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Abstract : A new approach to the synthesis of 3,6- and 5,6-dialkyl-4-hydroxy-2-pyrones has been developed. The method

includes the formation of acylated Meldrum’s acids (5-(2-alkyl-3-oxoacyl)-2,2-dimethyl-1,3-dioxane-4,6-diones)
followed by their thermal transformation. Introduction of 3-alkyl substituents was accomplished by acylation of 4-
hydroxy-2-pyrones and ionic hydrogenation of the 3-acyl derivatives obtained. The effectiveness of this new approach

has been demonstrated in the synthesis of rac-germicidin, an autoregulative germination inhibitor of Streptonyces
viridochromogenes NRRI, R-1551, © 1999 Elsevier Science Ltd. All rights reserved
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Alkyl derivatives of 4-hydroxy-2-pyrone attract considerable attention because of their broad spectrum of

chemical and biological properties. During the last few years a great number of 3-, 5- and 6-alkyl derivatives of

pyrones as verrucosodin,' citreoviridin,” asteltoxin,’ citromontanin® and many others cover an extensive arsenal
of chemical and biochemical methods of molecule transformation. The development of new methods for the

5

Alkylation of the 4-hydroxy-6-methyl-2-pyrone dianion with alkyl halides’ and aldol condensation of 4-

1,2b,3,4b,6

methoxy derivatives with aldehydes are the most widespread methods for introduction of substituents at

n 6. Syntheses based upon the transformation of a C-6 methyl group to an aldehyde*®’ or bromomethy!?
are used less frequently.

Few methods to effect the introduction of alkyl substituents at position 3 have been developed and these
tend to be low yielding. The best result has been obtained by direct alkylation of the anion of 4-hydroxy-6-
methyl-2-pyrone with methyl iodide®, where the yield of target product was only 16%. Reduction of the readily
available 3-acetyl-4-hydroxy-6-methyl-2-pyrone 1 with borane-methyl sulphide c:omplexm results in the
formation of 3-ethyl derivative 2a in low yield (23%). Catalytic hydrogenation of 3-acetylpyrone la over
palladium is not applicable for this purpose because A*-bond reduction is more facile leading to a 5,6-dihydro-
2-pyrone.'! Thus there is considerable deficiency in the methods for the synthesis of alkyl derivatives of 4-

hydroxy-2-pyrone, especially with substituents at positions 3 and 5.

0040-4020/99/% - see tront matter © 1999 Elsevier Science Ltd. All rights reserved.
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acetoacetyl Meldrum’s acid 4a in dioxane. This reaction proceeds through formation of an a-oxoketene as a

key intermediate followed by its intramolecular addition to an enolic hydroxyl. Compound 4a is readily

obtained bv the reaction of Meldrum’s acid with diketene. Formallv synthesis of §
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Reagents: i: 1) 2 eq. Py, CHCl, -20 °C, 2) 5% HCI; ii: MeOH reflux; iii: 1) MeONa in MeOH, 2) R'Br; iv: 1) 1.1 eq.
MeONa in MeOH, 2) 1| N HCI; v: 1) DCC, 0.3 eq. DMAP, Et;N, CH,Cl;, 2) 5% HCI; vi: toluene reflux; vii and viii: 1

RN TEA vafliiyv: v e QLT TEA NN an TN
UL‘ DNUACL, L4771 ICLHIUA, lA LA3oiri, 1A, V.Ul Y. VIV

Introduction of an a-alkylsubstituent into acyclic B-dicarbonyl compounds such as esters 5 is a
reaction.”” There are several methods for the synthesis of B-oxoesters.'* The most convenient and reliable one
is based upon alcoholysis of a synthetic equivalent of a mixed diketene — acylated Meldrum’s acid 6 — which

is obtained in quantitative yield in mild conditions from commercially available reagents.'*®
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As we have supposed, methyl B-oxoesters § and 7 can be easily obtained according to standard methods and
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uantitative vield to afford acids 8 The method for the synthesis of

most quantitative yi afford he method for the synthesis

acyl derivatives of Meldrum’s acid 6 mentioned above is not applicable for obtaining the key precursors 4
because of instability of the B-oxoacid chlorides.'* For this purpose we successfully applied the condensation
icyclohexylcarbodiimide (DCC)'® in the
presence of triethylamine and a catalytic amount of dimethylaminopyridine (DMAP). This resulted in
formation in good yield of the key compounds 4 (qualltatlvely detected by an alcoholic FeCl; stain). Without
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chromatography, the target alkylpyrones 3a-e were obtained in 46-91 % overall yield in 3 steps starting from p-

oxoesters § and 7. The yield of 5-allyl derivative 3e was the lowest in part because of steric hindrances of
substituents during recyclization. Another reason was the low purity of the oily product 8¢ which could not be

puritied by recrystallization as for other B-oxoacids obtained in this manner.

The described method for the synthesis of 5,6-dialkyl-4-hydroxy-2-pyrones 3b-e has a range of advantages
in comparison with earlier ones. They proceed in good yields and under mild conditions (strong basic or acidic
reagents and solvents that may cause undesirable transformations of substrates are not involved).

As was noted above, methods for introduction of 3-alkylsubstituents into the 4-hydroxy-2-pyrone cycle have
been developed but give low yields. To address this problem, we applied a method proposed by us earlier'’-!®
for obtaining o-alkylderivatives of different carbo- and heterocyclic B-dicarbonyl compounds. The method
includes O-acylation of B-dicarbonyl compounds, O-C-isomerization of enol acylates obtained followed by
regioselective hydrogenolysis of the oxo function in 3-acylsubstituent in the corresponding 3-acylderivatives 1
during ionic hydrogenation with the use of triethylsilane in TFA in the presence of Lewis acids. These
processes usually proceed smoothly in excellent yield. However, in the case of 3-acyl-4-hydroxy-5,6-
dihydropyrones 9, the closest analogues of 3-acetyl-4-hydroxy-6-methyl-2-pyrones 1a, the reaction of ionic
hydrogenation was unsuccessful probably because of the instability of the lactone cycle in the strong acidic
medium. In the case of 3-acyl-4-hydroxy-6-methyl-2-pyrones 1 the method proposed above resulted in
formation of 3-alkyl derivatives 2 in overall yields of about 80% in a 3 step sequence starting from pyrones 3.

The effectiveness of this new approach to the synthesis of 2-pyrone alkyl derivatives leads us to consider its

application toward the germicidin 10,' which was isolated from Streptomyces viridochromogenes NRRL B-

1551 and shown to have an inhibitory effect on the germination of its own arthrospores at concentrations as
| PR o 4 Ll o nmmamntents ame rrammstad Al tealilaido sameomton NTaT M7t it L1 AP UL PP
10W & pg/uu_,, at NigHer COoncnirauons gormiciain imnivits porcine iNa /N aclivat€a A 1rase and retlaras ine

germination of the cress Lepidium sativum.



4786 1. P. Lokot et al. / Tetrahedron 55 (1999) 47834792

O O O n n
~cl ~ \OCH3
j M io&‘ J/ In/&—. 82% )/
liii
OH o o o o o
u/l\ A A,
\/\O o 82% 7 Q/\O/I\——‘ 90% N
P s » \ 13
91% | vi
OH O OH

J 15-

d < Germicidin 7

Reagents: i: 1) 2 eq. Py, CHCls, -20 °C, 2) 5% HCI; ii: MeOH reflux; iii 1) 1.1 eq. MeONa in MeOH, 2) 1 N HCI; iv:
1) Meldrum’s acid, DCC, 0.3 eq. DMAP, Et;N, CH,Cl,, 2) 5% HCI,; v: toluene reflux; vi: 1) CH;COOH, DCC, 0.3 eq.
DMAP, Et;N, CH,Cly, 2) 5% HCI; vii: Et;SiH, TFA, 0.01 eq. LiClO,

Reaction of the pyridinium salt of Meldrum’s acid with 2-methylbutyric acid chloride followed by heating

the tricarbonyl compound 11 thus obtained in methanol gave f-oxoester 12 in 82% overall yield. Hydrolysis of

iy . i

the latter resuited in P-oxoacid 13. Meldrum’s acid acylation by the action of DCC, triethylamine and a

catalytic amount of DMAP gave tetracarbonyl compound 14, which was converted into 6-sec-butyl-2-pyrone

15 on refluxing for 6 h in toluene. For the synthesis of 3-acetyl-2-pyrone 16 we used a one pot procedure
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involving the acylation of 15 by the action of acetic acid and DCC foiiowed by O-C-isomerization with the use

of DMAP and triethylamine. Ionic hydrogenation of 3-acetylpyrone 16 afforded racemic germicidin 10 in 84%
yield.

axrendla Al Lo rean t :A -~ = AND/
1

was isolated as an oil which crystallised on standing. Recrystallization of the product from ether-hexane

afforded a white solid with melting point 95-97 °C. Spectral characteristics of the obtained product coincided
with the literature data. The method proposed allows synthesis of germicidin in optically active form (natural

product or its enantiomer). To date there is no information in the literature concerning the optical activity of the

natural sample.

EXPERIMENTAL
The "H NMR and ’C NMR spectra were recorded on Brucker WM-360 and Brucker AC-200 spectrometers
operating at 360 and 200 MHz for "H NMR and 50.33 MHz for >C NMR in DCl;. The chemical shifts of 'H

114 1V 11 AL AUL 2128 AaAvAiURA SEiAANS Ak
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NMR signals § are reported in ppm (TMS as internal standard, 3=0). Mass spectra (El, 70 V) were recorded
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recorded on UR-20 apparatus (KBr disks or liquid film). Melting points were determined on a Kofler apparatus
and are uncorrected. Thin layer chromatography (TLC) was carried out on Silufol UVs4 plates coated with 0.2

D" s et Ll

n layer of silica gel and UV visualisation. Column chromatography was performed using silica gel of 70-230
A 54

120 A A 74 s° a o 3r

mesh (C Cl3). Starting materiais: Meldrum’s acid,” 2,2-dimethyl-5-(3-oxobutyryi)-1,3-dioxane-4,6-dione

4a, - 5,6-dihydro-4-hydroxy- 2-pyrone'? were obtained by standard procedures.
Acvlation of Meldrum’s acid. To a solution of Meldrum’s acid (7.2 g, 0.05 mol) in CHCl; (100 mL) at -20 °C
was added pyridine (8.85 mL, 0.11 mol) and dropwise carboxylic acid chloride (0.11 mol). After stirring for 1 h

the mixture was acidified with IN HCI] (120 mL) and organic layer was washed with IN HCI (50 mL) and

dried over anhydrous Na;SO4. The solvent was evaporated in vacuo to give 6 as a yellowish oil. Products of
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2,2-Dimethyl-5-octanoyl-1,3-dioxane-4,6-dione (6a): 6y (200 MHz, CDCl;) 15.28
J 7.4 Hz, CH,CO), 1.71 (6 H, s, 2xCH3C), 1.12-1.45 (10 H, m, (CH>)sCHs), 0.88 (
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B-Oxoesters 5 and 12. Acylated products 6 and 11 (all quantity obtained in the previous stage) were refluxed

for 2 h in methanol (80 mL) and after evaporation of solvent gave rise to almost pure B-oxoesters 5 and 12 as

yellowish oils.
Methyl 3-oxodecanoate (5a): Yield: 9.40 g (94%); b.p. 110;mm °C; 8H (200 MHz, CDCl;) 12.02 (1 Hx 0.1, s,
OH enolic form), 3.74 (3 H, s, OCH,), 3.46 (2 H, s, CH,CO;Me), 2.56 (2 H, t, J 7.4 Hz, CH,CH,CO), 1.50-

A2V e 11, L34, A1DN

Ty ~r vy

H»>)4CH3), 0.89 (3 H, t,J 7.3 Hz,

s w v

g (82%); b.p. 951mm °C; 8y (200 MHz, CDCl3) 3.75 (3 H,
s, OCHs), 3.50 (2 H, s, CH,COy), 2.58 (1 H, sxt, J 7 Hz, CHCH3), 1.72 (2 H, m, J 7.5 Hz, CH,CH3), 1.15 (3 H,
d,J7Hz, CHCH3), 0.93 (3 H, t, J 8 Hz, CH,CH,).

Methyl 4—mcthyi—3—oxohexanoate (i2): Yield: 6.5

Alkylation of B-oxoester 7 was conducted by a standard procedure.'
Methyl 2-acetononanoate (7a): From ethyl acetoacetate (13 g, 0.1 mol) and 1-bromoheptane (18.8 g, 0.105
mol) with the use of Na (2.3 g, 0.1 mol) in MeOH (120 mL) was obtained the fitle compound 7a (18.62 g, 87%)

J11 {14 A1 e S R N20.
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I T raltnYall
a yellowish oil, b.p. 1051mm °C; 8y (200 MHz, CDCly) 3

r~TT s - -

.66 (3 H, s, OCHs), 3.44 (1 H, t,J'I.3 Hz, CH), 2.24
(3 H, s, CH3CO), 1.65-1.45 (2 H, m, CH,CH), 1.40-1.14 (10 H), 0.88 (3 H, t, J 7.5 Hz, CHsCH,).

}
i
4

o
w
Q,s



4788 L. P. Lokot et al. / Tetrahedron 55 (1999) 47834792

Methyl 2-allyl-3-exodecanoate (7b): From methyl 3-oxodecanoate 5a (9.4 g, 0.047 mol) and allyl bromide
0.047 mol) in MeOH (50 mL)) was obtained the title (‘nmnnund

i a

597¢,0. 049 mol) with the use of Na (1.0

ARENSR

130
G

Tb (9.59 g, 85%) as a yellowish oil, b.p. 125 mm °C; 81 (200 MHz, CDCL3) 5.84-5.62 (1 H, m, =CH), 5.14 (1 H,
br, =CH,4Hy), 5.03 (1 H, br, =CH.Hs), 3.72 3 H, s, OCH:), 3.57 (1 H, t, J 7.2 Hz, CHCH,CH=), 2.67-2.46 (4
H, 2t, CH;CH+CH,CO), 1.68 (2 H, br, CH,CH,CO), 1.40-1.15 (8 H, br, (CH2)¢CH;), 0.88 (3 H, t, J 7.4 Hz);

vmadliquid film) 925, 1005, 1140, 1180, 1205, 1240, 1275, 1350, 1450, 1470, 1650, 1730, 1760, 2865, 2940,
2965 cm™.

mL) and water (10 mL) were stirred for 8 h. The methanol was evaporated in vacuo and the residue was

acidified with IN HCI (65 mL) and extracted with dichloromethane (2x100 mL). Extract was dried over

anhydrous Na,SO, and the solvent evaporated in vacuo. Washing with cold hexane and drying in vacuo gave
the product 8 or 13 as an oil or white solid. B-Oxoacids obtained are unstable [while standing at room

temperature for a few days 2-acetononanoic acid is decarboxylated into 2-decanone: dy (200 MHz, CDCl;)
240 (2H,t,J7.5Hz, CH>CQ), 2.18 (3 H, s, CH1CQ), 1.70-1.16 (10 H, br), 0.89 (3 H, t, J 7.5 Hz, CH,CHy);

SR AT 2 eI AL : eV

vmax(liquid film) 940, 1130, 1190, 1415, 1470, 1715 (sharp), 2865, 2935, 2960 cm™]. p-Oxoacids obtained
needed no further purification and were used directly in the next step.

Acetoacetic acid (8a): Yield 3.88 g (76%) as a yellowish
(2 H,s,CHy), 2.31 3 H, s, CHy).

3-Oxodecanoic acid (8b): Yield 8.93 g (96%) as a white solid, m.p. 78 °C (dec.)(hexane); &y (200 MHz,
CDCl3) 11.85 (1 H x 0.05, br, OH of enolic form), 9.00 (1 H, br, OH), 3.55 (2 H, s, CH,COOH), 2.60 2 H, t, J

ALY VY 1 A0 /A YY ANTY NTT e s~ Y

7.4 Hz, CH,COCHjy), 1.48 (2 H, m, CH,CH,CO}), 1.45-1.20 (8 H, br, (CH2)4CH3), 0.90 3 H, 1, J 7.

)

Hz, CHy).
3-Oxoundecanoic acid (8¢): Yield 9.52 g (95%) as a white solid, m.p. 80 °C (dec.)(hexane).
2-Acetononanoic acid (8d): Yield 86.87 g (87%) as a white solid, m.p. 46 °C (dec.)(hexane); &y (200 MHz,

~ T oy

CDCl3) 12.00 (1 H, br, OH), 3.60 (1 H, s, CH), 2.25 3 H, s, CH3CO), 1.65-1.45 (2 H, m, CH,CH), 1.40-1.15
(10 H), 0.90 (3 H, t, J 7.5 Hz, CH3CHy).
2-Allyl-3-oxodecanoic acid (8¢): Yield 8.36 g (74%) as a yellowish oil; 8y (200 MHz, CDCl3) 11.00 (1 H, br,

4 T el A4 I\"l A ™

0OH), 5.90-5.60 (1 H, m, =CH), 5.07-4.93 (2 H, m, =CH>), 3.55 (1 H, t, J 7.3 Hz, CHCH,CH=), 2.60-2.25 (4 H,
m, CH,CH+CH,CO), 1.68 (2 H, m, CH,CH,CO), 1.40-1.15 (8 H, br, (CH,)4sCH3), 0.88 (3 H, t, J 7.5 Hz, CH;).
4-Methyl-3-oxo0-hexanoic acid (13): Yield 6.19 g (86%) as a yellowish oil.

[ [ - - oo

rum’s acid with B-oxyacids. A solution of p-oxyac1a 8 or 13 (0.02 mol), metnylamme
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(2.78 mlL, 0.02 mol), Meldrum's acid (2.88 g, 0.02 mol), 4-dimethylaminopyridine (0.61 g, 0.005 mol) and
N, N-dicyclohexylcarbodiimide (4.33 g, 0.021 mol) in dichloromethane (80 mL) was stirred at room

temperatu far £ h Tha AT A_Adiox "}n.mn

arna ra v rolahas wag i L nind carnale
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red off and washed with an additional portion of
dichloromethane. The filtrate was acidified with 5% HCI (25 mL)and washed with brine (30 mL), dried over

anhydrous Na;SO, and the solvent evaporated in vacuo to give the product as an oil. Acylated Meldrum's acids
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4a-e are unstable {whxle standing for a few days at room temperature 4a is transformed into 3-carbexy-4-
hvdroxy-6-methyvil-2-pyrone: 3y (200 MHz, CDCl;) 14.03 (1 H, br, enolic OH), 12.67 (1 H, br, COOH), 6.21
(1 H, s, CH), 2.42 (3 H, s, CHas); m.p. 123 °C (dec.)(Et;0)]. For this reason 4a-e were used without purification
in the next step.

2,2-Dimethyl-5-(3-oxobutyryl)-13-dioxane-4,6-dione (4a): Yield 4.51 g (99%) as a white solid, m.p. 82-83
°C (Et;0); 8y (200 MHz, CDCl3) 15.00 (1 H, br, OH), 4.18 (2 H, s, CH,), 2.35 (3 H, 5, CH3C=0), 1.75 (6 H, s,
(CH3)0).

2,2-Dimethyl-5- (3-9 odecanoyl)-1.3-dioxane-4,

s, (CH3),C), 1.60 2 H CH,CH;CO), 1.45-1.15 (8 H, br, (CH;)4CH3), 0.90 (
2,2-Dimethyl-5-(3-oxoundecanoyl)-1,3-dioxane-4,6-dione (4c): Yield 6.26 g (96%) as a yellowish oil; 8y

(200 MHz, CDCl;) 15.00 (1 H, br, OH), 4.15 (2 H, s, O=CCH,C=0), 2.45 (2 H, t, J 7.5 Hz, CH,CH,CO), 1.75
(6 H, s, (CH3C), 1.62 (2 H, m, CH,CH,CO), 1.48-1.15 (10H, br, (CH;)sCH3), 0.89 (3 H, t, J 7.4 Hz,
CH;CHs).

5-(2-Acetononanoyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (4d): Yield 6.06 g (93%) as a yellowish oil; 8y
(200 MHz, CDCl3) 15.00 (1 H, br, OH), 4.12 (1 H, s, CHCHa), 2.36 (3 H, s, CH;CO), 1.75 (6 H, s, (CH;);C),
1.62 (2 H, m, CH>CH), 1.45-1.15 (10 H, br, (CHz)sCH3), 0.90 (3 H, t, / 7.4 Hz, CH;CH,).
5-(2-Allyl-3-oxodecanoyl)-2,2-dimethyl-1,3-dioxane-4,6-dione (4¢): Yield 6.12 g (87%) as a yellowish oil;
311 (200 MHz, CDCl3) 15.60 (1 H, br, OH), 5.90-5.65 (1 H, m, =CH), 5.15-4.90 (3 H, m, CH,= + CHCH,CH=),
2.65-2.22 (4 H, m, =CHCH, + CH,CO), 1.80 (6 H, s, (CH3);C), 1.68 (2 H, m, CH,CH,CO), 1.45-1.15 (8 H, br,
(CH,)sCHs), 0.90 (3 H, t, J 7.5 Hz, CH;CH,).

2,2-Dimethyl-5-(4-methyl-3-oxohexanoyl)-1,3-dioxane (14): Yield 5.39 g (90%) as a yellowish oil; 84 (200
MHz, CDCl;) 15.60 (1 H, br, OH), 3.54 (2 H, s, CH>CO3), 2.58 (1 H, m, CHCHj3), 1.75 (6 H, s, (CH3),C), 1.70

(ZH, m,J7.5 Hz, CH,CH3), 1.15 (3 H, d, J 7 Hz, CHCH3), 0.92 3 H, t,J 8 Hz, CH,CHhs).

Formation of 2-pyrone cycle (recyclization and decarboxylation). Acylated Meldrum's acids 4 (0.02 mol) were
dissolved in absolute toluene (80 mL) and refluxed for 5-15 h (reaction was monitored by TLC). Toluene was
evaporated in vacuo and the residue was purified by column chromatography (CHCls).
4-Hydroxy-6-methyl-2-pyrone (3a): Yield 1.92 g (76%), m.p 189 °C (toluene)'%.
6-Heptyl-4-hydroxy-2-pyrone (3b): Yield: 4.07 g (97%), m.p. 63-64 °c (Et0); v

SEEE I T Dt Aty maxy*

N NSO

1620, 1695, 2865,

l\-)

2630, 2960 cm™. 84 (200 MHz CDClI;) 6.00 (1 H, s, =CH=), 5.62 (1 H,d, J 2
248 (2 H,t,J7.5Hz, =CCH,), 1.63 (2 H, m, =CCH,CH,), 1.44-1.10 (8 H, br, (CH,)4CH3), 0.8
Hz, CHs), OH signal is not observed. C;2H;3 O3 (210.28): calc. C, 68.54; H, 8.63. Found: C, 68.75;

¥ NE S Meea hiad bl Bt I

4-Hydroxy-6-octyl-2-pyrone (3c): Yieid: 428 g (95%), m.p. 57-59 °C

ﬂ\

14 Et;0); vimax(KBr) 1250, 1500, 1570
1620, 1695, 2865, 2930, 2960 cm™. 8y (200 MHz, CDCl;) 6.00 (1 H, s, =CH=), 5.62 (1 H, d, J 2 Hz, =CHCO
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), 2.50 (2 H, t, J 7.5 Hz, =CCH>), 1.65 (2 H, m, =CCH,CH,), 1.50-1.10 (10 H, br, (CH)sCH3), 0.90 3 H, t, J
7.5 Hz, CH3), OH signal is not observed. Cy3H,03 (224.30): calc. C, 69.61; H, 8.99. Found: C, 69.65; H, 9.00.
5-Heptyl-4-hydroxy-6-methyl-2-pyrone (3d): Yield: 4.25 g (95%), m.p. 85 °C; vama(KBr) 1260, 1300, 1470,
1540, 1580, 1630, 1655, 1735, 2855, 2930, 2970 cm™. & (200 MHz, CDCl;) 5.68 (1 H, s, =CHCO), 2.37 (2
H, t,J 7.3 Hz, CH;C=), 2.25 (3 H, 5, CH3C=), 1.45 (2 H, CH,CH,C=), 1.29 (8 H, br), 0.88 (3 H, t, J 7.5 Hz,
CH;CHy), OH signal is not observed. C13H300;3 (224.30): cale. C, 69.61; H, 8.99. Found: C, 69.65; H, 8.95.
5-Allyl-6-heptyl-2-pyrone (3¢): Yield: 3.57 g (71%), m.p. 38-39 °C; vma(KBr) 1265, 1315, 1510, 1590, 1665,
1730, 2865, 2940, 2970 cm’’. §; (200 MHz, CDCl3) 5.87 (1 H, m, CHCH3), 5.71 (1 H, s, =CHC=0), 5.07 (1
H, s, CH=CH,H,), 5.00 (1 H, d, J 6.5 Hz, CH=CH,H,), 3.18 (2 H, d, J 5.5 Hz, CH,=CHCH,), 2.52 2 H, t, J
6.5 Hz, =CCH,CH,), 1.64 (2 H, m, =CCH,CH>), 1.41-1.14 (8H, br, (CH»)4CH3), 0.89 (3 H, t, J 7.5 Hz, CHj),

5H
OH signal is not observed; 8¢ (50.33 MHz, CDCl;) and DEPT 172.2 (C), 167.6 (C), 164.1 (C), 134.8 (CH),

1234 & pO) I §

5.5 (CH,), 110.7 (C), 89.9 (CH), 31.6 (CH,), 30.8 (CHy), 29.2 (CHy), 28.9 (CH,), 27.9 (CH,), 27.3 (CHy),
.5 (CH,), 14.0 (CHs). C15HpnO3 (250.34): calc. C, 71.97; H, 8.86. Found: C, 72.05; H, 8.95.
6-(2-Butyl)-4-hydroxy-2-pyrone (15): Yield: 2.76 g (82%) as a colourless o0il; vmax(liquid film) 1245, 1445,
1575, 1630, 1670, 1700, 2880, 2940, 2970 cm’ '; oy (200 MHz, CDCI3) 6.00 (1 H, d, J 2 Hz, BuC=CH), 5.60
(1 H, d, J 2 Hz, =CHCO), 2.50 (1 H, m, CHCHj3), 1.80-1.45 (2 H, m, CH,CHj3), 1.20 (3 H, d, J 6.5 Hz,
CHCHs), 0.90 3 H, t, J 7.3 Hz, CHaCH,), OH signal is not observed. CoH 203 (168.19): calc. C, 64.27; H,
7.19. Found: C, 64.50; H, 7.15.
Acylation of 4-hydroxy-6-methyl-2-pyrone 3a and 5.6-dihydro-4-hydroxy-6-methyl-2-pyrone: 2-Pyrone (0.01

mol) and acetyl or octanoyl chloride (0.01 mol) were refluxed in trifluoroacetic acid (10 mL) for about 5 h

,,,,,, l s sermc oeramAsatad P Y Ty AcsAs b, F 71

lution ceased). TFA was evaporated in vacuo and the residue was dissolved in ether (150 mL)
and washed with brine (2x50mL) and dried over anhydrous Na,SO,. The crude product obtained after

evaporation of solvent was puriﬁed by column chromatography (CHCl;).

O

mwr]l ) ermruss e 1 \- . 1NNN

. C (E£0); vmax(KBr) 1000,
1345, 1365, 1455, 1565 br, 1615, 1650, 1730 br, 2855, 2930, 2970 cm™'; 8y (200 MHz, CDCl;) 16.90 (1 H, br,
OH), 5.93 (1 H, s, =CH), 3.10 (2 H, t, J 7.5 Hz, CH,CO), 2.28 (3 H, s, =CCH3), 1.67 (2 H, m, CH,CH,CO),
1.45-1.20 (8 H, br, (CH.2)sCH3), 0.90 G H, t, J

Found: C, 66.51; H, 7.97.

U f"I’_If‘

7 & TT N M LY N (EN VI, nnla N ££ LA, - an
7.9 L), LiapoUyg (£52.01): caic. C, 00.04; 0, /.99,

- ONCIY 17 QN 71 n ASN M IT v CIIN DY £Q /DY LT ean Y IIN N LY MIT o NI M\ 1 AT 7
VIIZ, 13) 17,7V (1 11, UL, ULl), 5.0V 1 I, 1, Uil), £.00 \<£ 1, I, LILT), £.05 (3 11, §, LEL=U), 1.47 (O
H, d, /6.8 Hz, CHsCH)
5,6-Dihydro-4-hydroxy-6-methyl-3-octanoyl-2-pyrone (9b): Yield: 1.98 g (78%), m.p. 31 °C (E,0)
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CH,CH;CO0), 1.52 (3 H, d, J 6 Hz, CH;CH), 1.40-1.20 (8 H, br, (CH»)sCH3), 0.88 (3 H, t, J 7.5 Hz, CH;CHy).
254.32): calc. C, 66.12; H, 8.72. Found: C, 66.24; H, 8.73.

chdey £y DS roun MRP.LTTy 22, 2

\

3 s o Ao

3-Acetyl-6-sec-butyl-4-hydroxy-2-pyrone (16): A solution of pyrone 15 (0.002 mol, 0.408 g), triethylamine
(0.278 mL, 0.002 mol) acetic acid (0.115 mL, 0.002 mol), 4-dimethylaminopiridine (0.061 g, 0.0005 mol) and
N,N-dicyclohexylcarbodiimide (0.433 g, 0.0021 mol) in dichloromethane (80 ml) was stirred at room

Y RT et 4t f1___ . ___ _ab ___ _ o e o

Lcmperaxurc for & h. The N,IV‘G]CYCIO[\CXYIUI‘C& was Ill tered and wasncu wiin gicniorometinane. lﬂe raie was
acidified with 5 mL of 5% HCI and washed with brine (100 mL), dried over anhydrous Na;SO, and the solvent
evaporated in vacuo to give the product 16 as oil. Yield 0.382 g (91%). vmax(liquid film) 1400, 1455, 1580,

IMNN N XYY n n \ "rn II T Fasa gt e 6 1 ’l'l’ Y I S s e A VL B

5, 2980 cm™; 8y (200 MHz, CDCl3) 0(1 H,s,0H),593(1 H,s,=CH),2.70 3 H, s,
H, m, CHC=), 1.90-1.50 (2 H, m, CH,CH,), 1.25 3 H, d, /7 Hz, CH;CH), 0.92 3 H,t,J 7.4
Hz, CH3CH,). C11H404 (210.23): calc. C, 62.85; H, 6.71. Found: C, 62.70; H, 6.65.
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fonic HL 23!1_@_(1011 of D-glcaroonvx compounds oa D and 10: J-ACYI A-pyrone (V.U mﬂl}, memyxsuane (l .29

mL, 0.008 mol) and LiClO4 (0.002 g, 0.00002 mol) were dissolved in TFA (15 mL) and stirred at room

temperature for about 4 h (reaction was monitored by TLC). The solvent was evaporated in vacuo and the
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3-Ethyl-4-hydroxy-6-methyl-2-pyrone (2a): Yield: 0.265 g (85%). M.p. 187 °C (Et,0). &4 (200 MHz,
CDCl3) 6.00 (1 H, s, =CH), 2.48 (2 H, g, J 7.4 Hz, =CCH,), 2.26 (3 H, s, =CCH5), 1.11 (3 H, t, J 7.5 Hz,

2660 br, 2940, 2980 cm™.
4-Hydroxy-6-methyl-3-octyl-2-pyrone (2b): Yield: 0.42 g (88%), m.p. 100-102 °C. 8y (200 MHz, CDCl3)
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(8 H, br, (CH,)4CHs), 0.90 3 H, t, J 7
1250, 1300, 1370, 1405, 1450, 1575, 1595 s

; Vmax(KBr) 1000,
, 2960 cm™.
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(Et,O-hexane); dy (200 MHz, CDCl3) 6.22 (1 H, s, =CH), 2.48
7 ),

p
2 2H,q,J74Hz,=CCHy)+(1 H,m, C CH3)],
1.75-1.24 2 H, m, CHCH,), 1.20 3 H, d, J 6. A1 ), 0.8

(3 H, t, J 7.5 Hz, CH3CH,C=)
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