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Abstract The Henry-type reaction of bromonitromethane with various aldehydes for the efficient synthesis of 2-nitro-alkan-
1-ols by using inexpensive and commercial iron powder as reaction mediator was developed. The reaction proceeded effi-
ciently in the presence of PbClz and tetrabutylammonium hydrogen sulfate (TBAHS) to produce the desired products in mod-
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erate to good yield with wide functional group tolerance.
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1 Introduction

2-Nitro-alkan-1-ols serve as versatile synthetic interme-
diates in organic synthesis and could be readily transformed
into amino alcohols, amino sugars, nitroketones, nitroal-
kenes, and other important molecules.!! Conventionally,
2-nitro-alkan-1-ol could be prepared by the base-mediated
Henry reaction (also known as nitro-aldol reaction) of car-
bonyl compounds with nitroalkanes.>*! In recent decades,
metal-mediated Henry-type reaction of carbonyl com-
pounds with bromonitromethanes also serves as an attrac-
tive alternative to the conventional Henry reaction where
normally bases are required. For instance, several metal

mediators, including Smlp,™! In,® Zn,"" and SnCL™® were
reported to effectively promote the Henry-type reaction of
aldehydes with bromonitromethanes. However, the metal
mediators used for the aforementioned Henry-type reaction
are more or less air-sensitive, expensive, and toxic. Thus,
the development of a Henry-type reaction by using an in-
expensive and environmentally benign metal mediator is
still highly desirable.

Among the various metals in Periodic Table, iron(0) is
definitely one of the most abundant and inexpensive metals.
In addition, iron(0) and most of its salts are less toxic and
thus are environmentally benign. Nonetheless, the utility of
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iron(0) powder in synthetic organic chemistry has not been
widely exploited,’”! presumably owing to the lack of effec-
tive methods for the activation of commercial iron powder
since it contains an oxide layer on its surface. In continua-
tion of our task in developing iron(0)-mediated organic
transformations®®%! herein we report an efficient Hen-
ry-type reaction of bromonitromethane with various alde-
hydes by using inexpensive, non-toxic, and commercial
iron(0) powder as reaction mediator. The reactions pro-
ceeded efficiently in the presence of PbCl, and tetrabu-
tylammonium hydrogen sulfate (TBAHS) to produce the
desired 2-nitro-alkan-1-ols in moderate to good yield with
wide functional group tolerance, serving as an attractive
alternative to existing methods.

2 Results and discussion

Initially, the Henry-type reaction of 4-chlorobenzalde-
hyde (1a) with bromonitromethane (2a) was performed in
acetonitrile at 60 C for 24 h in the presence of commercial
iron powder (3 equiv.) and a series of catalysts (0.2 equiv.).
As shown in Table 1, the Henry-type reaction could not
occur in the absence of any catalyst (Entry 1). Interestingly,
varying reaction performance was observed when the reac-
tion was performed by employing various metallic salts as
reaction catalyst. Among the different catalysts surveyed,
such as InCl;,l111 BiCls,l'%12 CrCl3,t'¥  FeCls,['4
PbCl,, %151 CuX, 61 NH4L['"! and LiL"'® PbCl, emerged to
be the most efficient catalyst for the reaction, leading to the
corresponding product 3a in an acceptable yield of 58%
(53% isolated yield; Entry 11).

Table 1 Optimization of reaction conditions by using various
catalysts”

CHO
I e
Cl

Fe (3 equiv.)
catalyst (0.2 equiv.)

CH4CN, 60 °C, 24 h

1a (1 equiv.) OH 2a (3 equiv)
Cl
3a
Entry Catalyst Yield/% Entry Catalyst Yield”/%
1 — 0 10 FeBr2 26
2 InCl3 25 11 PbCl2 58 (53)°
3 BiCl3 28 12 PbBr2 32
4 MnCl2 48 13 Pbl> 28
5 CrCl3 24 14 CuBr 38
6 ZnCl2 46 15 Cul 26
7 FeCls 34 16 Nal 30
8 FeCl2 22 17 NH4l 10
9 FeBrs3 26 18 Lil 30

4 Unless otherwise noted, the reactions were performed at 60 ‘C for 24 h by
using aldehyde 1a (0.3 mmol), bromonitromethane (2a, 0.9 mmol), Fe (0.9
mmol), and catalyst (0.2 equiv.) in CH;CN (1 mL). ® Yields were determined
by NMR analysis of crude reaction mixture after work-up by using 1,4-dime-
thoxybenzene as an internal standard. <Isolated yield.
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Next, we continued to optimize the reaction conditions by
employing various additives. As shown in Table 2, of the
several additives screened (Entries 1~4), tetrabutylammo-
nium hydrogen sulfate (TBAHS)!"! was found to be the
additive of choice, affording the desired 2-nitro-alkan-1-ol
3a in an improved NMR yield of 78% (74% isolated yield;
Entry 3). Interestingly, the use of other acidic additives,
such as KHSO4 and TsOH, also led to the product 3a in
acceptable yield (67% NMR yield, Entries 5~6). However,
when the reaction was performed by using either 2 equiv. of
iron as mediator or 2 equiv. of bromonitromethane as sub-
strate, the corresponding product 3a was only obtained in
22% NMR vyield and 18% NMR yield, respectively (Entries
7~8). In addition, the use of other metal to replace iron as
mediator under the optimized reaction conditions (shown in
Entry 3) resulted in sharply decreased product yield (Mn:
9%, Al: <5%, Pb: <5%, Ga: <<5%, Bi: 14%). Moreover,
survey of a series of reaction solvents showed that CH;CN
was still the solvent of choice (THF: 22%, DMF: 56%,
DMSO: 37%, MeOH: 13%, DCE: 13%, DME: 38%). With
the encouraging result in hand (see Entry 3), we proceeded
to study the substrate scope of the reaction by using various
aldehydes as starting materials.

Table 2 Optimization of reaction conditions by using various
additives®

CHO
L o
Cl

Fe (3 equiv.)
PbCl, (0.2 equiv.)
additive (1 equiv.)

CH3CN, 60°C, 24 h

1a (1 equiv) 2a (3 equiv.)
OH
cl 3a
Entry Additive Yield®/%
1 TBAB 32
2 TBAI <5
3 TBAHS 78 (74)°
4 CTMAB 20
5 KHSO4 67
6 TsOH 67
7 TBAHS 224
8 TBAHS 18¢

© 2022 Chinese Chemical Society & SIOC, CAS

“The reactions were performed at 60 °C for 24 h by using aldehyde 1a (0.3
mmol), bromonitromethane (2a, 0.9 mmol), Fe (0.9 mmol), PbCl, (0.2 equiv.),
and additive (1 equiv.) in MeCN (1 mL). * Yields were determined by NMR
analysis of crude reaction mixture after work-up by using 1,4-dimethoxy-
benzene as an internal standard. ¢Isolated yield. ¢ Using 2 equiv. of iron pow-
der. ¢ Using 2 equiv. of 2a. TBAHS =tetrabutylammonium hydrogen sulfate,
CTMAB =hexadecyl trimethyl ammonium bromide.

As outlined in Table 3, various aldehydes 1b~1r were
capable of effectively undergoing iron-mediated Henry-
type reaction with bromonitromethane (2a) in the presence
of lead dichloride and TBAHS under the well-established
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Table 3  Substrates scope study by employing different aldehydes®

Fe (3 equiv.)
o PbCl, (0.2 equiv.) OH

)]\ + ON__Br TBAHS (1 equiv.) )\/NOZ

R® H CH4CN, 60 °C, 24 h
1b ~1r 2a 3b~3r
Entry Aldehyde Product Yield”/% Entry Aldehyde Product Yield”/%
0 0
1 /©)LH 3b 68 10 H 3k 64
O,N |
1b 1k
0 0
H H
2 /©)L 3¢ 63 11 /(j)L 31 41
MeO,C
1c 1
0 0
H
3 /©)L 3d 75 12 ﬁ” 3m 36
FsC MeO
1d 1m
0 0
H H
4 /©)L 3e 69 13 3n 49
F3CO 4
1e TMS 1n
0 0
H
5 /(j)L 3f 65 14 @)L H 30 55
NC
1f 10
i 9@
H
6 /Ej)L 3g 60 15 O H 3p 45
F
19 1p
o o)
H H
7 3h 66 16 3q 43
Br
1h 1q
Br O 0
H
8 ©)L 3 85 17 /(\)\)LH 3r 4704
1i 1r
0
Br H
9 3j 67

=Y
—

4 Unless otherwise noted, the reactions were performed at 60 ‘C for 24 h by using aldehyde 1b~1r (0.3 mmol), bromonitromethane (2a, 0.9 mmol), Fe (0.9 mmol),
PbCl, (0.05 mmol), and TBAHS (0.3 mmol) in CH;CN (1 mL). “Isolated yield. ¢ 50:50 dr. ¢ With around 10% impurity which could not be purified by silica gel

column chromatography.
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reaction conditions, leading to the expected products 3b~
3r in moderate to good yields. In most cases, aryl alde-
hydes containing electron-withdrawing group (Entries 1~
10) showed improved reactivities than aryl aldehydes pos-
sessing electron-donating group (Entries 11~12). It should
be mentioned that the nitro group embedded in substrate
1b, which has the tendency to be reduced by iron met-
al®% remained intact in the present protocol. Analo-
gously, heterocyclic aldehyde 1o bearing thienyl moiety,
which might be sensitive to acidic conditions, worked
equally well under the optimal conditions to furnish the
desired product 30 in 55% yield (Entry 14). In a same
manner, aliphatic aldehydes 1q~1r were proven to be
appropriate candidates, although slightly reduced product
yields were obtained (Entries 16~17). Remarkably, the
mild reaction conditions allowed the presence of many
important functional groups in the aldehydes, including
nitro, methoxycarbonyl, trifluoromethyl, trifluoromethoxy,
cyano, fluoro, chloro, bromo, iodo, and alkynyl, which
could potentially be kept for late-stage derivatization.
However, when 2-bromo-2-nitropropane was used as sub-
strate, the reaction could not proceed under the established
reaction conditions, presumably because of the low reac-
tivity or steric hindrance of the substrate. Additionally,
when less reactive ketone (e.g., acetophenone) was em-
ployed as starting material, the reaction could not occur
either.

The mildness of the reaction conditions also enabled the
reaction of substrate 2a with ¢,f-unsaturated aldehyde 1s
to regioselectively take place at the aldehyde rather than
the alkene, giving rise to the corresponding product 3s in
56% yield (Scheme 1a). When substrate 1t containing both
formyl and acetyl groups was subjected to the optimized
reaction conditions, it was found that the reaction occurred
regioselectively at the more reactive formyl group, leaving
the relatively less reactive acetyl functionality untouched
(Scheme 1b).

(@) 2a
0 Fe (3 equiv.) OH

PbCl, (0.2 equiv.) ©/\)\/NO
2

TBAHS (1 equiv.)
3s, 56% yield

CH3CN, 60°C, 24 h

CHO
2a, Fe (3 equiv.)
PbCl; (0.2 equiv.), TBAHS (1 equiv.)

O CH3CN, 60 °C, 24 h

NO,

3t, 61% yield
o}

Scheme 1 Regioselective reaction with substrates 1s and 1t
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Mechanistically, the reaction might occur via a single
electron transfer (SET) from iron metal to bromonitrome-
thane to form a nitromethyl radical, which then attacks the
aldehyde to give the desired product of 2-nitro-alkan-1-ol
(after another SET from iron to the in situ formed alkoxy
radical to convert it to alkoxy anion followed by protona-
tion). Alternatively, the reaction might proceed via the
formation of a nitromethyliron compound (from bromoni-
tromethane 2a) which behaves as a nucleophile to react
with aldehyde; subsequent protonation of the formed
alkoxy anion would also give the final product. But other
possibilities could also not be ruled out at the current stage.
As for the role of PbCl, and TBAHS, currently it is un-
known. It should be mentioned that the accelerating effect
of lead(I) salt in promoting either metal insertion reaction
or metal-mediated organic transformation has been reported
in several cases!!®"l. In the present reaction, PbCl, might
also act as a catalyst to activate the iron metal. Analogous-
ly, the slightly acidic TBAHS could also help to activate
the iron metal by removing the oxide layer from its sur-
face. Besides, we conjecture that PbCl, and TBAHS might
also serve as Lewis acid and protic acid to coordinate with
the oxygen atom of the carbonyl substrate to increase the
electrophilicity/reactivity of the aldehyde substrate.

3 Conclusions

In a nutshell, a facile method for the synthesis of 2-nitro-
alkan-1-ols via the Henry-type reaction of bromonitrome-
thane with various aldehydes by using inexpensive and
commercial iron powder as reaction mediator was devel-
oped. The reactions proceeded effectively in the presence
of PbCl, and TBAHS to afford the corresponding products
in moderate to good yield with broad functional group
compatibility, serving as an attractive alternative to exist-
ing methods.

4 Experimental section

4.1 General

Unless otherwise stated, all reagents were purchased
from commercial suppliers and used without further puri-
fication. All reactions were carried out under air using un-
distilled solvent, without the need of precautions to ex-
clude air and moisture. IR spectra were recorded on a
FT-IR spectrophotometer using KBr optics. 'H NMR and
BC NMR spectra were recorded in CDCl; on a Bruker
Avance or a Jeol 400 MHz spectrometers. Tetramethyl-
silane (TMS) served as an internal standard for 'H NMR
and '3C NMR. High resolution mass spectra (HRMS) were
obtained using a commercial apparatus (ESI or EI Source).

4.2 Typical procedures for the Henry-type reaction
for the synthesis of 2-nitroalkan-1-ol

To a 10 mL Schlenk flask was added iron powder (50 mg,
0.9 mmol) and CH3CN (1 mL), and the iron powder was
sequentially activated by using 1,2-dibromoethane (0.10
mmol) and TMSCI (0.10 mmol). After cooling down, al-
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dehyde (0.3 mmol), bromo(nitro)methane (126 mg, 0.9
mmol), PbCl, (17 mg, 0.06 mmol), and TBAHS (101 mg,
0.3 mmol) were added. The reaction mixture was vigor-
ously stirred at 60 ‘C for 24 h under nitrogen atmosphere,
followed by quenching with sat. NH4Cl solution (20 mL)
and extraction with ethyl acetate (20 mLX3). The com-
bined extracts were washed with brine (20 mL), dried over
anhydrous Na,SO4 and concentrated in vacuo. Purification
by silica gel column chromatography using ethyl ace-
tate/petroleum ether as eluent gave the analytically pure
product.

1-(4-Chlorophenyl)-2-nitroethan-1-ol (3a): 44.6 mg,
74% yield, colorless oil; 'H NMR (400 MHz, CDCl;) J:
7.41~7.31 (m, 4H), 5.44 (dt, J=9.5, 3.1 Hz, 1H), 4.57 (dd,
J=13.5, 9.5 Hz, 1H), 4.48 (dd, /=13.5, 3.2 Hz, 1H), 3.07
(d, J=3.6 Hz, 1H); '3*C NMR (100 MHz, CDCls) §: 136.5,
134.8, 129.2, 127.3, 80.9, 70.2; IR (KBr) v: 3447, 1623,
1595, 1553, 1380, 1332, 910 cm ™ '. HRMS calcd for CsHo-
CINO; [M~+H]" 202.0265, found 202.0271.

2-Nitro-1-(4-nitrophenyl)ethan-1-ol (3b): 43.3 mg, 68%
yield, colorless oil; 'H NMR (400 MHz, CDCl;) J: 8.26 (d,
J=8.8 Hz, 2H), 7.62 (d, /=8.8 Hz, 2H), 5.60 (dd, /J=8.4,
3.9 Hz, 1H), 4.62~4.55 (m, 2H), 2.59 (brs, 1H); 3C NMR
(100 MHz, CDCls) d: 148.0, 145.0, 126.9, 124.1, 80.6, 69.9;
IR (KBr) v: 2920, 1557, 1520, 1350, 1085, 856, 755 cm .
HRMS caled for CsHoN,Os [M+H]" 213.0506, found
213.0511.

Methyl 4-(1-hydroxy-2-nitroethyl)benzoate (3c): 42.6
mg, 63% yield, colorless oil; 'H NMR (400 MHz, CDCl;) §:
8.03 (d, /=8.4 Hz, 2H), 7.48 (d, J/=28.4 Hz, 2H), 5.53 (dd,
J=9.3, 3.2 Hz, 1H), 4.59 (dd, /=13.4, 9.3 Hz, 1H), 4.52
(dd, J=13.4, 3.3 Hz, 1H), 3.91 (s, 3H), 3.34 (brs, 1H); 3C
NMR (100 MHz, CDCls) d: 166.6, 143.0, 130.5, 130.2,
125.9, 80.9, 70.5, 52.3; IR (KBr) v: 3326, 1719, 1558, 1431,
1282, 1110, 767 cm™!. HRMS calcd for CioH;2NOs [M+
H]" 226.0710, found 226.0715.

2-Nitro-1-(4-(trifluoromethyl)phenyl)ethan-1-ol ~ (3d):
52.9 mg, 75% yield, colorless oil; 'H NMR (400 MHz,
CDCl;) 6: 7.67 (d, J=8.0 Hz, 2H), 7.55 (d, J=38.1 Hz, 2H),
5.55 (dt, J/=9.0, 3.5 Hz, 1H), 4.60 (dd, /=13.6, 9.1 Hz,
1H), 4.53 (dd, J=13.6, 3.4 Hz, 1H), 3.14 (d, /J=3.8 Hz,
1H); 3C NMR (100 MHz, CDCI3) 6: 141.9 (q, J=1.3 Hz),
131.1 (q, J=32.4 Hz), 126.3, 126.0 (q, /=3.8 Hz), 123.8
(9, J=270.2 Hz), 80.9, 70.3; '°F NMR (376 MHz, CDCI;)
J: —62.62 (s, 3F); IR (KBr) v: 1551, 1380, 1328, 1169,
1126, 1069, 844 cm™!. HRMS calcd for CoHoF3NO3 [M+
H]" 236.0529, found 236.0535.

2-Nitro-1-(4-(trifluoromethoxy)phenyl)ethan-1-ol  (3e):
52.0 mg, 69% vyield, colorless oil; 'H NMR (400 MHz,
CDCl;) 6: 7.47~7.43 (m, 2H), 7.28~7.24 (m, 2H), 5.49
(dt, J=9.5, 3.4 Hz, 1H), 4.59 (dd, /=13.5, 9.4 Hz, 1H),
4.51(dd,J=13.5,3.1 Hz, 1H), 3.05 (d, J=3.8 Hz, 1H); *C
NMR (100 MHz, CDCls) 0: 149.6 (q, J=2.0 Hz), 136.8,
127.6, 121.7~121.6 (m), 120.5 (q, J=257.6 Hz), 81.1,
70.3; F NMR (376 MHz, CDCl3) §: —57.78 (s, 3F); IR
(KBr) v: 3585, 1557, 1510, 1271, 1163, 1075, 856 cm .
HRMS calcd for CoHoFsNO4 [M+H]" 252.0478, found
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4-(1-Hydroxy-2-nitroethyl)benzonitrile (3f): 37.5 mg,
65% yield, colorless oil; 'H NMR (400 MHz, CDCl;) §:
7.71 (d, J=8.6 Hz, 2H), 7.56 (d, J/=8.0 Hz, 2H), 5.57~
5.53 (m, 1H), 4.64~4.50 (m, 2H), 3.21 (brs, 1H); *C NMR
(100 MHz, CDCls) o: 143.1, 132.8, 126.7, 118.2, 112.7,
80.6, 70.1; IR (KBr) v: 3435, 2239, 1552, 1410, 1376, 1085,
840 cm '. HRMS calcd for CoHoN,O3 [M+H]" 193.0608,
found 193.0613.

1-(4-Fluorophenyl)-2-nitroethan-1-ol (3g): 33.3 mg, 60%
yield, colorless oil; 'H NMR (400 MHz, CDCls) J: 7.42~
7.38 (m, 2H), 7.13~7.08 (m, 2H), 5.46 (dd, J=9.5, 3.2 Hz,
1H), 4.59 (dd, /=13.4, 9.5 Hz, 1H), 4.49 (dd, /=134, 3.1
Hz, 1H), 2.94 (brs, 1H); '*C NMR (100 MHz, CDCI3) 6:
162.8 (d, J=246.1 Hz), 133.9 (d, /=3.3 Hz), 127.7 (d, J=
8.3 Hz), 116.0 (d, J/=21.6 Hz), 81.1, 70.3; '°F NMR (376
MHz, CDCl3) 9: —112.35 (s, 1F); IR (KBr) v: 3566, 1600,
1557, 1380, 1226, 1079, 839 cm ™ '. HRMS calcd for CsHoF-
NO; [M+H]" 186.0561, found 186.0566.

1-(4-Bromophenyl)-2-nitroethan-1-ol (3h): 48.7 mg,
66% yield, colorless oil; 'H NMR (400 MHz, CDCl;) ¢:
7.53 (d, J=8.5 Hz, 2H), 7.28 (d, J=8.5 Hz, 2H), 5.43 (dd,
J=9.4, 3.2 Hz, 1H), 4.57 (dd, J=13.5, 9.4 Hz, 1H), 4.48
(dd, J=13.5, 3.2 Hz, 1H), 2.99 (brs, 1H); 3C NMR (100
MHz, CDCl3) d: 137.0, 132.1, 127.6, 122.9, 80.9, 70.3; IR
(KBr) v: 3373, 1553, 1489, 1385, 1074, 1010, 823 cm .
HRMS caled for CsHoBrNOs; [M+H]" 245.9760, found
245.9766.

1-(2-Bromophenyl)-2-nitroethan-1-ol (3i): 62.7 mg, 85%
yield, colorless oil; 'H NMR (400 MHz, CDCl3) 6: 7.66 (dd,
J=7.28,1.6 Hz, 1H), 7.57 (dd, J/=8.0, 1.3 Hz, 1H), 7.41 (td,
J=7.6, 1.2 Hz, 1H), 7.24 (td, J/="7.7, 1.8 Hz, 1H), 5.81 (d,
J=9.3 Hz, 1H), 4.69 (dd, J=13.6, 2.3 Hz, 1H), 4.43 (dd,
J=13.6, 9.7 Hz, 1H), 3.02 (brs, 1H); '3*C NMR (100 MHz,
CDCl) o: 137.0, 132.9, 130.2, 128.2, 127.7, 121.4, 79.3,
69.9; IR (KBr) v: 2915, 1556, 1468, 1377, 1340, 1024, 759
cm . HRMS caled for CsHoBrNO; [M+H]" 245.9760,
found 245.9766.

1-(3-Bromophenyl)-2-nitroethan-1-ol (3j): 49.5 mg, 67%
yield, colorless oil; "H NMR (400 MHz, CDCls) 6: 7.58 (t,
J=1.9 Hz, 1H), 7.49 (dt, J=7.7, 1.6 Hz, 1H), 7.34~7.25
(m, 2H), 5.44 (dd, J=9.3, 3.2 Hz, 1H), 4.57 (dd, J=13.5,
9.4 Hz, 1H), 4.50 (dd, J=13.5, 3.2 Hz, 1H), 3.02 (brs, 1H);
13C NMR (100 MHz, CDCls) d: 140.2, 132.0, 130.6, 129.1,
124.5, 123.1, 80.9, 70.2; IR (KBr) v: 1555, 1378, 1341,
1194, 1073, 899, 789 cm !. HRMS caled for CsHoBrNO;
[M-+H]" 245.9760, found 245.9766.

1-(4-lodophenyl)-2-nitroethan-1-ol (3k): 56.3 mg, 64%
yield, colorless oil; 'H NMR (400 MHz, CDCl;) 6: 7.74 (d,
J=28.0 Hz, 2H), 7.16 (d, J/=38.1 Hz, 2H), 5.42 (dd, /=94,
3.0 Hz, 1H), 4.56 (dd, J=13.5, 9.4 Hz, 1H), 4.48 (dd, J=
13.5, 3.1 Hz, 1H), 2.97 (brs, 1H); 3C NMR (100 MHz,
CDCl) 0: 138.1, 137.7, 127.8, 94.6, 80.9, 70.4; IR (KBr) v:
3373, 1550, 1485, 1383, 1069, 1005, 822 cm '. HRMS
caled for CsHoINO; [M+H]" 293.9622, found 293.9627.

2-Nitro-1-(p-tolyl)ethan-1-ol (31): 22.3 mg, 41% yield,
colorless oil; '"H NMR (400 MHz, CDCl;) J: 7.26 (d, J=8.3
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Hz, 2H), 7.19 (d, J=7.9 Hz, 2H), 5.38 (dt, J=9.6, 3.3 Hz,
1H), 4.57 (dd, J=13.2, 9.6 Hz, 1H), 4.45 (dd, J/=13.2, 3.1
Hz, 1H), 2.95 (d, J=3.8 Hz, 1H), 2.35 (s, 3H); '*C NMR
(100 MHz, CDCl;) 0: 138.9, 135.1, 129.7, 125.8, 81.2, 70.9,
21.1; IR (KBr) v: 3500, 1557, 1420, 1374, 1283, 1081, 723
cm . HRMS caled for CoH;2NO; [M+H] " 182.0812,
found 182.0817.

1-(4-Methoxyphenyl)-2-nitroethan-1-ol (3m): 21.3 mg,
36% yield, colorless oil; 'H NMR (400 MHz, CDCl;) J:
7.31 (d, J=8.7 Hz, 2H), 6.91 (d, J/=8.7 Hz, 2H), 5.40 (dd,
J=9.6, 3.0 Hz, 1H), 4.60 (dd, /=13.1, 9.7 Hz, 1H), 4.47
(dd, J=13.2, 3.1 Hz, 1H), 3.81 (s, 3H), 2.94 (brs, 1H); 3C
NMR (100 MHz, CDCl3) d: 159.9, 130.2, 127.2, 114.3,
81.2,70.6, 55.3; IR (KBr) v: 3463, 2840, 1612, 1555, 1513,
1252, 833 cm . HRMS caled for CoH;,NO4 [M+H]"
198.0761, found 198.0766.

2-Nitro-1-(4-((trimethylsilyl)ethynyl)phenyl)ethan-1-ol
(3n): 38.7 mg, 49% yield, colorless oil; "H NMR (400 MHz,
CDCl;): 67.49 (d, J=8.5 Hz, 2H), 7.34 (d, J/=28.1 Hz, 2H),
5.46 (dd, J=9.4, 3.1 Hz, 1H), 4.57 (dd, J=13.4, 9.5 Hz,
1H), 4.49 (dd, J=13.5, 3.1 Hz, 1H), 2.91 (brs, 1H), 0.25 (s,
9H); 3C NMR (100 MHz, CDCl) J: 138.1, 132.5, 125.8,
123.8, 104.1, 95.3, 80.9, 70.6, —0.1; IR (KBr) v: 3529,
2958, 2156, 1553, 1384, 1076, 867 cm . HRMS calcd for
Ci3His- NOsSi [M+H]" 264.1050, found 264.1056.

2-Nitro-1-(thiophen-2-yl)ethan-1-ol (30): 28.6 mg, 55%
yield, colorless oil; 'H NMR (400 MHz, CDCl;) d: 7.34 (d,
J=5.0 Hz, 1H), 7.07 (d, /=3.5 Hz, 1H), 7.02 (dd, J=5.0,
3.6 Hz, 1H), 5.73 (d, J/=9.2 Hz, 1H), 4.72 (dd, J=13.4,9.4
Hz, 1H), 4.61 (dd, J/=13.4,3.2 Hz, 1H), 3.12 (d, J=4.1 Hz,
1H); 3C NMR (100 MHz, CDCl3) J: 141.2, 127.2, 126.8,
125.1, 80.8, 67.1; IR (KBr) v: 3545, 1556, 1380, 1329,
1200, 1081, 711 cm. HRMS calcd for C¢HsNOsS [M—+
H]" 174.0219, found 174.0225.

1-(Naphthalen-1-yl)-2-nitroethan-1-ol (3p): 29.3 mg,
45% yield, colorless oil; '"H NMR (400 MHz, CDCL) 6:
8.04 (d, J/=8.6 Hz, 1H), 7.94~7.90 (m, 1H), 7.87 (d, J=
8.2 Hz, 1H), 7.77 (d, J/=7.2 Hz, 1H), 7.63~7.50 (m, 3H),
6.27 (dd, J=8.6, 3.6 Hz, 1H), 4.73~4.62 (m, 2H), 2.92
(brs, 1H); 3C NMR (100 MHz, CDCls) 6: 133.7, 133.5,
129.5,129.4,129.3,127.1, 126.1, 125.5, 123.8, 121.8, 80.8,
68.3; IR (KBr) v: 3480, 1572, 1550, 1381, 1225, 1100, 773
cm . HRMS caled for CoH;;NOs [M+H]" 218.0812,
found 218.0817.

1-Nitro-4-phenylbutan-2-ol (3q): 25.2 mg, 43% yield,
colorless oil; '"H NMR (400 MHz, CDCl3) §: 7.34~7.30 (m,
2H), 7.25~7.20 (m, 3H), 4.43~4.39 (m, 2H), 4.36~4.27
(m, 1H), 2.90~2.83 (m, 1H), 2.80~2.71 (m, 2H), 1.94~
1.74 (m, 2H); *C NMR (100 MHz, CDCl5) J: 140.6, 128.6,
128.4,126.3, 80.5, 67.7,35.1, 31.3; IR (KBr) v: 3391, 1558,
1454, 1203, 1102, 880, 704 cm™'. HRMS calcd for CioH s-
NO; [M+H]" 196.0968, found 196.0974.

3,7-Dimethyl-1-nitrooct-6-en-2-ol (3r): 28.4 mg, 47%
yield, 50 © 50 dr, white solid; 'H NMR (400 MHz, CDCl;)
0: 5.07 (t, J=6.8 Hz, 1H), 4.45~4.31 (m, 2H), 2.58 (brs,
1H), 1.99 ~1.95 (m, 2H), 1.68 (s, 3H), 1.60 (s, 3H),
1.46-1.30 (m, 2H), 1.28~1.12 (m, 2H), 0.95 (t, J=7.1 Hz,
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3H); 3C NMR (100 MHz, CDCl3) d: 131.7, 131.6, 124.2,
124.2, 81.1, 80.7, 66.5, 60.9, 40.8, 40.5, 37.5, 36.2, 28.8,
28.4, 25.3, 25.2, 20.0, 18.0, 17.7, 17.7; IR (KBr) v: 2964,
2920, 1556, 1455, 1383, 1095, 1052 cm . HRMS caled for
Ci11H»NO; [M+H]" 202.1438, found 202.1444.

(E)-1-Nitro-4-phenylbut-3-en-2-ol (3s): 32.5 mg, 56%
yield, colorless oil; 'H NMR (400 MHz, CDCls) J: 7.40~
7.29 (m, 5H), 6.83~6.75 (m, 1H), 6.15 (dd, J=15.9, 6.3
Hz, 1H), 5.06 (q, J=5.7 Hz, 1H), 4.55~4.48 (m, 2H), 2.75
(brs, 1H); '*C NMR (100 MHz, CDCls) é: 135.4, 133.6,
128.7, 128.5, 126.7, 124.8, 79.8, 69.6; IR (KBr) v: 3447,
1623, 1554, 1495, 1380, 1332, 970 cm . HRMS calcd for
CioHi2NO; [M+H]" 194.0812, found 194.0817.

1-(4'-(1-Hydroxy-2-nitroethyl)-[1,1'-biphenyl]-4-yl)e-
than-1-one (3t): 52.2 mg, 61% yield, white solid, m.p.
129.8~131.0 'C; 'H NMR (400 MHz, CDCl;) é: 8.03 (d,
J=8.3 Hz, 2H), 7.67 (dd, /=8.4, 2.4 Hz, 4H), 7.52 (d, J=
8.2 Hz, 2H), 5.55 (dd, /=9.4, 3.0 Hz, 1H), 4.66 (dd, J=
13.4, 9.5 Hz, 1H), 4.57 (dd, J/=13.4, 3.0 Hz, 1H), 2.64 (s,
3H), 1.68 (brs, 1H); '3C NMR (100 MHz, CDCl;) é: 197.8,
144.8, 140.5, 138.1, 136.1, 129.0, 127.9, 127.2, 126.6, 81.1,
70.6,26.7; IR (KBr) v: 3347, 2918, 1668, 1549, 1381, 1274,
819 cm™'. HRMS calcd for C16HisNO4 [M+H]" 286.1074,
found 286.1079.

Supporting Information 'H NMR, 'F NMR, and "*C
NMR spectra of products 3a~3t. The Supporting Infor-
mation is available free of charge via the Internet at http://
sioc-journal.cn/.
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