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Abstract: Michael addition reactions of O-nucleophiles 
to C(3) exocyclic nitromethylene derivative of diacetone 
glucose are reported. The reactions with primary alcohols 
proceed at ambient temperature in the presence of differ-
ent bases with good yields and give products with excel-
lent diastereoselectivity. The addition of the nucleophile 
occurs from the β-face of the carbohydrate as shown by 
single crystal X-ray analysis. The reactions with secondary 
alcohols give low yields of products while phenolic com-
pounds do not react. Under certain conditions, isomeriza-
tion of starting material is observed.
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reaction; nitro-olefin.

Introduction
Conjugated nitro-alkene moieties proved their utility as 
Michael acceptors [1]. The products, nitro-alkanes, are 
widely used for the syntheses of hetero- and carbocycles 
[2, 3]. In the carbohydrate chemistry, nitro-olefins are used 
for the syntheses of various derivatives. Thus, endocyclic 
nitro glycal 1 when subjected to Michael addition gives 
various glycosides, thioglycosides, and N-, P-, and C-gly-
cosyl compounds (Scheme 1) [4–12]. Depending on the ste-
reochemistry and the substituents of the substrate as well 
as on the reaction conditions both α- and β-anomers can 
be obtained [9, 11].

On the other hand, there are only few examples in 
carbohydrate chemistry where exocyclic nitro-olefins are 
used. Nitro-olefin 3 was originally synthesized by Albre-
cht and Moffatt from nitro-alcohol 2 (Scheme  2) [13–17]. 
Recently, we have shown that under modified work-up 
conditions alkene 3 undergoes a reaction with in situ gen-
erated S-nucleophile to form sulfide 4 (Scheme 2) [18]. The 
adduct 4 and other products of hetero-Michael addition 
to nitro olefin 3 are used for the syntheses of azaheterocy-
cles, amines, amino acids, and complex glycohybrids [17, 
19–23].

In order to broaden the scope of the Michael addi-
tion reaction and to pave the way for further syntheses of 
heterocyclic compounds based on this scaffold, we have 
explored a reactivity of alcohols and phenols as O-nucleo-
philes towards the addition to the nitro-olefin 3.

Results and discussion
It was observed that relatively small nucleophiles, such 
as ethoxide anion, undergo a reaction with nitro-olefin 3 
in DMF solution (Scheme 3). The adduct 5a was obtained 
in a crystalline form and its structure was unambiguously 
established by single crystal X-ray diffraction analysis 
(Figure 1).

Better yields were achieved with primary alcohols 
when the reaction was carried out in neat alcohol. To 
find the optimal reaction conditions, various bases were 
screened. Stoichiometric amounts of tertiary amines 
(triethylamine (Et3N), diisopropylethyl amine (DIPEA), 
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU)), methyl mag-
nesium chloride, and sodium hydride were tried. In the 
presence of DBU the adduct 5b was isolated in 12% yield. 
In the presence of DIPEA the degradation of the substrate 
with some traces of the needed product were observed. On 
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Scheme 1 2-Nitroglycal 1 as substrate for glycoside syntheses.
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Scheme 2 Synthesis of nitro-alkene 3.
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Figure 1 Crystal structure of compound 5a.
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Scheme 4 Conditions for the synthesis of nitro-alkene 6.

the other hand, when Et3N in isobutanol was used, full 
conversion of the alkene under the same conditions was 
observed in 2 h. However, the analysis of the crude NMR 
spectrum revealed that the major product was a non-con-
jugated nitro-alkene 6 (Scheme 4). To establish a syntheti-
cally useful procedure for the process 3 → 6 the reaction 
conditions were varied. Thus, nitro-alkene 2 in the iso-
propanol solution completely isomerizes to nitro-alkene 
6 (68% isolated yield) in the presence of 1 equivalent of 
triethylamine after 2 h at 50°C.

For the transformation 3 → 5 other bases were tried. 
Sodium hydride was found to be the most suitable base 
for deprotonation of the neat alcohols, and the highest 
yields were achieved using this approach (Scheme 3). For 
example, in the reaction with ethylene glycol the mono 
adduct 5f was formed exclusively in 89% yield. Other 
primary alcohols gave the corresponding products in 44–
76% yields. The addition of neat cyclopentanol in the pres-
ence of NaH gave product 5g with 12% yield. Similarly, in 
the case of cyclohexanol the product was observed in the 
crude mixture in a low yield ( < 10%), but could not be iso-
lated. With MeMgBr used as a base the decomposition of 
the starting material was observed and no product could 
be detected by analysis of NMR spectra of crude reaction 
mixtures. To our surprise, decomposition of the substrate 
was also observed if phenols were used as the nucleo-
philes regardless of the applied base.

Conclusions
It was shown that C(3)-quaternary 3-O-alkyl-3-nitrometh-
ylglucose derivatives can be synthesized by Michael addi-
tion of primary alcohols to glucose-derived exocyclic 
nitro-olefin in neat alcohols in the presence of sodium 
hydride. On the other hand, the use of secondary alco-
hols and phenols, other bases and solvents lowers the 
yields or prevents the addition reaction, and may result 
in isomerization of the double bond. The conditions for 
the synthesis of the non-conjugated nitro-alkene were 
optimized.
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Experimental
IR spectra were recorded on a FT-IR Perkin Elmer Spectrum BX spec-
trometer in KBr pellets. 1H NMR (300 MHz) and 13C NMR (75 MHz) 
spectra were recorded in CDCl3 on a Bruker 300 spectrometer. Electro-
spray ionization high-resolution mass spectra (HRMS) were recorded 
on a Q-TOF Micromass spectrometer. Melting points were determined 
on a Fisher Digital Melting Point Analyzer Model 355 and are uncor-
rected. X-ray crystal structure analysis was done with a Nonius Kap-
paCCD diffractometer (MoKα-radiation, graphite monochromator) at 
173 K. Silica gel (60 Å, 40–63 μm, ROCC) was used for flash chroma-
tography. Alcohols, sodium ethoxide, potassium t-butoxide, triethyl-
amine, DIPEA, DBU, and sodium hydride were commercial products.

Isomerization of the nitro-olefin 3 to 3,4-dideoxy-1,2: 
5,6-di-O-isopropylidene-3-C-nitromethyl-α-d-erythro-
hex-3-enofuranose (6)

A solution of nitro-alkene 3 (110 mg, 0.37 mmol, 1.0 eq.) and triethyl-
amine (50 μL, 0.37 mmol, 1.0 eq.) in isopropanol (2 mL) was stirred 
for 2 h at 50°C, then treated with hexanes/EtOAc (10 mL, 1:1 v/v). The 
mixture was washed with 1 m H2SO4 aqueous solution (3 × 5 mL) and 
brine (3 × 5 mL), dried over sodium sulfate, filtered and concentrated. 
The residue was purified by column chromatography on silica elut-
ing with hexanes/EtOAc. Product 6 was obtained as a colorless oil 
(74 mg, 68%). The NMR spectra are consistent with those reported 
earlier [16].

General procedure for synthesis of 5a–g

A suspension of NaH in mineral oil (60%, 16 mg, 0.4 mmol, 1.1 eq.) 
was added to the selected alcohol (1 mL) at ambient temperature, the 
mixture was stirred for 10 min and then treated with nitro-olefin 3 
(110 mg, 0.37 mmol, 1.0 eq.) in the same alcohol (0.5 mL). The mixture 
was stirred at ambient temperature for an additional 30 min. After 
consumption of the starting material 3 (TLC control) the mixture was 
neutralized with Dowex 50WX8 ion exchange resin (H+ form), filtered 
and concentrated under reduced pressure. A solution of the oily resi-
due in EtOAc (20 mL) was washed with brine (3 × 5 mL), dried over 
sodium sulfate, filtered and concentrated. The product was purified 
by column chromatography on silica eluting with hexanes/EtOAc.

3-O-Ethyl-3-C-nitromethyl-1,2;5,6-di-O-isopropylidene-α-d-
glucofuranose (5a) Yield 103 mg (76%); mp 65–66°C; Rf 0.5 (hex-
anes/EtOAc, 3:1); IR: 2990, 2865, 1560, 1380, 1070, 840 cm-1; 1H NMR: 
δ 5.86 (d, 1H, J  =  3.6, H-C(1)), 5.05 (d, 1H, J  =  14.3 Hz, Ha-C(3′)), 5.00 
(d, 1H, J  =  3.6 Hz, H-C(2)), 4.72 (d, 1H, J  =  14.3 Hz, Hb-C(3′)), 4.22 (ddd, 
1H, J  =  6.1, 5.1, 4.6, Hz, H-C(5)), 4.12 (dd, 1H, J  =  8.7, 6.1 Hz, Ha-C(6)), 
3.96 (dd, 1H, J  =  8.7, 5.1 Hz, Hb-C(6)), 3.79–3.64 (m, 3H, H-C(4), H-C(a)), 
1.52, 1.42, 1.35 (3s, 12H, (H3C)2-C-), 1.18 (t, 3H, J  =  7.2 Hz, H-C(b)); 13C 
NMR: δ 112.5, 109.9, 104.8, 84.6, 83.0, 82.6, 74.5, 72.3, 67.9, 61.4, 27.1, 
27.0, 26.4, 25.3, 15.9. HRMS. Calcd for [C15H25NO8 + H]+: m/z 348.1653. 
Found: m/z 348.1655.

The data of the single crystal X-ray diffraction analysis were 
deposited at the Cambridge Crystallographic Data Centre as supple-
mentary publication with the following deposition number: CCDC 

1443541. Copies of the data can be obtained, free of charge, on appli-
cation to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK.

3-O-Isobutyl-3-C-nitromethyl-1,2;5,6-di-O-isopropylidene- 
α-d-glucofuranose (5b) Yield 63 mg (44%); a colorless oil; Rf 0.65 
(hexanes/EtOAc, 3:1); IR: 2985, 2875, 1560, 1420, 1375, 1335, 1165, 1075, 
1000 cm-1; 1H NMR: δ 5.86 (d, 1H, J  =  3.6, H-C(1)), 5.03 (d, 1H, J  =  14.3 
Hz, Ha-C(3′)), 5.02 (d, 1H, J  =  3.6 Hz, H-C(2)), 4.73 (d, 1H, J  =  14.3 Hz, 
Hb-C(3′)), 4.25 (ddd, 1H, J  =  8.7, 6.3, 5.5, Hz, H-C(5)), 4.12 (dd, 1H, J  =  
8.7, 6.3 Hz, Ha-C(6)), 3.94 (dd, 1H, J  =  8.7, 5.1 Hz, Hb-C(6)), 3.75 (d, 1H, 
J  =  8.7 Hz, H-C(4), H-C(a)), 3.39 (d, 2H, J  =  6.4 Hz, H2C(a)), 1.81 (sept., 
1H, J  =  6.4 Hz, HC(b)), 1.53, 1.43, 1.37, 1.35 (4s, 12H, (H3C)2-C-), 0.89 (d, 
6H, J  =  6.8 Hz, H3C(c)); 13C NMR: δ 112.6, 109.9, 104.9, 84.5, 82.8, 82.6, 
74.9, 72.1, 72.0, 68.0, 29.3, 27.1, 27.0, 26.5, 25.3, 19.3 (2C). HRMS. Calcd 
for [C17H29NO8 + Na]+: m/z 398.1792. Found: m/z 398.1791.

3-O-Butyl-3-C-nitromethyl-1,2;5,6-di-O-isopropylidene-α- 
d-glucofuranose (5c) Yield 68  mg (50%); a colorless oil; Rf 0.4 
(hexanes/EtOAc, 3:1); IR: 2985, 2875, 1560, 1420, 1375, 1335, 1165, 1075, 
1000 cm-1; 1H NMR: δ 5.86 (d, 1H, J  =  3.6, H-C(1)), 5.03 (d, 1H, J  =  14.3 
Hz, Ha-C(3′)), 5.00 (d, 1H, J  =  3.6 Hz, H-C(2)), 4.71 (d, 1H, J  =  14.3 Hz, 
Hb-C(3′)), 4.11 (dd, 1H, J  =  8.7, 6.2 Hz, Ha-C(6)), 3.91–3.83 (dd, 1H, J  =  
8.7, 5.3 Hz, Hb-C(6)), 3.73 (d, 1H, J  =  8.7 Hz, H-C(4)), 3.65 (dd, 2H, J  =  
6.3, 2.0 Hz, H2C(a)), 1.54, 1.42, 1.36, 1.35 (4s, 12H, (H3C)2-C-), 1.54–1.34 
(m, 4H, H2C(b), H2C(c)) 0.89 (t, 3H, J  =  6.6 Hz, H3C(d)); 13C NMR: δ 
112.5, 109.9, 105.9, 84.4, 82.8, 82.7, 74.7, 72.2, 68.0, 65.5, 27.1, 27.0, 26.5, 
25.5, 19.3, 14.0. HRMS. Calcd for [C17H29NO8 + Na]+: m/z 398.1791. 
Found: m/z 398.1805.

3-C-Nitromethyl-1,2;5,6-di-O-isopropylidene-3-O-propyl-α- 
d-glucofuranose (5d) Yield 60  mg (62%); a colorless oil; Rf 0.65 
(hexanes/EtOAc, 3:1); IR: 2985, 1555, 1455, 1420, 1375, 1250, 1165, 1075, 
1000 cm-1; 1H NMR: 5.86 (d, 1H, J  =  3.6, H-C(1)), 5.03 (d, 1H, J  =  14.3 
Hz, Ha-C(3′)), 5.01 (d, 1H, J  =  3.6 Hz, H-C(2)), 4.73 (d, 1H, J  =  14.3 Hz, 
Hb-C(3′)), 4.24 (ddd, 1H, J  =  8.7, 6.3, 5.5, Hz, H-C(5)), 4.12 (dd, 1H, J  =  
8.7, 6.3 Hz, Ha-C(6)), 3.94 (dd, 1H, J  =  8.7, 5.1 Hz, Hb-C(6)), 3.73 (d, 1H, 
J  =  8.7 Hz, H-C(4), H-C(a)), 3.58 (t, 2H, J  =  7.3 Hz, H2C(a)), 1.65–1.53 (m, 
2H, H2C(b)), 1.52, 1.41, 1.35, 1.34 (4s, 12H, (H3C)2-C-), 0.89 (t, 6H, J  =  7.3 
Hz, H3C(c)). 13C NMR: δ 112.5, 109.9, 104.8, 84.4, 82.7, 74.7, 72.2, 67.9,  
67.3, 62.1, 27.1, 27.0, 26.4, 25.3, 23.6, 10.6. HRMS. Calcd for [C16H27NO8 + 
Na]+: m/z 384.1634. Found: m/z 384.1632.

3-C-Nitromethyl-1,2;5,6-di-O-isopropylidene-3-O-pentyl-α- 
d-glucofuranose (5e) Yield 83  mg (58%); a colorless oil; Rf 0.65 
(hexanes/EtOAc, 3:1); IR: 2985, 2875, 1560, 1455, 1420, 1375, 1335, 1250, 
1215, 1165, 1075, 1000. 1H NMR: δ 5.85 (d, 1H, J  =  3.6, H-C(1)), 5.03 (d, 
1H, J  =  14.3 Hz, Ha-C(3′)), 5.00 (d, 1H, J  =  3.6 Hz, H-C(2)), 4.71 (d, 1H, 
J  =  14.3 Hz, Hb-C(3′)), 4.22 (ddd, 1H, J  =  8.7, 6.3, 5.5, Hz, H-C(5)), 4.11 
(dd, 1H, J  =  8.7, 6.3 Hz, Ha-C(6)), 3.94 (dd, 1H, J  =  8.7, 5.1 Hz, Hb-C(6)), 
3.73 (d, 1H, J  =  8.7 Hz, H-C(4), H-C(a)), 3.62 (dt, 2H, J  =  6.4, 1.8 Hz, 
H2C(a)), 1.62–1.52 (m, 2H, J  =  6.4 Hz, HC(b)), 1.51, 1.41, 1.35, 1.34 (4s, 
12H, (H3C)2-C), 1.32–1.26 (m, 4H, H2C(c), H2C(d)) 0.88 (t, 3H, J  =  6.6 Hz, 
H3C(e)); 13C NMR: δ 112.6,109.9, 104.8, 84.4, 82.8, 82.7, 74.7, 72.2, 68.0, 
65.7, 30.0, 28.2, 27.1, 26.9, 26.5, 25.3. HRMS. Calcd for [C18H31NO8 + Na]+: 
m/z 412.1947. Found: m/z 412.1951.

3-O-(2-Hydroxy)ethyl-3-C-nitromethyl-1,2;5,6-di-O-isopropy
lidene-α-d-glucofuranose (5f) Yield 120  mg (89%); a colorless 
oil; Rf 0.3 (hexanes/EtOAc, 1:1); IR: 3445, 2985, 2940, 2885, 1560, 1455, 
1420, 1375, 1335, 1250, 1220, 1165, 1075, 1000 cm-1; 1H NMR: δ 5.89 (d, 
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1H, J  =  3.5, H-C(1)), 5.06 (d, 1H, J  =  14.5 Hz, Ha-C(3′)), 5.03 (d, 1H, J  =  
3.5 Hz, H-C(2)), 4.71 (d, 1H, J  =  14.3 Hz, Hb-C(3′)), 4.31 (ddd, 1H, J  =  9.0, 
6.3, 4.7, Hz, H-C(5)), 4.13 (dd, 1H, J  =  9.0, 6.3 Hz, Ha-C(6)), 3.96 (dd, 1H, 
J  =  9.0, 4.7 Hz, Hb-C(6)), 3.84–3.68 (m, 5H, H-C(4), H2C(a), H2C(b)), 2.10 
(s, 1H, HO-C(b)), 1.52, 1.42, 1.35 (3s, 12H, (H3C)2-C-); 13C NMR: δ 112.6, 
110.0, 104.7, 82.9, 82.4, 81.2, 74.7, 71.9, 68.6, 68.0, 62.0, 30.0, 26.9 (2C), 
26.3, 25.2. HRMS. Calcd for [C15H25NO9 + H]+: m/z 364.1653. Found: m/z 
364.1655.

3-O-Cyclopentyl-3-C-nitromethyl-1,2;5,6-di-O-isopropylidene- 
α-d-glucofuranose (5g) Yield 17  mg (12%); a colorless oil; Rf 0.3 
(hexanes/EtOAc, 1:1); IR: 2985, 2940, 2885, 2875, 1555, 1455, 1420, 1375, 
1335, 1255, 1215, 1165, 1075, 1005 cm-1; 1H NMR: δ 5.86 (d, 1H, J  =  3.5, 
H-C(1)), 5.04 (d, 1H, J  =  3.5, H-C(2)), 4.97 (d, 1H, J  =  14.2 Hz, Ha-C(3′)), 
4.73 (d, 1H, J  =  14.2 Hz, Hb-C(3′)), 4.28 (m, 2H, H-C(5), H-C(a)), 4.10 
(dd, 1H, J  =  8.7, 6.3 Hz, Ha-C(6)), 3.95 (dd, 1H, J  =  8.7, 5.3 Hz, Hb-C(6)), 
3.76 (d, 1H, J  =  8.3 Hz, H-C(4)), 1.84–1.59 (m, 6H, H2C(b), Ha-C(c)), 1.52 
(s, 3H), 1.48 (m, 2H, Hb-C(c)), 1.42 (s, 3H, (H3C)2-C-), 1.37 (s, 3H), 1.35 (s, 
3H, (H3C)2-C-); 13C NMR: δ 112.5, 109.7, 104.8, 85.0, 82.8 (2C), 77.6, 75.5, 
72.2, 67.8, 35.1, 35.0, 27.1, 26.9, 26.5, 25.3, 23.9 (2C). HRMS. Calcd for 
[C18H29NO8 + Na]+: m/z 410.1785. Found: m/z 410.1769.
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