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A Convenient and Easy Synthesis of y-Nitro-o-Acetamido Esters
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Abstract: A microwave-assisted synthesis of y-nitro acetamido es-
ters, under mild conditions and without solvent, is described. The
desired products were obtained via Michael additions from the com-
mercial methyl acetamidoacrylate and nitroalkanes.
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Derivatives of unnatural y-nitro-o-amino acids, as 3 or
differently protected ones, are acknowledged as effective
intermediates in the synthesis of natural and synthetic bio-
active substances.'™ They are also versatile starting mate-
rials for the preparations of unusual o-amino acids, thanks
to the many interconversions of functionality allowed by
the chemistry of nitro group.*!°

In an effort to make some previously reported procedures
(Wieland," Crossley'?) general and faster, we recently ex-
perimented successfully'® with a microwave-assisted syn-
thesis of y-nitro-a-amino acids by means of conjugate
additions of nitroalkanes to methyl N-(diphenylmethyl-
ene) protected 2,3-didehydro-a-aminopropanoate, an
electrophilic acceptor that must be prepared from serine
methyl ester.'* Then, in order to improve the above
procedure’® and to extend its generality, we tried to extend
our protocol to an easier available starting Michael accep-
tor such as the commercial acetamidoacrylate 1.
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Scheme 1 The 0.5-2 mmol scale of 1, catalyst—substrate—nitroal-
kane 0.125:1:1.5 ’
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Although the compound 1 is known to be reluctant to the
addition of nitro anions [in fact the literature refers'? that
1 does not react on heating for several days in ni-
tromethane with KF as catalyst, while by reaction with 2-
nitropropane gave rise to the adduct 3b (Table 2) in 76%
yield, only after 66 hours in refluxing toluene], we looked
for new conditions in order to find an efficient procedure
to add nitroalkanes to the acceptor 1. In connection with
our interest in the application of the adduct 3a as the key
building block for the synthesis of natural products, we
first investigated the reaction of nitromethane (2a) with 1,
in order to find the best reaction conditions. As detailed in
the Table 1, it is evident that the best results in terms of
yields (40%) were obtained in the presence of Triton® B
(benzyltrimethyl ammonium hydroxide, 40% in MeOH),
with a molar ratio of catalyst—substrate—nitroalkane =
0.125:1:1.5, in the absence of any solvents, and with the
help of microwave (MW) irradiation (120 W).

In order to verify the generality of our procedure, we test-
ed our method (that could be performed on a 0.5-2 mM
scale of 1) in an open reaction vessel, with several nitro-
alkanes (Scheme 1). As reported in Table 2, we obtained
good yields (66-98%), in few minutes (2-6 min) with
both linear and cyclic nitroalkanes, in a power range of
120280 W.

It is important to note that, under our conditions, both ni-
tromethane (2a) and 2-nitropropane (2b) afforded, in few
minutes, 3a and 3b in 40% and 98% yields, respectively.

Thus, the MW-assisted reactions give good and reproduc-
ible results despite the use of a domestic microwave oven,
are inexpensive in terms of catalyst and solvent, are prac-
tically solvent-free, and employ a favorable, very low, ni-
troalkane/Michael acceptor ratio. All these features
underpin substantial advantages offered by the method
here reported. This MW technique boosts the synthesis of
4-nitroamino acids precursors, as it is general, time-sav-
ing and, above all, it is a basic approach to obtain 3a.

The methyl acetamidoacrylate, nitroalkanes and Triton B® were ac-
quired from Aldrich and used directly. The methyl 4-nitropro-
panocate was prepared according to literature.’> Reactions were
carried out in a domestic microwave oven in an open vessel. 'H
NMR and *C NMR spectra were recorded on a Bruker AC 200
spectrometer. Chemical shifts (8 scale) are reported in ppm regard-
ing the central peak of the solvent. Coupling constants (J values) are
given in Hz. EI-MS spectra (70 eV) were taken on a Fisons Trio
1000 instrument. Only molecular ions [M*] and base peaks are giv-
en. IR spectra were obtained on a Bruker FT-48 spectrometer; ab-
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Table1 Addition of Nitromethane to Methyl Acetamido Acrylate

Solvent Temperature or Power Ratio Ratio Time Yield (%) of 3a
W) 1/CH,NO, 1/Triton B

none 120 W 1:10 1:0.125 6 min 40

THF r.t. 1:10 1:0.125 Overnight 0

THF Reflux 1:10 1:0.125 8h 0

CH;NO, L.t 1:50 1:1 Overnight 3-4

CH;3;NO, Reflux KF 66 h or

Table 2 Synthesis of y-Nitro a-Acetamido Esters 3

3 R R! Power (W) Time (min) Yield (%) of 3

a H H 120° 6 40

b CH, CH, 280 2 98

c CH;CH, H 280 2 68

d CH,(CH,), H 280 2 66

e -(CHy),- 170¢ 2 70

f -(CH,)s- 170¢ 3 76

g MeOCO(CH,), H 280 2 70

# Yields of pure, isolated compounds.
® High power induces degradation.
° High power induces partial elimination of HNO,.

sorbances are reported in v (cm™). Melting points were determined
on a Biichi SMP-510 capillary melting point apparatus and are un-
corrected. Column chromatography purifications were performed
under flash conditions using Merck 230-400 Mesh silica gel. TLC
analysis was carried out on silica gel plates. A satisfactory elemen-
tal analysis (C, H, N + 0.4% from the theoretical value) was ob-
tained for the new compounds (Carlo Erba analyzer).

Microwave/Triton® B Induced Reaction of 1 with Nitro Com-
pounds; General Procedure

The nitro derivative (1.5 equiv) and Triton® B (40% MeOH, 0.125
equiv) were introduced in a round-bottomed flask and were let to re-
act for 2 min. Then, the methyl acetamidoacrylate (1; 1 equiv, 0.5—
2.0 mmol) was added, and the flask was gently heated at 40 °C for
3 min, in order to obtain a homogeneous mixture. The open reaction
vessel was placed inside a domestic microwave oven (halfway on
the radius of the rotating plate) and irradiated at 120-280 W for 2—
6 min. After cooling, the vitreous pale yellow or yellow-brown sol-
ids obtained were dissolved in EtOAc (20-80 mL) and quickly
washed with 0.1 N HCI (2-8 mL) and water (3 x 2-8 mL). The or-
ganic phases, after drying over anhyd Na,SO,, were evaporated un-
der reduced pressure. The residues were purified using flash
chromatography for 3a,e-g. Compounds 3b—d were homogeneous
enough to obtain satisfactory analysis.

Methyl 2-Acetylamino-4-nitrobutanoate (3a)
White solid; mp 57-59 °C.

IR (KBr): 3271, 1732, 1643, 1554 cm™.
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'H NMR (200 MHz, CDCl,): & = 2.05 (s, 3 H), 2.3-2.4 (m, 1 H),
2.6-2.7 (m, 1 H), 3.79 (s, 3 H), 4.44.5 (m, 2 H), 4.6-4.7 (m, 1 H),
6.52 (br, 1 H).

C NMR (75 MHz, CDCLy): § = 23.04, 29.86, 49.86, 53.01, 71.65,
170.40, 171.36.

MS (EI): m/z = 158 [M* - 46], 127, 115, 98.

Anal. Caled for C;H,,N,05 (204.18): C, 41.18; H, 5.92; N, 13.72.
Found: C, 41.30; H, 5.95; N, 13.80.

Methyl 2-Acetylamino-4-methyl-4-nitropentanoate (3b)
Physical and spectroscopic data are identical to those reported in the
literature.!2

Methyl 2-Acetylamino-4-nitrohexanoate (3c)
Pale yellow oil; diastereomeric mixture (1:1 from 'H NMR).

IR (film): 3287, 1746, 1660, 1552 cm".

'H NMR (200 MHz, CDCl,): 6=0.93 (t,J =7.3 Hz, 6 H), 1.6-1.9
(m, 4 H), 2.00 (s, 3 H), 2.01 (s, 3 H), 2.0-2.7 (m, 4 H), 3.73 (s, 3 H),
3.74 (s, 3H), 4.4-4.6 (m, 2 H), 4.6-4.7 (m, 2 H), 6.5 (br, 2 H).

"*C NMR (75 MHz, CDCL): § = 9.86, 9.88, 22.86, 27.35, 27.73,
34.96, 35.08, 49.71, 50.02, 52.78, 52.84, 86.12, 86.40, 170.55,
170.72, 171.44, 171.54.

MS (ED): m/z = 186 [M* ~ 46], 173, 143, 126, 84.

Anal. Caled for CgH (N,O5 (232.23): C, 46.55; H, 6.94; N, 12.06.
Found: C, 46.90; H, 7.00; N, 12.20.
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Methyl 2-Acetylamino-4-nitroheptanoate (3d)
Pale yellow oil; diastereomeric mixture (1:1 from 'H NMR).
IR (KBr): 3294, 1743, 1654, 1551 cm™.

"HNMR (200 MHz, CDCL;): § =0.94 (t, J = 7.2 Hz, 6 H),12-14
(m, 4 H), 1.6-1.9 (m, 4 H), 2.02 (s, 3 H), 2.04 (s, 3 H), 2.3-2.7 (m,
4H),3.76 (s,3H),3.77 (s, 3H), 4.5-4.6 (m, 2 H), 4.7-4.8 (m, 2 H),
6.19 (br, 2 H).

3C NMR (75 MHz, CDCLy): § = 13.30, 13.33, 18.79, 22.93, 35.41,
35.50, 36.00, 36.34, 49.78, 50.16, 52.85, 52.92, 84.68, 84.83,
170.37, 170.59, 171.36, 171.44.

MS (ED): m/z = 200 [M* - 46}, 187, 157, 140, 98.

Anal. Caled for C\H (N,O5 (246.26): C, 48.77; H, 7.37; N, 11.38.
Found: C, 48.90; H, 7.55; N, 11.66.

Methyl 2-Acetylamino-3-(1-nitrocyclopentyl)propanoate (3e)
Pale yellow viscous oil.
IR (KBr): 3306, 1747, 1659, 1539 cm™.

'H NMR (200 MHz, CDCl,): § = 1.78-1.80 (m, 6 H), 1.97 (s, 3H),
2.44-2.71 (m, 4 H), 3.72 (s, 3 H), 4.71-4.83 (m, 1 H), 5.87 (d, J =
7.9 Hz, 1 H).

'*C NMR (75 MHz, CDCl): § = 22.90, 24.08, 24.10, 36.63, 39.06,
40.33,49.32, 52.57,97.16, 170.02, 171.74.

MS (EI): m/z =212 [M* - 46], 152, 110, 88.

Anal. Calcd for C;HgN,O5 (258.27): C, 51.15; H, 7.02; N, 10.85.
Found: C, 51.30; H, 7.15; N, 11.01.

Methyl 2-Acetylamino-3-(1-nitrocyclohexyl)propanoate (3f)
Pale yellow viscous oil.
IR (KBr): 3290, 1747, 1655, 1539 cm™.

'HNMR (200 MHz, CDCl,): § = 1.37-1.82 (m, 8 H), 1.94 (s, 3H),
2.24-2.35 (m, 2 H), 2.39-2.43 (m, 2 H), 3.70 (s, 3 H), 4.78 (ddd,
J=6.24Hz,J=7.93Hz,/J=8.93Hz, 1 H), 5.9(d,/=8.93 Hz, 1 H).

*C NMR (75 MHz, CDCl,): § = 22.03, 22.13, 22.78, 24.61, 32.50,
35.77,40.12, 47.87, 52.60, 89.29, 170.11, 170.91.

MS (EI): m/z = 272 [M* - 46], 166, 124, 88.

Anal. Calcd for Cj,H,,N,05 (272.30): C, 52.93; H, 7.40; N, 10.29.
Found: C, 53.00; H, 7.45; N, 10.36.

2-Acetylamino-4-nitro-1,7-heptanedioic Acid Dimethyl Ester
(3g)

Pale yellow oil; diastereomeric mixture (1:1 from 'H NMR).

IR (film): 3349, 1737, 1643, 1519 cm™.

'H NMR (200 MHz, CDCl,): § = 2.03 (s, 3 H), 2.05 (s, 3 H), 2.1—
2.7 (m, 12 H), 3.70 (s, 6 H), 3.71 (s, 3 H), 3.76 (s, 3 H), 4.4-4.5 (m,
2 H), 4.6-4.7 (m, 2 H), 6.21 (br s, 2 H).

C NMR (75 MHz, CDCly): § = 22.35, 28.80, 29.05, 29.77, 29.85,
35.54, 35.57, 49.63, 49.89, 51.96, 52.41, 52.95, 83.77, 83.95,
170.31, 170.52, 171.19, 171.34, 172.34.

MS (ED): m/z = 244 [M* - 46], 201, 184, 170, 142.

Anal. Caled for C; H4N,0; (290.27): C, 45.52; H, 6.25; N, 9.65.
Found: C, 45.80; H, 6.55; N, 9.75.
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