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The enantioselective alkoxylation of β-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.
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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 α,β-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

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 (∆δ = 0.4 ppm) in
the 1H 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
β substituted nitroalkene 3 with non ionized C3

alcohols across the multiple bond.
Enantioselective alkoxylation of aromatic 

β-substituted nitroalkenes with propargyl alcohol,
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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
(CH3, CH3O) on the aromatic ring, are higher than
those of products 4–8, which bear electron-
withdrawing substituents (Cl, 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 β-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 β-unsaturated nitroalkenes

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, 1H and 13C NMR spectroscopy, and elemental
analysis.

Experimental
NMR spectra were recorded on a

Bruker AM-300 spectrometer operating at 300.13 MHz
for 1H and 75.47 MHz for 13C in CDCl3. In the
13C NMR spectrum, the CDCl 3 signal
(at ≡C 77.00 ppm) was used as the internal standard;
in the 1H NMR spectrum, the residual CDCl3 proton
signal (at δH 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.

{ ( 1 S ) - 2 - n i t r o - 1 - [ ( p r o p - 2 - y n - 1 -
yl)oxy]ethyl}benzene (1)

Phenylnitrostyrene (0.1 mmol, 1.0 eq.) and
catalysts (1 mol.%) were dissolved in 0.5 ml THF at
400C and stirred for 5 min. Propargyl alcohol
(0.12 mmol, 1.2 eq.) was added at 400C 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,
[α]D20+83.2 (with 0.2, CHCl3), Rf 0.55 (petroleum
ether–EtOAc, 3:2). 1Í NMR spectrum (CDCl3), δ,
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, ≡ÑCH2O, 2J=16.2 Hz, 4J=2.4 Hz, 1H),
3.83 (d.d, ≡ÑCH2O, 2J=16.2 Hz, 4J=2.4 Hz, 1H),
2.52 (t, 4J=2.4 Hz, ≡CH, 1H). 13C NMR spectrum
(CDCl3), δC, ppm: 136.7, 133.7, 131.9, 127.6, 78.51
(≡Ñ–CH2O), 68.35 (≡ÑH), 56.11 (≡Ñ–CH2O), 49.91.

The ee was determined (98%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow rate
0.5 mL/min, tmajor=11.72 min, tminor=10.69 min).

Table

Enantioselective alkoxylation of aromatic βββββ-substituted

nitroalkenes with propargyl alcohol

Scheme

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 
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1-Methyl-2-{(1S)-2-nitro-1-[(prop-2-yn-1-
yl)oxy]ethyl}benzene (2)

Yield 71%. Yellowish oily substance,
[α]D20+83.2 (with 0.2, CHCl3), Rf 0.55 (petroleum
ether–EtOAc, 3:2). 1H NMR spectrum (CDCl3), δ,
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, ≡ÑCH2O, 2J=16.2 Hz, 4J=2.4 Hz, 1H),
3.83 (d.d, ≡ÑCH2O, 2J=16.2 Hz, 4J=2.4 Hz, 1H),
2.51 (t, ≡CH, 4J=2.4 Hz, 1H), 2.40 (s, CH3, 3H).
13Ñ NMR spectrum (CDCl3), δC, ppm: 152.4, 136.5,
128.3, 126.43, 126.40, 125.8, 79.46 (≡Ñ–CH2O), 77.8,
68.35 (≡ÑH), 56.11 (≡Ñ–CH2O), 45.6, 34.7, 31.2,
19.2.

The ee was determined (98%) by achiral phase
Chiralpak IE column (98/2 hexane/iPrOH, flow raòe
0.5 mL/min, tmajor=15.20 min, tminor=10.83 min).

1-Methyl-4-{(1S)-2-nitro-1-[(prop-2-yn-1-
yl)oxy]ethyl}benzene (3)

Yield 70%. Oily yellow liquid, [α]D20+200.7
(with 0.1, CHCl3), Rf 0.50 (petroleum ether–EtOAc,
3:2). 1H NMR spectrum (CDCl3), δ, 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,
≡ÑCH2O, 2J=16.2 Hz, 4J=2.4 Hz, 1H), 3.82 (d.d,
≡ÑCH2O, 2J=16.2 Hz, 4J=2.4 Hz, 1H), 2.50 (t,
4J=2.4 Hz, ≡CH, 1H), 2.40 (s, CH3, 3H). 13Ñ NMR
spectrum (CDCl3), δC, ppm: 152.2, 136.5, 128.7, 127.5,
126.4, 79.46 (≡Ñ–CH2O), 78.8, 68.35 (≡ÑH), 56.11
(≡Ñ–CH2O), 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, tmajor=46.70 min, tminor=40.81 min.

1-Chloro-3-{(1S)-2-nitro-1-[(prop-2-yn-1-
yl)oxy]ethyl}benzene (4)

Yield 61%. Yellowish oily substance [α]D20+55.4
(with 0.1, CHCl3), Rf 0.50 (petroleum ether–EtOAc,
3:2). 1Í NMR spectrum (CDCl3), δ, ppm:
7.36–7.27–7 (m, 5H), 4.79–4.77 (m, 2H),
4.67–4.60 (m, 1H), 4.05 (d.d, ≡ÑCH2O,
2J=16.2 Hz, 4J=2.4 Hz, 1H), 3.86 (d.d, ≡ÑCH2O,
2J=16.2 Hz, 4J=2.4 Hz, 1H), 2.50 (t, ≡CH,
4J=2.4 Hz, 1H). 13Ñ NMR spectrum (CDCl3), δC,
ppm: 136.5, 125.8, 79.46 (≡Ñ–CH2O), 78.2, 68.35
(≡ÑH), 56.11 (≡Ñ–CH2O), 49.9.

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

1-Chloro-4-{(1S)-2-nitro-1-[(prop-2-yn-1-
yl)oxy]ethyl}benzene (5)

Yield 63%. Oily yellow liquid, [α]D
20+200.7 (with

0.1, CHCl3), Rf 0.50 (petroleum ether–EtOAc, 3:2).

1Í NMR spectrum (CDCl3), δ, 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, ≡ÑCH2O, 2J=16.2 Hz,
4J=2.4 Hz, 1H), 3.82 (d.d, ≡ÑCH2O, 2J=16.2 Hz,
4J=2.4 Hz, 1H), 2.51 (t, ≡CH, 4J=2.4 Hz, 1H).
13C NMR spectrum (CDCl3), δC, ppm: 152.6, 129.0,
127.9, 126.5, 79.46 (≡Ñ–CH2O), 78.4, 56.11
(≡Ñ–CH2O), 68.35 (≡ÑH), 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, tmajor=8.57 min, tminor=5.57 min).

1-Bromo-3-{(1S)-2-nitro-1-[(prop-2-yn-1-
yl)oxy]ethyl}benzene (6)

Yield 66%. Oily yellow liquid, [α]D20+200.7
(with 0.1, CHCl3), Rf 0.50 (petroleum ether–EtOAc,
3:2). 1H NMR spectrum (CDCl 3), δ,
ppm: 7.36–7.27–7 (m, 5H), 4.70 (t.t, 2H, J=15.3,
7.7 Hz, CH2), 4.63 d.d (1H, J=11.0, 4.1 Hz, CH),
4.04 d.d (1H, ≡ÑCH2O, 2J=16.2 Hz, 4J=2.4 Hz,
CH2), 3.83 d.d (1H, ≡ÑCH2O, 2J=16.2 Hz,
4J=2.4 Hz), 2.51 (t, 1H, 4J=2.4 Hz, ≡CH). 13C NMR
spectrum (CDCl3), δC, ppm: 136.3, 127.6,
79.46 (≡Ñ–CH2O), 78.1, 56.11 (≡Ñ–CH2O),
68.35 (≡ÑH), 49.4.

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

1-Bromo-4-{(1S)-2-nitro-1-[(prop-2-yn-1-
yl)oxy]ethyl}benzene (7)

Yield 70%. Oily yellow liquid, [α]D20+200.7
(with 0.1, CHCl3), Rf 0.50 (petroleum ether–EtOAc,
3:2). 1H NMR spectrum (CDCl3), δ, 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, ≡ÑCH2O,), 3.83 d.d (1H, 2J=16.2 Hz,
4J=2.4 Hz, ≡ÑCH2O), 2.51 (t, 1H, 4J=2.4 Hz, ≡CH,).
13C NMR spectrum (CDCl3), δC, ppm: 136.5, 122.6,
79.44 (≡Ñ–CH2O), 78.3, 68.33 (≡ÑH),
56.11 (≡Ñ–CH2O), 49.4.

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

1-Methoxy-3-{(1S)-2-nitro-1-[(prop-2-yn-1-
yl)oxy]ethyl}benzene (8)

Yield 67%. Oily yellow liquid, [α]D20+200.7
(with 0.1, CHCl3), Rf 0.50 (petroleum ether–EtOAc,
3:2). 1H NMR spectrum (CDCl3), δ, ppm: 7.36–
7.27–7 (m, 5H), 4.99 (m, 2H, CH2), 4.66–4.56 (m,
1H, CH), 4.06 (d.d, 1H, 2J=16.2 Hz, 4J=2.4 Hz,
≡ÑCH2O,), 3.81 (d.d, 1H, 2J=16.2 Hz, 4J=2.4 Hz,
≡ÑCH2O,), 3.50 (s, 3H, CH3O), 2.51 (t, 1H, ≡CH,
4J=2.4 Hz, CH). 13Ñ NMR spectrum (CDCl3), δC,
ppm: 152.9, 136.4, 119.8, 114.1, 113.4,
79.46 (≡Ñ–CH2O), 78.6, 68.35 (≡ÑH),
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56.11 (≡Ñ–CH2O), 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, tmajor=5.26 min, tminor=7.85 min).

1-Methoxy-4-{(1S)-2-nitro-1-[(prop-2-yn-1-
yl)oxy]ethyl}benzene (9)

Yield 68%. Oily yellow liquid, [α]D20+200.7
(with 0.1, CHCl3), Rf 0.50 (petroleum ether–EtOAc,
3:2). 1H NMR spectrum (CDCl3), δ, 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, ≡ÑCH2O),
3.83 (d.d, 1H, 2J=16.2 Hz, 4J=2.4 Hz, ≡ÑCH2O),
3.50 (s, 3H, CH3O), 2.51 (t, 1H, 4J=2.4 Hz, ≡CH).
13C NMR spectrum (CDCl3), δC, ppm: 159.7, 128.3,
126.4, 114.4, 79.45 (≡Ñ–CH2O), 78.9, 68.34 (≡ÑH),
56.11 (≡Ñ–CH2O), 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, tmajor=11.99 min, tminor=10.22 min).

Conclusions

Enantioselective alkoxylation of β-substituted
aromatic nitroalkenes with propargyl alcohol, mediated
by the chiral ligand, N-ethyl-N-{[(2S)-pyrrolidin-2-
yl]methyl}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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ÅÍÀÍÒ²ÎÑÅËÅÊÒÈÂÍÅ ÀËÊÎÊÑÈËÞÂÀÍÍß

βββββ-ÇÀÌ²ÙÅÍÈÕ ÀÐÎÌÀÒÈ×ÍÈÕ Í²ÒÐÎÀËÊÅÍ²Â

ÏÐÎÏÀÐÃ²ËÎÂÈÌ ÑÏÈÐÒÎÌ

Ã.Ì. Òàëèáîâ

Åíàíò³îñåëåêòèâíå àëêîêñèëþâàííÿ β-çàì³ùåíèõ àðî-
ìàòè÷íèõ í³òðîàëêåí³â ïðîïàðã³ëîâèì ñïèðòîì ó ïðèñóò-
íîñò³ õ³ðàëüíîãî ë³ãàíäà N-åòèë-N-{[(2S)-ï³ðîë³äèí-2-³ë]ìå-
òèë}åòàíàì³íó ïðèâîäèòü äî åíàíò³îñåëåêòèâíîãî ñèíòåçó
í³òðîâì³ñíèõ åòåð³â ç âèñîêèìè âèõîäàìè òà â³äì³ííîþ
åíàíò³îñåëåêòèâí³ñòþ. Öåé ìåòîä ñóì³ñíèé ³ç øèðîêèì
ñïåêòðîì àðèëò³îë³â ³ ñóáñòðàò³â í³òðîàëêåí³â, çàáåçïå-
÷óþ÷è óòâîðåííÿ ö³ëüîâèõ ñïîëóê ç ïîì³ðíèìè âèõîäàìè
(äî 73%) ³ âèñîêèì åíàíò³îìåðíèì íàäëèøêîì (äî 99%
ee). Îäåðæàí³ ñïîëóêè º ö³ííèìè ïðîì³æíèìè ïðîäóêòàìè
îðãàí³÷íîãî ñèíòåçó, îñê³ëüêè ì³ñòÿòü ê³ëüêà ðåàêö³éíî-
çäàòíèõ öåíòð³â, çîêðåìà òåðì³íàëüíèé ïîòð³éíèé çâ’ÿçîê
³ í³òðîãðóïó. Êð³ì òîãî, âîíè âèñòóïàþòü áåçïîñåðåäí³ìè
ïîïåðåäíèêàìè äëÿ ñèíòåçó îïòè÷íî àêòèâíèõ ïðîïàðã³-
ëàì³í³â – âàæëèâèõ ïðîì³æíèõ ðå÷îâèí ó âèðîáíèöòâ³
áàãàòüîõ á³îëîã³÷íî àêòèâíèõ ìîëåêóë. Õ³ðàëüí³ íåíàñè-
÷åí³ í³òðîñïîëóêè º âàæëèâèìè áóä³âåëüíèìè áëîêàìè äëÿ
ñòâîðåííÿ ñêëàäíèõ ñèíòåòè÷íèõ ìàòåð³àë³â. Äîäàâàííÿ ïðî-
ïàðã³ëîâîãî ñïèðòó äî íåíàñè÷åíèõ í³òðîñïîëóê â³äáóâàºòüñÿ
ÿê ðåã³îñåëåêòèâíî, òàê ³ åíàíò³îñåëåêòèâíî. Åêñïåðè-
ìåíòàëüí³ äàí³ ñâ³ä÷àòü, ùî äîáð³ ðåçóëüòàòè ìîæíà îòðè-
ìàòè íàâ³òü ïðè íèçüêîìó âì³ñò³ êàòàë³çàòîðà.

Êëþ÷îâ³ ñëîâà: åíàíò³îñåëåêòèâí³ñòü; í³òðîâì³ñí³
åòåðè; ïðîïàðã³ëîâèé ñïèðò; õ³ðàëüíèé êàòàë³çàòîð;
àñèìåòðè÷íèé ñèíòåç.
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The enantioselective alkoxylation of β-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.

REFERENCES

1. Thompson AM, Blaser A, Anderson RF, Shinde SS,
Franzblau SG, Ma Z, et al. Synthesis, reduction potentials, and
antitubercular activity of ring A/B analogues of the bioreductive
drug (6S)-2-nitro-6-{[4-(trifluoromethoxy)benzyl]oxy}-6,7-
dihydro-5H-imidazo[2,1-b][1,3]oxazine (PA-824). J Med Chem.
2009; 52(3): 637-645. doi: 10.1021/jm801087e.

2. Lu HH, Zhang FG, Meng XG, Duan SW, Xiao WJ.
Enantioselective Michael reactions of β, β-disubstituted
nitroalkenes: a new approach to β2,2-amino acids with hetero-
quaternary stereocenters. Org Lett. 2009; 11(17): 3946-3949.
doi: 10.1021/ol901572x.

3. Momo PB, Mizobuchi EF, Echemendia R,
Baddeley I, Grayson MN, Burtoloso ACB. Organocatalytic
enantioselective sulfa-Michael additions to α,β-unsaturated
diazoketones. J Org Chem . 2022; 87(5): 3482-3490.
doi: 10.1021/acs.joc.1c03045.

4. Hu W, Wang X, Peng Y, Luo S, Zhao J, Zhu Q.
Synthesis of 7-arylthiomethyl dibenzo[b,d]azepines through
imidoylative Heck cyclization and CPA-catalyzed thio-Michael
addition/enantioselective protonation. Org Lett. 2022; 24(20):
3642-3646. doi: 10.1021/acs.orglett.2c01217.

5. Pei QL, Han WY, Wu ZJ, Zhang XM, Yuan WC.
Organocatalytic diastereo- and enantioselective sulfa-Michael
addition to α,β-disubstituted nitroalkenes. Tetrahedron. 2013;
69(26): 5367-5373. doi: 10.1016/j.tet.2013.04.125.




