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Abstract

Among the different reducing agents tributyltin hydride was found to be a
powerful reducing agent for the denitration of a series of tertiary and secondary
nitroesters. The organotin residues removed from the crude product using
saturated potassium fluoride solution. The yield of the reactions was 62-98%.
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Introduction

Aliphatic nitro compounds are considered to be
valuable intermediates for the preparation of various
biologically active molecules [1] such as alkaloids [2],
steroids [3], amino acid derivatives [4,5] and enzyme
inhibitors [6]. Nitro compounds with a-hydrogen also
undergo the Henry [7] and Mannich [8] reactions.
Nitroalkenes are also widely used for the preparation of
a variety of organic compounds [9]. These compounds
possess significant biological activities and are used as
insecticides [10], fungicides [11], bactericides [12],
rodent-repellents [13] and as Antitumor agents [14]. The
utility of nitroalkenes in organic synthesis is largely due
to their ease of conversion into a variety of
functionalities. They are strong dienophiles in Diels-
Alder reactions. Alternatively, these electrophilic
alkenes readily undergo additional reactions with
various nucleophiles, thus providing an array of
valuable products. Due to the wide applications of nitro
compounds, they are entered into the environment
through various pathways. They are hazardous, are not
friendly with the nature and should be removed
completely from the environment; therefore, an efficient

method for its removal is very important.

In this paper several possible reducing agents that
have been used for the reduction of similar compounds
such as sodium hydrogentelluride [15] potassium
hydroxide in ethylene glycol [16], sodium salt of
methanethiol [17] samarium iodide [18], trialkyl or aryl
tin hydride [19], triethylsilane [20], N-benzyl-1,4-

dihydronicotinamide [21], sodium hypophosphorus
acids or their salts [22] and tetrakis(dimethyl-
amino)ethylene [23], have been examined for

denitration of eight tertiary and secondary esters.
Among these reducing agents only tributyl tin hydride
was found to be effective for this purpose.

Experimental

Materials and Methods

Chemicals were purchased primarily from Aldrich
Chemical Company, and were used without further
purification. Solvents were distilled from calcium
hydride before use, except DMSO and DMF, which
were purchased anhydrous. Petrol was the fraction
boiling in the range 40-60°C.
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TLC was carried out using aluminium plated pre-
coated with silica gel (Kieselgel 60 F,s6, 0.2 mm,
Merck).Visualization was done by UV light and
KMHO4.

Silica gel (flash Kiesegel 60) was used for column
chromatography.

'H and ">C NMR spectra were recorded at the stated
frequencies, using deuterated solvent as internal
standards. 300 MHz spectra were recorded on a Bruker
Avance BVT3200 spectrometer and 500 MHz spectra
on a Jeol spectrometer.

Mass spectra were recorded on a Kratos MS80 RF
spectrometer.

Infrared spectra were recorded on a Nicolet 20-PC
Fourier transform IR spectrometer.

The starting material nitroesters were prepared are
previously described [26] by condensation of
appropriate nitro alkanes (Entries 4, 5, 6, 7, 8) or ethyl
nitro acetate (Entries 1, 3) with ethyl acrylate and also
condensation of benzyl bromide with ethyl nitro acetate
for entry 2.The structures of the nitro compounds were
identified by their 'H and C NMR spectra and their
physical properties were compared with literature data
except for starting material for entry 4 which was
prepared as flows.

4-Nitro-4-phenyl-heptanedioic Acid Diethyl Ester

Tetraecthyl ammonium bromide (1.02 mmol, 0.33 g)
and DBU (14 mmol, 2.2 g) were added to a solution of
phenylnitromethane (6.8 mmol, 1.0 g) in dry acetonitrile
(15 ml). To this clear solution, ethyl acrylate (14 mmol,
1.43 g) was added drop wise and stirred at above room
temperature (35°C) for 3 days. The acetonitrile was then
removed in vacuo and the residue was dissolve in ether
(75 ml). The resulting solution was washed with 10%
aqueous Na,CO; (2 x 40 ml) dried (MgSQO,). Evapo-
ration of the solvent gives yellow oil. The resulting
crude product was purified by flash chromatography
eluted with ether
Mp 35°C
Yield: 2.1 g, 80 %

'H NMR (300 MHz, CDCl3): 8 7.36-7.19 (m, 5 H, Ar),
4.02 (q, 4H, J =7.14 Hz, 2 OCH,), 2.69-2.60(m, 4H, 2
CH,), 1.15 (t, 6H J =7.14 Hz, 2 CHj).

C NMR (300 MHz, CDCl3): 8 172.30 (C=0), 137.75
(C{H), 129.9 (C,H), 129.40 (C;H), 126.02 (C,H), 95.80
(C), 61.24 OCH,), 31.68 (CH,), 29.58 (CH,), 14.49
(CHy).

HRMS (EI) caled for C17H23O4 .
Found: 291.159.

Anal. Calced for C7;H»;3NOg: C, 60.53; H, 6.87; N, 4.14
Found; C, 61.31; H, 7.20; N, 4.07

291.364 (M'-NO,):,
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General Procedure for Denitration

All the compounds 1-8 were prepared by the
following improved literature general method [27]. A
mixture of nitro compound (10 mmol) and Bu;SnH (12
mmol) and AIBN (3mmol) in cumene (1.5 ml) was
heated at 80°C for 3 h. After cooling, saturated
potassium fluoride solution (10 ml) and ethyl acetate
(20 ml) were added and the mixture was stirred for 60
min. The organic layer was separated, dried (MgSO,),
and then evaporated. The pure products were obtained
via chromatography on silica column eluting with
different solvents as given in Table 1.

4-Cyano-2-(2-cyanoethyl) Butyric Acid Ethyl Ester (1)

Colourless liquid

BP 168-170°C (760 mmHg)

MS (EI) m/e: 194 (M, 8 %), 167 (10 %), 149 (60 %),
82 (100 %)

Anal. Caled. for C;(H4N,O,: C, 61.85; H, 7.21; N,
14.43.

Found; C, 61.98; H, 6.93; N, 15.27.

IR (Neat); 1728.94 (C=0), 2247.40 (CN) cm’'

'H NMR (500 MHz, CDCl;): & 4.15 (q, J =7 Hz, 2 H,
CHy),

2.61-2.50 (m, 1 H, CH), 2.50-2.31 (m, 4 H, 2 x CH,),
2.01-1.76 (m, 4 H, 2 x CH,), 1.22 (t, J=7 Hz, 3 H, 3 x
CH;);

C NMR (500 MHz, CDCLy): 8 172.68 (C=0), 118.53
(CN), 61.25 (CH,), 42.79 (CH), 27.24 (CH,), 14.99
(CH,), 13.97 (CH;)

Results and Discussion

The nitro group of seven tertiary and one secondary
nitroesters have been clearly replaced by hydrogen
using tributyltin hydride (Bu;SnH). Heating a mixture
of nitroester (10 mmol), Bu;SnH (12 mmol) and
azobisisobutyronitrile (AIBN) (3 mmol) in cumene (1.5
mmol) at 80°C for 3 h gave the corresponding
denitrated products in 62-98% yield (Table 1).

R3 R1 Bu,SnH R%l
o N%RZ AIBN H R?

2

Triorganotin  nitrite and the other alkoxide
byproducts of these reactions were hydrolyzed slowly
on silica-gel, which frequently renders purification
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difficult [24,25]. In this research, organotin residues
were removed from crude product by oxidative
conversion to insoluble organotin fluorides using
saturated potassium fluoride solution.

This reagent converts a wide variety of organotin
compounds to their fluorides and greatly facilitates the
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compounds and were fully characterized. For the other
Entries, their 'H and *C NMR data are presented for the
first time in Tables 2 and 3, respectively.

purification of the crude reaction mixture. The reaction %N:N% _NA /_LCN (Equation 1)

was strongly accelerated through the addition of Ne o tus N Equaton2)

catalytic amount of AIBN. The results strongly suggest + BuSnH S e ‘

that, the reaction proceeds via a free radical chain R,R,R,CNO, 4 BU;Sn. — > RR,R,C. + BU;SNONO (Equation 3)

mechanism (Equations 1-5). In this mechanism, RRRC. + BuSHH R RRCH 2 Bus . .
. . . . . 1RoR30. Uoni ——————= RyRRy 35N, ion

tributyltin radicals is added to the nitro compound to * AIBN, Cumene * (Fauaton )

give a nitroxyl radical Bu;SnON(R;R,R;C)O that, in RiR,R{CNO, + BUSIH ————~ " RR,R,CH + Bu,SnONO (Equation 5)

turn, fragments to the chain-propagating alkyl radical

[26]. The nitro compound (the starting material for

Entry 4 of Table 1) and the Entry 1 of Table 1 were new

Table 1. Denitration of nitroesters

Entry R, R, Rs Yield bp (°C) (mmHg) Ref.

1 CH,CN CH,CN CO,C,H; 98% 168-170 (760) -

2 CeHs CeHs CO,C,H; 68% 148-150 (760) 27

3 CH,CO,C,Hj CH,CO,C,Hs CO,C,H; 95% 140-145 (1) 28

4 CH,CO,C,H;5 CH,CO,C,H; Ce¢Hs 78% 145-148 (6) 29

5 CH,CO,C,H; CH,CO,C,H; CH; 67% 140-145 (9) 30

6 CH,CO,C,Hj CH,CO,C,Hs (CH,),CO,C,H; 90% 158-160 (0.4) 31

7 CH,CO,C,H;5 CH,CO,C,H; H 67% 266-268 (0.4) 32

8 CH,CO,C,Hs CH; CH; 62% Volatile substrate 33

Table 2. "H nmr data (CDCl; 300 MHz)

Entry ppm

1°  4.15(q,J=7 Hz, 2 H, CH,), 2.61-2.50 (m, 1 H, CH), 2.50-2.31 (m, 4 H, 2 x CH,), 2.01-1.76 (m, 4 H, 2 x CH,), 1.22 (t, J =7

Hz, 3 H, 3 x CHj).

2 7.21-7.00 (m, 10 H, aryl-H), 3.85 (q, J =7.14 Hz, 2 H, CH,), 2.93-2.82 (m, 3H, CH, and CH), 2.76-2.66 (m, 2 H, CH,), 0.91
(q,J=7.14 Hz, 3 H, CH;).

3 4.15-4.02 (m, 6 H, 3 x CH,), 2.37-2.28 (m, 1 H, CH), 2.27-2.15 (m, 4 H, 2 x CH,),
1.95-1.65 (m, 4 H, 2 x CH,), 1.25-1.10 (m, 9 H, 3 x CH;).

4 7.30-6.98 (m, 5 H, aryl-H), 4.0 (q, J =7.09 Hz, 4 H, CH,), 2.55-2.41 (m, 1 H, CH),
2.17-1.70 (m, 8 H, 4 x CH), 1.14 (t, J=7.09 Hz, 6 H, 2 x CH}3).

5 4.04 (q,J=7.14 Hz,4 H, 2 x CH,), 2.35-2.14 (m, 4 H, 2 x CH,), 1.68-1.46 (m, 2 H, 2 x CH,), 1.46-1.28 (m, 3 H, CH, and
CH), 1.16 (t, J=7.14 Hz, 6 H, 2 x CH3) 0.83 (d, J=5.98 Hz, 3 H, CH3).

6 4.0 (q,J=7.14 Hz, 6 H, 3 x CH,), 2.24 (t, J =7.80 Hz, 2 H, CH,), 1.65-1.40 (m, 6 H, 3 x CH,), 1.39-1.24 (m, 1 H, CH), 1.20
(t, J=7.14 Hz, 9 H, 3 x CH; 2 overleaped triplets).

7 4.04 (q, J=7.14 Hz, 4 H, 2 x CH,), 2.24 (t, ] =7.46 Hz, 4 H, 2 x CH,), 1.58 (q, J =7.46 Hz, 4 H, 2 x CH,), 1.48-1.35 (m, 4 H,

2 x CHy), 1.29 (t,J=7.14 Hz, 6 H, 2 x CHj3).
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8 4.04 (q,J=7.14 Hz, 4 H, 2 x CH,), 2.22 (t, J =8.50 Hz, 2 H, CH,), 1.57-1.41 (m, 3 H, CH, and CH), 1.18 (t, J =7.14 Hz, 3 H,
CH;), 0.82 (d, J=6.19 Hz, 6 H, 2 x CH;).

2500 MHz NMR
Table 3. '*C nmr data (CDCI; 300 MHz)

Entry ppm
1°  172.68 (C=0), 118.53 (CN), 61.25 (CH,), 42.79 (CH), 27.24 (CH,), 14.99 (CH,), 13.97 (CH).
2 174.81 (C=0), 139.06 (C,H, 128.85 (C,H), 128.31 (C;H), 126.32 (C,H), 49.57 (CH), 38.22 (CH,), 13.95 (CH;).
174.69 (C=0), 172.69 (C=0), 60.38 (CH,), 60.29 (CH,), 43.77 (CH), 31.71 (CH,), 26.93 (CH,), 14.13 (CHs), 14.06 (CH;).

4 173.44 (C=0), 143.00 (C,H), 128.55 (C,H), 127.66 (C;H), 126.56 (C,H), 44.82 (CH), 32.32 (CH,), 31.59 (CH,),
14.14(CHy).

5 173.44 (C=0), 143.00 (C,H), 128.55 (C,H), 127.66 (C;H), 126.56 (C,H), 44.82 (CH), 32.32 (CH.), 31.59 (CH,),

14.14(CH,).

173.42 (C=0),60.20 (CH,), 39.04 (CH), 31.61 (CH,), 27.81 (CH,), 14.08 (CH,).

173.76 (C=0), 60.08 (CH,), 34.04 (CH,), 24.46 (CH.,), 24.46 (CH,), 21.46 (CH,), 14.17 (CH).
173.91 (C=0), 60.02 (CH.), 33.67 (CH,), 32.30 (CH,), 27.56 (CH), 22.09 (CH), 14.10 (CHs).
500 MHz NMR

200 3 N
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