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Abstract Ammonia borane (AB) has been successfully employed in
the reduction of nitroalkenes. A variety of nitrostyrenes and alkyl-
substituted nitroalkenes were chemoselectively reduced to the corre-
sponding nitroalkanes, in short reaction time, with an atom-economic,
simple experimental procedure that also works with a- and B-substitut-
ed nitroolefins.

Key words reduction, ammonia borane, nitroalkenes, atom economy

Ammonia borane (AB) is attracting considerable atten-
tion as a convenient material for hydrogen storage and re-
lease.!? However, considering atom economy principles, it
is also a relatively inexpensive and useful reduction reagent
for developing new green synthetic transformations.

Ammonia borane could act as a convenient replacement
for the well-known metal hydrides (sodium borohydride
and derivatives), and as a safer and greener replacement® of
Hantzsch esters, which generate a significant amount of
waste (the oxidized pyridine needs to be removed and sep-
arated from the reaction product). Reduction with ammo-
nia borane of carbonyl derivatives, imines and amides has
been described in detail.* One the other hand, the AB-medi-
ated reduction of alkenes is less developed® and only highly
electron-deficient alkenes bearing two electron-withdraw-
ing groups (esters or nitriles) have been successfully re-
duced (Scheme 1).5 The presence of a catalytic additive is
required to accomplish the reduction of unsaturated es-
ters.’
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Scheme 1 Chemoselective AB-mediated reduction of nitroalkenes

Herein, we wish to report, for the first time, the use of
ammonia borane in the reduction of nitroalkenes. A variety
of nitrostyrenes and alkyl-substituted nitroalkenes can be
chemoselectively reduced to the corresponding nitro-
alkanes, without need for catalyst or additive, in a short
time and with a straightforward experimental procedure
that is applicable to both a- and B-substituted nitroalkenes.
After a simple aqueous work up, the reaction product can
be obtained by evaporation of the organic solvent, in many
cases as the sole or major product (see the Supporting In-
formation).

We decided to investigate the reaction of ammonia bo-
rane with B-nitrostyrene as a model reaction (Scheme 2) in
which experimental parameters, such as solvent, tempera-
ture, stoichiometry, and reaction time, were studied.

A detailed optimization work was performed to obtain
the best yields under the most convenient experimental
conditions, and to minimize the formation of the dimeric
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Scheme 2 AB-mediated reduction of B-nitrostyrene

by-products 3a and 3b, thus simplifying the isolation pro-
cedure of the nitroalkane;® selected data are collected in Ta-
ble 1.

Ammonia borane was typically added to a solution of
nitroalkene at 25 °C and then the reaction was stirred for 4-
24 hours, depending on the experimental conditions. Ini-
tially, the reduction was carried out at 25 °C, in methanol at
0.01-0.1 M substrate concentration. After 18 hours, product
2 was isolated in 61% yield (Table 1, entry 1) with minor
amounts of the dimer 3, as mixture of isomers (less than
15%). To accelerate the reaction and suppress by-product
formation, the reaction was performed at 60 °C in metha-
nol. After only 4 hours the product was obtained in 53%
yield after chromatographic purification (entry 4). Lower
yields were observed other alcohol solvents such as ethanol
or n-butanol, whereas in solvents such as THF, DCM or ace-
tonitrile, the reduction was inefficient. When the reduction
was performed in more concentrated solutions, similar
yields of nitroalkane were observed, but with increased
amounts of the dimeric product. The use of excess of am-
monia borane did not bring any significant improvement to
the yield or the selectivity of the reaction. Ultimately, the
best compromise was found using 0.05 M substrate concen-

Table 1 Nitrostyrene Reduction: Optimization Studies? (Scheme 2)

tration, with 1 mol equiv of AB for 4 hours at 60 °C; under
these conditions the product 2 was isolated in 60% yield,
with minor amounts of by-product 3.

Finally, the use of urea and thiourea derivatives was in-
vestigated, especially with the aim to suppress the forma-
tion of dimeric material. By employing urea as additive in
methanol, low yields were observed, while somewhat bet-
ter results were observed in THF. More interesting results
were achieved by using Schreiner thiourea (1,3-bis(3,5-
bis(trifluoromethyl)phenyl)thiourea). In this case, the reac-
tion afforded 2 in good yield with very minor amounts of
dimers 3. The use of (thio)urea derivatives opens the way
towards the development of chiral catalysts that can be
used to promote the enantioselective reduction of -substi-
tuted B-nitrostyrenes to the corresponding nitroalkanes,
which are valuable precursors of chiral amines (see below).

The scope of the reaction was then investigated with
differently substituted aryl and alkyl nitroalkenes (for ex-
perimental details on nitroalkene preparation see the Sup-
porting Information), reacting with 1 mol equiv of ammo-
nia borane in methanol for 4 hours at 60 °C. The results ob-
tained on the reduction of a range functionalized
nitrostyrenes are summarized in Scheme 3.

The reaction was successfully performed with a range of
nitrostyrenes. Electron-rich nitroalkenes were reduced in
fair to very good yields, up to 85% (see products 4-11 in
Scheme 3). The reduction of substrates bearing electron-
withdrawing groups afforded the corresponding nitro-
alkanes 12-15 in yields typically ranging from 45 to 60%.
The methodology was also extended to aliphatic nitro-
alkenes (Scheme 4).

Entry Solvent T(°Q) Time (h) Concn (M) Yield 2 (%)°
1 MeOH 25 18 0.01 61
2 MeOH 25 18 0.1 40
3 CH;CN 25 18 0.01 12
4 MeOH 60 4 0.1 53
5 EtOH 60 4 0.1 33
6 n-BuOH 60 4 0.1 4
7¢ MeOH 60 4 0.1 43
8d MeOH 60 4 0.1 55
9 MeOH 60 4 0.05 60
10¢ THF 60 4 0.1 40
11f MeOH 60 4 0.1 47

2 Typical reaction conditions: AB (1 mol equiv), no additive. For the general procedure and work-up see the experimental section.

b Isolated yield after chromatographic purification.
¢2 mol equiv of AB were used.

44 mol equiv of AB were used.

¢ 0.2 mol equiv of urea was added.

0.2 mol equiv of Schreiner thiourea were added.
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Scheme 3 AB-mediated reduction of functionalized B-nitrostyrenes
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Scheme 4 AB-mediated reduction of B-nitroalkenes

Ammonia borane proved to be an efficient reagent for
the reduction of both linear and branched aliphatic nitro-
alkenes, affording the expected products in fair to excellent
yields. Notably, the nitro derivative 20 was isolated in 63%
yield, with complete chemoselectivity, by reduction of the
corresponding nitrobutadiene.’

The reaction worked very well with either a- or f-sub-
stituted nitrostyrenes and improved yields for product 21
were obtained when 3 mol equiv of AB were employed;
thus affording 21 in 66% yield after 6 hours. This result
opens the way towards the development of new catalytic,
asymmetric, atom-economical and convenient strategies
for the synthesis of chiral nitroalkanes, which are valuable
precursors of chiral amines.!°

o-Substituted nitroalkane 22 was isolated in 80% yield
and the reaction was conducted on a gram scale, without
significant difference in yield (76%). It is worth noting that,
for both compounds 21 and 22, after a simple aqueous work
up, NMR analysis of the crude reaction mixture showed
only the desired nitroalkane, without the need for chro-
matographic purification (see NMR spectra in the Support-
ing Information).

Based on previous reports,'! a proposed reaction mech-
anism is shown in Scheme 5. The first step is the transfer of
a hydride from BH; to the B-position of the nitroalkene, to-
gether with the hydroboration of the C-C double bond. The
intermediate is then proposed to convert slowly into the
product by intramolecular transfer of a H atom from the
NHj; residue, thus realizing a BH,=NH, species that might be
involved in the reduction of another equivalent of the ole-
fin.12

Proposed mechanism

R NO, R NO, H  NO:
(e [N
R7TORY R
R R" B -BH, B BHoNH3
“NHs
HoB=NH
H NO, [ ] H NO, |*
S [N
R R
H BH
H RH BH,
NH,

Scheme 5 Proposed mechanism for the AB-mediated reduction of
B-nitroalkenes

In conclusion, we have developed a chemoselective re-
duction of nitroalkenes to nitroalkanes, using ammonia bo-
rane in methanol. The methodology works with aryl- and
alkyl-substituted nitroolefins, it affords the products after a
simple aqueous work up, and relies on the use of the atom-
economical, very convenient and inexpensive reagent
BH;-NH;. The reaction proceeds smoothly with a- and -
substituted nitroalkenes, thus paving the way for develop-
ment of enantioselective catalytic reduction of nitro-
alkenes, which are valuable precursors of chiral amines.

Commercial grade reagents and solvents were used without further
purification. trans-p-Nitrostyrene [CAS Reg. No. 5153-67-3], trans-p-
methyl-B-nitrostyrene [CAS Reg. No. 705-60-2] and 1-nitro-1-cyclo-
hexene [CAS Reg. No. 2562-37-0] were purchased from Sigma Aldrich
and were used without further purification. Ammonia borane [CAS
Reg. No. 13774-81-7] was purchased by Sigma Aldrich and was used
without further purification.

1H, '°F, and 3C NMR spectra were recorded at 300 MHz with a Bruker
AV 300 instrument. The chemical shifts are reported in ppm (8) refer-
enced to tetramethylsilane (TMS). Mass spectrometric and accurate
mass analyses were carried out with a VG AUTOSPEC-M246 spec-
trometer (double-focusing magnetic sector instrument with EBE

SynOpen 2020, 4, 116-122
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geometry) equipped with an EI source. Reactions and chromato-
graphic purifications were monitored by analytical thin-layer chro-
matography (TLC) using silica gel 60 F254 pre-coated glass plates and
visualized using UV light, vanillin or KMnO,. Purification of the prod-
ucts was performed by flash column chromatography using silica gel
230-400 mesh. Dry solvents used were commercially available and
they were stored under nitrogen over molecular sieves. Microwave re-
actions were conducted with a CEM Discover SP microwave with an
irradiation power of 200 W and reaction temperature of 90 °C for 1
hour.

Aryl-substituted and alkyl-substituted nitroalkenes were prepared
from the corresponding aldehydes and nitromethane according to
published procedures and purified by crystallization from EtOH (see
the Supporting Information).

Reduction of Nitroalkenes; General Procedure

CAUTION: Readily reduced, flammable compounds (e.g., acetone) may
combust upon contact with ammonia borane.

A solution of nitroalkene (0.4 mmol) in anhydrous MeOH (8 mL) was
prepared in a 25 mL two-necked round-bottom flask fitted with a
condenser. Ammonia borane (12 mg, 0.4 mmol) was added to the
solution at r.t. and the reaction flask was placed in an oil bath (previ-
ously heated to 60 °C). After 4 hours, the reaction mixture was cooled
to r.t. and the solvent was evaporated under reduced pressure. The
residue was dissolved in dichloromethane (8 mL) and washed with
water (5 mL). The aqueous phase was extracted once with dichloro-
methane (5 mL) and the combined organic phases were dried over
Na,S0,, filtered and the solvent was evaporated under reduced pres-
sure. If necessary, the crude product was purified by rapid filtration
through silica.

2-Phenylnitroethane (2)

The crude product was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 95:5 to afford the title product as a
colorless oil. All analytical data are in agreement with the literature.!3
TH NMR (300 MHz, CDCl,): § = 7.37-7.19 (m, 5 H), 4.61 (t, ] = 7.4 Hz, 2
H), 3.32(t,J =7.4 Hz, 2 H).

13C NMR (75 MHz, CDCl3): 6 = 135.78, 129.00, 128.63, 127.47, 76.30,
33.46.

((2R,3S)-2,4-Dinitrobutane-1,3-diyl)dibenzene (3a)

Isolated as a pale-yellow oil.

'H NMR (300 MHz, CDCl;): 8 = 7.47-7.38 (m, 3 H), 7.29- 7.24 (m, 5 H),
7.00 (dd, J = 7.1, 2.6 Hz, 2 H), 4.99 (td, J = 10.3, 3.5 Hz, 1 H), 4.83 (dd,
J=13.1,10.2 Hz, 1 H), 4.64 (dd, ] = 13.1, 4.3 Hz, 1 H), 4.08 (td, ] = 10.1,
4.3 Hz, 1 H),3.14 (dd,J = 14.6, 10.7 Hz, 1 H), 2.86 (dd, ] = 14.6, 3.5 Hz,
1H).

13C NMR (75 MHz, CDCl,): & = 134.59, 134.11, 129.95, 129.46, 129.11,
128.67,128.14, 127.95, 91.82, 77.00, 47.30, 38.32.

MS(EI+): m/z calcd for C;6H;¢N,0,4: 300.111007; found: 300.102000.

((2R,3R)-2,4-Dinitrobutane-1,3-diyl)dibenzene (3b)
Isolated as a pale-yellow solid.

'TH NMR spectrum is in agreement with the literature, but the 3C
NMR spectrum differs for some signals with respect to the litera-
ture.4

H NMR (300 MHz, CDCl,): § = 7.39-7.35 (m, 3 H), 7.33-7.28 (m, 3 H),
7.20-7.13 (m, 4 H), 5.14 (dt, ] = 9.5, 5.5 Hz, 1 H), 4.99 (dd, ] = 13.8, 6.6
Hz, 1 H), 4.83 (dd, J = 13.8, 7.9 Hz, 1 H), 4.11-4.05 (m, 1 H), 3.26 (dd,
J=14.5,9.5 Hz, 1 H),3.11 (dd, J = 14.5, 5.1 Hz, 1 H).

13C NMR (75 MHz, CDCl,): & = 134.66, 133.31, 129.50, 129.41, 129.21,
128.94, 128.22, 127.93, 90.22, 76.36, 46.50, 36.99.

2-p-Tolylnitroethane (4)

The crude product was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 95:5 to afford the title product as a
pale-yellow oil (64% yield). All analytical data are in agreement with
the literature.'®

TH NMR (300 MHz, CDCly): § = 7.17 (d, ] = 8.2 Hz, 2 H), 7.12 (d, ] = 8.2
Hz, 2 H), 4.61 (t,J = 7.4 Hz, 2 H), 3.30 (t, ] = 7.4 Hz, 2 H), 2.36 (s, 3 H).

13C NMR (75 MHz, CDCly): & = 137.17, 132.68, 129.71, 128.52, 76.51,
33.16, 21.11.

2-(4-Hydroxyphenyl)-1-nitroethane (5)

The crude mixture was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 6:4 to afford the title product as a
pale-orange oil (83% yield). All analytical data are in agreement with
the literature.'®

H NMR (300 MHz, CDCl,): § = 7.05 (d, = 8.5 Hz, 2 H), 6.78 (d, ] = 8.5
Hz, 2 H), 5.90 (brs, 1 H), 4.56 (t, ] = 7.3 Hz, 2 H), 3.22 (t,] = 7.3 Hz, 2 H).

13C NMR (75 MHz, CDCl;): & = 155.10, 129.89, 127.67, 115.92, 76.74,
32.74.

1-Methoxy-4-(2-nitroethyl)-benzene (6)

The crude product was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 8:2 to afford the title product as a yel-
low oil (58% yield). All analytical data are in agreement with the liter-
ature.!”

H NMR (300 MHz, CDCl,): 8 = 7.12 (d, J = 8.6 Hz, 2 H), 6.85 (d, ] = 8.7
Hz, 2 H),4.56 (t, ] = 7.3 Hz, 2 H), 3.78 (s, 3 H), 3.24 (t, ] = 7.3 Hz, 2 H).

13C NMR (75 MHz, CDCL,): & = 159.01, 129.71, 127.72, 114.44, 76.67,
55.36,32.77.

1-Methoxy-2-(2-nitroethyl)benzene (7)

The crude mixture was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 85: 15 to afford the title product as a
pale-yellow oil (78% yield). All analytical data are in agreement with
the literature.®

TH NMR (300 MHz, CDCL,): & = 7.27 (td, J = 7.8, 1.8 Hz, 1 H), 7.15 (dd,
J=7.4,1.8 Hz, 1 H), 6.97-6.82 (m, 2 H), 4.61 (t, ] = 7.3 Hz, 2 H), 3.85 (s,
3 H),3.32(t,j = 7.4 Hz, 2 H).

13C NMR (75 MHz, CDCl,): 8 = 157.57, 130.78, 128.96, 123.97, 120.83,
110.50, 74.82, 55.33, 29.22.

1-Methoxy-3-(2-nitroethyl)benzene (8)

The crude mixture was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 8:2 to afford the title product as a
pale-yellow oil (60% yield). All analytical data are in agreement with
the literature.'®

TH NMR (300 MHz, CDCly): § = 7.25 (t, ] = 7.9 Hz, 1 H), 6.83-6.74 (m, 3
H), 4.60 (t, ] = 7.4 Hz, 2 H), 3.80 (s, 3 H), 3.29 (t, ] = 7.4 Hz, 2 H).

13C NMR (75 MHz, CDCl;): 8 = 160.10, 137.29, 130.09, 120.86, 114.54,
112.79,76.25, 55.31, 33.52.

SynOpen 2020, 4, 116-122
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2-Methoxy-4-(2-nitroethyl)phenol (9)

The crude mixture was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 65:35 to afford the title product as a
yellow oil (76% yield). All analytical data are in agreement with the
literature.?®

H NMR (300 MHz, CDCl;): 8 = 6.85 (d, ] = 8.5 Hz, 1 H), 6.71-6.67 (m, 2
H),5.64 (s, 1 H), 4.57 (t,] = 7.3 Hz, 2 H), 3.86 (s, 3 H), 3.23 (t, ] = 7.3 Hz,
2 H).

13C NMR (75 MHz, CDCl,): 8 = 146.84, 145.02, 127.57, 121.40, 114.84,
111.23, 76.73, 56.02, 33.29.

1,3-Dimethoxy-2-(2-nitroethyl)benzene (10)

Prepared according a reported procedure.?’ The crude mixture was
purified by column chromatography on silica gel, eluting with hex-
ane/EtOAc 8:2 to afford the title product as a pale-yellow oil (85%
yield).

TH NMR (300 MHz, CDCly): & = 7.21 (t, ] = 8.4 Hz, 1 H), 6.56 (d, ] = 8.4
Hz, 2 H), 4.51-4.46 (m, 2 H), 3.83 (s, 6 H), 3.43-3.38 (m, 2 H).

13C NMR (75 MHz, CDCl,): § = 158.54, 128.63, 111.82, 103.66, 74.05,
55.74,21.69.

MS(EI+): m/z calcd. for C;oH;3NO,: 211.084458; found: 211.084720.

5-(2-Nitroethyl)benzo[1,3]dioxole (11)

The crude mixture was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 9:1 to afford the title product as a yel-
low oil (58 % yield). All analytical data are in agreement with the liter-
ature.'”

TH NMR (300 MHz, CDCl,): § = 6.75 (d, J = 7.8 Hz, 1 H), 6.68-6.63 (m, 2
H), 5.93 (s, 2 H), 4.55 (t, ] = 7.3 Hz, 2 H), 3.22 (t, ] = 7.3 Hz, 2 H).

13C NMR (75 MHz, CDCl,): 8 = 148.15, 147.03, 129.36, 121.82, 109.00,
108.73,101.25, 76.63, 33.31.

1-(4-Fluorophenyl)-2-nitroethane (12)

The crude mixture was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 9:1 to afford the title product as a
pale-yellow oil (48% yield). All analytical data are in agreement with
the literature.'®

H NMR (300 MHz, CDCly): 8 = 7.18 (dd, J = 8.7, 5.3 Hz, 2 H), 7.01 (t,] =
8.7 Hz, 2 H), 459 (t, ] = 7.2 Hz, 2 H), 3.29 (t, ] = 7.2 Hz, 2 H).

19F NMR (282 MHz, CDCL,): § = -115.03 (s, 1 F).

13C NMR (75 MHz, CDCl,): 8 = 162.25 (d, J = 245.9 Hz), 131.52 (d, ] =
3.4 Hz), 130.28 (d, ] = 8.1 Hz), 115.97 (d, ] = 21.5 Hz), 76.39, 32.72.

1-(4-Chlorophenyl)-2-nitroethane (13)

Prepared according to the general procedure (two equivalents of am-
monia borane were used). The crude mixture was purified by column
chromatography on silica gel, eluting with hexane/EtOAc 95:5 to af-
ford the title product as a yellow oil (61% yield). All analytical data are
in agreement with the literature.?!

H NMR (300 MHz, CDCly): 8 = 7.30 (d, J = 8.4 Hz, 2 H), 7.14 (d, ] = 8.4
Hz, 2 H),4.59 (t,] = 7.2 Hz, 2 H), 3.29 (t, ] = 7.2 Hz, 2 H).

13C NMR (75 MHz, CDCl;): & = 134.26, 133.52, 130.05, 129.24, 76.10,
32.81.

1-(4-Bromophenyl)-2-nitroethane (14)

The crude mixture was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 95:5 to afford the title product as a
pale-yellow oil (53% yield). All analytical data are in agreement with
the literature.'®

H NMR (300 MHz, CDCl,): § = 7.46 (d, ] = 8.4 Hz, 2 H), 7.09 (d, ] = 8.4
Hz, 2 H), 459 (t,] = 7.2 Hz, 2 H), 3.27 (t, ] = 7.2 Hz, 2 H).

13C NMR (75 MHz, CDCl,): § = 134.77, 132.24, 130.41, 121.61, 76.03,
32.91.

1-Nitro-4-(2-nitroethyl)benzene (15)

Prepared according to the general procedure (two equivalents of am-
monia borane were used). The crude mixture was purified by column
chromatography on silica gel, eluting with hexane/EtOAc 8:2 to afford
the title product as a yellow solid (44% yield). All analytical data are in
agreement with the literature.??

H NMR (300 MHz, CDCl,): § = 8.18 (d, J = 8.4 Hz, 2 H), 7.40 (d, ] = 8.4
Hz, 2 H), 4.68 (t,] = 7.0 Hz, 2 H), 3.43 (t, ] = 7.0 Hz, 2 H).

13C NMR (75 MHz, CDCly): 8 = 147.51, 143.34, 129.68, 124.25, 75.35,
32.97.

2-Cyclohexyl-1-nitroethane (16)

Prepared according to the general procedure (using 1.6 mL of anhy-
drous methanol). The crude mixture was purified by column chroma-
tography on silica gel, eluting with hexane/EtOAc 95:5 to afford the
title product as a pale-yellow oil (85% yield). All analytical data are in
agreement with the literature.??

H NMR (300 MHz, CDCL,): & = 4.39 (t, ] = 7.4 Hz, 2 H), 1.89 (q, ] = 7.4
Hz, 2 H), 1.76-1.59 (m, 5 H), 1.39-1.11 (m, 4 H), 1.01-0.86 (m, 2 H).

13C NMR (75 MHz, CDCl,): & = 73.98, 35.07, 34.79, 32.85, 26.35, 26.07.

Nitrocyclohexane (17)

The crude mixture was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 98:2 to afford the title product as a
colorless oil (50% yield). All analytical data are in agreement with the
literature.?

1H NMR (300 MHz, CDCl,): = 4.36 (tt, ] = 10.6, 4.1 Hz, 1 H), 2.30-2.16
(m, 2 H), 1.97-1.77 (m, 4 H), 1.72-1.62 (m, 1 H), 1.45-1.16 (m, 3 H).

4-Methyl-1-nitropentane (18)

The crude mixture was purified by column chromatography on silica
gel, eluting with pentane/diethyl ether 97:3 to afford the title product
as a colorless oil (53% yield). All analytical data are in agreement with
the literature.?*

H NMR (300 MHz, CDCl,): 8 = 4.34 (t, J = 7.1 Hz, 2 H), 2.09-1.91 (m, 2
H), 1.58 (dp, J = 13.3, 6.6 Hz, 1 H), 1.27-1.19 (m, 2 H), 0.89 (d, J = 6.6
Hz, 6 H).

1-Nitro-4-phenylbutane (19)

Prepared according to the general procedure (using 1.6 mL of anhy-
drous methanol). The crude mixture was purified by column chroma-
tography on silica gel, eluting with hexane/EtOAc 9:1 to afford the ti-
tle product as a colorless oil (55% yield). All analytical data are in
agreement with the literature.?®

H NMR (300 MHz, CDCl,): § = 7.33-7.17 (m, 5 H), 4.38 (t,/ = 7.0 Hz, 2
H), 2.69 (t,] = 7.5 Hz, 2 H), 2.04 (quint, J = 7.2 Hz, 2 H), 1.74 (quint, J =
7.7 Hz, 2 H).
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13C NMR (75 MHz, CDCl;): 8 = 141.15, 128.61, 128.45, 126.25, 75.59,
35.10, 27.97, 26.94.

(E)-(4-Nitrobut-1-en-1-yl)benzene (20)

Prepared according to the general procedure (1.5 equivalents of am-
monia borane were used). The crude mixture was purified by column
chromatography on silica gel, eluting with hexane/EtOAc 95:5 to af-
ford the title product as a yellow oil (63% yield). All analytical data are
in agreement with the literature.?

H NMR (300 MHz, CDCl,): § = 7.38-7.21 (m, 5 H), 6.53 (dt, J = 15.8,
1.5Hz, 1 H),6.12 (dt, J = 15.8, 7.0 Hz, 1 H), 4.50 (t, ] = 7.0 Hz, 2 H), 2.90
(qd,J=7.0,1.4 Hz, 2 H).

13C NMR (75 MHz, CDCl3): § = 136.60, 134.12, 128.72, 127.91, 126.39,
123.06, 75.08, 30.85.

1-Nitro-2-phenylpropane (21)

Prepared according to the general procedure (three equivalents of
ammonia borane were used and the reaction was stirred for 6 hours).
The crude mixture was purified by column chromatography on silica
gel, eluting with hexane/EtOAc 95:5 to afford the title product as a
yellow oil (66% yield). All analytical data are in agreement with the
literature.?’

H NMR (300 MHz, CDCl,): & = 7.37-7.22 (m, 5 H), 4.52 (qd, ] = 12.0,
7.8 Hz, 2 H),3.64 (h, J = 7.2 Hz, 1 H), 1.39 (d, ] = 7.0 Hz, 3 H).

13C NMR (75 MHz, CDCl;): 8 = 141.04, 129.09, 127.68, 127.03, 81.98,
38.77,18.85.

2-Nitro-1-phenylpropane (22)
Prepared according to the general procedure (using 1.6 mL of anhy-
drous methanol). The crude mixture was purified by column chroma-
tography on silica gel, eluting with hexane/EtOAc 95:5 to afford the
title product as a pale-yellow oil (80% yield). All analytical data are in
agreement with the literature.?

TH NMR (300 MHz, CDCl,): & = 7.30 (dd, J = 9.8, 7.0 Hz, 3 H), 7.18 (d,
6.6 Hz, 2 H), 4.79 (h, J = 6.8 Hz, 1 H), 3.33 (dd, J = 14.0, 7.5 Hz, 1
3.02 (dd, J = 14.0, 6.8 Hz, 1 H), 1.55 (d, ] = 6.7 Hz, 3 H).

13C NMR (75 MHz, CDCly): & = 135.66, 129.11, 128.95, 127.54, 84.55,
41.30,18.92.

J=
H),
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