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ORG ASIC CHEMISTRY 

Liquid-Phase Nitration of Ethyl /?-Valerate and 77-Valeric Acid 

Nitration of the fatty acid chain was first effected by Bous in 1855, who nitrated 
caprylic acid with nitric acid in the liquid phase [1]. The author did not examine 
the product, limiting himself to the statement that he obtained an oily substance. 

Claus and Pfeiffer [2] nitrated stearic acid in glacial acetic acid with nitric acid 
{d 1.48) at boiling temperature. They claimed that they had obtained nitrostearic 
acid. 

In search for industrial application of the nitrated saponifiable oils, Radcliffe 
and Polychronis [3] nitrated stearic, hydroxystearic, oleic and ricinoleic acids. 
They found that cold nitric acid has no effect on stearic acid, whereas oleic acid 
was nitrated under such conditions yielding nitro-oleic acid. Oleic acid nitrate was 
also found in the reaction product. Ricinoleic acid, in turn, gave on nitration mainly 
nitrate and nitro-nitrate derivatives. 

In the years 1950- 60, an increased interest in the nitrated fatty acids was 
observed. Several papers appeared concerning fatty acid nitration and the applica
tion of nitrofatty acids [4]- [11]. 

However, we have found no mention in the literature as to the exact location 
of the nitro group in the nitrated fatty acids, as the result of fatty acid nitration 
with nitric acid. To elucidate this problem we undertook work on liquid-phase 
nitration of normal-chain fatty acids, carrying out our investigations on //-valeric 
acid. To avoid loss of valeric acid during the post-reaction treatment owing to its 
solubility in water [12] (3.7 g./lOO ml. H 2 0 at 16°), we carried out our experiments 
with its ethyl ester. 

Our experiments showed, that liquid-phase nitration of ethyl //-valerate with 
nitric acid in glacial acetic acid—acetic anhydride medium, proceeds at 2 3 ± 2 ° , 
yielding secondary ethyl valerate. 

The nitration carried out at 3 ± 2 ° failed to produce nitro-derivatives. 
The ethyl nitrovalerate consisted of all its position isomers, i.e., 2-, 3- and 4-nitro-

valeratcs. However, the substitution of the fatty acid chain with a nitro group did 
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not proceed equally throughout the chain, similarly to the nitro group substitution 
in the alkane n-chain [13]. The 4-nitrovalerate isomer occurred most abundantly, 
second ranked 3-nitrovalerate, 2-nitrovalerate being present in smallest quantities, 

sometimes even hardly detectable. 
Typical chromatograms showing 
the resolved reaction products are 
given in Figs. 1 and 2. 

By a rough estimation, made 
on the ground of several gas-chro-
matographic determinations, the 
ratio in which these 4-, 3- and 
2-isomers occurred in the product 
was approximately: 1:0.7:0.5. 

The fact that the 2-nitrovalerate 
isomer was present in the smallest 
quantity can presumably be ex
plained by the lability of the C 2 
derivatives of fatty acids. In fact, 
in two instances we established the 

presence of 1-nitrobutane in the product obtained when nitration was carried out 
at a higher temperature, such as 6 3 ± 2 ° (Fig. 3). This is probably due to the 
decarboxylation of 2-nitrovalerate taking place at that temperature. 

Nitration of free valeric acid produced also secondary nitro-derivatives composed 
of all position isomers. However, the temperature of nitration had to be raised to 
3 3 ± 2 ° , since at 2 3 ± 2 ° no nitro-

Fig. 1. Separation of the reaction product. 1. Ethyl 
valerate. 2. Diethyl oxalate. 3. Diethyl malonate. 
4. Ethyl 4-ketovaIerate. 5. Diethyl succinate. 6. Ethyl 
2-nitrovalerate. 7. Nitrobenzene. 8. Ethyl 3-nitro
valerate. 9. Ethyl 4-nitrovalerate. Column: Carbowax 
20 M on fire-brick; temp. 173°; hydrogen flow rate 

(exit): 40 ml./min. (at 20°); sample: 6 ul. 
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derivatives were formed. 
Concurrently with the nitra

tion of the fatty acid chain, its 
oxidation takes place already at 
ambient temperature. Thus, we 
ascertained in the product the 
presence of the ethyl esters of 
mono- and dicarboxylic acids, 
such as acetic, propionic, butyric, 
oxalic and succinic (Figs. I, 2 
and 4). 

The presence of ethyl acetate 
is quite obvious, considering the 
fact that acetic acid and acetic anhydride were used as the reaction medium. 
Diethyl malonate was also detected in the product, but not in all experiments. 

Nitrobenzene found in the product (Figs. I and 2) was formed by nitration of 
the residual benzene present in ethyl valerate (see Experimental). 

The oxidation of the fatty acid chain becomes more intense with temperature 
rise and prolonged reaction time. Thus, upon nitration of ethyl valerate at 4 3 ± 2 

Fig. 2. Separation of the reaction product. 1. Ethyl 
valerate. 2. Diethyl oxalate. 3. Ethyl 4-ketovalerate. 
4. Diethyl succinate. 5. Nitrobenzene. 6. Ethyl 3-nitro
valerate. 7. Ethyl 4-nitrovakrate. Ethyl 2-nitrovalerate 
peak not seen. It is screened by other peaks. Column: 
diethylene glycol succinate on fire-brick; temp. 150°; hy
drogen flow rate (exit): 40 ml./min. (at 20°); sample: 3p.I. 
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for 10 hrs, the product consisted mainly of the oxidation-derivatives with minor 
amounts of nitro-derivatives. The same sample after 24 hrs of nitration showed 
no nitro compounds present, only the esters of mono- and dicarboxylic acids. 

Mention should be made of ethyl 4-ketovalerate detected in the reaction pro
duct (Figs. 1 and 2). The formation of this compound can be explained in two ways. 
It could be produced either by the hydrolysis of 4-nitrovalerate, or it might be the 
product of aliphatic chain oxidation. We are inclined to accept the former, i.e., 
the formation of 4-ketovalerate by hydrolysis of 4-nitrovalerate. The formation 
of ketovalerate by oxidation of the aliphatic chain would involve the intermediate 
formation of hydroxy valerate, which undoubtedly would be esterified with nitric 
acid. We found no ethyl valerate-nitrate in the reaction product. 

In order to collect information on the mechanism of ethyl valerate nitration, 
we carried out this reaction in the presence of sulphuric acid, added in catalytic 
amount (0.02 mole). We expected, that if this reaction follows the ionic mechanism, 
the presence of sulphuric acid would increase the reaction rate giving higher yields. 
However, no such effect was obtained. The yield of the reaction and the product 
obtained were identical as in the case of nitration without sulphuric acid. 

We also attempted to nitrate ethyl butyratc and ethyl caproate by the method 
described. We succeeded in obtaining ethyl nitrocaproate, but failed in the case 
of butyric acid. The results will be reported in due time. 

Reagents. n-Valeric acid, (Fluka's pure) containing minute admixture of butyric acid (gas-
-chromatographic analysis), was used for nitration. 

Ethyl n-valerate. The esterification of/(-valeric acid was effected azcotropically (anhydrous 
ethanol, benzene and sulphuric acid), the product was distilled at normal pressure, and the fraction 
boiling at 140—145° was collected. Ethyl "-valerate contained minute amount (below 1%) of ben
zene and trace of ethyl butyrate determined by gas chromatography. 

Fig. 3. Separation ot the sample contain
ing l-nitrobutane. 1. Ethyl acetate. 
2. Ethyl propionate. 3. Ethyl butyrate. 
4. Ethyl valerate. 5. 1-Nitrobutane. Co
lumn: diethylene glycol succinate on 
fire-brick; temp. 101°, hydrogen flow rate 
(exit): 40 ml./min. (lat 20°); sample: 3 ul. 

Fig. 4. Recovered ethyl valerate and mo-
nocarboxylic acids produced. 1. Ethyl 
acetate. 2. Ethyl propionate. 3. Ethyl 
butyrate. 4. Ethyl valerate. Column: 
Carbowax 20M on fire-brick; temp. 83°; 
hydrogen flow rate (exit): 40 ml./min. 

(at 20°); sample: 3 u.1. 

Experimental 
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Ni t r ic acid (d 1.51) was used for nitration throughout all experiments. 
Glac ia l acetic acid and acetic anhydride — used as the reaction medium, were of pure 

grade. 
Nitrat ion of ethyl valerate. The nitration of ethyl valerate was investigated at 3 + 2,23 ±2, 

43 ±2, and 63 ±2°, with nitric acid concentration in the total reaction mixture from 35 to 50 per 
cent, and nitration time from 6 to 24 hrs. Ultimately, the procedure described below was chosen, 
as giving the best yields: in a 500-ml. round-bottomed three-necked flask equipped with a stirrer, 
thermometer and a dropping funnel, ethyl valerate (0.4 mole, 52 g.) was dissolved in a mixture 
of glacial acetic acid (30 g.) and acetic anhydride (70 g.). Nitric acid (150 g.) was added dropwise 
with strirring, the temperature being maintained at 4—5°. The addition ended, the temperature 
was allowed to rise to 23 + 2° and the reaction was run for 8 hrs with stirring. The reaction mixture 
was water diluted (300 ml) and left in a refrigerator overnight and finally extracted with ether. 
The ethereal extract was neutralized with 5 per cent aqueous sodium hydrogen carbonate to 
Congo red, washed with water and dried (MgSO,i). After removing the ether, the residue was 
dissolved in absolute ethanol and benzene, acidified with sulphuric acid and esterified azeotropically 
to convert any free aliphatic acid that might be formed in the course of the reaction to the ethyl 
ester. The product was distilled, and the following fractions were collected: 

I. boiling up to 100°/barometric pressure, containing ethyl acetate and ethyl propionate; 
II. boiling 25—40°/2 mm. containing mainly unreacted ethyl valerate, some amounts of ethyl 

acetate, propionate and butyrate; 
III. boiling 40—90°/2 mm. containing the reaction product. 
The reaction yields were calculated on ethyl valerate passed into the reaction, with due allowance 

for the recovered starting material. The yields varied from 7 to 12 per cent. 
We also tried to employ inverse addition, i.e., to add the nitrated compound dissolved in 

acetic acid—acetic anhydride to nitric acid cooled to 0°. However, no difference in the product com
position was observed and the reaction yields were slightly lower than usual. 

Nitrat ion of valeric acid. In the case of nitration of free valeric acid we applied 0.5 mole 
(51 g.) of that compound, the amounts of other reagents being as above. The post-reaction treat
ment was similar to that after ester nitration, i.e., water dilution, ether extraction, neutralization, 
esterification, etc. 

All products of nitration contained secondary nitro groups since they gave a positive test 
for pseudo-nitrols when reacted with nitrous acid. 

Analysis of the product. The distillation fractions were analyzed by gas-chromatography. 
The substances resolved and recorded as peaks on chromatograms were identified by their retention 
volumes, by comparing these values with those of pure substances (reference substances) expected 
in the reaction products. In doubtful cases the unknown individuals present in the product were 
collected at the column exit, their refractive indices and infrared spectra being measured. These 
data enabled us to identify all main components in the product. 

An aerograph A-110-C (Wilkens Instrument and Research) gas chromatograph was applied 
with thermal conductivity detector, air-thermostated coiled steel columns, 1.5 m. long and 4 mm. 
across, and hydrogen as carrier gas. The following column fillings were used for chromatographic 
resolution: Carbowax 20M (20% wt./wt.) on C-22 fire-brick, 0.17—0.25 mm. (60/80 mesh) grain 
size; diethylene glycol succinate(20% wt./wt.) on the same support as above; Apiezon L(15%wt./wt.)+ 
stearic acid (5 % w/w) on Chromosorb P, 0.17—0.42 mm. (35/80 mesh) grain size. The chromatograms 
were registered on a Honeywell—Brown recorder, 1 mV full span, chart speed 28 cm./hr. 

Reference substances. Ethyl 2-nitro-Ji-valerate — was prepared by the method described 
by Kornblum et al. [14] with the only modification that we used dimethyl formamide as the reaction 
medium. To sodium nitrite (0.13 mole, 9 g.) and phloroglucinol (0.13 mole, 13 g.) in dimethyl forma
mide (150 ml.) ethyl 2-bromovalerate (0.07 mole, 15 g.) was added. Ethyl 2-nitrovalerate (5.7 g., 
62%), boiling 57—60°/l mm., dp 1.4265, d$° 1.0711, RMto^a 41.96, K M c a i c 41.78, was obtained. 
This compound was pure with trace amount of bromovalerate (gas-chromatographic analysis) 
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Ethyl 3-nitro-/i-valerate. To sodium nitrite (0.3 mole, 20.7 g.) and phloroglucinol (0.18 
mole, 30 g.) in dimethyl formamide (330 ml.) ethyl 3-bromovalerate (0.17 mole, 35 g.) was added. 
The reaction mixture was heated to 60° for 11 hrs. Ethyl 3-nitrovalerate (5.1 g., 17.4%), boiling 
105—110°/15 mm., was obtained. The product contained 12 per cent of 3-bromovalerate (gas-
chromatographic determination) which the fractional distillation failed to remove owing to the 
limited amount of the substance left after purification. 

T A B L E 
Frequencies (cm.- 1) and estimates of intensities of infrared bands 

Ethyl Ethyl Ethyl 
2-nitro- 3-nitro 4-nitro- Assignment 
valerate valerate valerate 

2972 s 2976 s 2986 s C - H 
1753 vs 1737 vs 

1628 w 
1734 vs c=o 

1565 vs 1550 vs 1548 vs NO2 asym. 
1470 m 1458 m 1453 m 

1444 m 
1397 s 

1379 s 1378 s 

1335 m 

1379 s 
1359 s 
1319 m 

NO2 sym. 

1305 m 
1272 s 

1258 s 

1300 m 
1272 m 

1201 s 1194 vs 
1166 vs 

1133 m 
1117 m 

1133 m 
1112 w 

1107 m 
1098 m 

1075 w 
1060 m 
1036 m 1936 s 1036 m 

973 vw 
952 vw 959 vw 

916 vw 
938 vw 

903 vw 
867 m 

859 m 853 w 858 w 
827 w 

813 vw 801 w 796 w 
763 w 

Ethyl 4-nitro-;i-valerate was prepared from nitroethane and ethyl acrylate according to 
the method developed by Colonge and Pouchol [15] with the only difference that benzyltricthyl-
ammonium hydroxide was used instead of Triton B as catalyst. Nitroethane (0.8 mole, 60 g.) and 
benzyhriethylammonium hydroxide (5 g.) were treated with ethyl acrylate (0.2 mole, 20 g.), Ethyl 
4-nitrovalerate (23.7 g., 68%), boiling 68—71°/1 mm., Bj? 1.4315. d? 1.0955, RM i0,uA 41.44, RM^xc 
41.78, free of contaminations (gas-chromatographic determination) was obtained. 
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Infrared absorption spectra of the ethyl nitrovalerate isomers. The infrared 
absorption spectra were determined on a Hilger H-800 double-beam spectrophotometer with 
sodium chloride optics. The frequencies measured, calibrated on polystyrene film, are presented 
in the Table. 

This paper was read at the International Symposium on Nitro Compounds, 
Warsaw, 18—20th September, 1963. 

INSTITUTE OF ORGANIC CHEMISTRY, POLISH ACADEMY OF SCIENCES 
(INSTYTUT CHEMII ORGANICZNEJ, PAN) 
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