, CH2), 7.33–7.52 (m, 3 H, ArH), 7.90 (d, J = 8.4 Hz, 2 H, ArH),
8.16 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 14.2, 62.8, 103.0, 115.5, 129.3, 131.1,
131.5, 133.3, 155.0, 162.5.
Anal. Calcd for C12H11NO2: C, 71.63; H, 5.51; N, 6.96. Found: C, 71.33;
H, 5.48; N, 6.92.

Ethyl (E)-2-Cyano-3-(4-fluorophenyl)acrylate (1n)28

White solid; yield: 1.66 g (7.64 mmol, 76%); mp 96–97  C (Lit.28 mp
94–96  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 735, 835, 895, 1012, 1088, 1162, 1201, 1267, 1369, 1492,
1509, 1589, 1610, 1722, 1753, 2225, 2383, 2989, 3072 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.26–1.31 (m, 3 H, CH3), 4.24–4.28 (m,
2 H, CH2), 7.06–7.11 (m, 2 H, ArH), 7.91 (d, J = 8.4 Hz, 2 H, ArH), 8.09
(s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 14.1, 62.7, 102.5, 115.4, 116.6 (d,
J = 21.9 Hz), 127.8 (d, J = 3.0 Hz), 133.6 (d, J = 9.1 Hz), 153.3, 162.2,
166.6.
Anal. Calcd for C12H10FNO2: C, 65.75; H, 4.60; N, 6.39. Found: C, 65.73;
H, 4.68; N, 6.35.

Ethyl (E)-3-(2-Chlorophenyl)-2-cyanoacrylate (1o)29

White solid; yield: 1.80 g (7.68 mmol, 77%); mp 54–56  C (Lit.29 mp
56–57  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 789, 826, 1020, 1076, 1100, 1202, 1282, 1310, 1370, 1414,
1452, 1481, 1510, 1567, 1620, 1730, 1761, 2220, 2410, 2900 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.28 (t, J = 7.2 Hz, 3 H, CH3), 4.28 (q, J =
7.2 Hz, 2 H, CH2), 7.23–7.29 (m, 1 H, ArH), 7.30–7.38 (m, 2 H, ArH),
8.09 (d, J = 7.6 Hz, 1 H, ArH), 8.53 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 14.1, 62.9, 114.7, 127.5, 129.7, 129.8,
130.3, 133.7, 136.3, 150.8, 161.7.
Anal. Calcd for C12H10ClNO2: C, 61.16; H, 4.28; N, 5.94. Found: C,
61.20; H, 4.29; N, 5.90.

Ethyl (E)-3-(4-Chlorophenyl)-2-cyanoacrylate (1p)27,29,30

White crystalline solid; yield: 1.92 g (8.21 mmol, 82%); mp 49–51  C
(Lit.30 mp 50–52  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 797, 831, 1010, 1019, 1077, 1093, 1198, 1286, 1309, 1364,
1410, 1445, 1478, 1490, 1613, 1650, 1721, 1754, 2223, 2957, 2989,
3036 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.32 (t, J = 7.2 Hz, 3 H, CH3), 4.31 (q, J =
7.2 Hz, 2 H, CH2), 7.39 (d, J = 8.8 Hz, 2 H, ArH), 7.85 (d, J = 8.4 Hz, 2 H,
ArH), 8.11 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 14.1, 62.9, 103.5, 115.3, 129.7 (2 C),
129.9, 132.2 (2 C), 139.6, 153.4, 162.2.
Anal. Calcd for C12H10ClNO2: C, 61.16; H, 4.28; N, 5.94. Found: C,
61.12; H, 4.30; N, 5.99.

Ethyl (E)-3-(3-Bromophenyl)-2-cyanoacrylate (1q)
White solid; yield: 2.23 g (8.02 mmol, 80%); mp 90–92  C; Rf = 0.4
(EtOAc–hexane 1:49).
IR (KBr): 680, 693, 772, 789, 895, 967, 1019, 1075, 1096, 1161, 1199,
1261, 1371, 1476, 1552, 1571, 1605, 1780, 2223, 2988 cm–1.

1H NMR (400 MHz, CDCl3):  = 1.30 (t, J = 7.2 Hz, 3 H, CH3), 4.29 (q, J =
7.2 Hz, 2 H, CH2), 7.28 (t, J = 8.0 Hz, 1 H, ArH), 7.56 (dd, J1 = 0.8 Hz, J2 =
7.2 Hz, 1 H, ArH), 7.87 (d, J = 8.0 Hz, 1 H, ArH), 7.92 (s, 1 H, ArH), 8.06
(s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 14.2, 62.9, 104.6, 114.9, 123.2, 128.9,
130.8, 133.3, 133.8, 135.9, 153.0, 161.9.
Anal. Calcd for C12H10BrNO2: C, 51.45; H, 3.60; N, 5.00. Found: C,
51.42; H, 3.62; N, 5.02.

Ethyl (E)-3-(4-Bromophenyl)-2-cyanoacrylate (1r)29

White solid; yield: 2.31 g (8.34 mmol, 83%); mp 92–94  C (Lit.29 mp
90–92  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 693, 791, 896, 968, 1007, 1019, 1095, 1160, 1200, 1262,
1370, 1392, 1444, 1476, 1553, 1571, 1607, 1780, 2223, 2988 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.32 (t, J = 7.2 Hz, 3 H, CH3), 4.31 (q, J =
6.8 Hz, 2 H, CH2), 7.56 (d, J = 8.4 Hz, 2 H, ArH), 7.77 (d, J = 8.8 Hz, 2 H,
ArH), 8.09 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 14.2, 62.9, 103.7, 115.2, 128.2, 130.3,
132.2 (2 C), 132.7 (2 C), 153.5, 162.2.
Anal. Calcd for C12H10BrNO2: C, 51.45; H, 3.60; N, 5.00. Found: C,
51.47; H, 3.62; N, 5.02.

Ethyl (E)-2-Cyano-3-(4-cyanophenyl)acrylate (1s)28

White crystalline solid; yield: 1.92 g (8.51 mmol, 85%); mp 132–134
C (Lit.28 mp 134–136  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 840, 930, 970, 1090, 1140, 1250, 1370, 1431, 1480, 1560,
1650, 1759, 2221, 2939, 2991, 3031 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.34 (t, J = 7.2 Hz, 3 H, CH3), 4.34 (q, J =
7.2 Hz, 2 H, CH2), 7.73 (d, J = 8.4 Hz, 2 H, ArH), 7.99 (d, J = 8.4 Hz, 2 H,
ArH), 8.18 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 14.1, 63.3, 106.8, 114.6, 115.9, 117.7,
131.0 (2 C), 132.9 (2 C), 135.3, 152.2, 161.5.
Anal. Calcd for C13H10N2O2: C, 69.02; H, 4.46; N, 12.38. Found: C,
69.07; H, 4.50; N, 12.32.

Ethyl (E)-2-Cyano-3-(3-hydroxyphenyl)acrylate (1t)27

White solid; yield: 1.69 g (7.79 mmol, 78%); mp 84–86  C (Lit.27 mp
85–87  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 762, 971, 992, 1120, 1153, 1175, 1291, 1361, 1390, 1430,
1450, 1581, 1650, 1790, 2220, 3030, 3610 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.29 (t, J = 7.2 Hz, 3 H, CH3), 4.28 (q,
J = 7.2 Hz, 2 H, CH2), 6.99 (dd, J1 = 1.6 Hz, J2 = 6.4 Hz, 1 H, ArH), 7.24 (t,
J = 8.0 Hz, 1 H, ArH), 7.32 (d, J = 8.0 Hz, 1 H, ArH), 7.48 (s, 1 H, ArH),
8.09 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 14.1, 63.0, 102.6, 115.5, 116.6, 121.2,
124.2, 130.5, 132.5, 155.6, 156.7, 162.8.
Anal. Calcd for C12H11NO3: C, 66.35; H, 5.10; N, 6.46. Found: C, 66.33;
H, 5.14; N, 6.46.

Ethyl (E)-2-Cyano-3-(4-methylphenyl)acrylate (1u)29,31

White solid; yield: 1.84 g (8.62 mmol, 86%); mp 90–92  C (Lit.31 mp
89–90  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 1001, 1095, 1129, 1161, 1219, 1257, 1336, 1370, 1423, 1464,
1506, 1578, 1749, 2221, 2965 cm–1.
Thieme. All rights reserved. — Synthesis 2019, 51, A–N
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1H NMR (400 MHz, CDCl3):  = 1.28 (t, J = 7.2 Hz, 3 H, CH3), 2.30 (s, 3
H, CH3), 4.25 (q, J = 7.2 Hz, 2 H, CH2), 7.17 (d, J = 8.0 Hz, 2 H, ArH), 7.76
(d, J = 8.4 Hz, 2 H, ArH), 8.07 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 13.1, 20.8, 61.5, 100.5, 114.7, 127.8,
128.9 (2 C), 130.2 (2 C), 143.6, 153.8, 161.6.
Anal. Calcd for C13H13NO2: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.53;
H, 6.06; N, 6.52.

Ethyl (E)-2-Cyano-3-(3,4-dimethoxyphenyl)acrylate (1v)27

White solid; yield: 2.27 g (8.66 mmol, 87%); mp 148–150  C (Lit.27 mp
150–151  C); Rf = 0.3 (EtOAc–hexane 1:49).
IR (KBr): 1023, 1079, 1167, 1240, 1250, 1340, 1390, 1420, 1479, 1509,
1590, 1750, 1860, 2090, 2221, 3010 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.32 (t, J = 7.2 Hz, 3 H, CH3), 3.87 (s, 3
H, OCH3), 3.89 (s, 3 H, OCH3), 4.29 (q, J = 7.2 Hz, 2 H, ArH), 6.87 (d, J =
8.4 Hz, 1 H, ArH), 7.39 (dd, J1 = 2.4 Hz, J2 = 6.0 Hz, 1 H, ArH), 7.73 (s, 1
H, ArH), 8.07 (s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 14.2, 56.0, 56.5, 62.4, 99.4, 110.9,
111.7, 116.3, 124.6, 127.9, 149.3, 153.7, 154.5, 163.0.
Anal. Calcd for C14H15NO4: C, 64.36; H, 5.79; N, 5.36. Found: C, 64.33;
H, 5.78; N, 5.41.

Ethyl (E)-2-Cyano-3-(2,3,4-trimethoxyphenyl)acrylate (1w)
Yellow solid; yield: 2.23 g (7.71 mmol, 77%); mp 100–102  C; Rf = 0.2
(EtOAc–hexane 1:49).
IR (KBr): 771, 836, 954, 1007, 1036, 1090, 1125, 1160, 1190, 1250,
1340, 1371, 1423, 1470, 1509, 1584, 1609, 1747, 2220, 2940, 2976
cm–1.
1H NMR (400 MHz, CDCl3):  = 1.32 (t, J = 7.2 Hz, 3 H, CH3), 3.79 (s, 3
H, OCH3), 3.88 (s, 3 H, OCH3), 3.91 (s, 3 H, OCH3), 4.29 (q, J = 6.8 Hz, 2
H, ArH), 6.71 (d, J = 9.2 Hz, 1 H, ArH), 8.12 (d, J = 8.8 Hz, 1 H, ArH), 8.53
(s, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 14.2, 56.2, 60.9, 62.1, 62.4, 100.2,
107.7, 116.4, 118.7, 125.0, 141.9, 149.0, 154.9, 158.5, 163.1.
Anal. Calcd for C15H17NO5: C, 61.85; H, 5.88; N, 4.81. Found: C, 61.87;
H, 5.84; N, 4.84.

Ethyl (E)-2-Cyano-3-(3,4,5-trimethoxyphenyl)acrylate (1x)31

Yellow solid; yield: 2.44 g (8.41 mmol, 84%); mp 79–81  C (Lit.31 mp
78–80  C); Rf = 0.2 (EtOAc–hexane 1:49).
IR (KBr): 770, 833, 946, 1006, 1024, 1091, 1126, 1159, 1186, 1219,
1255, 1334, 1370, 1421, 1463, 1505, 1578, 1604, 1748, 2217, 2938,
2972 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.21 (t, J = 7.2 Hz, 3 H, CH3), 4.15 (q, J =
7.2 Hz, 2 H, CH2), 6.32 (d, J = 16.0 Hz, 1 H, CH), 7.23–7.26 (m, 3 H,
ArH), 7.37–7.41 (m, 2 H, ArH), 7.58 (d, J = 16.0 Hz, 1 H, CH).
13C NMR (100 MHz, CDCl3):  = 13.3, 59.4, 117.2, 126.9 (2 C), 127.8 (2
C), 129.1, 133.4, 143.5, 165.9.
Anal. Calcd for C15H17NO5: C, 61.85; H, 5.88; N, 4.81. Found: C, 61.83;
H, 5.88; N, 4.82.

Ethyl (E)-2-Cyano-3-(4-benzoxyphenyl)acrylate (1y)32

White solid; yield: 2.67 g (8.66 mmol, 87%); mp 78–80  C (Lit.32 mp
80–81  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 610, 790, 851, 1027, 1218, 1260, 1336, 1370, 1398, 1513,
1780, 2212, 2937, 2973 cm–1.

1H NMR (400 MHz, CDCl3):  = 1.17–1.27 (m, 3 H, CH3), 4.11–4.25 (m,
2 H, CH2), 5.01 (s, 2 H, CH2), 6.91–7.30 (m, 7 H, ArH), 7.84–8.04 (m, 3
H, ArH).
13C NMR (100 MHz, CDCl3):  = 14.2, 24.7, 62.4, 70.3, 99.6, 115.6 (2 C),
116.2, 124.6, 127.5 (2 C), 128.3, 128.8 (2 C), 133.6 (2 C), 135.9, 154.2,
162.9 (d, J = 10.1 Hz).
Anal. Calcd for C19H17NO3: C, 74.25; H, 5.58; N, 4.56. Found: C, 74.23;
H, 5.59; N, 4.52.

Ethyl (E)-2-Cyano-3-(3-hydroxy-4-methoxyphenyl)acrylate (1z)27

White solid; yield: 1.97 g (8.02 mmol, 80%); mp 100–102  C (Lit.27 mp
101–103  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 759, 969, 980, 1123, 1150, 1180, 1300, 1380, 1429, 1432,
1459, 1587, 1649, 1653, 1740, 2221, 3020, 3609 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.31 (t, J = 7.2 Hz, 3 H, CH3), 3.90 (s, 3
H, OCH3), 4.29 (q, J = 7.2 Hz, 2 H, CH2), 6.86 (d, J = 8.4 Hz, 1 H, ArH),
7.49 (dd, J1 = 2.0 Hz, J2 = 6.4 Hz, 1 H, ArH), 7.56 (s, 1 H, ArH), 8.04 (s, 1
H, CH).
13C NMR (100 MHz, CDCl3):  = 14.2, 56.2, 62.5, 100.0, 110.8, 115.9,
116.5, 125.1, 125.8, 145.9, 151.1, 154.6, 163.1.
Anal. Calcd for C13H13NO2: C, 63.15; H, 5.30; N, 5.67. Found: C, 63.13;
H, 5.35; N, 5.70.

Ethyl (E)-2-Cyano-3-(naphthalen-1-yl)acrylate (1aa)33

White solid; yield: 2.05 g (8.21 mmol, 82%); mp 79–81  C (Lit.33 mp
80–81  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 730, 780, 938, 1022, 1081, 1097, 1129, 1160, 1219, 1255,
1335, 1370, 1467, 1507, 1602, 1717, 1750, 2222, 2967 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.31 (t, J = 7.2 Hz, 3 H, CH3), 4.31 (q, J =
7.2 Hz, 2 H, CH2), 7.40–7.49 (m, 3 H, ArH), 7.76 (d, J = 8.4 Hz, 1 H, ArH),
7.87 (t, J = 7.6 Hz, 2 H, ArH), 8.17 (d, J = 7.2 Hz, 1 H, ArH), 8.95 (s, 1 H,
CH).
13C NMR (100 MHz, CDCl3):  = 14.2, 62.8, 105.8, 115.4, 122.8, 125.4,
126.8, 127.8, 128.2, 128.3, 129.2, 131.7, 133.4, 133.5, 152.7, 162.3.
Anal. Calcd for C16H13NO2: C, 76.48; H, 5.21; N, 5.57. Found: C, 76.43;
H, 5.28; N, 5.58.

Ethyl (E)-Cinnamate (1ab)
(E)-Ethyl cinnamate was prepared according to reported procedure.34

To a solution of cinnamic acid (1.48 g, 10 mmol) in CH2Cl2 (25 mL)
was added SOCl2 (1.0 mL, 15 mmol) and DMF (80 L, 0.95 mmol) and
the mixture was stirred at rt for 1 h. The consumption of acid was
monitored by using TLC. The unreacted SOCl2 was removed under re-
duced pressure and CH2Cl2 (20 mL) was added followed by addition of
EtOH (2.0 mL, 20 mmol) with stirring at rt for 3 h. After the comple-
tion of reaction, H2O (10 mL) was added to the reaction mixture and
extracted with CH2Cl2 (3 × 10 mL) and the combined organic layers
were dried (anhyd Na2SO4). The solvent was evaporated under vacu-
um and the crude product was purified by column chromatography
using hexane as eluent and characterized as ethyl (E)-cinnamate
(1ab); colorless oil; yield: 1.50 g (8.52 mmol, 85%); bp 49–51  C/760
Torr (Lit.35 bp 50–51  C/760 Torr); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 990, 1002, 1140, 1220, 1360, 1430, 1550, 1670, 1736, 1860,
2080 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.22 (t, J = 7.2 Hz, 3 H, CH3), 4.15 (q, J =
7.2 Hz, 2 H, OCH2), 6.32 (d, J = 16.0 Hz, 1 H, CH), 7.19–7.29 (m, 3 H,
ArH), 7.36–7.40 (m, 2 H, ArH), 7.58 (d, J = 16.0 Hz, 1 H, CH).
Thieme. All rights reserved. — Synthesis 2019, 51, A–N
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13C NMR (100 MHz, CDCl3):  = 13.3, 59.4, 117.2, 126.9 (2C), 127.8
(2C), 129.1, 133.4, 143.5, 165.9.
GC-MS: m/z (%) = 176 ([M+], 90), 174 (20), 158 (45), 148 (80), 146
(60), 131 (100), 130 (50), 127 (34), 117 (40), 103 (100), 101 (41), 91
(50), 77 (90), 63 (20), 51 (50).
Anal. Calcd for C11H12O2: C, 74.98; H, 6.86. Found: C, 74.96; H, 6.88.

-Cyanoepoxides 3; General Procedure
A mixture of -cyanostyrene 1 (1.0 mmol, 1.0 equiv), PhI (2a; 10 L,
10 mol%), TFA (185 L, 2.4 mmol, 2.4 equiv), and Oxone (2.0 equiv) in
CHCl3 (5 mL) was irradiated in ultrasonic bath at rt for 60–90 min. The
sequel of reaction was monitored by TLC. After completion of reac-
tion, H2O (5 mL) was added to the reaction mixture and extracted
with CH2Cl2 (3 × 5 mL). The combined organic layers were dried (an-
hyd Na2SO4) and concentrated under vacuum. The crude products
were purified by column chromatography on silica gel using EtOAc–
hexane (1:49) and isolated products were characterized as -cya-
noepoxides 3 by spectroscopic analysis.

Phenyl-2,2-oxiranedicarbonitrile (3a)9,36

White solid; yield: 139 mg (0.82 mmol, 82%); mp 52–54  C (Lit.36 mp
54–56  C); Rf = 0.6 (hexane).
IR (KBr): 725, 744, 840, 886, 1000, 1045, 1158, 1190, 1228, 1267,
1378, 1516, 1610, 1914, 2122 cm–1.
1H NMR (400 MHz, CDCl3):  = 4.56 (s, 1 H, CH), 7.30 (td, J1 = 1.6 Hz,
J2 = 8.4 Hz, 2 H, ArH), 7.34–7.39 (m, 3 H, ArH).
13C NMR (100 MHz, CDCl3):  = 41.7, 65.8, 110.1, 111.6, 126.8, 127.5,
129.1, 131.4.
GC-MS: m/z (%) = 171 ([M+ + 1], 17), 170 ([M+], 40), 142 (38), 116 (15),
113 (100), 105 (25), 90 (50), 92 (30), 78 (15).
Anal. Calcd for C10H6N2O: C, 70.58; H, 3.55; N, 16.46. Found: C, 70.20;
H, 3.53; N, 16.45.

(4-Fluorophenyl)-2,2-oxiranedicarbonitrile (3b)10

White solid; yield: 135 mg (0.72 mmol, 72%); mp 78–80  C (Lit.14 mp
76–78  C); Rf = 0.4 (hexane).
IR (KBr): 727, 747, 831, 890, 1015, 1055, 1162, 1188, 1238, 1273,
1378, 1513, 1609, 1911, 2121, 2259 cm–1.
1H NMR (400 MHz, CDCl3):  = 4.59 (s, 1 H, CH), 7.08 (t, J = 8.8 Hz, 2 H,
ArH), 7.31 (t, J = 8.8 Hz, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 40.7, 64.3, 109.1, 110.5, 115.6 (d,
J = 22.2 Hz), 122.3 (d, J = 3.1 Hz), 128.0 (d, J = 8.9 Hz), 163.9 (d,
J = 251.0 Hz).
GC-MS: m/z (%) = 188 (30), 160 (22), 133 (85), 108 (100), 107 (50), 95
(44), 75 (35).
Anal. Calcd for C10H5FN2O: C, 63.83; H, 2.68; N, 14.89. Found: C, 63.22;
H, 2.91; N, 14.85.

(2-Chlorophenyl)-2,2-oxiranedicarbonitrile (3c)14

White solid; yield: 133 mg (0.65 mmol, 65%); mp 50–52  C (Lit.14 mp
51–53  C); Rf = 0.4 (hexane).
IR (KBr): 684, 699, 718, 830, 857, 1011, 1045, 1191, 1377, 1425, 1513,
1573, 1926, 2112, 2258, 2344 cm–1.
1H NMR (400 MHz, CDCl3):  = 4.84 (s, 1 H, CH), 7.21 (dd, J1 = 1.6 Hz,
J2 = 7.6 Hz, 1 H, ArH), 7.27 (dt, J1 = 2.0 Hz, J2 = 8.4 Hz, 1 H, ArH), 7.31
(dt, J1 = 1.6 Hz, J2 = 8.4 Hz, 1 H, ArH), 7.35 (dd, J1 = 1.6 Hz, J2 = 7.6 Hz, 1
H, ArH).

13C NMR (100 MHz, CDCl3):  = 40.9, 63.6, 109.7, 111.1, 126.4, 127.1,
127.4, 129.9, 132.2, 133.9.
GC-MS: m/z (%) = 206 ([M+], 8), 204 (24), 169 (15), 141 (95), 140 (25),
139 (24), 89 (100), 75 (24), 49 (25).
Anal. Calcd for C10H5ClN2O: C, 58.70; H, 2.46; N, 13.69. Found: C,
58.76; H, 2.51; N, 13.73.

(4-Chlorophenyl)-2,2-oxiranedicarbonitrile (3d)9

White solid; yield: 153 mg (0.75 mmol, 75%); mp 127–129  C (Lit.9 mp
125–126  C); Rf = 0.4 (hexane).
IR (KBr): 683, 693, 715, 827, 866, 1011, 1044, 1189, 1378, 1425, 1512,
1571, 1927, 2107, 2348, 2393 cm–1.
1H NMR (400 MHz, CDCl3):  = 4.59 (s, 1 H, CH), 7.27 (td, J1 = 1.6 Hz,
J2 = 8.4 Hz, 2 H, ArH), 7.36 (td, J1 = 1.6 Hz, J2 = 8.4 Hz, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 41.6, 65.1, 109.8, 111.3, 125.9, 128.1,
129.6, 137.8.
GC-MS: m/z (%) = 206 ([M+ + 2], 32), 205 ([M+ + 1], 11), 204 ([M+], 10),
149 (12), 142 (22), 141 (98), 139 (100), 111 (54), 75 (48), 50 (42).
Anal. Calcd for C10H5ClN2O: C, 58.70; H, 2.46; N, 13.69. Found: C,
58.76; H, 3.04; N, 13.69.

(2,3-Dichlorophenyl)-2,2-oxiranedicarbonitrile (3e)
White solid; yield: 167 mg (0.70 mmol, 70%); mp 127–129  C; Rf = 0.4
(hexane).
IR (KBr): 690, 720, 830, 861, 1015, 1050, 1190, 1375, 1430, 1515,
1930, 2110, 2350, 2390 cm–1.
1H NMR (400 MHz, CDCl3):  = 4.82 (s, 1 H, CH), 7.11 (d, J = 7.6 Hz, 1 H,
ArH), 7.21 (t, J = 8.0 Hz, 1 H, ArH), 7.48 (d, J = 8.0 Hz, 1 H, ArH).
13C NMR (100 MHz, CDCl3):  = 39.8, 62.5, 108.5, 109.9, 124.3, 127.1,
127.7, 131.0, 131.9, 132.9.
GC-MS: m/z (%) = 241 ([M+ + 2], 11), 240 ([M+ + 1], 8), 239 ([M+], 60),
237 (100), 142 (22), 141 (98), 139 (70), 111 (54), 75 (48), 50 (42).
Anal. Calcd for C10H4Cl2N2O: C, 50.24; H, 1.69; N, 11.72. Found: C,
50.26; H, 1.73; N, 11.03.

(3-Bromophenyl)-2,2-oxiranedicarbonitrile (3f)9

White solid; yield: 191 mg (0.77 mmol, 77%); mp 115–117  C (Lit.9 mp
115–116  C); Rf = 0.3 (hexane).
IR (KBr): 747, 760, 800, 912, 1065, 1120, 1262, 1279, 1381, 1520,
1630, 1920, 2119, 2250 cm–1.
1H NMR (400 MHz, CDCl3):  = 4.57 (s, 1 H, CH), 7.24 (td, J1 = 1.6 Hz,
J2 = 8.4 Hz, 2 H, ArH), 7.53 (td, J1 = 1.6 Hz, J2 = 8.4 Hz, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 41.5, 64.7, 109.8, 111.2, 123.2, 125.2,
129.7, 129.9, 130.7, 134.6.
GC-MS: m/z (%) = 250 ([M+ + 3], 10), 249 ([M+ + 2], 90), 248 ([M+ + 1],
18), 247 ([M+], 90), 219 (45), 180 (25), 166 (43), 140 (50).
Anal. Calcd for C10H5BrN2O: C, 48.22; H, 2.02; N, 11.25. Found: C,
48.45; H, 2.29; N, 11.28.

(4-Bromophenyl)-2,2-oxiranedicarbonitrile (3g)10

White solid; yield: 194 mg (0.78 mmol, 78%); mp 116–118  C (Lit.10

mp 118–119  C); Rf = 0.4 (hexane).
IR (KBr): 724, 750, 827, 891, 1115, 1054, 1173, 1195, 1239, 1277,
1382, 1518, 1613, 1921, 2124, 2252 cm–1.
Thieme. All rights reserved. — Synthesis 2019, 51, A–N
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1H NMR (400 MHz, CDCl3):  = 4.57 (s, 1 H, CH), 7.19 (td, J1 = 1.6 Hz,
J2 = 8.4 Hz, 2 H, ArH), 7.53 (td, J1 = 1.6 Hz, J2 = 8.4 Hz, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 41.4, 65.1, 109.8, 111.2, 126.0, 126.4,
128.3, 132.5.
GC-MS: m/z (%) = 250 ([M+ + 3], 24), 249 ([M+ + 2], 13), 248 ([M+ + 1],
22), 247 ([M+], 100), 221 (30), 187 (40), 181 (32), 174 (41), 144 (80),
117 (20).
Anal. Calcd for C10H5BrN2O: C, 48.22; H, 2.02; N, 11.25. Found: C,
48.45; H, 2.28; N, 11.26.

(4-Methylphenyl)-2,2-oxiranedicarbonitrile (3h)10

White solid; yield: 154 mg (0.80 mmol, 80%); mp 60–62  C (Lit.10 mp
63–65  C); Rf = 0.5 (hexane).
IR (KBr): 765, 816, 893, 1161, 1179, 1201, 1273, 1530, 1754, 1854,
1874, 2224, 2225, 2923 cm–1.
1H NMR (400 MHz, CDCl3):  = 2.28 (s, 3 H, CH3), 4.56 (s, 1 H, CH),
7.14–7.20 (m, 4 H, ArH).
13C NMR (100 MHz, CDCl3):  = 20.2, 40.8, 65.1, 109.3, 110.6, 123.5,
125.7, 128.8, 129.9.
GC-MS: m/z (%) = 185 ([M+ + 1], 14), 184 ([M+], 100), 158 (23), 156
(26), 155 (40), 151 (60), 129 (55), 127 (100), 102 (37).
Anal. Calcd for C11H8N2O: C, 71.73; H, 4.38; N, 15.21. Found: C, 71.11;
H, 4.38; N, 15.10.

(3,4-Dimethoxyphenyl)-2,2-oxiranedicarbonitrile (3i)14

White solid; yield: 207 mg (0.90 mmol, 90%); mp 144–146  C (Lit.14

mp 142–144  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 732, 779, 821, 849, 967, 1015, 1037, 1142, 1157, 1167, 1193,
1271, 1453, 1467, 1505, 1566, 1580, 2221, 2312, 2831, 2963 cm–1.
1H NMR (400 MHz, CDCl3):  = 3.87 (s, 3 H, OCH3), 3.91 (s, 3 H, OCH3),
6.89 (d, J = 8.4 Hz, 1 H, ArH), 7.31 (dd, J1 = 2.0 Hz, J2 = 8.4 Hz, 1 H, ArH),
7.57 (s, 1 H, ArH), 7.61 (d, J = 2.0 Hz, 1 H, ArH).
13C NMR (100 MHz, CDCl3):  = 56.1, 56.3, 78.6, 110.8, 111.1, 113.6,
114.4, 124.3, 128.2, 149.6, 154.9, 159.1.
GC-MS: m/z (%) = 231 ([M+ + 1], 14), 230 ([M+], 100), 202 (36), 176
(15), 173 (100), 165 (24), 150 (55), 138 (32), 136 (35).
Anal. Calcd for C12H10N2O3: C, 62.60; H, 4.38; N, 12.17. Found: C,
62.60; H, 4.55; N, 12.15.

(3,4,5-Trimethoxyphenyl)-2,2-oxiranedicarbonitrile (3j)14

White solid; yield: 239 mg (0.92 mmol, 92%); mp 96–98  C (Lit.14 mp
95–97  C); Rf = 0.3 (EtOAc–hexane 1:49).
IR (KBr): 701, 764, 832, 844, 1126, 1152, 1241, 1333, 1453, 1461,
1641, 2230, 2838, 3002 cm–1.
1H NMR (400 MHz, CDCl3):  = 3.80 (s, 9 H, 3 × OCH3), 4.56 (s, 1 H, CH),
6.54 (s, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 41.6, 56.3, 60.9, 66.0, 103.7, 110.2,
111.4, 122.3, 140.4, 153.8.
GC-MS: m/z (%) = 261 ([M+ + 1], 15), 260 ([M+], 65), 232 (32), 206 (20),
204 (100), 196 (25), 180 (52), 168 (30), 166 (38).
Anal. Calcd for C13H12N2O4: C, 60.00; H, 4.65; N, 10.76. Found: C,
59.60; H, 4.87; N, 11.00.

3-(2-Naphthalenyl)-2,2-oxiranedicarbonitrile (3k)9

White solid; yield: 176 mg (0.80 mmol, 80%); mp 129–131  C (Lit.9 mp
127–129  C); Rf = 0.3 (hexane).

IR (KBr): 761, 775, 893, 1060, 1083, 1196, 1266, 1342, 1368, 1512,
1597, 1725, 2234, 2929 cm–1.
1H NMR (400 MHz, CDCl3):  = 5.18 (s, 1 H, CH), 7.43–7.48 (m, 2 H,
ArH), 7.55 (t, J = 7.6 Hz, 1 H, ArH), 7.61 (t, J = 7.6 Hz, 1 H, ArH), 7.86 (s,
1 H, ArH), 7.87–7.96 (m, 2 H, ArH)
13C NMR (100 MHz, CDCl3):  = 41.4, 64.3, 110.0, 111.6, 121.3, 123.7,
124.3, 125.1, 126.9, 127.9, 129.4, 130.6, 131.5, 133.3.
GC-MS: m/z (%) = 221 ([M+ + 1], 17), 220 ([M+], 89), 192 (34), 166 (18),
163 (100), 155 (22), 140 (56), 144 (30), 127 (35).
Anal. Calcd for C14H8N2O: C, 76.35; H, 3.66; N, 12.72. Found: C, 76.05;
H, 3.67; N, 12.78.

(9-Anthracenyl)-2,2-oxiranedicarbonitrile (3l)14

White solid; yield: 208 mg (0.77 mmol, 77%); mp 97–99  C (Lit.14 mp
96–98  C); Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 765, 779, 896, 1064, 1090, 1199, 1268, 1340, 1362, 1509,
1600, 1742, 2238, 2930 cm–1.
1H NMR (400 MHz, CDCl3):  = 5.46 (s, 1 H, CH), 7.49 (t, J = 8.0 Hz, 2 H,
ArH), 7.70–7.77 (m, 2 H, ArH), 8.02 (t, J = 7.6 Hz, 2 H, ArH), 8.22–8.31
(m, 2 H, ArH), 8.54 (s, 1 H, ArH).
13C NMR (100 MHz, CDCl3):  = 40.5, 54.6, 108.9, 110.8, 123.4, 125.7,
127.2, 129.5, 131.1, 133.5, 134.0, 183.4.
GC-MS: m/z (%) = 271 ([M+ + 1], 20), 270 ([M+], 95), 243 (30), 216 (22),
214 (100), 205 (20), 190 (52), 192 (32), 177 (38).
Anal. Calcd for C18H10N2O: C, 79.99; H, 3.73; N, 10.36. Found: C, 79.63;
H, 3.69; N, 10.34.

Ethyl 2-Cyano-3-phenyloxirane-2-carboxylate (3m)37

Colorless oil; yield: 180 mg (0.83 mmol, 83%); bp 352–354  C/760 Torr
(Lit.38 355–357  C/760 Torr); Rf = 0.6 (EtOAc–hexane 1:49).
IR (KBr): 694, 725, 743, 838, 886, 1042, 1158, 1160, 1253, 1370, 1396,
1452, 1758, 2250, 2932, 2984 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.31 (dt, J1 = 2.8 Hz, J2 = 7.2 Hz, 3 H,
CH3), 4.31 (tq, J1 = 1.6 Hz, J2 = 7.2 Hz, 2 H, CH2), 4.44 (s, 1 H, CH), 7.30–
7.39 (m, 5 H, ArH).
13C NMR (100 MHz, CDCl3):  = 14.0, 53.4, 64.1, 64.5, 112.9, 126.8,
128.8, 130.4, 162.7.
GC-MS: m/z (%) = 218 ([M+ + 1], 14), 217 ([M+], 90), 189 (40), 163 (18),
160 (100), 152 (22), 137 (52), 139 (36), 125 (20).
Anal. Calcd for C12H11NO3: C, 66.35; H, 5.10; N, 6.45. Found: C, 66.33;
H, 5.18; N, 6.43.

Ethyl 2-Cyano-3-(4-fluorophenyl)oxirane-2-carboxylate (3n)
Colourless solid; yield: 176 mg (0.75 mmol, 75%); mp 156–158 C;
Rf = 0.4 (hexane).
IR (KBr): 684, 740, 768, 833, 869, 980, 1008, 1034, 1044, 1179, 1201,
1211, 1283, 1365, 1438, 1487, 1492, 1568, 1609, 1801, 2215, 2979
cm–1.
1H NMR (400 MHz, CDCl3):  = 1.24 (t, J = 7.2 Hz, 3 H, CH3), 4.24 (tq,
J1 = 1.6 Hz, J2 = 6.8 Hz, 2 H, CH2), 4.41 (s, 1 H, CH), 6.98–7.04 (m, 2 H,
ArH), 7.28–7.35 (m, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 13.9, 53.4, 63.9 (d, J = 36.4 Hz), 113.0,
115.9 (d, J = 22.0 Hz), 125.9 (d, J = 3.0 Hz), 128.9 (d, J = 8.7 Hz), 162.5,
162.6, 165.1.
Thieme. All rights reserved. — Synthesis 2019, 51, A–N



K

S. R. Mangaonkar, F. V. Singh PaperSyn  thesis

D
ow

nl
oa

de
d 

by
: C

ar
le

to
n 

U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.
GC-MS: m/z (%) = 237 ([M+ + 2], 20), 236 ([M+ + 1], 15), 235 ([M+], 90),
219 (43), 207 (32), 190 (43), 178 (50), 153 (65), 150 (32), 134 (17),
125 (90), 109 (67), 108 (23), 97 (23), 85 (32).
Anal. Calcd for C12H10FNO3: C, 61.28; H, 4.29; N, 5.95. Found: C, 61.33;
H, 4.32; N, 5.93.

Ethyl 2-Cyano-3-(2-chlorophenyl)oxirane-2-carboxylate (3o)
White solid; yield: 166 mg (0.66 mmol (66%); mp 125–127  C; Rf = 0.4
(hexane).
IR (KBr): 667, 732, 767, 838, 896, 1010, 1061, 1080, 1110, 1163, 1222,
1270, 1378, 1434, 1446, 1529, 1580, 1760, 2217, 2968 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.18–1.32 (m, 3 H, CH3), 4.30–4.35 (m,
2 H, CH2), 4.68 (s, 1 H, CH), 7.26–7.36 (m, 4 H, ArH).
13C NMR (100 MHz, CDCl3):  = 14.0, 52.7, 62.3, 64.3, 112.6, 127.3 (2
C), 128.7, 129.6, 131.3, 133.6, 162.3.
GC-MS: m/z (%) = 253 ([M+ + 2], 16), 252 ([M+ + 1], 24), 251 ([M+],
100), 248 (40), 247 (90), 231 (17), 206 (26), 171 (36), 143 (25), 132
(47), 105 (30), 77 (42), 51 (20).
Anal. Calcd for C12H10ClNO3: C, 57.27; H, 4.01; N, 5.57. Found: C,
57.30; H, 4.04; N, 5.60.

Ethyl 3-(4-Chlorophenyl)-2-cyanooxirane-2-carboxylate (3p)
White solid; yield: 193 mg (0.77 mmol, 77%); mp 70–72  C; Rf = 0.2
(hexane).
IR (KBr): 681, 734, 771, 841, 890, 1007, 1054, 1073, 1094, 1162, 1201,
1219, 1287, 1374, 1438, 1477, 1491, 1571, 1598, 1753, 2223, 2970
cm–1.
1H NMR (400 MHz, CDCl3):  = 1.28 (t, J = 7.2 Hz, 3 H, CH3), 4.29 (tq,
J1 = 1.2 Hz, J2 = 6.8 Hz, 2 H, CH2), 4.42 (s, 1 H, CH), 7.26–7.36 (m, 4 H,
ArH).
13C NMR (100 MHz, CDCl3):  = 13.9, 53.3, 63.7, 64.3, 112.9, 128.2 (2
C), 128.5, 129.1 (2 C), 136.4, 162.4.
GC-MS: m/z (%) = 253 ([M+ + 2], 27), 252 ([M+ + 1], 18), 251 ([M+], 85),
235 (34), 222 (90), 205 (75), 193 (16), 179 (40), 169 (32), 150 (43),
141 (94), 124 (21), 113 (32), 89 (46), 77 (51), 63 (40).
Anal. Calcd for C12H10ClNO3: C, 57.27; H, 4.01; N, 5.57. Found: C,
57.30; H, 4.06; N, 5.54.

Ethyl 2-Cyano-3-(3-bromophenyl)oxirane-2-carboxylate (3q)
White solid; yield: 233 mg (0.79 mmol, 79%); mp 155–157  C; Rf = 0.3
(hexane).
IR (KBr): 681, 693, 733, 772, 787, 854, 918, 1006, 1054, 1112, 1161,
1219, 1285, 1373, 1393, 1438, 1476, 1571, 1598, 1680, 1752, 2219,
2990 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.26 (td, J1 = 0.8 Hz, J2 = 6.0 Hz, 3 H,
CH3), 4.26 (td, J1 = 1.6 Hz, J2 = 8.4 Hz, 2 H, CH2), 4.40 (s, 1 H, CH), 7.18–
7.28 (m, 2 H, ArH), 7.44–7.49 (m, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 13.9, 53.3, 63.4, 64.4, 112.7, 122.8,
125.3, 129.9, 130.5, 132.3, 133.5, 162.3.
GC-MS: m/z (%) = 297 ([M+ + 3], 14), 296 ([M+ + 2], 10), 295 ([M+ + 1],
26), 294 ([M+], 100), 268 (29), 249 (52), 222 (41), 212 (59), 184 (92),
163 (18), 142 (30), 89 (91), 84 (48), 65 (20).
Anal. Calcd for C12H10BrNO3: C, 48.67; H, 3.40; N, 4.73. Found: C,
48.70; H, 3.41; N, 4.75.

Ethyl 2-Cyano-3-(4-bromophenyl)oxirane-2-carboxylate (3r)
White solid; yield: 235 mg (0.80 mmol, 80%); mp 117–119  C; Rf = 0.4
(hexane).
IR (KBr): 681, 693, 734, 771, 842, 854, 889, 1006, 1055, 1161, 1287,
1374, 1476, 1571, 1753, 2216, 2990 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.28 (t, J = 7.2 Hz, 3 H, CH3), 4.28 (td,
J1 = 1.6 Hz, J2 = 6.8 Hz, 2 H, CH2), 4.40 (s, 1 H, CH), 7.21 (d, J = 8.0 Hz, 2
H, ArH), 7.48 (d, J = 8.4 Hz, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 13.9, 53.3, 63.8, 64.2, 112.8, 124.8,
128.4 (2 C), 129.0, 132.1 (2 C), 162.4,
GC-MS: m/z (%) = 297 ([M+ + 3], 9), 296 ([M+ + 2], 15), 295 ([M+ + 1],
23), 294 ([M+], 100), 268 (28), 250 (43), 222 (40), 212 (53), 184 (80),
158 (17), 143 (50), 89 (90), 85 (54), 63 (43).
Anal. Calcd for C12H10BrNO3: C, 48.67; H, 3.40; N, 4.73. Found: C,
48.70; H, 3.43; N, 4.78.

Ethyl 2-Cyano-3-(4-cyanophenyl)oxirane-2-carboxylate (3s)
White solid; yield: 174 mg (0.72 mmol, 72%); mp 165–167  C; Rf = 0.4
(hexane).
IR (KBr): 689, 732, 740, 756, 876, 890, 987, 1012, 1089, 1111, 1140,
1198, 1211, 1257, 1298, 1356, 1390, 1416, 1465, 1589, 1632, 1665,
1790, 2212, 2789, 3001 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.16–1.34 (m, 3 H, CH3), 4.32–4.52 (m,
3 H, CH, CH2), 7.48–7.69 (m, 4 H, ArH).
13C NMR (100 MHz, CDCl3):  = 13.9, 53.2, 63.2, 64.6, 112.3, 114.3,
117.9, 127.6 (2C), 132.6 (2C), 134.9, 161.9.
GC-MS: m/z (%) = 243 ([M+ + 1], 20), 242 ([M+], 100), 226 (40), 213
(50), 197 (54), 181 (23), 169 (34), 160 (54), 141 (49), 127 (18), 115
(23), 104 (32), 88 (16), 83 (45), 64 (42).
Anal. Calcd for C13H10N2O3: C, 64.46; H, 4.16; N, 11.56. Found: C,
64.50; H, 4.20; N, 11.52.

Ethyl 2-Cyano-3-(3-hydroxyphenyl)oxirane-2-carboxylate (3t)
Colourless solid; yield: 172 mg (0.74 mmol, 74%); mp 122–124  C;
Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 680, 687, 740, 760, 779, 920, 1009, 1060, 1110, 1160, 1215,
1284, 1376, 1391, 1440, 1475, 1572, 1599, 1682, 1757, 2231, 2991
cm–1.
1H NMR (400 MHz, CDCl3):  = 1.31 (t, J = 7.2 Hz, 3 H, CH3), 4.32 (tq,
J1 = 2.0 Hz, J2 = 6.8 Hz, 2 H, CH2), 4.39 (s, 1 H, CH), 6.81–6.86 (m, 2 H,
ArH), 6.91 (d, J = 7.6 Hz, 1 H, ArH), 7.21 (t, J = 8.0 Hz, 1 H, ArH).
13C NMR (100 MHz, CDCl3):  = 13.9, 53.2, 64.3, 112.9, 113.4, 117.7,
119.0, 119.1, 130.2, 131.4, 156.3, 162.8.
GC-MS: m/z (%) = 234 ([M+ + 1], 21), 233 ([M+], 60), 232 (70), 204 (28),
186 (60), 151(90), 131(43), 123 (80), 95 (70), 77 (80).
Anal. Calcd for C12H11NO4: C, 61.80; H, 4.75; N, 6.01. Found: C, 61.83;
H, 4.78; N, 6.03.

Ethyl 2-Cyano-3-(4-methylphenyl)oxirane-2-carboxylate (3u)
Colourless solid; yield: 194 mg (0.84 mmol, 84%); mp 162–164  C;
Rf = 0.4 (hexane).
IR (KBr): 649, 690, 712, 770, 842, 884, 912, 1026, 1141, 1169, 1267,
1323, 1378, 1454, 1590, 1738, 2239, 2790, 2879 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.25 (t, J = 7.2 Hz, 3 H, CH3), 2.25 (s, 3
H, CH3), 4.25 (tq, J1 = 1.6 Hz, J2 = 8.0 Hz, 2 H, CH2), 4.38 (s, 1 H, CH),
7.12 (d, J = 8.0 Hz, 2 H, ArH), 7.21 (d, J = 8.4 Hz, 2 H, ArH).
Thieme. All rights reserved. — Synthesis 2019, 51, A–N
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13C NMR (100 MHz, CDCl3):  = 13.9, 21.4, 53.5, 64.1, 64.6, 113.2,
126.7 (2 C), 126.9, 129.5 (2 C), 140.5, 162.8.
GC-MS: m/z (%) = 232 ([M+ + 1], 12), 231 ([M+], 80), 229 (20), 215 (30),
203 (43), 185 (60), 186 (70), 174 (40), 157 (30), 149 (70), 121 (90),
119 (60), 103 (55), 91 (50), 78 (42).
Anal. Calcd for C13H13NO3: C, 67.52; H, 5.67; N, 6.06. Found: C, 67.50;
H, 5.68; N, 6.07.

Ethyl 2-Cyano-3-(3,4-dimethoxyphenyl)oxirane-2-carboxylate 
(3v)
Colourless solid; yield: 252 mg (0.91 mmol, 91%); mp 66–68  C;
Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 640, 740, 758, 776, 867, 926, 1008, 1069, 1120, 1167, 1231,
1280, 1376, 1398, 1436, 1470, 1568, 1609, 1687, 1760, 2997 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.32 (t, J = 7.2 Hz, 3 H, CH3), 3.83 (s, 3
H, OCH3), 3.84 (s, 3 H, OCH3), 4.25–4.37 (m, 2 H, CH2), 4.39 (s, 1 H, CH),
6.83–6.86 (m, 3 H, ArH), 6.96 (dd, J1 = 2.0 Hz, J2 = 6.4 Hz, 1 H, ArH).
13C NMR (100 MHz, CDCl3):  = 13.9, 53.4, 55.7 (d, J = 1.8 Hz), 62.5,
64.1, 64.7, 109.1, 111.1, 113.2, 120.2, 121.9, 149.3, 150.8, 162.8.
GC-MS: m/z (%) = 279 ([M+ + 2], 10), 278 ([M+ + 1], 18), 277 ([M+], 90),
261 (34), 220 (41), 194 (36), 169 (18), 160 (100), 152 (22), 138 (52),
107 (37), 76 (60).
Anal. Calcd for C14H15NO5: C, 60.64; H, 5.45; N, 5.05. Found: C, 60.63;
H, 5.43; N, 5.07.

Ethyl 2-Cyano-3-(2,3,4-trimethoxyphenyl)oxirane-2-carboxylate 
(3w)
White solid; yield: 285 mg (0.93 mmol, 93%); mp 109–111 C; Rf = 0.4
(EtOAc–hexane 1:49).
IR (KBr): 698, 756, 779, 867, 894, 1011, 1060, 1070, 1109, 1165, 1205,
1224, 1289, 1376, 1440, 1470, 1489, 1573, 1590, 1765, 1879, 2989
cm–1.
1H NMR (400 MHz, CDCl3):  = 1.32 (t, J = 6.8 Hz, 3 H, CH3), 3.79 (s, 3
H, OCH3), 3.88 (s, 3 H, OCH3), 3.91 (s, 3 H, OCH3), 4.29 (q, J = 7.2 Hz, 2
H, CH2), 6.71 (d, J = 9.2 Hz, 1 H, ArH), 8.12 (d, J = 9.2 Hz, 1 H, ArH), 8.52
(s, 1 H, ArH).
13C NMR (100 MHz, CDCl3):  = 14.2, 56.2, 60.9, 62.1, 62.3, 100.2,
107.7, 116.4, 118.7, 125.0, 141.9, 149.0, 154.9, 158.5, 163.1.
GC-MS: m/z (%) = 309 ([M+ + 2], 22), 308 ([M+ + 1], 25), 307 ([M+],
100), 279 (40), 250 (55), 232 (90), 217 (60), 203 (70), 195 (40), 181
(30), 152 (20), 120 (19), 91 (26), 79 (40).
Anal. Calcd for C15H17NO6: C, 58.63; H, 5.58; N, 4.56. Found: C, 58.64;
H, 5.54; N, 4.53.

Ethyl 2-Cyano-3-(3,4,5-trimethoxyphenyl)oxirane-2-carboxylate 
(3x)
White solid; yield: 288 mg (0.94 mmol, 94%); mp 84–86  C; Rf = 0.4
(EtOAc–hexane 1:49).
IR (KBr): 672, 744, 776, 869, 891, 1011, 1061, 1067, 1087, 1176, 1203,
1221, 1280, 1376, 1440, 1470, 1499, 1570, 1601, 1760, 2966 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.29–1.33 (m, 3 H, CH3), 3.76–3.80 (m,
9 H, 3 × OCH3), 4.31 (tq, J1 = 1.6 Hz, J2 = 7.2 Hz, 2 H, CH2), 4.38 (s, 1 H,
CH), 6.57 (s, 2 H, ArH).
13C NMR (100 MHz, CDCl3):  = 13.9, 53.3, 56.2 (2 C), 60.8, 64.2, 64.6,
103.8 (2 C), 113.1, 125.0, 139.5, 153.5 (2 C), 162.6.

GC-MS: m/z (%) = 309 ([M+ + 2], 20), 308 ([M+ + 1], 26), 307 ([M+],
100), 291 (40), 276 (30), 261 (90), 245 (40), 234 (50), 217 (55), 203
(40), 181 (30), 168 (20), 150 (21), 125 (43), 110 (26), 79 (30), 66 (16).
Anal. Calcd for C15H17NO6: C, 58.63; H, 5.58; N, 4.56. Found: C, 58.67;
H, 5.59; N, 4.60.

Ethyl 3-[4-(Benzyloxy)phenyl]-2-cyanooxirane-2-carboxylate (3y)
Colorless solid; yield: 290 mg (0.90 mmol, 90%); mp 135–137  C;
Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 673, 747, 787, 845, 898, 1011, 1023, 1041, 1087, 1145, 1209,
1267, 1301, 1375, 1434, 1498, 1534, 1776, 2976 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.26–1.33 (m, 3 H, CH3), 4.27–4.40 (m,
3 H, CH2, CH), 4.87–5.01 (m, 2 H, ArH), 6.91–7.32 (m, 9 H, ArH).
13C NMR (100 MHz, CDCl3):  = 14.0, 53.5, 64.1, 64.7, 70.2, 115.19 (2
C), 116.0 (d, J = 3.6 Hz), 121.9, 127.6 (2 C), 128.2, 128.4 (2 C), 128.7 (2
C), 136.5, 160.5, 162.9.
GC-MS: m/z (%) = 325 ([M+ + 2], 10), 324 ([M+ + 1], 20), 323 ([M+], 90),
307 (42), 278 (56), 240 (34), 189 (40), 163 (18), 160 (21), 152 (22),
149 (80), 137 (52), 139 (36), 121 (20).
Anal. Calcd for C19H17NO4: C, 70.58; H, 5.30; N, 4.33. Found: C, 70.56;
H, 5.28; N, 4.34.

Ethyl 2-Cyano-3-(3-hydroxy-4-methoxyphenyl)oxirane-2-carbox-
ylate (3z)
Colorless solid; yield: 217 mg (0.88 mmol, 88%); mp 107–109  C;
Rf = 0.4 (EtOAc–hexane 1:49).
IR (KBr): 640, 681, 734, 747, 781, 845, 1028, 1071, 1079, 1096, 1189,
1203, 1223, 1297, 1367, 1420, 1434, 1498, 1575, 1589, 1712, 2932
cm–1.
1H NMR (400 MHz, CDCl3):  = 1.31 (t, J = 7.2 Hz, 3 H, CH3), 3.91 (s, 3
H, OCH3), 4.29 (q, J = 7.2 Hz, 2 H, CH2), 6.87 (d, J = 8.4 Hz, 1 H, CH), 7.45
(dd, J1 = 2.0 Hz, J2 = 6.4 Hz, 1 H, ArH), 7.56 (s, 1 H, ArH), 8.05 (s, 1 H,
ArH).
13C NMR (100 MHz, CDCl3):  = 14.2, 56.2, 62.5, 100.1, 110.7, 115.9,
116.5, 125.1, 125.7, 145.9, 151.0, 154.6, 163.1.
GC-MS: m/z (%) = 265 ([M+ + 2], 8), 264 ([M+ + 1], 21), 263 ([M+], 100),
247 (60), 202 (40), 176 (30), 169 (16), 165 (80), 151 (40), 141 (55),
114 (39), 76 (31).
Anal. Calcd for C13H13NO5: C, 59.31; H, 4.98; N, 5.32. Found: C, 59.30;
H, 5.00; N, 5.35.

Ethyl 2-Cyano-3-(1-naphthyl)oxirane-2-carboxylate (3aa)
White solid; yield: 205 mg (0.77 mmol, 77%); mp 152–154  C; Rf = 0.3
(hexane).
IR (KBr): 657, 719, 770, 798, 865, 889, 970, 1006, 1067, 1119, 1158,
1172, 1208, 1260, 1290, 1386, 1440, 1480, 1499, 1590, 1611, 1689,
1787, 2890 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.28–1.35 (m, 3 H, CH3), 4.32–4.39 (m,
2 H, CH2), 5.01 (s, 1 H, CH), 7.42–7.51 (m, 4 H, ArH), 7.75–7.84 (m, 3 H,
ArH).
13C NMR (100 MHz, CDCl3):  = 14.0, 53.2, 62.8, 64.3, 112.9, 121.7,
124.2, 125.3, 126.1, 126.5, 127.3, 129.2, 130.6, 130.9, 133.9, 162.9.
GC-MS: m/z (%) = 269 ([M+ + 2], 16), 268 ([M+ + 1], 25), 267 ([M+], 70),
266 (30), 251 (40), 240 (20), 221 (70), 206 (30), 194 (80), 178 (40),
167 (50), 155 (50), 139 (90), 127 (43), 113 (21), 101 (24), 77 (17), 63
(24).
Thieme. All rights reserved. — Synthesis 2019, 51, A–N
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Anal. Calcd for C16H13NO3: C, 71.90; H, 4.90; N, 5.24. Found: C, 71.93;
H, 4.88; N, 5.20.

Ethyl 3-Phenyloxirane-2-carboxylate (3ab)38

Colorless oil; yield: 177 mg (0.92 mmol, 92%); bp 132-134  C/760 Torr
(Lit.38 130–132  C/760 Torr); Rf = 0.6 (hexane).
IR (KBr): 690, 732, 778, 844, 898, 1011, 1043, 1058, 1086, 1170, 1205,
1223, 1290, 1357, 1443, 1472, 1495, 1575, 1597, 1762, 2989 cm–1.
1H NMR (400 MHz, CDCl3):  = 1.17–1.25 (m, 3 H, CH3), 4.10–4.17 (m,
2 H, CH2), 6.28–6.36 (m, 1 H, CH), 7.23–7.40 (m, 5 H, ArH), 7.53–7.61
(m, 1 H, ArH).
13C NMR (100 MHz, CDCl3):  = 14.3, 60.5, 118.3, 128.1 (2 C), 128.9 (2
C), 130.2, 134.5, 144.6, 166.9.
GC-MS: m/z (%) = 193 ([M+ + 1], 17), 192 ([M+], 90), 189 (40), 162 (26),
159 (70), 146 (52), 120 (39), 94 (30).
Anal. Calcd for C11H12O3: C, 68.74; H, 6.29. Found: C, 68.73; H, 6.30.
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