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An exothermic reaction, leading to 3-(2-furyl)acrylic anhydride and a little
amount of furfurylideneacetone is taking place when reacting 3-(2-furyl)acrylic
acid in acetic anhydride above 120°C. The 3-(5-acetyl-2-furyl)acrylic acid was
formed under the afore-mentioned conditions only in the presence of H,PO,.
The 3-(2-furyl)acrylic anhydride is more stable towards HNO, at temperatures
under —5°C than the free acid and therefore, it was possible to nitrate it in
acetic anhydride to 3-(5-nitro-2-furyl)acrylic acid with an HNO,—CH,COOH
mixture, which means a simplification of the nitration process. '

Ilpu HarpeBanuu 3-(2-ypun)akpuioBOR KUCIOTbI B YKCYCHOM aHTHAPU/E
npoxoawia npu temnepartypax Bbiie 120°C 3k3oTepMuyeckasl peakuusi, pH
KOTOpO# 06pa3oBaiicsi aHruApHUy 3-(2-hypun)akpuiOBOM KUCIOTHI H HEGOb-
LIOE KOMHYECTBO (hbypdypuingeHaneTona. 3-(5- Auerun-2-¢ypui)akpuioBast
KHMCIIOoTa oOpa3oBajlach B 3THX YCIOBHAX TONbKO B mnpucyrctBuu H,PO,.
Anruapug 3-(2-hypui)akpulioBOH KHCIOTHI NpU TeMmnepatypax nop — 5°C
Gosiee ycTOH4HMBBIH MO oTHOWEHHIO K HNO,; 4eMm cBOOORHAsI KMCIOTA, 4TO
MO3BOJIMIIO €ro HUTPOBaHWE B ALETAHIHIPHUIHOM pacTBope Ha 3-(5-Hu-
Tpo-2-ypuit)akpbuioByto kKucaoty cmechio HNO; u CH,;COOH u ynpoctuino
HUTPALMOHHBINA crocoo.

Papers dealing with nitration of 3-(2-furyl)acrylic acid (I) with a mixture of
acetic anhydride and nitric acid in relation to the molar ratio of reacting
components and reaction conditions have reported yields of crude 3-(5-ni-
tro-2-furyl)acrylic acid (II), contamined with a considerable amount of side
products, up to 75% [1—12]. ‘

We ascertained that nitration proceeds through an unidentified nitration inter-
mediate decomposing with water to product I [13]. So far, we investigated the
influence of both HNO, concentration [12] and nitrogen oxides formed in the
reaction mixture [14] on the reaction course. This paper aimed to examine the role
of acetic anhydride in the total nitration process of I. To obtain yields above 70%
of crude IT with fuming HNO, it was necessary to use a considerable excess of
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acetic anhydride. According to the nitration mode the general molar ratio of
I:HNO;: acetic anhydride varies from 1:4:7 to 1:6:10.

Provided, on the basis of hitherto known facts concerning the reaction of acetic
anhydride with HNO;, the main process at —25 to —5°C is the reaction

(CH;CO),0 + HNO; 2 CH;COONO, + CH,COOH

then an equivalent amount of acetic acid corresponding to the consumed HNO,; is
formed in the nitration mixture.

Kinetic data of this reaction show the almost quantitative reaction between
HNO, and acetic anhydride during 60 min [15] and the nitration mixture prepared
from equivalent amounts of these components is thus acetyl nitrate in acetic acid. It
is assumed [16] that acetyl nitrate undergoes protonization in the presence of acid
catalysts (H,SO,, H,PO,, P,O,,) and is, therefore, a more efficient nitration
reagent than its nonprotonized form.

The situation is, of course, more complex, and as evidenced, acetyl nitrate is
further decomposed into N,O, and N,Os [17] which could be the source of side
reactions.

Another equivalent of acetic acid is generated from acetyl nitrate upon reaction
with I and therefore, the minimal amount of acetic anhydride needed for
a successful nitration and also the inhibition of acetic acid on the nitration of I have
been examined.

The most convenient model reaction chosen was the so-called two-step nitration
of I for which a solution of I in the solvent and the nitration mixture prepared
separately were allowed to react at —5 to — 15°C. The amount of acetic anhydride
varied whilst those of I and HNO; were constant, so that the ratios of acetic
anhydride : HNO, were 2:1, 1:1,and 1:2, i.e. the nitration of I proceeded with an
excess of acetic anhydride or free HNO; in the nitration mixture. The decreasing
amount of acetic anhydride was substituted by acetic acid. The nitration still
proceeded at a molar ratio I: HNO,:acetic anhydride 1:4:2 (44% yield) in the
presence of 12 moles of acetic acid. Substitution of acetic anhydride by acetic acid
under the condition of this experiment resulted in no reaction. Acetic acid
inhibited, however, oxidation and the unreacted I has recovered in 87%. Catalyst
of this reaction was H;PO, (5% w/w). ’

Acetic anhydride and acetic acid were employed for dissolution of I and for
preparation of nitration mixture. Yields of this nitration are listed in Table 1.

The dissolution of I in acetic anhydride at 120—140°C was accompanied with
a strong exothermic reaction resulting in the formation of anhydride of I [18].
Besides this, I could be acylated in the furan ring and in the side ring and therefore,
experiments aiming to obtain the latter products were made: the compound
obtained after the exothermic reaction was hydrolyzed both in acid and alkaline
medium, acids were removed from the solution from which 4-(2-fu-

268 Chem. zvesti 32 (2) 267-275 (1978)



FURAN DERIVATIVES. IC

Table 1

Preparation of 3-(5-nitro-2-furyl)acrylic acid by a two-step nitration of 3-(2-furyl)acrylic acid

(0.5 mole) catalyzed by H,PO, (5% w/w)

Experiment Nitration mixture Solution of I Yield %
moles _ moles

HNO; : Ac,O : AcOH I: Ac;O: AcOH crude pure
1 4:5:0 1:3:0 73.2 61.7
2 4:4:0 1:0:8° 52.4 49.7
3 4:3:0 1:55:0 76.5 66.3
4 4:2:4 1:2:4 57.9 50.2
5 4:1:8° 1:;3:0 69.4 56.4
6 4:0:8° 1:0:8° — -
7 4:0:8" 1:1:6° 30.6 23
8 4:0:8 1:2:4 44.2 28.9
9 4:0:8° 15312 64.5 52.1
10 4:0:8 1:4:0 71.6 60.1
11 4:0:10° 1:3:0 67.7 55.2

a) The content of the flask becomes solid at 0°C and therefore about 1/3 of HNO; was added before

cooling at —20°C.

b) The solution of I partly crystallizes in he dropping funnel and herefore a part of I comes in the _

nitration mixture as solid.

ryl)-3-(buten-2-one)furfurylideneacetone was obtained as a result of acetylation

and decarboxylation of I (Scheme 1).

It has been found [19] that acetylation of the furan ring in the presence of strong
acids (H,SO., HCIO.,) takes place already at room temperature. The possibility to
run this reaction with H;PO, was also investigated. At temperatures around 0°C

0 H,0 0
— (@—c#m—co)zo - @—CH=CH—COOH

O CHmCH-COOH 2 ° s e
(L CHeeH-co0H i | (- oteg-com| —e o )-Cmc-cot,
COCH,

Scheme 1
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(H5PO, catalyst) no 3-(5-acetyl-2-furyl)acrylic acid was observed to be formed,
whereas above 100°C the acetylation of the ring took place. The acetylation of I
proceeded in very good yields when H;PO, (50% w/w on I) was used. The addition
of H,PO, to the reaction mixture and maintaining the temperature below 0°C
lowered at minimum the possibility of this reaction to occur. :

The mixture obtained upon dissolution of I in acetic anhydride at elevated
temperature contained I, anhydride of I, and a small amount of fur-
furylideneacetone ; the dissolution in acetic acid remained I unchanged. Tables 1
and 2 show that I is more sensitive to the presence of free HNO; than its anhydride
and affords more side products when nitrated. On the other hand, the anhydride I
endures the contact with free HNO; in the nitration mixture at low temperatures
and its nitration gives good yields.

The findings were utilized in the nitration of the anhydride I. At a molar ratio
I: HNO; : acetic anhydride 0.5: 6 : 10 (Table 2) the influence of temperature on the
formation of a maximum amount of II was studied and nitrations also at other
molar ratios were tried at — 15 to — 5°C. Almost 90% yields of II were achieved at
a molar ratio 0.5:3:7.

Lower sensitivity of the anhydride I towards free HNO, was utilized in the
one-step nitration: the anhydride I was dissolved in acetic anhydride at room
temperature, cooled to —15°C at which temperature fuming HNO; was added.
Yields (Table 3) were found to be a little less than from the two-step process.
Five-fold excess of HNO, markedly lowers the yields in this case when compared

Table 2

Preparation of 3-(5-nitro-2-furyl)acrylic acid by a two-step nitration
of 3-(2-furyl)acrylic anhydride (0.05 mole)

Reaction mixture

Experiment moles Nltratloon nterval Catalyst Yleld
IA : HNO; : Ac,0" “ o
1 0.5:6:10 —25to—15 — 77.1
2 0.5:8:10 —15to— 5 — 83.1
3 0.5:6:10 —15ito:— 5 — 54.6°
4 0.5:6:10 — 51045 — 71.0
5 0:5:3: 7 ~15to— § — 89.1
6 0:5:3: 5 — - — 84.2
7 05:3: § — - H.SO, 86.3
(10/0 W/W)
0.5:2: 5 - — — 82.5

a) 3-(2-Furyl)acrylic anhydride was dissolved in acetic anhydride (41 g) in all cases.
b) Product I was isolated from the nitration mixture by pouring it into ethanol cooled at —20°C.
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Table 3

Preparation of 3-(5-nitro-2-furyl)acrylic acid by a one-step nitration
of 3-(2-furyl)acrylic anhydride (0.05 mole) at —5 to —15°C

Reaction mixture

Experiment moles Y:;’ld
IA : HNO; : Ac,O °

1 0.5:6:10 76.5

2 05:6: 6 71.0

3 05:4: 4 83.6

4 05337 3 82.5

5 0:553% 2 74.9

with the first procedure. Lower yields were obtained upon nitration with two moles
of acetic anhydride ; this reaction proceeds partly in a heterogeneous phase.

The results presented enabled a modification of the one-step nitration of I: in the
first step the anhydride I, prepared from I and acetic anhydride at elevated
temperature, was cooled at working temperature and nitrated with fuming nitric
acid. In this procedure the amount of acetic acid in reaction mixture is limited by
the solidification of acetic acid at lower temperatures.

This modification of the one-step nitration of I gave a little lower yields of IT
than those obtained in the two-step nitration, the advantage being the simplifica-
tion of the process (Table 4).

Yields of the raw products obtained in the two-step nitration were evaluated in
a usual manner as in other papers. Since the obtained products evidently differed
from each other and the quantitative analytical determination of II in the mixture
was so far unsuccessful, the amount of the main product II was estimated by

Table 4

Preparation of 3-(5-nitro-2-furyl)acrylic acid by a one-step
nitration of 3-(2-furyl)acrylic acid (1 mole) catalyzed by H;PO, (5% w/w) at —5 to —15°C

Reaction mixture

Experiment moles Yield
I: HNO; : Ac,O : AcOH o
1 1:5:7:0 65.6
2 1:4:6:0 68.8
3 1:4:5:0 69.1
4 1:3:4:0 64.8
5 1:4:4:2 67.2
6 1:4:3:4 67.2
7 1:4:2:6 47.8
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crystallization of the raw product from ethanol under standard conditions (the
24 h-crystallization of II at 20°C from a boiling saturated ethanolic solution).

The mixture of I dispersed in acetic anhydride at room temperature gave upon
nitration low yields only (ca 30%). The increased amount of acetic anhydride
needed for total dissolution of I at room temperature resulted in yields of IT under
the level of those obtained from dissolution of I in a less amount of acetic
anhydride at elevated temperature (40%).

Basing upon observations with nitration of I and experience reported in [13] one
is entitled to presume the reaction sequence seen in Scheme 2

. 00 A20 O chmtH—0l0 <% Titermediatdl — 2

CH=CH—COOH -———(O— =CH— ) -~ |intermediate] —5&—=
@_ 130°C \\_7 2" "ac,0 [ ]-ACOH

I
0 H20 0
M (ozN—<_/>—CH=CH—c0)20 it OZN—@—CH=CH-—C00H
I
Scheme 2

In the two-step nitration acetic acid is employed to dissolve I and the nitration
mixture consists of equimolar amounts of acetic anhydride and HNO,. Is the
amount of acetic anhydride less, then yields of II decrease and the amount of side
products increases. If minimum three equivalents of acetic anhydride are used for
dissolution of I at elevated temperature then the nitration takes place with HNO,
in acetic acid with a strong mineral acid as catalyst. The decrease of the amount of
acetic anhydride for dissolution of I under three moles per one mole of I resulted in
an increased occurrence of side products.

As it follows from findings presented the successful nitration of I involves the use
of acetyl nitrate ; the nitration of anhydride of I is also possible with a mixture of
HNO, and CH,COOH, this constituting a new approach to the preparation of II.
The optimum results of the just reported two-step nitration were obtained using
a molar ratia acetic anhydride:acetic acid 1:1, when acetic anhydride was the
solvent for I and acetic acid was used for preparation of nitration mixture.

" Experimental

Melting points were determined on a Kofler micro hot-stage. The i.r. spectra of 107> M
solutions in CHCI, or CCl, were measured with a UR-20 spectrophotometer (Zeiss, Jena)
calibrated against a polystyrene foil, in 1.02 mm cells.
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3-(2-Furyl)acrylic acid twice crystallized from water, dried in a vacuum drier at 100°C for
6 h had m.p. 142°C. 3-(2-Furyl)acrylic anhydride prepared according to [18] crystallized
from benzene had m.p. 76.5°C. Acetic anhydride, acetic acid, HNO, (s.g.=1.52), and
H,PO, were of anal. grade. Furfurylideneacetone prepared according to [20] had m.p.
39—40°C.

Action of acetic anhydride on 3-(2-furyl)acrylic acid at elevated temperature

Method A

The 3-(2-furyl)acrylic acid (138 g; 1 mole) and acetic anhydride (306 g; 3 moles) in
a 500 ml distillation flask provided with a descending water-cooled condenser were heated
at 130°C. The strongly exothermic reaction, lasting 10 min, was accompanied with distilla-
tion of acetic acid (42 ml). The solution, obtained after this spontaneous reaction, was
evaporated on a vacuum rotary evaporator and the solid residue extracted with water-free
hot benzene (3 X 100 ml), to which charcoal was added, filtered, and allowed to crystallize.
The crude 3-(2-furyl)acrylic anhydride (108 g), m.p. 73—75°C, crystallized from CCl, had
m.p. 76.5°C.

Method B

The.components were allowed to react as before, the hot solution of 3-(2-furyl)acrylic
anhydride was poured into water (250 ml) and boiled for 1 h in a flask provided with a reflux
condenser. After hydrolysis the solution was heated with charcoal, filtered through a heated
filter funnel and the filtrate was allowed to cool spontaneously. The separated 3-
-(2-furyl)acrylic acid was filtered off at 40°C, the filtrate neutralized with Na,CO, and
cooled. The solution exhibiting a positive ketone test, was extracted with ether (3 X 100 ml),
acidified with conc HCI, and the separated 3-(2-furyl)acrylic acid was filtered off with
suction. The ethereal extracts were evaporated under diminished pressure and the obtained
viscous liquid was subjected to a vacuum distillation ; the fraction collected at 120—126°C/
/1.6 kPa was identified as furfurylideneacetone. Yield 2.1 g (1.5%). The solution of
3-(2-furyl)acrylic acid was ketone-free.

Method C

A mixture of 3-(2-furyl)acrylic acid (69 g; 0.5 mole), H,PO, (35 g), and acetic anhydride
(250 g) heated under a reflux condenser for 30 min, was poured into Na,CO; solution
(500 ml) and heated for 1 h. Charcoal added to the solution was filtered off, the filtrate was
acidified with HCI, and the separated yellow-brown 3-(5-acetyl-2-furyl)acrylic acid (63 g;
66.3%), m.p. 178—190°C, was crystallized from ethanol to give white crystalline product,
m.p. 192°C.
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Nitration of 3-(2-furyl)acrylic acid

Two-step procedure

The 3-(2-furyl)acrylic acid (69 g; 0.5 mole) and acetic anhydride (204 g; 2 moles) were
heated at 130°C; after the exothermic reaction was through the solution was cooled to room
temperature. Nitric acid (126 g; 2 moles) was gradually added to acetic acid (240 g;
4 moles) in a cooled three-necked flask provided with a stirrer, dropping funnel, and
thermometer at a temperature allowing still a vigorous stirring and not exceeding — 15°C.
The nitration mixture was stirred for additional 1 h and then H,PO, (3.5 g) and dropwise the
solution of 3-(2-furyl)acrylic acid in acetic anhydride were added at —15 to —5°C. The
mixture was stirred for 1 h, slowly poured onto crushed ice (1 kg) and stirring was continued
till the orange-red oily substance was fully decomposed. The temperature of water during
decomposition was kept at 0°C by addition of ice. The aqueous solution was allowed to stand
overnight, the yellow precipitated solid was filtered by suction, washed with water, air- and
vacuum-dried at 80°C for 6 h. Yield of crude 3-(5-nitro-2-furyl)acrylic acid was 65.5 g
(71.6%), m.p. 238—239°C. Crystallization from ethanol afforded 55 g (60.1%) of pure
acid, m.p. 240—241°C.

The original process was kept constant, the molar ratio varied ; when a mixture of solvents
was used 3-(2-furyl)acrylic acid was dissolved in acetic anhydride and boiling acetic acid was
added to this solution. Results are listed in Table 1.

One-step procedure

3-(2-Furyl)acrylic acid (138 g; 1 mole) and acetic anhydride (408 g; 4 moles) were
heated at 130°C and, after the exothermic reaction, acetic acid (120 g; 2 moles) was added ;
the mixture was cooled to — 15°C, conc H;PO, (7 g) was added and HNO, (252 g; 4 moles)
dropped under vigorous stirring so that the temperature did not exceed — 5°C. Stirring at
— 15°C was then continued for 1 h, the mixture was poured onto crushed ice (2 kg) and the
decomposition and isolation of the main product was proceeded as before. Yield of
3-(5-nitro-2-furyl)acrylic acid was 123 g (67.2%), m.p. 238—239°C. This procedure was
used also with other molar ratios. Results are listed in Table 4.

Nitration of 3-(2-furyl)acrylic anhydride
Two-step procedure

3-(2-Furyl)acrylic anhydride (12.9 g; 0.05 mole) was dissolved in acetic anhydride (41 g;
0.4 mole) at room temperature and this solution was dropwise added into a nitration
mixture, prepared in a usual way from HNO, (19 g; 0.3 mole) and acetic anhydride (30 g;
0.3 mole) at —15 to — 5°C. Stirring was continued at — 15°C for 1 h and then the mixture
was poured onto scrushed ice (200 g) and stirred for 2 h. The aqueous solution was allowed
to stand at room temperature for 24 h, the precipitated yellow solid was vacuum filtered,
washed with water and diethyl ether on the filter and dried. Yield of 3-(5-nitro-2-furyl)-
acrylic acid was 16.3 g (89.1%), m.p. 238—240°C.
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This procedure was constant in all experiments where the molar ratios were varied;
results are given in Table 2. To estimate the amount of 3-(5-nitro-2-furyl)acrylic acid
separated directly in the nitration mixture, one nitration mixture was poured into ethanol
(200 ml) cooled at —20°C and the separated yellow product was suction-filtered and
washed with cooled ethanol on the filter (cf. Table 2, experiment 3).

One-step procedure

3-(2-Furyl)acrylic anhydride (12.9 g; 0.05 mole) was dissolved in acetic anhydride (41 g;
0.4 mole) and HNO; (25 g; 0.4 mole) was added at — 15 to —5°C. The reaction mixture
was then stirred for 1 h and the solid was isolated as before. Yield of 3-(5-nitro-2-furyl)-
acrylic acid was 15.3 g (83.6%), m.p. 237—239°C.

Results obtained with varying molar ratios of constituents under constant procedure are
listed in Table 3. ‘
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