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The enantioselective alkoxylation of B-substituted aromatic nitroalkenes with propargyl
alcohol in the presence of a chiral ligand, N-ethyl-N-{[(2S)-pyrrolidin-2-
yllmethyl}ethanamine, results in the enantioselective synthesis of nitro-containing ethers
with high yields and excellent enantioselectivity. This method accommodates a wide
variety of arylthiols and nitroalkene substrates, producing the target compounds in
moderate yields (up to 73%) and enantiomeric excess (up to 99% ee). The resulting
compounds are valuable intermediates in organic synthesis, as they contain multiple
reactive centers, such as terminal triple bond and nitro groups. Moreover, they serve as
direct precursors for the synthesis of optically active propargylamines, which are crucial
intermediates in the production of many biologically active molecules. Chiral unsaturated
nitro compounds are important building blocks for the construction of complex synthetic
materials. The addition of propargyl alcohol to unsaturated nitro compounds proceeds
both regioselectively and enantioselectively. Experimental data demonstrate that good
results can be achieved even with low catalyst loadings.
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Introduction

Chiral nitro-containing ethers are widely found
in biologically active natural products and
pharmaceutical compounds [1]. The presence of both
a nitro group and an oxygen atom significantly
broadens their potential for practical applications.

One of the most effective methods for
synthesizing optically active chiral compounds is the
catalytic enantioselective addition of nucleophilic
reagents to o,-unsaturated compounds, which provides
access to a wide variety of structurally diverse organic
molecules [2—5].

Results and discussion

One of the approaches to synthesizing chiral
unsaturated nitro-containing ethers is the catalytic
enantioselective alkoxylation of unsaturated nitro

© G.M. Talybov, 2025

compounds with propargyl alcohol.

The goal of obtaining chiral unsaturated nitro-
containing ethers with high yields and excellent
enantioselectivity can be achieved using an
organocatalyst (Scheme).

In compounds 1—9, the methylene protons adjacent
to the nitro groups are diastereotopic, appearing as two
distinct doublets at 1.03—1.05 ppm (A8 = 0.4 ppm) in
the '"H NMR spectrum with a geminal coupling
constant of 2J = 11.8 Hz. This splitting pattern reflects
their diastereotopicity, which arises from the creation
of asymmetric centers upon alkoxylation of
B substituted nitroalkene 3 with non ionized C;
alcohols across the multiple bond.

Enantioselective alkoxylation of aromatic

B-substituted nitroalkenes with propargyl alcohol,

This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

Enantioselective alkoxylation of B-substituted aromatic nitroalkenes with propargyl alcohol



172

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2025, No. 3, pp. 171-175

/N

PN /\/NOE cat. > (_:)' (—y\NN
== + Ph 0 = N
HO -40°C NO, N
cat. Ph/\/ - H

1.9

Ph= CgHs (1), 1-MeCgHy4 (2), 4MeCgHy (3), 2-CICgHy (4), 4-CIC¢Hy4 (5),
2-BrCgHy (6), 4-BrCgHy (7), 2-MeOCgHy (8),_4-MEOC5H4 (9)

Scheme

mediated by the chiral ligand, N-ethyl-N-{[(2S)-
pyrrolidin-2-yl]methyl}ethanamide, affords the
corresponding nitro-containing ethers in high yields
and excellent enantioselectivities (Table).

The yields and enantioselectivities of products
2, 3, and 9, bearing electron-donating substituents
(CH,, CH,0) on the aromatic ring, are higher than
those of products 4—8, which bear electron-
withdrawing substituents (CI, Br).

Halogen substituents on the aromatic ring
differentially affect both yield and enantioselectivity:
bromo-substituted substrates delivered higher yields
and better enantioselectivities than their chloro-
substituted analogues (Table).

Methoxy-substituted aromatic substrates exhibited
enhanced enantioselectivity (Table).

Our ongoing interest lies in developing an
efficient approach to the construction of chiral, oxygen
containing molecules via sulfur-nucleophile activation.
Here, we demonstrate that the enantioselective addition
of propargyl alcohol to B-substituted nitroalkenes can
be achieved in excellent yield and enantioselectivity
using an organocatalyst. After establishing the
optimized reaction conditions, we explored the scope
of this transformation across a variety of substrates.

Thus, the aromatic B-unsaturated nitroalkenes

Table
Enantioselective alkoxylation of aromatic B-substituted
nitroalkenes with propargyl alcohol

Entry Time, h | Yield, % ee, %
1 1 73 98
2 1 71 98
3 1 70 98
4 1 61 97
5 1 63 97
6 1 66 95
7 1 70 96
8 1 67 96
9 1 68 99

and propargyl alcohol reacted smoothly to afford the
corresponding nitro-containing ethers in excellent
yields and enantioselectivities. The structures and
compositions of products 7—18 were confirmed by
IR, 'H and 3C NMR spectroscopy, and elemental
analysis.

Experimental

NMR spectra were recorded on a
Bruker AM-300 spectrometer operating at 300.13 MHz
for '"H and 75.47 MHz for *C in CDCIl,. In the
3C NMR spectrum, the CDCI; signal
(at =C 77.00 ppm) was used as the internal standard;
in the "TH NMR spectrum, the residual CDCI, proton
signal (at 8, 7.27 ppm) served as the reference. Optical
rotations were measured on a Perkin Elmer 341 M
polarimeter. Reaction progress was monitored by TLC
on Sorbfil plates, visualized with a 10% anisaldehyde
solution in ethanol containing sulfuric acid.

{(1S)-2-nitro-1-[(prop-2-yn-1-
vl)oxyJethyl}benzene (1)

Phenylnitrostyrene (0.1 mmol, 1.0 eq.) and
catalysts (1 mol.%) were dissolved in 0.5 ml THF at
40°C and stirred for 5 min. Propargyl alcohol
(0.12 mmol, 1.2 eq.) was added at 40°C and stirred
for 4 hours under TLC control until the nitrostyrenes
became 2 were completely consumed. The mixture
was then purified directly by flash cryogenic column
chromatography over silica gel (0.5—2% EtOAc/PE)
to obtain the products. Yield 73%. Oily yellow liquid,
[a]p20+83.2 (with 0.2, CHCL,), R, 0.55 (petroleum
ether—EtOAc, 3:2). 'H NMR spectrum (CDCL,), 8,
ppm: 7.27—7.36 (m, Ph, 5H), 4.77 (dd, J=22.1,
10.9, 7.7 Hz, 2H), 4.64 (d.d, J=12.7, 5.9 Hz, 1H),
4.05 (dd, =CCH,0, 2J=16.2 Hz, 4J=2.4 Hz, 1H),
3.83 (d.d, =CCH,0, 2J=16.2 Hz, “J=2.4 Hz, 1H),
2.52 (t, 4J=2.4 Hz, =CH, 1H). “C NMR spectrum
(CDCl,), 8¢, ppm: 136.7, 133.7, 131.9, 127.6, 78.51
(=C—CH,0), 68.35 (=CH), 56.11 (=C—CH,0), 49.91.

The ee was determined (98%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow rate
0.5 mL/min, t,,,=11.72 min, t,;,,,~10.69 min).
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1-Methyl-2-{(1S)-2-nitro-1-[(prop-2-yn-1-
vl)oxy Jethyl}benzene (2)

Yield 71%. Yellowish oily substance,
[a]p20+83.2 (with 0.2, CHCI,;), R; 0.55 (petroleum
ether—EtOAc, 3:2). 'H NMR spectrum (CDCI,), 8,
ppm: 7.29—-7.06 (t, J=7.0 Hz, CH, 1H),
7.05—6.95 (m, Ar, 2H), 6.93 (d, J=7.7 Hz, CH,
1H), 4.99 (d.d, J=9.8, 6.0 Hz, 1H) , 4.87 (d.d, J=13.3,
9.9 Hz, 1H), 4.64 (d.d, J=13.3, 6.0 Hz, 1H,),
4.05 (d.d, =CCH,0, %J=16.2 Hz, 4J=2.4 Hz, 1H),
3.83 (d.d, =CCH,0, 2J=16.2 Hz, J=2.4 Hz, 1H),
2.51 (t, =CH, 4J=2.4 Hz, 1H), 2.40 (s, CH;, 3H).
BC NMR spectrum (CDCly), 5¢, ppm: 152.4, 136.5,
128.3, 126.43, 126.40, 125.8, 79.46 (=C—CH,0), 77.8,
68.35 (=CH), 56.11 (=C—CH,0), 45.6, 34.7, 31.2,
19.2.

The ee was determined (98%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow rate
0.5 mL/min, t,,;,,=15.20 min, t.;,,~10.83 min).

1-Methyl-4-{(1S)-2-nitro-1-[(prop-2-yn-1-
vloxy Jethyl}benzene (3)

Yield 70%. Oily yellow liquid, [a]p20+200.7
(with 0.1, CHCI,), R, 0.50 (petroleum ether—EtOAc,
3:2). '"H NMR spectrum (CDCI;), §, ppm:
7.29-7.24 (m, 2H), 7.03—6.93 (m, 2H),
4.99—4.97 (m, 2H), 4.54—4.64 (m, 1H), 4.06 (d.d,
=CCH,0, 2J=16.2 Hz, *J=2.4 Hz, 1H), 3.82 (d.d,
=CCH,0, 4J=16.2 Hz, 4J=2.4 Hz, 1H), 2.50 (t,
4J=2.4 Hz, =CH, 1H), 2.40 (s, CH;, 3H). C NMR
spectrum (CDCLy), 8¢, ppm: 152.2, 136.5, 128.7, 127.5,
126.4, 79.46 (=C—CH,0), 78.8, 68.35 (=CH), 56.11
(=C—CH,0), 49.7, 45.6, 34.7, 31.2, 19.2.

The ee was determined (98%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow rate
0.5 mL/min, #,,,~46.70 min, #,,,=40.81 min.

1-Chloro-3-{(1S)-2-nitro-1-[(prop-2-yn- -
vl)oxy Jethyl}benzene (4)

Yield 61%. Yellowish oily substance [a],20+55.4
(with 0.1, CHCI,), R, 0.50 (petroleum ether—EtOAc,
3:2). '"H NMR spectrum (CDCI;), 8, ppm:
7.36—7.27—7 (m, 5H), 4.79—4.77 (m, 2H),
4.67—4.60 (m, 1H), 4.05 (d.d, =CCH,O0,
2J=16.2 Hz, 4J=2.4 Hz, 1H), 3.86 (d.d, =CCH,0,
2J=16.2 Hz, 4J=2.4 Hz, 1H), 2.50 (t, =CH,
4J=2.4 Hz, 1H). BC NMR spectrum (CDCI,), &,
ppm: 136.5, 125.8, 79.46 (=C—CH,0), 78.2, 68.35
(=CH), 56.11 (=C—CH,0), 49.9.

The ee was determined (97%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow rate
0.5 mL/min, #,,,=16.34 min, 7,,,=11.59 min).

1-Chloro-4-{(1S)-2-nitro-1-[(prop-2-yn- -
vl)oxy Jethyl}benzene (5)

Yield 63%. Oily yellow liquid, [o],°+200.7 (with
0.1, CHCL,), R;0.50 (petroleum ether—EtOAc, 3:2).

'H NMR spectrum (CDCIl;), 6§, ppm:
7.36—7.27—7 (m, 5H), 4.79—4.77 (m, 2H), 4.63 (k,
J=11.1 Hz, 1H,), 4.05 (d.d, =CCH,0, 2J=16.2 Hz,
4J]=2.4 Hz, 1H), 3.82 (d.d, =CCH,0, ?J=16.2 Hz,
4J=2.4 Hz, 1H), 2.51 (t, =CH, *J=2.4 Hz, 1H).
BC NMR spectrum (CDCly), 5¢, ppm: 152.6, 129.0,
127.9, 126.5, 79.46 (=C—CH,0), 78.4, 56.11
(=C—CH,0), 68.35 (=CH), 49.3, 34.7, 31.2.

The ee was determined (97%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow rate
0.5 mL/min, #,,,,=8.57 min, f,,,=5.57 min).

1-Bromo-3-{(1S)-2-nitro- 1-[(prop-2-yn- -
vl)oxyJethyl}benzene (6)

Yield 66%. Oily yellow liquid, [a]p20+200.7
(with 0.1, CHCI,), R, 0.50 (petroleum ether—EtOAc,
3:2). 'H NMR spectrum (CDCIl;), 3,
ppm: 7.36—7.27—7 (m, 5H), 4.70 (t.t, 2H, J=15.3,
7.7 Hz, CH,), 4.63 d.d (1H, J=11.0, 4.1 Hz, CH),
4.04 d.d (1H, =CCH,0, 2J=16.2 Hz, 4]=2.4 Hz,
CH,), 3.83 d.d (1H, =CCH,0, 2J=16.2 Hz,
4J=2.4 Hz), 2.51 (t, 1H, 9J=2.4 Hz, =CH). *C NMR
spectrum (CDCI;), 8., ppm: 136.3, 127.6,
79.46 (=C—CH,0), 78.1, 56.11 (=C—CH,0),
68.35 (=CH), 49.4.

The ee was determined (95%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow rate
0.5 mL/min, #,,,,=16.92 min, #,,,=13.31 min).

1-Bromo-4-{(1S)-2-nitro- 1-[(prop-2-yn- -
vl)oxy Jethyl}benzene (7)

Yield 70%. Oily yellow liquid, [a],20+200.7
(with 0.1, CHCI,), R, 0.50 (petroleum ether—EtOAc,
3:2). '"H NMR spectrum (CDCI;), 8§, ppm:
7.36—7.27—7 (m, 5H), 4.74—4.66 (m, 2H),
4.58—4.63 (m, 1H), 4.05 (d.d, 1H, 2J=16.2 Hz,
4J=2.4 Hz, =CCH,0,), 3.83 d.d (1H, 2J=16.2 Hz,
4)J=2.4 Hz, =CCH,0), 2.51 (t, 1H, 4J=2.4 Hz, =CH,).
BC NMR spectrum (CDCl,), 3¢, ppm: 136.5, 122.6,
79.44 (=C—CH,0), 78.3, 68.33 (=CH),
56.11 (=C—CH,0), 49.4.

The ee determined (96%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow rate
0.5 mL/min, #,,,=5.36 min, #,;,,=4.92 min).

1-Methoxy-3-{(1S)-2-nitro-1-[(prop-2-yn-1-
vl)oxy Jethyl}benzene (§)

Yield 67%. Oily yellow liquid, [a],20+200.7
(with 0.1, CHCI,), R, 0.50 (petroleum ether—EtOAc,
3:2). 1H NMR spectrum (CDCL,), §, ppm: 7.36—
7.27—=7 (m, 5H), 4.99 (m, 2H, CH,), 4.66—4.56 (m,
IH, CH), 4.06 (d.d, 1H, 2J=16.2 Hz, ‘J=2.4 Hz,
=CCH,0,), 3.81 (d.d, 1H, %J=16.2 Hz, 4J=2.4 Hz,
=CCH,0,), 3.50 (s, 3H, CH;0), 2.51 (t, 1H, =CH,
4J=2.4 Hz, CH). ¥C NMR spectrum (CDCl;), &,
ppm: 152.9, 136.4, 119.8, 114.1, 113.4,
79.46 (=C—CH,0), 78.6, 68.35 (=CH),
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56.11 (=C—CH,0), 55.2, 50.0, 34.7, 31.2.

The ee was determined (96%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow rate
0.5 mL/min, #,,,=5.26 min, #,;,,,~7.85 min).

1-Methoxy-4-{(1S)-2-nitro-1-[(prop-2-yn-1-
vl)oxyJethyl}benzene (9)

Yield 68%. Oily yellow liquid, [a],20+200.7
(with 0.1, CHCI,), R, 0.50 (petroleum ether—EtOAc,
3:2). '"H NMR spectrum (CDCL,), §, ppm: 7.36—6.93
(m, 5H), 4.69—4.78 (m, 2H), 4.55—4.63 (m, 1H),
4.05 (d.d, 1H, 2J=16.2 Hz, 4J=2.4 Hz, =CCH,0),
3.83 (d.d, 1H, 2J=16.2 Hz, *J=2.4 Hz, =CCH,0),
3.50 (s, 3H, CH;0), 2.51 (t, 1H, 4J=2.4 Hz, =CH).
13C NMR spectrum (CDCL,), 6, ppm: 159.7, 128.3,
126.4, 114.4, 79.45 (=C—CH,0), 78.9, 68.34 (=CH),
56.11 (=C—CH,0), 55.3, 49.4, 34.7, 31.2.

The ee was determined (99%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow rate
0.5 mL/min, #,,,=11.99 min, #,,,=10.22 min).

Conclusions

Enantioselective alkoxylation of B-substituted
aromatic nitroalkenes with propargyl alcohol, mediated
by the chiral ligand, N-ethyl-N-{[(2S)-pyrrolidin-2-
yllmethyl}ethanamine, affords the corresponding
nitro-containing ethers in high yields (up to 98%)
and enantioselectivities (up to 99% ee). Additionally,
an enantioselective three-component reaction involving
a carbonyl compound, an amine, and an alkyne was
explored as a straightforward method for the synthesis
of chiral propargylamides.
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EHAHTIOCEJEKTUBHE AJIKOKCUJIIOBAHHA
B-SAMIINEHNX APOMATUYHUX HITPOAJIKEHIB
INPOIIAPTIIOBUM CIIMPTOM

I'M. Taaubos

EHaHTiOCE/IeKTHBHE aTKOKCUTIOBAHHSI B-3aMillieHUX apo-
MaTUYHMX HITPOAJKEHIB MPOMAPTiIOBUM CIIMPTOM Yy TMPUCYT-
HocTi xipanbHOTO Jiranaa N-etwi-N-{[(2S)-miponinuH-2-in|me-
TUJI}eTaHaMiHy MPUBOIUTH 0 €HAHTIOCEJEKTUBHOTO CHUHTE3Y
HITPOBMICHHUX €TepiB 3 BHCOKMMHU BUXOHAMHU Ta BiIMiHHOIO
eHaHTioceeKTUBHIcTIO. Lleit MeTon CyMmicHMI i3 IIMPOKUM
CIIEKTPOM apMIITIONIB i cyOCTpaTiB HiTpoaJKeHiB, 3abe3Iie-
YYIOUM YTBOPEHHSI LIIBOBUX CIOJYK 3 MOMIPHUMM BUXOAAMU
(mo 73%) i BUCOKMM eHaHTiOMepHUM HamMIinkoMm (10 99%
ee). OmepxXaHi CITIOJYKU € MiHHUMM ITPOMIKHUMHU MPOLYKTAMU
OPraHiyHOTO CUHTE3Y, OCKITbKM MICTATh KiJlbKa PeakIiiiHO-
30aTHUX LEHTPIB, 30KpeMa TepMiHAJIbHUI MOTPIMHUI 3B’SI30K
i HiTporpymy. KpiM TOoro, BoHM BUCTYNalOTh Oe3MOcCepemIHiMu
rornepeHUKaMK ISl CUHTE3y ONTUYHO aKTUBHUX MpOMapri-
JIaMiHIiB — BaXXJIMBUX MPOMIXHUX PEUYOBUH Y BUPOOHUITBI
baraTbox OiOJIOTIYHO AKTMBHUX MOJIEKYJ. XipajdbHi HEHacH-
YEHi HITPOCTIOIIYKM € BaXKJIMBUMU OYmiBEIbHUMU OJIOKAMU IIJIST
CTBOPEHHSI CKJIaHUX CUHTETUUHUX MaTepiatiB. JlonaBaHHSs TIpo-
MapriJIoBOro CIUPTY 0 HEHACUUYEHUX HITPOCIIOIYK BiIOYyBa€ETHCS
SIK periocejieKTUBHO, TaK i eHaHTioceleKTuBHO. Ekcmepu-
MEHTaJIbHI TaHi CBimyaTh, 110 AOOpPi pe3yJabTaTH MOXHA OTPU-
MaTi HaBiTh NIPYM HU3BKOMY BMICTi KaTajiizaTopa.

KxawouoBi cioBa: eHaHTIOCEJIEKTUBHICTb; HITPOBMICHI
eTepu; MpONapriioBUil CHUPT; XipaJbHUI KaTajaizaTop;
ACUMETPUYHMI CHHTE3.
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The enantioselective alkoxylation of B-substituted aromatic
nitroalkenes with propargyl alcohol in the presence of a chiral
ligand, N-ethyl-N-{[(2S)-pyrrolidin-2-yl|methyl}ethanamine,
results in the enantioselective synthesis of nitro-containing ethers
with high yields and excellent enantioselectivity. This method
accommodates a wide variety of arylthiols and nitroalkene
substrates, producing the target compounds in moderate yields
(up to 73%) and enantiomeric excess (up to 99% ee). The resulting
compounds are valuable intermediates in organic synthesis, as
they contain multiple reactive centers, such as terminal triple
bond and nitro groups. Moreover, they serve as direct precursors
for the synthesis of optically active propargylamines, which are
crucial intermediates in the production of many biologically active
molecules. Chiral unsaturated nitro compounds are important
building blocks for the construction of complex synthetic materials.
The addition of propargyl alcohol to unsaturated nitro compounds
proceeds both regioselectively and enantioselectively. Experimental
data demonstrate that good results can be achieved even with low
catalyst loadings.

Keywords: enantioselectivity; nitro-containing ethers;
propargyl alcohol; chiral catalyst; asymmetric synthesis.
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