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ABSTRACT

(E)-4-Oxonon-2-enoic acid la is a fatty acid, isolated from the mycelium of Streptomyces
olevaceus. Owing to its significant activity against various Gram-positive and Gram-negative
strains and particularly Saphylococcus aureus ATCC 11632; it is an attractive target for
structure-activity relationship. We report herein a straightforward synthesis of (E)-4-Oxonon-2-
enoic acid 1la and its analogues in a single step using Wittig reaction. The antibacterial and
antifungal activity assay of 1a and its analogues 1b-1g is presented.

Keywords: (E)-4-Oxonon-2-enoic acid, Synthesis, Phosphoranéjg/¥eaction, Anti-microbial
activity.

INTRODUCTION

In current chemical and medicinal research, symthesd biological evaluation of a potentially
new antibiotic agent is important. Due to multiiségnce being developed by several microbial
strains against commonly used pharmaceutical drtigge is demand for designing more
effective antibiotics with minimum unwanted sidéeets.

(E)-4-Oxonon-2-enoic acida was isolated from the mycelium &reptomyces olevaceus Tu
4018 by Pfefferlest al [1]. Compoundlais important for its antibacterial activity agdinarious

Gram-positive and Gram-negative strains, espectdiphylococcus aureus ATCC 11632 [1].
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4-0x0-2-enoic acids and their derivatives in geheligplay good biological activity. For
example, E)-4-phenyl-4-oxobut-2-enoic acid and its derivagiaet as inhibitors of Kynurenine-
3-hydroxylase (KYN-3-OHase), an enzyme involvedhe metabolism of kynurenine [2] and
hence may be useful in the prevention and/or treatrof neurodegenerative diseases.
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The amides of such acids are cytoprotective anthpt®e the healing of stomach ulcers [3]. The
4-0xo0-2-enoic acid unit is also present in manyldgizally active natural products, such as
pyrenophorin2 [4,5], Macrosphelide BB [6] and A26771B4 [7,8]. Acylacrylic subunit appears

to have broad potential as crystallization induesggmmetric transformation (CIAT) template

[9].

The promising activity ofla in anti-bacterial assays and its being a natwadyect [1] made it a
good synthetic target [10,11]. Most of the reportadthods for such compounds are either
lengthy or costly and specific. In view of this Wwave developed a general synthesis protocol to
make E)-4-Oxonon-2-enoic acida and its analogues. Further Anti-bacterial and famtgal
assays of these analogues were carried out.

EXPERIMENTAL SECTION

The melting points were determined in open capiltabes and are uncorrected. IR spectra were
recorded on a Shimadzu FTIR spectrophotometer (et).'H NMR and**C NMR spectra
were recorded in CDglon a 300 MHz Brucker instrument. The multipliegtiof carbon signals
were obtained from Distortionless Enhancement bhariation Transfer (DEPT) experiment.
Chemical shifts (ppm) are relative to the interrsédndard MgSi (O ppm). Thin layer
chromatography was performed on silica gel-G. Gi#jioxacid 50% solution was purchased
from Aldrich chemical company.

Initially we investigated the synthesis of 4-oxofenoic acidla a known natural product.
Thus Wittig reaction of phosphoraba with glyoxalic acid was carried out at room tengtare
in chloroform-methanol mixture (Scheme 1). As aipidded1la was obtained in 67% vyield. For
synthesis of analogues &g, the corresponding phosphoraBb-f were required. These were
prepared by acylating ethyl(triphenylphosphorargiel) acetate using acid chloridéb-f
followed by decarboxylative hydrolysis of the ketster-phosphoran#-f obtained (Scheme I).
The keto-phosphorar&h-g on condensation with glyoxalic acid under the saomditions used
for preparingla gave analogous acidb€-g.
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Here R = a) Pentyl, b) Ethyl, c) Propyl, d) n-Buig) Isobutyl, f) Heptyl, g) Phenyl
Scheme |

The phophoranebg having a benzene ring was prepared by condensdfigh of o-
bromoacetophenone with triphenyl phosphine in dnyzene.

General Procedure for the Preparation of Keto-phosporane (5):

Thionyl chloride (1.2 equivalents) was slowly addedthe cooled acid (1 equivalent) and
refluxed it for 4.0 h. Excess of thionyl chlorideasvthen removed by distillation. The residual
crude acid chloride6a-f were purified by distilling under vacuum to obtdight yellow liquids
and were used for the next reaction.

Ethyl(triphenylphosphoranylidene) acetate (2 edeiva was added to the solution of freshly
prepared acid chloridgd equivalent) in 15 mL of toluene. The solid ob&d after stirring for
5.0 h at room temperature, was filtered. The ksterephosphorane3a-f obtained after
concentration of the filtrate under reduced pressuas in 82 — 96% yield with respect to the
acid chlorides.

A solution containing keto-ester-phosphordiaef (10 mmol) in a mixture of trifluoroacetic acid
(15 mL) and water (5 mL) was heated under reflux@® h. The reaction mixture was then
poured onto ice and basified with 2% sodium bicadbe solution. This was followed by
extraction with ethyl acetate (3 X 10 mL). The caomalol organic extracts were dried over
anhydrous Ng50O, and evaporated under reduced pressure. The resasi@urified by column
chromatography using 20% ethyl acetate in petroletimer to obtain 50 — 74% of the targeted
keto-phosphoranga-f. The percentage yield and melting points are ginerable I.

Table I: Yields and Melting points of the Keto-phogphoranes 5

Compounds R Yield® m.p.
5a Pentyl 50% light yellow oll
5b Ethyl 74% 215-21%C (lit.[13] 215-218C)
5c Propyl 71% 144-14% (lit.[13] 144-145C)
5d Butyl 69% 108-11€C (lit.[14] 109-11£C)
5e Isobutyl 67% 120-12Z (lit.[14] 120-122C)
5f Heptyl 73% light yellow oil

%lsolated yield calculated froih
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General Procedure for Preparation of E)-4-oxoalk-2-enoic acid (1a — 1g):

To the solution of keto-phophoraBda-g 6 mmol) in 20 mL mixture of chloroform: methanol
(2:1), 7.5 mmol of glyoxalic acid was added dromwsghile stirring it vigorously. The reaction
mixture was stirred at room temperature until tleappearrence of starting material (monitored
by TLC). The solvent was removed under vacuum doed solid obtained was dissolved in
benzene. Benzene layer was washed well with satuifdaHCQ solution (7 X 15 mL). The
basic aqueous layer was then acidified using diH@¢to pH 2-3 and the product was extracted
in chloroform (4 X 15 mL). All the organic extractgere combined, dried over anhydrous
NaSOy, filtered and concentrated to obtain crude acidlwvwere then recrytallized using ethyl
acetate-petroleum ether mixture to obtain the prtedin 59-68% vyield of final acidsa-g

Anti-microbial Activity

The antimicrobial activity of the compound was asgel against ten bacterial strains that include
Gram-positive bacteria vi&aphylococcus citreus, Methicillin resistant Saphylococcus aureus
(MRSA), Bacillus subtilis (MTCC 121) Saphylococcus ATCC 25923 and Gram-negative
bacteria vizSalmonella typhimurium, Salmonella paratyphi A, Proteus mirabilis, Klebsiella
pneumoniae, Escherichia coli (ATCC 25922) , Escherichia coli K-12 (MTCC 1302), also four
fungal srains vizCandida albicans, Aspergillus niger, Penicillium sp. and Saccharomyces
cerevisiae. Bacterial strains were grown at°87for 18 h in shaken flask in nutrient broth (100
mL) and fungal cultures in potato dextrose brottoatm temperature (28 £Q)

Conventional disc diffusion method [1&hs employed for the assessment of the antimidrobia
potential of the compounds. Sterile 6.0 mm diambtank discs (Whatman No 1 filter paper)
were impregnated with the test substances at a @anais concentration of 15 pg/disc. These
discs, along with the control discE)4-oxonon-2-enoic acida a natural antibiotic [1]15
pg/disc] were placed on petridishes of nutrientrdf@ bacterial strains and PDA for fungi)
seeded with 0.1 mL of the respective culture braith the test organism using a sterile pipette
and spread plated to obtain a uniform lawn. Théeplavere incubated at 28 #Qfor 24 h. The
anti-microbial activity of the compound was detared by measuring the diameter of the zone
of inhibition in millimeters.

RESULTS

All the acids displayed carbonyl bands in IR speutr(KBr if solids and neat if liquids) at
around 1720 cihand at 1660 cih Also a broad band from 2500 to 3100 Gronfirming the
presence of -COOH group. The structure and % yélthal productsla—1gare given in Table
.

Spectral Details

1a, E)-4-Oxonon-2-enoic acid*H NMR (CDCk, 300 MHz): 0.85 (t, 3H, J = 7.1 Hz); 1.26 (m,
4H): 1.62 (m, 2H); 2.60 (t, 2H, J = 7.2 Hz); 6.62 {H, J = 15.9 Hz); 7.19 (d, 1H, J = 15.9 Hz),
¥C NMR (CDCh): 13.8 (CH); 22.3 (CH); 23.2 (CH); 31.2 (CH); 41.6 (CH); 129.4 (CH);
140.9 (CH); 169.0 (Cq); 199.6 (Cq), HRM8Vz calculated for gH:140sNa [(M + Na)] =
193.0841 found = 193.0844.

1b, (E)-4-Oxohex-2-enoic acid*H NMR (CDCk 300 MHz): 1.17 (t, 3H J = 7.2 Hz); 2.7 (q, 2H,

J = 7.2 Hz); 6.7 (d, 1H, J = 15.9 Hz); 7.16 (d, TH15.9 Hz).*C NMR (CDC}): 7.5 (CH);
35.0 (CH); 129.4 (CH); 140.9 (CH); 170.3 (Cq); 199.8 (0G-MS: M peak at 129.
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1c, (E)-4-Oxohept-2-enoic acid*H NMR (CDCk 300 MHz): 0.9 (t, 3H, J = 7.2 Hz); 1.7 (m,
2H); 2.65 (t, 2H, J = 7.2 Hz); 6.7 (d, 1H, J = 159); 7.15 (d, 1H, J = 15.9 HZJC NMR
(CDCl3): 13.5 (CH); 17.1 (CH); 43.5 (CH); 129.4 (CH); 141.1 (CH); 170.3 (Cq); 199.4 (Cq).
GC-MS: M’ peak at 143.

1d, (E)-4-Oxooct-2-enoic acid:*H NMR (CDCk 300 MHz): 0.95 (t, 3H, J = 7.5 Hz); 1.38 (m,
2H); 1.65 (m, 2H); 2.67 (t, 2H, J = 7.2 Hz); §d7 1H, J = 15.9 Hz); 7.15 (d, 1H, J=15.9 Hz),
3C NMR (CDCE): 13.7 (CH); 22.1 (CH); 25.6 (CH); 41.4 (CH); 129.6 (CH); 141.0 (CH);
170.4 (Cq); 199.7 (Cq), HRMSn/z calculated for @H::03 [(M + H)*] = 157.0864, found =
157.0858.

Table II: Structures and % vyields of Final Products1a — 1g

Products Structures % Yield$ m.p.
(0]
1a /\/\/U\A 67% ~104-105C
HAC N coon (lit. [16]: 105-106C)
Q 105-106 °C
0 L
1b MO AN coon 68% 1 (it. [17]: 105-108C)
Q 108-109 °C
0,
le ch/\/u\/\cow 61% (lit. [9]: 107-108C)
0 111-112 °C
0,
1d MNP oo 60% | it [17]: 98-100C)
PRI 98-99 °C
0,
le HSC)\/“\/ACOOH 59% | (iit. [16]: 91.5-92.5C)
(e}
. . .
1f H3C/\/\/\/\/\COOH 60% light yellow oil
O
. . 95-96 °C
19 PN\COOH 66% | (iit. [18]: 94-96°C)

%lsolated yield calculated frof

1e (E)-6-Methyl-4-oxohept-2-enoic acid:*H NMR (CDCk 300 MHz): 0.95 (d, 6H, J = 6.6
Hz); 2.2 (m, 1H); 2.52 (d, 2H, J = 6.9 Hz); 6.65 {H, J = 15.9 Hz); 7.13 (d, 1H, J = 15.9 Hz),
13C NMR (CDCE): 22.4 (CH); 24.7 (CH); 50.5 (Ch); 129.5 (CH); 141.3 (CH); 170.4 (Cq);
199.3 (Cq), HRMSm/z calculated for gH1303[(M + H)*] = 157.0864, found =157.0860.

1f, (E)-4-Oxoundec-2-enoic acid™H NMR (CDCk 400 MHz): 0.88 (m, 5H); 1.28 (m, 4H);
1.56 (m, 2H); 1.68 (m, 2H); 2.66 (m, 2H); 6.73 {84, J = 15.9 Hz); 7.23 (d, 1H] = 15.9 Hz),
13C NMR (CDCk): 11.6 (CH); 13.8 (CH); 22.7 (CH); 24.2 (CH); 29.5 (CH); 30.5 (CH);
52.8 (CH); 129.7 (CH); 140.4 (CH); 170.4 (Cq); 202.92 (Cq)

19, (E)-4-Phenyl-4-oxobut-2-enoic acid*H NMR (CDCk 300 MHz): 6.9 (d, 1H, J = 15.6 Hz);
7.55 (t, 2H, J = 7.5 Hz); 7.66 (t, 1H, J = 7.2 H&ZP2 (m, 1H),*C NMR (CDCE): 128.89 (CH):
128.94 (CH); 131.39 (CH) 134 (C); 136.3 (C); 1383H); 170.3 (C); 189.2 (C), HRMSm/z
calculated for GHgOsNa[(M + Na)'] = 199.0379, found =199.0372.
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Anti-microbial Activity
The results obtained in Antimicrobial Activity Temte summarized in Table IlI.

Table IlI: a: Anti-bacterial activity by disc diffu sion assay (Inhibition zones in mm)

Bacterial strains la 1b 1c 1d le 1f 19
S citreus - 8 - 16 11 - 17
S aureus MRSA 15 - - 7 12 - 12
B. subtilis - - - - - - -
Saphylococcus ATCC 10 - - - - 19 10
25923
S typhimurium 7 - - 10 9 14 7
S paratyphi A 11 - - 10 - - 12
P. mirabilis 7 - - 10 - - 8
K. pneumoniae - - - - - - -
E. coli ATCC 25922 - - - - - 16 -
E. coli K-12 19 11 - 10 14 15 18

Table IlI: b: Anti-fungal activity by disc diffusio n assay (Inhibition zones in mm)

Fungal strains la 1b 1c 1d le 1f 19
A. niger 16 - - 10 - - 14
Penicillium sp. 11 - - 11 - - 13
S cerevisiae - - - - - - -
C. albicans 18 9 - 13 13 - -
DISCUSSIONS

A new, convenient and one step synthesisE)f4toxoalkyl-2-enoic acids, which includes a
natural productla, has been developed. The method is very simplehagidy effective. Final
acids were characterized based on"HRNMR, *C NMR and mass spectra.

The Antimicrobial activity of analogues was comphvéth the natural antibiotita. The assay
showed that analoguegb, 1c(R = ethyl, propyl)with smaller alkyl groups were either active
against very few microbes or not active at all. Véas medium alkyl group derivativdel (R =
butyl) was as active as that of lead compotiadR = pentyl). Its inhibition zones were smaller
then the lead compounth but was active against almost all the microbese Tésults were
interesting in the case of higher derivatité R= heptyl)of acid. It exhibited a good inhibition
zone but selectively against four microbes inclgdincoli ATCC 25922 wherda did not show
any activity. The branched alkyl derivatilte (R = isobutyl) showed activity against very few
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microbes viz Saphylococuus citreus, Methicillin Resistant Staphylococcus aureus (MRSA),
Salmonella typhimurium and Escherichia coli K-12 (MTCC 1302) compared to its n-alkyl
isomer as well as the lead compoural The aromatic compourith was active against most of
the microbes with higher inhibition zone than tead compounda. Derivativeslb, 1d, 1eand
1g showed remarkable activity agair&tcitreus where even the natural aclé did not exhibit
any activity.
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