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Indium nitronates were readily prepared from commercially avail-
able nitroalkanes by transmetallation of the corresponding lithium
nitronates with indium salts. The Henry reaction of this indium
organometallics with aldehydes afforded p-nitroalkanols in mode-
rate to high yields. The use of chiral sugar aldehydes furnished the
corresponding carbohydrate-derived p-nitroalkanols with excel-
lent stereoselectivity.

Introduction

The nitro-aldol reaction, often known as the Henry reaction, is
a powerful carbon-carbon bond-forming reaction.' The classi-
cal Henry reaction, which involves the base-catalysed reaction
of nitroalkanes and aldehydes, has been widely used in syn-
thesis.> Nevertheless, the classical nitro-aldol reaction does
suffer from some important drawbacks:* (1) poor stereochemi-
cal control, due to the reversibility of the reaction;* (2) low
yields, mainly when either the starting carbonyl compound or
the resulting 2-nitro alcohols are base-sensitive; (3) sensitive-
ness to steric factors, causing sterically hindered nitro alkanes
to be less reactive, usually failing to give the desired nitro-aldol
products in good yields.” Hence, the nitroaldol condensation
of a,a-dialkylnitroalkanes® has not been widely used in
organic synthesis, despite the usefulness of the resulting 1,1-
alkyl-1-nitroalkan-2-ols.”

In order to circumvent these limitations, there is recent
interest in the development of alternative procedures for the
preparation of 2-nitroalkan-1-ols that obviate the use of bases.®
Our group reported a promising and convenient alternative to
the classical nitroaldol (Henry) reaction, consisting of the
addition of indium nitronates to aldehydes where indium
nitronates were generated in situ from o-bromonitroalkanes
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and indium powder.” The approach is very simple from the
experimental point of view and, as bases are not required, it is
not subject to the limitations of the classical Henry reaction.
In addition, reaction of aldehydes and hindered a,a-dialkyl-
bromonitro alkanes afforded the corresponding 1,1-alkyl-1-
nitroalkan-2-ols in good yields. However, the application of
this methodology is limited by the difficult access to a-bromo-
nitroalkanes: just a few are commercially available and they are
considerably more expensive than nitroalkanes.

The preparation of organoindium reagents has attracted
the attention of organic chemists, due to their low toxicity"°
and their synthetic utility for carbon-carbon bond for-
mation."® The synthesis of organoindium reagents can be
achieved not only by reaction between an organic halide and
an indium metal® but also by reaction of aluminum,"® mag-
nesium,"* or lithium"® organometallics with indium halides.
In this paper we report a new and straightforward preparation
of indium nitronates from nitroalkanes via reaction of the
corresponding lithium nitronates with indium trichloride and
their Henry reactions with carbonyl compounds.

Results and discussion

In our preliminary studies, the reaction of nitromethane 1a
with benzaldehyde 2a was assessed. Thus, the lithium nitro-
nate generated by the reaction of nitromethane 1a and n-BuLi
was readily transmetalated with indium trichloride in THF at
—78 °C to give the corresponding indium nitronate. Further
reaction with benzaldehyde gave the p-nitroalkanol 3a in 71%
yield (Table 1, entry 1).*°

As shown by the results compiled in Table 1, under the
above conditions, aromatic aldehydes 2b-d, linear aldehydes
2e-f and alicyclic aldehyde 2g were efficiently converted into
their corresponding f-nitroalkanols (Table 1, entries 2-7).
High yields were obtained, except for the electron-rich aryl
aldehyde 1b, which, as expected, proved to be substantially
less reactive and yielded the corresponding adduct 3¢ in only
39% yield (Table 1, entry 2). This process tolerates a broad
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Table 1 Synthesis of B-nitroalkanols?

- R! R?
1 2 ;
Rl R?  nBuliinCl; | R! _+N,0 . j']\ o R3
THF N 3 -78°Ctort
H NO: S0 R om, | R H OH
1 2 3
Entry 1 R! R? 2 R’ 3 syn/anti® Yield® (%)
1 1a H H 2a Ph 3a — 71
2 1a H H 2b 4-MeO-C¢H, 3b — 39
3 la H H 2¢ 4-CN-CgH, 3c — 81
4 1a H H 2d 2-NO,-C¢H, 3d — 75
5 1a H H 2e n-C;H;5 3e —_ 85
6 1a H H of CO,Et 3f — 69
7 1a H H 2g ¢-CgHyo 3g — 83
8 1a H H 2h Q 3h — 63
X
|
0
9 1b CH, CH, 2a Ph 3i — 58
10 1c ;r"i"’ﬂ 2e n-C,H,s 3j — 55
11 1d ;r"j"’f. 2i H 3k — 71
12 1e CH, H 2a Ph 31 33/67 60
13 1e? CH, H 2a ph 31 33/67 59
14 1e CH, H 2g ¢-CeHy, 3m 27/73 79
15 1f CH,OBn H 2a Ph 3n 30/70 61

“ Reactions were carried out with the appropriate nitroalkane (3 mmol), indium trichloride (1 mmol), n-butyllithium (3 mmol), and the aldehyde
(2 mmol) overnight at room temperature. ” Determined by 'H NMR. “Isolated yield. ¢ Ethanol was added (3 mmol) before the coupling with the
aldehydes.

scope of functional groups, including a cyano group (Table 1,
entry 3), a nitro group (Table 1, entry 4) or an ester group

- ; CH
(Table 1, entry 6). Moreover, the reaction of nitromethane and j:\l—l3 — nBuli CHs Incl s

) . +_0 )\ o L | BN +_0
formyl chromone 2h afforded exclusively the corresponding HOONT — > |Li i IP N
Henry adduct in good yield, and the 1,4-addition product was 8 8 L O
not detected in the crude reaction mixture (Table 1, entry 8)."” 1 4 5

In subsequent experiments aimed at extending these studies o
to include other nitroalkanes, hindered 1,1'-dialkylnitro- )L
alkanes were considered first. Thus, the reaction of 2-nitropro- 2
pane 1b and nitrocyclopentane 1c¢ with benzaldehyde 2a and

octanal 2e, respectively, afforded the corresponding f-nitroalk- ° O
anols 3i and 3j in good yields (Table 1, entries 9 and 10). It is \T“\o/,"“—z . l/\l\\/l,lan
also worth mentioning the good results obtained by the reac- HiC—f - 7~G Hj/‘r\:/\o

R

tion of nitrocyclohexane 1d with solid paraformaldehyde. H CHs
Under these conditions, the hydroxymethylated product 3k
was obtained in 71% yield (Table 1, entry 11).

The addition of nitroethane 1e to aldehydes resulted in

moderate anti-selectivity (Table 1, entries 12 and 14), identical OH
to those obtained when nitroethane indium nitronate was gen- P NO,
erated from bromonitroalkanes and indium(O).gc Similarly, the

) . . . CH,
reaction of indium nitronate, derived from ethyl O-benzyl-
nitroethanol 1f, with benzaldehyde 2a afforded the corres- anti major 3 syn minor
ponding nitroalkanol 3k in good yield and moderate anti-
selectivity (Table 1, entry 15)."® Scheme 1 Proposed mechanism for the synthesis of p-nitroalkanols 3.
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Table 2 Synthesis of (E)-2-(2-nitrovinyl)phenols

_ R CHO
o n-BuLi/InCly + 0 .
—_— —
2 THF N\OInL OH
-78°C 2 R2
1a 2g-i
l-m Ctort
R! . _NO,
OH
R2
6
Entry 2 R' R? 6 E/Z Yield” (%)
1 2j H H 6a >98:2 73
2 2k cl H 6b >98:2 78
3 21 H OMe 6¢c >98:2 62
“Isolated yield.
olnL,
R! CHO ) g
+ 0 R NO,
= / + >
N
olInL OH H
2 R2 O\}
RZ
2 7

Scheme 2 Proposed mechanism for the synthesis of (E)-2-(2-nitrovi-
nyl)phenols 6.

Table 3 Synthesis of chiral sugar-derived p-nitroalkanols

View Article Online

Communication

The observed anti-selectivity could be explained according
to a chelation-control model. According to our proposition,
indium metallation of intermediate lithium nitronate 4,
readily generated from nitroalkene 1 and #n-butyllithium,
renders specie 5 (Scheme 1). For the reaction of intermediate 5
with aldehydes, we suggest intramolecular chelation of the
metallic centre producing a rigid chair-like state.

The predominant formation of the anti-isomers over
the syn-isomers could be explained based on the higher
stability of the pseudochair transition state I leading to the
anti-isomer."?

In contrast to lithium organometallics, organoindium
reagents are known to be tolerable to active hydrogen. In order
to demonstrate the intermediacy of indium nitronates, ethanol
was added to the reaction mixture before the coupling with the
aldehyde. In this case, neither the yield nor the diastereo-
selectivity decreased (Table 1, entry 13). In a further experi-
ment aimed to confirm the intermediacy of indium nitronates
and their stability to active hydrogen, the reaction of nitro-
methane 1a and hydroxyaldehydes was investigated. Unexpect-
edly, the reaction of nitromethane 1a with salicylaldehyde 2j
afforded (E)-2-(2-nitrovinyl)phenol 6a in a 73% yield (Table 2,
entry 1). The extension of this reaction to 2-hydroxybenzalde-
hydes 2k and 21 gave the corresponding (E)-2-(2-nitrovinyl)
phenols 6b and 6c, respectively (Table 2, entries 2 and 3). 2-(2-
Nitrovinyl)phenols have been used as substrates in sequential
Michael and acetalization reactions for the preparation of
4-nitromethylchromans, which have wide range of uses in
pharmaceutical chemistry.>® However, the methods described
for their synthesis to date only gave low to moderate yields,
limiting their usefulness as starting materials in the synthesis
of drug intermediates. The present methodology is a con-
venient alternative to the diastereoselective synthesis of (E)-2-
(2-nitrovinyl)phenols in good yields.

- Rl R?
Rl R?  nBulinCly, | Rl + O . JOJ\ >2<rR3
— — ———— O,N
>=N 2 1
THF N 3 -78°Ctort
R NG Do R? OlnL, R , H OH
1 3
Entry 1 R R? 2 R? 3 1R/18° 2R/2S8¢ Yield® (%)
1 1a H H 2m XOICj ; 30 89/11 — 71
07N
67L
2 1a H H 2n 87/13 — 75

3 1c F’f"i 20
()
4 1e CH, H

“ Determined by 'H NMR. ? Isolated yield.
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A plausible mechanism would involve elimination of the
intermediate indium alcoholate 7 by the action of the 2-alkoxy
group, producing (E)-nitroalkene 6a (Scheme 2).

The satisfactory results obtained in the synthesis of racemic
nitro alcohols 3 prompted us to test the usefulness of this
methodology for the synthesis of enantiopure 1-nitroalkan-2-
ols. Our studies were carried out with chiral sugar aldehydes
2m-o0, which upon reaction with indium nitronates of nitro-
alkanes 1 under the same reaction conditions as above, pro-
vided the corresponding 1-nitroalkan-2-ols 3o-r in moderate to
good yields and good diastereomeric ratios (see Table 3).>*

The major diastereomers were always those predicted by
the Felkin-Anh model. Upon addition of nitroethane 1e, the
anti diastereoselectivity is also excellent (Table 3, entry 4).

In conclusion, we have developed a new route to form
indium nitronates directly from nitroalkanes by deprotonation
with n-BuLi followed by transmetalation with indium trichlo-
ride. This method provides easier access to indium nitronates
compared with the existing procedures that need a-bromo-
nitroalkanes. The Henry reaction of this indium organometal-
lics with aldehydes afforded f-nitroalkanols in moderate to
high yields and anti-diastereoselectivity.

The use of chiral sugar aldehydes afforded the corres-
ponding carbohydrate-derived p-nitroalkanols with excellent
stereoselectivity. The use of 2-hydroxybenzaldehydes allows
establishment of a new diastereoselective synthesis of (E)-2-(2-
nitrovinyl)phenols in good yields.
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temperature and left overnight. The reaction was quenched
with 1 M HCI (10 mL), and the product was extracted with
diethyl ether (3 x 20 mL). The organic extracts were washed
with water and brine, and concentrated. The residue was
purified by flash column chromatography in mixtures of
ethyl acetate-hexane when necessary to obtain pure
nitroalkanols 3. The products 3a,”® 3b,>* 3¢,% 3d,%" 3e,
3£, 3g,°* 3i,°* 3k,° 31,°° 3m° and 3n'® are known com-
pounds. 2-(1-Nitrocyclopentyl)octan-1-ol (3j): clear oil. 'H
NMR (CDCl;, ppm): 0.81 (t, / = 6.9 Hz, 3 H, —CH,),
1.16-1.20 (m, 12 H), 1.62-1.76 (m, 5 H), 2.02-2.12 (m, 1 H),
2.24-2.38 (m, 1 H), 2.46-2.58 (m, 1 H), 3.75 (d, 1 H, J =
10.3 Hz, H-1). *C NMR (CDCl;, ppm): 14.1 (CH3), 22.6, 24.6,
24.8, 26.3, 29.2, 31.8, 32.5, 33.7, 35.6 (10 x CH,), 75.9 (CH),
103.6 (C). MS (EST') m/z (%) 244 (M + H]', 40); HRMS (ESI')
calc. for [C13H,6NO5]" [M + H]' 244.1907, found: 244.1925.
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The products 30°* and 3p°* are known compounds. 3-O-
Benzyl-1,2-O-isopropylidene-5-(1-nitrocyclopentanyl )-o-p-xylo-
furanose (3q): clear oil. "H-NMR (CDCl;, ppm): 1.23 (s, 3 H,
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CH3, anti), 1.26 (s, 3 H, CHj3, syn), 1.38 (s, 3 H, CHj, anti),
1.40 (s, 3 H, CHj, syn), 1.54-1.67 (m, 8 H, syn + anti),
1.85-1.96 (m, 2 H, syn + anti), 2.10-2.20 (m, 2 H, syn +
anti), 2.35-2.42 (m, 2 H, syn + anti), 2.54-2.62 (m, 2 H,
syn + anti), 3.96-4.50 (m, 4 H, syn + anti), 4.25-4.28 (m,
2 H, syn + anti), 4.36-4.66 (m, 6 H, syn + anti), 5.84 (d, J =
3.8 Hz, 1 H, H-1, anti), 5.90 (d, J = 3.8 Hz, 1 H, H-1, syn),
7.16-7.32 (m, 10 H, Ar-H, syn + anti). *C NMR (CDCl;,
ppm) major isomer: 23.8, 24.5 (2 x CH,), 26.4, 26.8 (2 x
CH3), 33.4, 35.9 (2 x CH,), 72.2 (CH,), 72.8, 79.6, 81.4, 82.6
(4 x CH), 102.6 (C), 105.3 (CH), 112.0 (C), 128.0 (2 x CH),
128.4 (CH), 128.8 (2 x CH), 136.9 (C). MS (ESI") m/z (%) 394
(IM + H]", 19); HRMS (ESI") calc. for [C,oH,sNO;|" [M + H]'
394, 1860, found: 394, 1852. 3-O-Benzyl-1,2-O-isopro-
pylidene-5-(1-nitroethyl)-a-p-xylofuranose (3r): clear oil.
'H-NMR (CDCl;, ppm): 1.24 (s, 6 H, 2 x CHj, syn + anti),
1.38 (s, 6 H, 2 x CHjs, syn + anti), 1.48 (d, J = 6.8 Hz, 3 H,
CHg, anti), 1.55 (d, J = 6.8 Hz, 3 H, CHj, syn), 3.88-3.94 (m,
2 H, syn + anti), 4.02-4.07 (m, 2 H, syn + anti), 4.37-4.72
(m, 6 H, syn + anti), 5.82 (d, J = 3.7 Hz, 1 H, H-1, anti), 5.91
(d, J = 3.7 Hz, 1 H, H-1, syn), 7.18-7.32 (m, 10 H, Ar-H,
syn + anti). *C NMR (CDCl;, ppm) major isomer anti: 11.4,
26.3, 26.9 (3 x CH3), 65.8 (CH), 72.3 (CH,), 68.5, 79.1, 80.9,
82.1, 83.8, 105.2 (6 x CH), 112.0 (C), 128.0 (2 x CH), 128.4
(CH), 128.8 (2 x CH), 137.1 (C). MS (EST") m/z (%) 354 ([M +
H]", 22); HRMS (ESI") calc. for [C,,H,,NO,]" [M + H]" 354,
1547, found: 354, 1552.
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