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The stereoselective total synthesis of novel antifungal (R)-4-methoxydecanoic acid has been accomplished. The chiral centre was
developed using D-Proline catalyzed asymmetric a-aminoxylation reaction. Synthesis was completed in four steps with good overall yield

46% and optical purity is up to 95% ee.

Keywords: Stereoselective, antifungal, a-aminoxylation Horner-Wadsworth-Emmons olefination, Nitrosobenzene

INTRODUCTION

Most of the antifungal agents are belonging to classes
polyenes, pyrimidines, and azoles. Amphotericin B,
conventional antifungal is the standard therapy for many life-
threatening fungi, but these polyene drugs have significant
toxicity such as chills, fever, headache, nausea, vomiting and
dose-limiting nephrotoxicity." Now-a-days hydroxyl alkanoic
acids and mid-chainmethoxylated fatty acids have been reported
from natural sources and they are known to exhibit excellent
antifungal activity.**
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Figure 1. Chemical structure of (R)-4-Methoxydecanoic Acid
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However, compounds of this category have not been studied
much to evaluate their antifungal property.® Biswanath Das first
time investigated their antifungal activity and effect of
stereochemistry of these compounds on their activity.> For that
Das group prepared some 4-methoxyalkanoic acids, both in
racemic and stereoselective forms, and examined their
antifungal activity. While comparing antifungal property of
these new group of compounds, the Das group found that (R)-4-
methoxydecanoic acid shows good antifungal activity. Thus,
considering the biological value of (R)-4-methoxydecanoic
acid, we achieved stereoselective short route synthesis of this
intermediate. Only two liturature reports are available for the
synthesis of 4-methoxydecanoic acid, out of which one is
racemic synthesis and other is stereoselective; but these
methods are very lengthy.® Normally many aliphatic fatty acids
are used as antifunal agent and efficiency increases with
increase in chain length. These also show vasodilator activity.
Now we can see that fatty acids has shown great potential as
environmentally friendly leads for novel antifungal drugs. 4-
Methoxy decanoic acid was found to be an inhibitor of the
growth of bacteria such as Bacillus subtilis, Fusarium
oxysporum and  Trichothecium roseum at different
concentrations.
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Scheme 1. a) i) Nirosobenzene, D-proline, CH;CN, -20°C, 20h; ii) triethyl phosphonoacetate, DBU, LiCl; iii) H,, Pd/C, MeOH, 72%; b)

CHj;l, NaH, DMF, 12h, 77%; c) NaOH, MeOH, 78%);

EXPERIMENTAL SECTION

Materials and Methods:

All solvents were purified and dried by standard procedures
prior to use. IR spectra were recorded on a Shimadzu FTIR-
8400 series instrument as a thin film and are expressed in cm-1.
Optical rotations were obtained on Jasco P-1020 digital
Polarimeter. 'H and **C NMR spectra were recorded on Varian
Mercury spectrometer on 300 and 75 MHz, respectively, using
CDCl; as a solvent. Chemical shifts were reported in & units
(parts per million) with reference to TMS as an internal standard
and coupling constants J are given in hertz. All HRESIMS were
recorded on Bruker Impact HD ESI sourceat Shimadzu
Analytical Centre, University of Pune.

Experiental Procedre:

(R)-Ethyl4-hydroxynonanoate (3). To a solution of nitroso
benzene (1g, 9.3 mmol) and D-proline (158 mg, 15 mol %) in
CHCN (20 mL) was added n-octanal (1.8 g, 11.2 mmol) slowly
at -20°C. The reaction mixture was stirredb 24 h further
addition of LiCl (566 mg, 1.5 equiv.) and triethyl
phosphonoacetate (3.13 g, 1.5 equiv.) contineously stirring for 5
min and DBU (1.4 g, 1 equiv.) was added. The reaction mixture
was quenched with saturated NH,Cl and extracted with
ethylacetate (3 x 15 mL). Combined organic phases were
concentrated, dried over anhydrous Na,SO, offered crude
aminoxy olefinic ester which was subjected to hydrogenation in
dry metanol using Pd/C, in molecular hydrogen atmosphere to
gave y-hydroxy ethyl decanoate as a crude product. Then
reaction mixture was filtred, evaporarted and purified by flash
column chromatography (Petether: EtOAc = 85:15) afforded
pure y-hydroxy ethyl decanoate 3. Yield: 3 g, 79%; [a]p” +25.0
(¢ 1, CHCILy); IR (CHCIy) vicm™ 3446, 2926, 2867, 2322, 2291,
1730, 1600, 1459, 1174, 1030; "H NMR (200 MHz, CDCl;) &
0.9 (t, 3H, J 7.1, CH,), 1.25-1.34(m, 10H, CH,), 1.4-1.45 (m,
3H, CH,, CH), 1.65-1.70 (m, 1H, CH), 1.75-1.8. (m, 1H,CH),
1.9-1.95 (s(broad), 1H, OH), 2.45-2.5 (t, 2H, J 7.1, CH2), 3.55-
3.62 (m, 1H,CH), 4.05-4.15(q, 2H, J 7.3, CH,); *C NMR (75
MHz, CDCly) & 14.1, 14.17, 22.55, 25.15, 28.53, 29.41, 30.07,
31.76, 33. 24, 56.46, 60.18, 79.89, 173.81; HRMS calcd. for
C1,H24NaOs, [M+Na]: 239.1623, found: 239.1619;

(R)-Ethyl 4-methoxynonanoate (4). (17.85 g, 85.7 mmol) 3
in DMF (400 mL) was deprotonated with NaH (60%, 6.0 g, 214
mmol) at 0°C.The mixture was stirred at room temperature for 1
h, cooled to 0°C and treated dropwise with methyl iodide (21.3
mL, 343 mmol) in DMF (50 mL). The mixture was stirred
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overnight, quenched with water. The product was extracted with
ether and the ether phase was dried over MgSO, and purified
by column chromatography (hexanes/ ethyl acetate 10:1) to
give the methyl ether (18.72 g, 98%) as a colorless oil. [o]p>
+6.1 (c 2.0, CHCIy) 2929, 2859, 1728, 1460, 1177, 1034; 'H
NMR (300 MHz, CDCl3) 6 0.85(t, J 7.0, 3H, CHas), 1.2-1.4(m,
13H, CH, and CHj), 1.68-1.73(m, 1H, CH), 1.75-1.85(m, 1H,
CH), 2.30-2.4(q, J 6.4, 2H, CH,), 3.15-3.20(m, 1H, CH), 3.27(s,
3H, OCH;), 4.1-4.15(q, J 6.4, 2H, OCH,); **C NMR (75 MHz,
CDCly): 14.01, 14.17, 22.55, 25.15, 28.53, 29.41, 30.07, 31.76,
33.24, 56.46, 60.18, 173.81; HRMS calcd. for C;3HysNaOs,
[M+Na]: 253.1779, found: 253.1773

(R)-4-methoxynonanoic acid (1). To a stirred solution of 4
(400mg, 0.53 mmol) in dry DMF (2 mL), PDC (800 mg, 2.12
mmol) was added at room temperature. The reaction was stirred
for 24 h. Then 10 mL water was added and the reaction mixture
was extracted with ether (2 X 10 mL). aques layer was
neutralised with acid and then again extracted with ether (2 X
10 mL).The combined organic layers were concentrated under
reduced pressure and the residue was purified by column
chromatography (10% ethyl acetate/hexane) to afford (R)-1
(280 mg, 63%) as a yellow liquid. [a]p® + 12.1 (¢ 1.0,
CHCIy);IR (CHCI3) v/em™ 3450, 2450, 2926, 1711, 1461, 1282;
'"H NMR (300 MHz, CDCly) & 0.85 (t, J 7.0, 3H, CH,), 1.36-
1.21 (m, 10H, CH,), 1.7-1.78(m, 1H, CH), 1.8-1.85(m, 1H,
CH), 2.41 (t, J 7.0, 2H, CH,),3.21 (m, 1H, CH), 3.34 (s, 3H,
OCHs); *C NMR (75 MHz, CDCly) & 14.03, 22.56, 25.12,
28.19, 29.41, 30.01, 31.76, 33.16, 56.48, 80.0, 179.57; HRMS
calcd. for C;;H,,NaO;, [M+Na]: 225.1466, found: 225.1464

RESULTS AND DISCUSSION

The synthesis of (R)-4-methoxydecanoic acid was started
with D-proline catalyzed asymmetric o-aminoxylation of n-
octanal 2, which was carried out using nitrosobenzene as the
electrophilic component followed by in situ Horner-Wadsworth-
Emmons olefination with DBU as base that furnished anilinoxy
olefinic ester.” Simultaneous reduction of both the C=C bond
and the anilinoxy group in ester was achieved with 10% Pd/C,
H, (1 atm.) to produce optically pure y-hydroxy ester 3.° The
formation of product was confirmed by analytical data i.e. in 1H
NMR it gives signal at 3.6 ppm for hydroxy substituted proton.
In IR it shown characteristic absorption peak for carbonyl
functionality of ester at 1730 cm™. HRMS data (239.1619) also
matched with calculated data (239.1623), hence confirm the
formation of product. Optical purity is measured by optical
rotation value. The protection of free hydroxy functionality of
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compound 3 was carried out using methyl iodide and sodium
hydride strategy to afforded y-methoxy ester 4 in 77% yield.’
Methoxy peak at 3.27 ppm in ‘H NMR indicate product
formation. Final hydrolysis of ester functionality was acheived
by applying base catalysed ester hydrolysis to get final (R)-4-
methoxydecanoic acid having rotation value [a]o®® +12.1 (c1.0,
CHCl3), which was matched with liturature value [o]p> +11.5
(1.0, CHCIly).?

The high stereoselectivity in the proline-catalyzed reactions
is possibly due to its formation of organized transition states
with many hydrogen bonding frameworks. Proline is not the
only molecule to promote catalysis, but it still seems to be one
of the best in the diversity of transformations. Proline is known
to catalyze aldol, Diels-Alder, Michael addition and «o-
functionalization among many other organic transformations.
Particularly proline-catalyzed o-aminooxylation and o-
amination of carbonyl compounds are emerged as powerful
transformations because chiral building blocks can be
synthesized in effective manner starting from easily available
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Scheme 2: Mechanistic Pathway

Sequential alpha aminoxylation followed by in situ Horner-
Wadsworth-Emmons olefination with DBU as base that
furnished anilinoxy olefinic ester. Which on reduction of both
the C=C bond and the anilinoxy group in ester to produce
optically pure y-hydroxy ester 3.

CONCLUSION

In conclusion, we have successfully applied D-proline
catalyzed o-hydroxylation strategy and Horner-Wadsworth-
Emmons olefination for the synthesis of antifungal (R)-4-
methoxydecanoic acid 1. The synthesis is achieved in only four
steps with good overall yield and optical purity.
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