Nov-Dec 1983

Some Observations Concerning the Lactonization of

1545

3-Aroylpropionic Acids
A. Tsolomitis and C. Sandris*

Laboratory of Organic Chemistry, National Technical University,
42 Patission Street, Athens-147, Greece
N Received March 17, 1983

The ease of lactonization of the y-keto acids ArCOCH,CH,COOH is shown to depend on the nature of the
aryl group: the presence of electron-releasing substituents on the aryl group results in a more rapid reaction
as compared to the presence of electron-withdrawing substituents. The ease of this cyclodehydration reaction
is also shown to depend on the reagent used: acetic anhydride-sulfuric acid is a more drastic reagent than
acetic anhydride alone. Acetyl chloride, a reagent of intermediate reactivity in this reaction, is shown to yield
easily the corresponding 5-arylfuran-2(3H)}-ones in satisfactory yields.
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The lactonization of y-keto acids can usually be effected
by heating with acetic anhydride, with acetyl chloride, or
with an acetic anhydride-sulfuric acid mixture [1,2]. In
connection with other work, we have prepared a number of
butenolides 2, where Ar is a substituted phenyl group. We
now wish to discuss some observations concerning the be-
haviour of the y-keto acids 1 in the lactonization reaction,
using a) acetic anhydride, b) an acetic anhydride-sulfuric
acid mixture, and c) acetyl chloride.

ArCOCH,CH,COOH "/O\o

1 2

a,Ar=-CgHsg
b,Ar=-CgHe-NO2-m
c,Arz-CgH4-OCH;-p

(ArCOCH,CH,C0),0 Ar>Q°
X

3 4

A. Reaction with Acetic Anhydride.

Acetic anhydride has been widely used for the lactoniza-
tion reaction of 1 to give 2 [3-7]. For instance, the butenol-
ides 2, where Ar = -C;H,-OCH,-p, -C.H,-CH,-p and -C,H,-
Br-p, have been prepared by heating a mixture of the cor-
responding acids 1 and acetic anhydride at 100° [3]. How-
ever, different reaction times have been reported for the
cyclization of the three acids (10, 30 and 60 minutes, re-
spectively), while the bromo-substituted butenolide was re-
ported to be of doubtful purity. The reactivity of these
acids would thus seem to depend on the nature of the sub-
stituent on the phenyl ring.

Following this observation, we have examined the
course of the lactonization reaction for three representa-
tive 3-aroylpropionic acids, i.e. the unsubstituted acid 1a,
the m-nitro-substituted acid 1b and the p-methoxy-substi-
tuted acid le.

The reaction of 3-benzoylpropionic acid (la) and acetic

anhydride was clearly shown to proceed through the initial
formation of the corresponding acid anhydride 3a.
Heating the mixture of the acid and acetic anhydride at
100° for 5 minutes resulted in the isolation of the acid an-
hydride, while the corresponding butenolide 2a was ob-
tained after heating the reaction mixture at 100° for 70
minutes [8].

It is also significant, that the anhydride 3b of the nitro-
substituted acid 1b could be isolated after heating the
reaction mixture at 100° for 15 minutes [10]. The lactoni-
zation of this acid is really a very slow reaction, since
heating the reaction mixture at 100° for three hours
resulted in the formation of only 20% of the butenolide
2hb.

On the other hand, the methoxy-substituted acid 1c was
shown to yield easily the corresponding butenolide 2c,
after heating the reaction mixture at 100° for only 15
minutes. In this case however, the butenolide formed was
found to be gradually decomposed, since heating the reac-
tion mixture at 100° for more than 15 minutes resulted in
the isolation of a resinous material, containing progres-
sively smaller amounts of the butenolide [13}.

These observations disclose the influence of electron-
withdrawing and electron-donating substituents of the
phenyl group on the facility of the lactonization reaction
of 1 to form 2 and the stability of the butenolides 2 under
the lactonization conditions as well.

B. Reaction with Acetic Anhydride-Sulfuric Acid.

The mixed acetic anhydride and sulfuric acid cyclode-
hydration of simple 3-aroylpropionic acids has been re-
cently reported [14] to yield the butenolides 2, Ar = -C.H;
and -C,H,(CH,),-3,4, in high and reproducible yields.

The lactonization reaction of 3-benzoylpropionic acid
(1a) in acetic anhydride containing a trace of sulfuric acid
was actually found to be fast and quantitative (see Experi-
mental). Even the nitro-substituted acid 1b was easily lact-
onized at room temperature for 15 minutes. On the other
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hand, the methoxy-substituted acid 1lc was immediately
lactonized, in less than one minute at room temperature,
but the butenolide formed was again found to be gradually
decomposing, when the solution of the acid in the reagent
was kept at room temperature for more than one minute.

The mixture acetic anhydride-sulfuric acid is thus
shown to be a more drastic reagent than acetic anhydride
alone in the lactonization reaction of 1 to form 2. The
trace of sulfuric acid probably assists in the enolization of
the acid 1 prior to lactonization. This reagent should be
useful in the lactonization of 3-aroylpropionic acids with
strong electron-withdrawing substituents on the aroyl
group. These acids are lactonized in lower yields by acetic
anhydride alone (see above) and, moreover, the butenol-
ides formed were found to be sufficiently stable in the
acetic anhydride-sulfuric acid mixture.

C. Reaction with Acetyl Chloride.

Acetyl chloride has been reported in various instances
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to be an effective lactonization reagent for y-keto acids
[1,2]. This reagent has not however been used for the lact-
onization of 3-aroylpropionic acids of the general formula
1, with the exception of the acid 1a [15] and the acid 1, Ar
= -C,H,-Cl-p [16].

3-Benzoylpropionic acid (la) was shown (see Experimen-
tal) to be quantitatively lactonized in acetyl chloride solu-
tion after 10 minutes at room temperature, while the lact-
onization of the nitro-substituted acid 1b required two
hours under reflux. The methoxy-substituted acid 1c was
shown to be lactonized faster, in 6 minutes under reflux,
but again the corresponding butenolide 2¢ formed was
gradually decomposed, when the reaction mixture was re-
fluxed for more than 10 minutes,

Consequently, acetyl chloride is a lactonization reagent
of intermediate reactivity as compared to acetic anhydride
alone and to the acetic anhydride-sulfuric acid mixture. In
this case, the lactonization of the acids 1 probably pro-
ceeds through a cyclic intermediate 4, the acid chloride (X

S-Arylfuran-2(3H)-ones Obtained From the Reaction

ArCOCH,CH,COOH AcCI_
Ar: 0

1 2
Compound 2 Reaction Mp (Yield) PMR in Deuteriochloroform
—Ar Conditions [a] Recrystallization Solvent Mp (liy) (6, ppm) [b,c]
-CoH; 1:10, 35 minutes 88-89° (83%) 91.92° [3] 3.40, d, -CH,-
ethyl ether 5.75,t, =C-H
CH,-Brp 1:10, 30 minutes 128-131° (70%) 115-130° dec [3] 3.40, d, -CH,-
[d] 126-133° [26] 5.78,t, =C-H
-C,H,-CH,-p 1:20, 15 minutes 106-107° (77%) 111° [3] 2.36, s, -CH,
ethyl ether 3.35, d, -CH,-
5.66,t, =C-H
-C(H,-Cl-p 1:10, 30 minutes 105-106° (82%) 106-108° [9] 3.41, d, -CH,-
ethyl ether 5.76, t, =C-H
-C,H,-NO,-m 1:10, 2 hours 131-133° (87%) 99° [7] [e] 3.50, d, -CH,-
methanol [f] 6.00, t, =C-H
-C,H,-OCH,-p 1:20, 10 minutes 104-106° (76 %) 110-111° [3] 3.38, d, -CH,-
ethyl ether 3.81, s, -OCH,
5.58, t, =C-H
-C Hy(CH,),-2,4 1:10, 15 minutes 60-61° (60%) 2.35, s, -CH;
ethyl ether [g] 2.43, s, -CH,
3.40, d, -CH,-
5.51,t, =C-H
-C,H,(CH,), 3,4 1:10, 15 minutes 105-108° (71%) 113.5-115.5° [14] 2.26, s, -CH,
ethyl ether 3.35, d, -CH,-
5.65,t, =C-H
-C,H,(NO,XOCH,)3,4 1:20, 1 hour 164-165° dec (78%) 154° [7] 3.55, d, -CH,- [h]
ethyl ether [i] 3.95, s, -OCH;,
6.21, t, =C.-H

[a] Proportion of acid 1 (in g) to acetyl chloride (in ml) and reflux time of the mixture (see Experimental). [b] Aromatic proton absorptions are not re-
ported. [c] The-CH,- and =C-H proton signals appear as doublets and triplets respectively, ] = 2.6 cps. [d] This compound was obtained after treat-
ment of the reaction product with a small amount of ethyl ether. The analytical sample, recrystallized from methanol, had mp 131-133°; 4nal. Calcd.
for C,oH,Br0,: C, 50.24; H, 2.95. Found: C, 50.09; H, 2.93. [e] Cf. also [10]. [f] This product had a pale pink colour. The analytical sample had mp
135-136°. 4nal. Caled. for C,,H;NO,: C, 58.54; H, 3.44; N, 6.83. Found: C, 58.54; H, 3.44; N, 6.87. [g] 4nal. Calcd. for C,H,,0,: C, 76.57; H, 6.43.
Found: C, 76.39; H, 6.50. [h] In DMSO-d;. [i] 4nal. Calcd. for C,H,NO,: C, 56.17; H, 3.86; N, 5.96. Found: C, 56.19; H, 4.16; N, 5.96.
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= -Cl) [17] or the acetoxy derivative (X = -OAc), which
would easily eliminate HX [19] to give the butenolide 2.

Since the overall reaction of 1 to form 2 with acetyl
chloride is sufficiently fast and experimentally simple, we
have used it on a preparative scale with different 3-aroyl-
propionic acids 1, where Ar is a phenyl group bearing both
electron-withdrawing and electron-releasing substituents.
As shown in Table 1, the corresponding butenolides 2
could be easily prepared in satisfactory yields, better than
70% in recrystallized products. It should be noted that the
acetyl chloride lactonization offers the possibility for a
proper selection of reaction conditions, i.e. the proportion
of acid 1 to acetyl chloride and the reaction time (see
Table 1), depending on the substituents of the phenyl ring.
For instance, an excess of acetyl chloride was used in the
case of acids 1 with electron-releasing substituents; under
these conditions, the butenolides 2 formed were found to
be more stable (see Experimental). The reaction condi-
tions reported in Table 1 are only indicative and no at-
tempt was made to optimize the yields.

All butenolides 2 were recrystallized, when possible,
from ether, since recrystallization from methanol or ethan-
ol was observed to yield coloured products [21]. The isola-
tion of pink coloured butenolides, resulting from the for-
mation of “‘Pechmann dyes’’, has also been reported [3-5]
in the lactonization of 3-aroylpropionic acids when heated
with acetic anhydride. No such coloured products were ob-
served in the lactonization of the acids 1 with acetyl chlor-
ide, and this is another advantage of the method.

In agreement with their 5-arylfuran-2(3H)-one structure,
all butenolides 2 show in the ir spectrum a strong carbonyl
band at 1790-1800 cm™*, characteristic of 3,y-unsaturated
five-membered ring lactones [23,24]. Their proton nmr
spectra (see Table 1) show two characteristic signals: a
doublet of the ring methylene protons at 6 3.35-3.50 ppm
and a vinylic proton triplet at 6 5.50-6.00 ppm (in deute-
riochloroform solution).

EXPERIMENTAL

Melting points were determined in capillary tubes and are uncorrec-
ted. The ir spectra were obtained with a Perkin Elmer 267 spectrometer
as nujol mulls. The pmr spectra were recorded on a Varian EM-360 60
MHz spectrometer; chemical shifts are given in ppm (8) downfield from
tetramethylsilane (internal standard) and are accurate to +0.02 ppm.
Elemental analyses were obtained from the microanalytical laboratory of

CNRS (France).
A. Reactions with Acetic Anhydride.

All reactions described below were performed on mixtures of the acid
1(1 g) and acetic anhydride (1 ml).

a. Acid 1a.

The mixture of the acid 1la and acetic anhydride was heated at 100°
for 5 minutes and the excess anhydride was then evaporated in vacuo.
The solid residue was shown (pmr in deuteriochloroform) to be mainly
the acid anhydride 3a containing a small amount (~ 6%, as evidenced
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from the intensity of the vinylic proton triplet) of the butenolide 2a. The
solid residue was recrystallized from ethanol to give the acid anhydride
3a, mp 100-103°, in 42% yield. A further recrystallization from ethanol
gave an analytical sample, mp 103-105°, lit [25] mp 110°; ir: strong bands
at 1818 and 1754 (anhydride CO), 1681 (ketone CO) and 1600 cm™ (phen-
yl); pmr: 2.95 and 3.36 (two t, J = 6 cps, 8H, -CH,CH,- an A,B, system)
and 7.36-8.06 ppm (m, 10H, aromatic protons).

Anal. Caled. for C, H,(O,: C, 70.99; H, 5.36. Found: C, 70.88; H, 5.39.

b. Acid la.

The mixture was heated at 100 for 70 minutes and the solid residue
was shown (pmr) to be an almost pure sample of the butenolide 2a. The
residue was recrystallized from ether to give a 56% yield of the butenol-

ide as a yellow solid, mp 85-87°, lit [3] mp 91-92°.
c. Acid 1b.

The mixture with acetic anhydride was heated at 100° for 15 minutes
and the semi-solid residue was shown (pmr) to be an almost pure sample
of the acid anhydride 3b. This was recrystallized from benzene to give
the anhydride 3b, mp 110-113°, in 32% yield. A further recrystallization
gave an analytical sample, mp 118-120°; ir: strong bands at 1805 and
1750 (anhydride CO), 1702 (ketone CO) and 1620 cm™ (phenyl); pmr: 2.90
and 3.50 (two t, ] = 6 cps, 8H, -CH,CH,") and 7.65-8.60 ppm (m, 8H, aro-
matic protons).

Anal. Caled. for C,0H,\N,0,: C, 56.08; H, 3.77; N, 6.54. Found: C,
56.27; H, 3.78; N, 6.44.

d. Acid 1b.

The mixture with acetic anhydride was heated at 100° for three hours.
The resulting red solution was shown (pmr in deuteriochloroform) to con-
tain only 20% of the butenolide 2b, as evidenced from the integration of
the vinylic proton triplet versus the aromatic protons signal. The remain-
ing signals of the spectrum are consistent with the presence of the acid
anhydride 3b as the major component of the mixture.

e. Acid le.

The mixture was heated at 100° for 15 minutes and the solid residue
was recrystallized from ether to give the butenolide 2¢ in 70% yield as
an almost colourless solid, mp 105-107°, lit [3] mp 110-111°. Heating the
mixture of the acid 1e with acetic anhydride at 100° for more than 15
minutes resulted, after evaporation of the excess acetic anhydride, in the
isolation of a resinous material; this was shown (pmr) to contain a signifi-
cantly lower proportion of the butenolide 2¢, as evidenced from the inte-
gration of the vinylic proton triplet versus the aromatic protons signal.

B. Reactions with Acetic Anhydride-Sulfuric Acid.

All reactions described below were performed on solutions of 1 g of the
acid 1 in 4 ml of an acetic anhydride-sulfuric acid solution (five drops of
concentrated sulfuric acid were added to 100 ml of acetic anhydride).

a. Acid la.

The solution of the acid in acetic anhydride-sulfuric acid was kept at
room temperature for about one minute and the excess anhydride was
then evaporated in vacuo at room temperature. The solid residue was
shown (pmr in deuteriochloroform) to be a pure sample of the butenolide
2a.

b. Acid 1b.

The solution was kept at room temperature for 15 minutes and the col-
ourless solid residue was shown (pmr) to be a pure sample of the butenol-
ide 2b. This was recrystallized from methanol to give the butenolide 2b
in 82% yield as a pale pink product, mp 132-134° (see Table 1). The same
result was obtained when the solution of the acid was kept at room tem-
perature for two hours.

c. Acid le.

The solution was kept at room temperature for less than one minute
and the residue was shown (pmr) to be a pure sample of the butenolide
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2c¢. When the solution was kept at room temperature for 5 minutes, the
residue was shown (pmr) to contain only 40% of the butenolide 2¢c, as
evidenced from the integration of the vinylic proton triplet versus the
aromatic protons signal.

C. Reactions with acetyl chloride.

All reactions described below were performed on mixtures of the acid
1 (1 g) and acetyl chloride (10 ml).

a. Acid la.

The mixture of the acid and acetyl chloride was stirred at room tempe-
rature. The acid was immediately dissolved and after 10 minutes the ex-
cess acetyl chloride was evaporated in vacuo. The essentially colourless
solid residue was shown (pmr in deuteriochloroform) to be a pure sample
of the butenolide 2a. The same result was obtained when the solution in
acetyl chloride was kept at room temperature for one hour or refluxed
during 30 minutes. When however the mixture was refluxed for 12 hours
(conditions reported in [15]), the yellow solid residue obtained after eva-
porating the excess acetyl chloride was shown (pmr) to contain about
60% of the butenolide 2a, as evidenced from the integration of the vinyl-
ic proton triplet versus the aromatic protons signal.

b. Acid 1b.

The mixture was refluxed for two hours and the essentially colourless
solid residue was shown (pmr) to be a pure sample of the butenolide 2b.

c. Acid le.

The mixture was refluxed for 6 minutes and the essentially colourless
solid residue was shown (pmr) to be an almost pure sample of the buten-
olide 2e. When the mixture was refluxed for two hours, no vinylic proton
triplet of the butenolide 2¢ could be detected in the pmr spectrum of the
resinous material obtained after evaporating the excess acetyl chloride.
The same resinous material was obtained when a sample of pure butenol-
ide 2c¢ was treated with acetyl chloride at reflux for two hours. The disap-
pearance of the butenolide 2¢ initially formed was then shown to proceed
faster in a mixture of 1 g of the acid 1c in 5 ml of acetyl chloride and
much slower in a mixture of 1 g of the acid in 20 ml of acetyl chloride.
When this last mixture was refluxed for 10 minutes, the residue was
shown (pmr) to be a pure sample of the butenolide 2¢.

General Procedure for the Lactonization Reaction of 1 to form 2 Using
Acetyl Chloride.

A mixture of acid 1 (2 g) and acetyl chloride (20 or 40 ml) was refluxed
as indicated (see Table 1) and the excess acetyl chloride was then remov-
ed in vacuo. The residue, usually a colourless solid mass which was shown
(pmr) to be an almost pure sample of the corresponding butenolide 2, was
rapidly washed with a small amount of ethyl ether and recrystallized,
when possible, from this solvent. Physical characteristics of all butenol-
ides 2 thus prepared are reported in Table 1.

REFERENCES AND NOTES

[1] Y. S. Rao, Chem. Rev., 64, 353 (1964).

A. Tsolomitis and C. Sandris

Vol. 20

[2] Y. S. Rao, ibid., 76, 625 (1976).

[3] E. Walton, J. Chem. Soc., 438 (1940).

[4] G. Swain, A. R. Todd and W. S. Waring, ibid., 548 (1944).

[5] F. Zymalkowski, Arch. Pharm. (Weinheim), 284, 292 (1951).

[6] L. S. El-Assal and A. H. Shehab, J. Chem. Soc., 1658 (1961).

[7] R. Chiron and Y. Graff, Bull. Soc. Chim. France, 575 (1970).

[8] A similar behavior has been reported [9] for the p-chloro-
substituted acid 1 (Ar = -C,H,-Cl-p), which was found to yield the
corresponding anhydride 3 on reaction with acetic anhydride at room
temperature and the corresponding butenolide 2 on short boiling with
acetic anhydride.

[9] T. Jakobiec, A. Milian and T. Zawisza, Pol. J. Pharmacol.
Pharm., 28, 537 (1976).

[10] It has been reported [7] that the butenolide 2b could be prepared
under essentially the same reaction conditions. This compound was
described as a solid of mp 99°, but this value differs significantly from
that reported in Table 1. The discrepancy may result from a difference in
the m-nitro-substituted acid 1b used: lit [7] mp 180°, against a product
mp 163-164° used in this work; lit [11] mp 162-164° and [12] 165-166°.

[11] E. L. Martin, J. Am. Chem. Soc., 58, 1438 (1936).

[12] CK. Chuang and Y.T. Huang, Ber, 69, 1505 (1936).

[13] The formation of oils and resins at the expense of the yield and
purity of the lactones, when heating at 100° the 3-aroylpropionic acids 1,
where Ar = -CH,-OCH,p, -CH,-CH;-p and -C,H,(OCH,),-3,4, has
already been observed [6] and was attributed to a preferential interaction
of the produced enol-form of the acids and the acetic anhydride at high
temperatures.

[14] G. A. Miller, N. D. Heindel and J. A. Minatelli, /. Hetero-
cyclic Chem., 18, 1253 (1981).

[15] M. Ueda, M. Yabuuchi and Y. Imai, J. Polym. Sci., Polym.
Chem. Ed., 15, 73 (1977).

[16] C. F. H. Allen, J. B. Normington and C. V. Wilson, Can.
J. Res., 11, 382 (1934).

[17] v-Keto acid chlorides have been shown [18] to exist exclusively
in the pseudo (cyclic) form.

[18] M. V. Bhatt, S. H. El Ashry and V. Somayaji, Indian J. Chem.,
19B, 473 (1980).

[19] Unsuccessful attempts to prepare the acid chloride of 3-benz-
oylpropionic acid (la) were attributed [20] to the facile conversion
of this acid to the unsaturated lactone 2a.

[20] R. L. Letsinger, M. H. Caruthers, P. S. Miller and K. K.
Ogilvie, J. Am. Chem. Soc., 89, 7146 (1967).

[21] It has been reported, that butenolides 2 become coloured
on boiling their alcoholic solutions [4,22].

[22] P. Chovin, Ann. Chim., 9, 447 (1938).

[23] L. J. Bellamy, ““The Infra-red Spectra of Complex Molecules’’,
3rd Ed, Chapman and Hall Ltd, London, 1975, p 213.

[24] G. Socrates, “Infrared Characteristic Group Frequencies’,
John Wiley and Sons Ltd, Chichester, 1980, p 73.

[25] N. Belorizky, G. Excoffier, D. Gagnaire, J.-P. Utille, M.
Vignon and P. Vottero, Bull. Soc. Chim. France, 4749 (1972).

[26] P. A. Bartlett, J. Am. Chem. Soc., 98, 3305 (1976).



