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Abstract:

Oxo propionic acid such 2-oxo-3-phenyl propionic acid and their hydroxyl derivatives are
useful building blocks for asymmetric synthesis and the preparation of biologically active
butyrolactones. A new synthesis of three different types of hydroxyl butyrolactones (4, 5, 6)
has been performed. A number of butyrolactones such as methyl 2-benzyl-2,5-dihydro-4-
hydroxy-3-(hydroxyphenyl)-5-oxofuran-2-carboxylate, methyl 2-(4-hydroxyphenyl)-2,5-
dihydro-4-hydroxy-5-oxo-3-phenylfuran-2-carboxylate, methyl 2-(4-hydroxyphenyl)-2,5-
dihydro-4-hydroxy-3-(4-hydroxyphenyl)-5-oxofuran-2-carboxylate has been synthesized.
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Introduction:

Functionalized butyrolactones have attracted substantial attention in present year because of
their importance as their chiral building blocks and for the synthesis of alkaloids, macrocyclic
antibiotics, lignans, lactones, pheromones, antileukemics, and flavor components.! The
lactones have been synthesized by means of variety of methods including the transformation
of chiral natural products,?microbal reduction of ketoacids,® enzymatic resolution,* and with
chiral chemical reagents.®> Among these, five-and six-membered lactones are especially useful
either as core structures for biologically active molecules® or as ligands for asymmetric
synthesis.” 8 Among five-membered heterocycles, functionalized 3-hydroxypyrrolidines are
very useful moieties found in many biologically interesting compounds.®**We have used a
convergent base-catalyzed condensation reaction for the synthesis of highly functionalized
lactones related to the biologically active compounds.

Results:

Treatment of pyruvic ester with substitution at the para position afforded symmetrical para-
substituted lactone as the only product. Similar reaction of esters 2a and 2b produced a mixture
of unsymmetrical as well as para -substituted lactones.
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Figure 1: Butyrolactone |

Butyrolactone I with alkenyl chain, a natural product was isolated from Aspergillus terreus var.
africans IFO 8835 in 1977.11 Lactone | has been found to exhibit antiproliferative activity
against colon and pancreatic carcinoma, human lung cancer *? and prostatic cancer cell lines.*It
also selectively inhibits CDK2 and CDK1 kinases, both of which play important roles in cell
progression from G1 to S phase and from G2 phase to M phase, respectively. It shows little
effect on mitogen-activated protein kinase, protein kinase C, cyclic-AMP dependent kinase,
casein kinase Il, casein kinase | or epidermal growth factor-receptor tyrosine kinase.!* It
behaves as an ATP competitive inhibitor. Due to the structural complexity of this compound,
little is known about its binding mode to its target. Morishima et al.'® studied and reported that
suppression of the alkenyl chain does not markedly affect the anti-CDK1 activity of
butyrolactone I.
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Figure 2 Butyrolactones where R = H, OH, Cl, NHz, Bu', CF3, OCHj3, CF3

Figure 2 shows several examples of biologically active compounds containing various lactone
structures.'® Compounds 3a and 3b contain the 3-hydroxylactone core structure. The phenyl
benzyl 3-hydroxylactones are ion channel modulating compounds and are also useful for the
treatment of leukemia.!

cHa
o

CO,H CO,Me
/O/\ﬂ/ 2" DBU, Mel /©/\ﬂ/ 2 K,CO3 (0] O R
R O DMF, 0°C g © acetone O g 1
R OH
0

1a; 2a; 3a: R=H 2

1

1b: 2b; 3b: R= OH 3

Scheme 1: General procedure for the synthesis of butyrolactone
The acid group in compound 1 was esterified to produce the keto ester 2. The reaction of 2 with
potassium carbonate in acetone afforded lactone 3 in good yield (Scheme 1).
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Scheme 2: Synthesis of butyrolactones
By following an identical sequence 2a and 2b produced 3a, 3b, 4, 5 and 6 (Scheme 2). The X-
ray study had confirmed the structures of the lactones 5 and 6 (Figure 3 and 4).
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Figure 3: X-ray structures of compound 5
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Figure 4: X-ray structures of compound 6
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Scheme 3: Plausible mechanism of the self-condensation products of phenylpyruvic esters

The keto ester 2 on the treatment of a base generates a carbanion 7 which on condensation with
another molecule of 2 afforded two forms of dianions 8 and 9. The dianion 9 on intramolecular
cyclization produced the salt of the lactone. On acidification, free lactone 3 was obtained. Thus,
using a simple linear activated keto ester, highly functionalized lactone can be obtained through
a base-catalyzed intramolecular condensation reaction (Scheme 3).

Experimental

General Apparatus: Nuclear magnetic resonance spectra (*H and *3C) were recorded at
ambient temperature on an IBM-Brucker Model NR/200 AF spectrometer in the Fourer
transform model, in CDClz using MesSi as an internal standard. Chemical shifts (8) are reported
in parts per million (ppm), and coupling constants (J) are in hertz (Hz). Melting points were
determined on a Hoover capillary apparatus and are uncorrected. All reactions were carried out
in dry glass were protected from atmospheric moisture. Solvents were dried over freshly
activated (300°C/1h) molecular sieves (type 4 A). The homogeneity of the products were
determined by ascending TLC on silica-coated aluminium-backed plates (silica gel 60 F 254;
Merck) using the flowing solvent mixtures: A, CH3CN-H-O (typically 8:2 to 6:4 v/v); Organic
extracts of aqueous solutions were dried over anhydous Na>SOa. Solutions were concentrated
under reduced pressure on a rotary evaporator.

General Procedure for the synthesis of butyrolactones

To a solution of ester 2a (1.78 g, 10 mmol) and 2b (1.94 g, 10 mmol) in acetone (50 mL) was
added K>COz3 (50 mmol) and the mixture was stirred at room temperature overnight. After the
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acetone was evaporated, 1 M HCI was added, and the solution was extracted with ether (3 x
100 mL). The combined organic layers were washed with brine, dried (Na2SOs), and
evaporated to dryness. The crude product was purified by reverse phase column
chromatography with the mobile phase water-acetonitrile (9:1 to 8:2) mixture and produced all
five butyrolactones overall 55% vyield.

To a solution of ester 1a (1.64 g, 10 mmol) and 1b (1.80 g, 10 mmol) in acetone (50 mL) was
added K>CO3 (50 mmol) and the mixture was stirred at room temperature overnight. After the
acetone was evaporated, 1 M HCI was added, and the solution was extracted with ether (3 x
100 mL). The combined organic layers were washed with brine, dried (Na.SO4), and
evaporated to dryness. The crude product was purified by reverse phase column
chromatography with the mobile phase acetonitrile-water (8:2) mixture and produced all five
butyrolactones overall 55% yield.

Methyl-2 benzyl-4-hydroxy-5-oxo-3-phenyl-2H-furan-2-carboxylate (3a):

Yield is (260 mg); white crystalline solid; mp 157°C; *H NMR (DMSO-dg) §7.62 (m, 2H), 7.42
(m, 3H), 7.12 (m, 3H), 6.82(m, 2H), 3.79 (s, 3H), 3.68 (d, J = 14.3 Hz, 1H), 3.58 (d, J = 14.3
Hz, 1H); C NMR § 169.4, 169.1, 138.9, 132.5, 130.3, 129.5, 129.2, 129.0, 127.9, 127.7,
127.6, 127.3, 86.0, 53.6, 39.1; MS (C19H160s) estimated 324.0998 found 325.2 (M+H).
Methyl-4-hydroxy-3-(4-hydroxyphenyl)-2-(4-hydroxyphenylmethyl)-5-oxo-2H-furan-2-
carboxylate (3b):

Yield is (240 mg); white crystalline solid, mp 216°C; *H NMR (DMSO-dg) & 7.61 (d, 2H, J =
8.5 Hz), 6.90 (d, 2H, J = 8.5 Hz), 6.67 (d, 2H, J = 8.5 Hz), 6.54 (d, 2H, J = 8.5 Hz), 3.80 (s,
3H), 3.48 (s, 2H); C NMR & 171.1, 168.9, 158.0, 156.1, 138.4, 131.2, 129.1, 129.0, 127.9,
123.9,121.7,115.4, 115.2, 114.2, 52.4, 38.1; MS (C19H1607) estimated 356.0896 found 357.2
(M+H).
Methyl-2-benzyl-4-hydroxyphenyl-2-(4-hydroxyphenylmethyl)-5-oxo-2H-furan-2-
carboxylate (4):

Yield is (140 mg); white crystalline solid; mp 199°C; *H NMR (DMSO-ds) & 7.47 (m, 5H),
6.64 (m, 2H), 6.54 (m, 2H), 3.81 (s, 3H), 3.50 (s, 2H); 3C NMR § 170.1, 168.6, 157.0, 141.0,
131.2, 130.8, 128.8, 128.7, 127.6, 127.0, 124.1, 114.6, 85.9, 52.9, 38.3; MS (C19H160s)
estimated 340.0947 found 341.2 (M+H).

Methyl-2 benzyl-4-hydroxy-2-(4-hydroxyphenylmethyl)-5-oxo-2H-furan-2-carboxylate
(5):

Yield is (125 mg); white crystalline solid; mp 190°C; *H NMR (DMSO-dg) & 7.91 (dd, J = 7.2,
1.2 Hz, 2H), 7.47 (m, 3H), 6.64 (m, 2H), 6.54 (m, 2H), 3.81 (s, 3H), 3.50 (s, 2H); 3C NMR &
170.4, 168.9, 156.6, 141.0, 131.5, 130.8, 128.8, 128.7, 127.6, 127.0, 124.1, 114.6, 85.9, 52.9,
38.3; MS (C19H1606) estimated 340.0947 found 341.2 (M+H).

Methyl-2 benzol-4-hydroxy-5-oxo-3-phenyl-2H-furan-2-carboxylate (6):

Yield is (50 mg); white crystalline solid; mp 182°C; *H NMR (DMSO-ds) & 7.88 (m, 2H), 7.42
(m, 3H), 7.12 (m, 3H), 6.82 (m, 2H), 3.79 (s, 3H); 3C NMR § 194.6, 169.4, 169.1, 138.9,
132.5, 130.3, 129.5, 129.2, 129.0, 127.9, 127.7, 127.6, 127.3, 112.0, 53.6. MS (C19H140s)
estimated 338.079 found 339.1 (M+H).

Conclusion:

The preparation of different kinds of structurally complex phenyl benzyl 3-hydroxylactones is
possible using commercially available keto-ester through a single step. Physico-chemical data
and X-ray confirmed their structures. These complex lactones may prove to be useful for
further chemical modifications.
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