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Abstract - An efficient route usm-~g nltroalkane synthon 3a and 3b for 
the synthesis of optically pure R-(+)-trans whisky lactone, 
(t)-9 and R-(t)-eldanollde. (+)-lo 1s described. In a key 
step, bakers’ yeast reduction 1s employed to get the 
requzred chlrallty. 

In recent years aliphatic nltro compounds are emergmg as versatile building blocks 

and Intermediates in organic synthesis. 
1-8 

This IS primarily due to the fact that they are 

easily available, they undergo a variety of carbon-carbon bond forming processes in Presence 

of a suitable base and the nitro group can be converted into a variety of other functlonal 

groups. The mechanism and factors Influencing the carbon-carbon bond forming reactions of 

nitro alkanes have been studied extensively by several groups. 
9-17 

In this paper we wish to report the enantioselective total synthesis of (+)-trans 

whisky lactone, (+)-9 (3&4R)-3-methyl-4-octanollde, the key flavour of whisky and wine 
18.19 

and the natural eldanolide (+)-lo (3S,4R)-3,7-dimethyl-6-octen-4-ollde, the pheromone Of the 

male African sugarcane stem borer, Eldana saccharlna (Wlk.)20 by using nitroalkane syn- 

thons 3a and 3b. Although several other procedures are reported for the synthesis of these 

compounds, 
21 

this IS the first report on their synthesis from nltroalkane synthons. 

R-(+)-Trans whisky lactone, (+)-9 R-(+)-Eldanollde, (+)-lo 

2253 
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Our method IS straight forward and consists of the conjugate addition of primary 

nitroalkane 3a and 3b to acrolein or methyl acrylate in presence of DBU In THF. 

Nitroaikane 3b was obtained readily from butyrolactone. Reaction of methyl magne- 

sium iodide22 with butyrolactone and distillation of the hydrolyzed aqueous reaction mixture 

at normal pressure gave a 95:5 mixture of alcohol la and lb in 88% yield. Treatment of 

the crude mixture of la and lb with carbon tetrabromide 
23 

in dichloromethane and tn 

presence of triphenylphosphme gave in 89% yield the essentially pure bromide 2. Treatment 

of bromide 2 with sodlum nitrite In DMSO gave the desired nitroalkane 3b in 84% yield 

(50% overall yield from butyroIactone)(Scheme 1). 

c- la, X = OH 

II 

(89%) - 
2, X = Br 

III I 

(84%) Lj 3b, X = NO2 

I) MeMgl (2 equiv) II) CBr4/Ph3P/CH2C12 III) NaN02/DMS0 

Scheme 1 

Nitroalkane 3b IS converted wrth 2 equivalents of DBU in THF to the corresponding 

dianion 3A. Addition of one equivalent of acroleln gave 4-nitroalkanal, (L)-4b In 79% yield 

which IS directly converted to the ketoacld, 5b in 73% yield by treating with hydrogen 

peroxide in an aqueous solution of potassium carbonate. In a similar way 3a IS also conver- 

ted to 4-nitroalkanal (+)-4a in 81% yield and then to ketoacld 5a in 76% yield. The keto- - 

acids 5a and 5b are also obtained via an alternative route by first coupling the nitronate 

dlanlon 3A with acrylic acid methyl ester and subsequent hydrolysis of the keto ester (+)-8 

with hydrogen peroxide in presence of aqueous potassium carbonate. As illustrated In 

Scheme 2 reduction of the y -ketoacids 5a and 5b w&h fermenting bakers’ YeaSt 24gaVe 

R-(+)-4-alkanolide, (+)-6a, yield 45%. [a =55.1 (C 1.4 THF); literature 25 [aID= + 53.3 

(C 1.56 THF) and (+)-6b, yield 54% + 19.5 (C 1.2 MeOH); Iiterature26 [a]? + 20 

(C 1.1 MeOH). Treatment of the choral la&ones (+)&a and (+)-6b with LDA/PhSeBr27 and 

subsequent treatment with NaHC03/Na104 gave R-(-)-7a, yield 65%, [~]2,3=-10S” (C = 0.92, 

CHCl3), Ilterature28 9 [a]23= -108’ (C = 0.882, CHCl3) and R-(-)-m yield 7096, [aIF= -132” 

(C 1.1 MeOH), literature ’ [d2’= -130” (C 0.8 MeOH). Treatment of IaCtOne R-(-)-7a and 
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R-(-)-7b with Me2CuLI at -78°C whisky lactone, (+)-9 , yield 75%, [a]: = 

+ 80.1 (C 1.6 MeOH), literature + 79.5 (MeOH) and Ilterature2g id]:= + 72.8” 

(MeOH) and R-(+)-eldanohde, (+)-lo, yield 80%. [a12i= + 50.6 (C 1.2 MeOH); Ilterature2(j 

k]‘i= + 51.5 (C 1.15 MeOH). The optical purity of these lactones have been ascertamed by 

comparison with their specific rotations with that reported In the Ilterature. 18-20 

@CHO 

RANO--I--) - 
2 

R 
3 

3A (+)-4 

COOH 

R 5 

(+)-8 

I 

III 

R-(+)-Trans whisky lactone, (+)-9 

R-(+)-Eldanollde, (+)-lo 

V 

1 
R-(-)-7 

I) DBU (2 equiv)/THF II) H202/aq. K2C03 I II) Bakers’ yeast/H+ 

IV) n-BuLi/PhSeBr, NaHC03/Na104 v) Me2CuLl/THF, - 78” 

Scheme 2 
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EXPERIMENTAL 

All m.ps and b.ps are uncorrected. IR spectra were recorded as neat films on a 

Perkrn-Elmer 2378 grattmg rnfra-red spectrometer. Mass spectra were taken on a INCOS 50 
. 

GC-MS instrument. ‘H NMR spectra unless otherwise stated, were recorded on either a 

varlan T-60 or Jeol FX-90 Instrument In CDC13 using TMS as the Internal standard. Chro- 

matographic purlficatrons were done on TLC plates using sllica-gel G(E.Merck, India). Optt- 

Cal rotation measurements were done In a automatic polarlmeter Model AA-1000 (M/S 

Optical Actrvrty, U.K). All reactions of air and water sensitive materrals were performed 

in oven dried glasswares and under dry nitrogen. 

1-Hydroxy-&methylpent+ene (la) : 

A sotution of freshly distilled y-butyrolactone (11.189, 0.13 mol) in dry ether (200ml) 

IS added dropwrse to a freshly prepared reagent of methyl magnesrum iodide prepared from 

magnesium (7.99, 0.3 mol) and methyl lodlde (45g, 0.3 mmol), while marntarnmg the temp- 

erature below 40°C. After stirring the reaction mixture for another 4 h it IS hydrolysed with 

an ice-cooled saturated solution of ammonium chloride (6OOml). The aqueous reactlon 

mixture IS distrlled under normal pressure and the aqueous distillate IS extracted with ether 

(3 x lOOmI). The combined ether extract IS dried over anhydrous sodium sulfate and evapo- 

rated to yield a liquid which on distillation under reduced pressure gave 11.59 (88%) of a 

colourless Ilqurd, b.p looO/5 mm Hg which IS a 95:5 mixture of la and lb as lndrcated by 

Its ‘H NMR spectrum. A small amount of la IS purified by preparative TLC (n-hexane 

AcOEt, 2:l) to give la as an oil. IR (cm-‘) 3400, 2900, and 1610; ‘H NMR (6 ppm): 1.7 

(br, 6H, (CH3)2C = C), 2.3 (q, J = ~&HZ, 2H, = CH - E2-), 3.6 (t, J = 7.3H2, 2H, -CH2- 

OH), 5.0 (t, J = 7.5Hz, lH, =E-); MS (m/z) : 100 (M*), 82, 68 and 54. Analysis calculated 

for C6H,20, C = 71.95%, H = 12.08%. Found C = 71.66%, H = 12.1% lb, IR (cm-‘) : 3400, 

2905 and 1610, ‘H NMR (6 ppm) : 1.7 (br, 3H, C = CH-CH3), 1.9-2.3 (m, 4H, -CH2-), 3.6 

(t, J = 7.3H2, 2H, -CW2-OH), 4.68 (br, 2H, C = CH2); MS (m/z) 100 (M+), 82, 68 and 67. 

I-Bromo-&methylpent-3-ene (2) 

To a stirred solution of 1 (49, 40 mmol) and carbon tetrabromide (16.29, 49 mmol) 

in dichloromethane (6Oml) IS added portionwise with Ice coolmg triphenylphosphine (14.49, 

55 mmol). After addition of trrphenylphosphme the reaction mrxture IS stirred for additional 

5 minutes and solvent removed under reduced pressure. Ether (60ml) IS added and filtered. 

The filter cake IS washed with ether (3 x 50ml). The combmed filtrate and washings are 

evaporated in rotary evaporator to yield a syrupy lrquld which IS distilled to give an 011, b.p 

520/17 mm Hg (Literature’ b.p 56-57/20 mm Hg), yield 5.89 (89%). 
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4-Methyl-1-n~tropent-3+m (3b) : 

A solution of I-bromo-4-methyIpent+ene (2) (4.699, 0.03 mmol) In DMSO (20 ml) 

IS added to a mixture of sodtum nitrIte (3.69, 0.042 mol) In DMSO (15ml) at r.t. The mix- 

ture IS stlrred at room temperature for 4 hours and then poured Into ice-water (lOOmI) and 

layered over with petroleum ether (40-600) (5Oml). After separation of the organic layer, the 

aqueous phase IS further extracted with petroleum ether (4 x 5Omlb The combined extracts 

are then washed with water (4 x 50ml) and dried over anhydrous sodium sulfate. The drying 

agent IS removed by filtration and evaporated to yield an oil which IS purified by distillation 

under reduced pressure to yield 3b as a colourless liquid, b.p 106-113”/5 mm Hg. Yield 2.59 

(64%). IR(cm-‘) . 2900, 2350, 1650 and 1540; ‘H NMR 1.62 (br, 6H, (CH3)2 C = C-), 2.6 

(q, J = 7Hz, 2H, -CH2-CH2-N02), 4.36 (t, J = 7.OHz, 2H, -g2-N02), 5.2 (t, J = 7Hz, lH, 

=CH-). MS (m/z) - 130 (M++l), 63,69,68 and 55. Analysis calculated for C6Hl ,N02, C=55.6(pA 

H = 8.5%, N = 10.84%. Found C = 55.76%, H = 8.61%, N = 10.83%. 

Nltroaldehydes (*)-4a and @-4b 

General Procedure 

A solution of the nitrocompound 3 (0.01 mol) In dry THF (1Oml) IS cooled to 0°C In 

an ice-bath and DEW (0.021 mol) IS added dropwise while stirring. The reaction mixture IS 

then allowed to reach room temperature over one hour and acrolern (0.015 mol) IS added 

and stirring continued for another 5 to 6 hours at r.t. The reaction mixture IS diluted with 

ether (2OOml) and washed with water (3 x lOOmI). The ether extract IS dried over anhydrous 

sodium sulfate and evaporated under reduced pressure to yield a residue which IS purified 

by chromatography/distillation. 

(+)+a, Colourless liquid b.p. 130°C/0.5 mm Hg, yield 1.49 (81%); IR (cm-‘) 1730 and 1545; 

‘H NMR ( 6 ppm). 0.95 (t, J=8Hz, 3H, e3-CH2-), 1-2.65 (m, lOH, -E2-), 4.2-4.6 (m, _ -CH- 

N02), 9.8 (s, lH, -CHO); MS (m/z) : 174 (M++l), 128, 113, 98 etc. Analysis calculated for 

C8H15N03, C = 55.47%, H = 8.73% , N = 6.09%. Found C = 55.40%, H = 8.69%, N = 8.1%. 

(+)-4b, gum, yield 1.469 (79%); IR (cm-‘) . 1725 and 1545; ‘H NMR (6 ppm). 1.80 (br, 6H, 

(CH3)2 C=C-), 1.05-2.8 (m, 6H, -CH2-), 4.3-4.81 (m, lH, -C&N02), 5.2 (t, J=7.2Hz, lH, 

=C&), 9.83 (s, lH, -CHO-), MS (m/z) . 186 (M++l), 139, 110 etc. Analysis calculated for 

C9H15N03; C = 58.3694, H = 6.16%, N = 7.56%. Found C = 58.33%, H = 8.18%, N = 7.58%. 

y-Ketocarboxyhc acids 5a and !5b 

General Procedure : 

A solution of nitroaldehyde (+)-4a or (+)-4b (5 mmol) in methanol (25ml) IS cooled 

to 0°C in an Ice-bath and to this solution IS added aqueous 30% hydrogen peroxlde (10ml) 

while stirring. To the resultant solution potassium carbonate (49) IS added and stirrmg conti- 

nued at room temperature for 15-20 hours. The solution IS then acidified to pH 1 with con- 

centrated hydrochloric acid and extracted with ether (3x5Oml). The organic layer IS washed 

with water (50mI) dried over anhydrous sodium sulfate and evaporated. The products are 

then purified by chromatography. 
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5a, crystalllne solld, yield 0.6Og (76%), m.p 46” (Ilterature 25 m.p 47.6-48.2oC); IR(cm-‘) 1720 

and 1700; ‘H NMR 0.9 (t, J=7Hz, 3H, CH3-CH2), 1.1-2.93 ( m, lOH, -CH2), 8.96 (br, lH, 

COOH), MS (m/z) 158 (M+), 143, 99, 84 etc. 

5b, crystalline solid, yield 0.629 (73%), m.p 630, IR (cm-‘): 3200, 1715, 1705 and 1610; ‘H 

NMR ( 6ppm): 1.8 (br, 6H (CG-i3)2C=C-), 1.2-2.82 (m, 6H,-C!i2-), 5.28 (t, J=7Hz, lH, =C&), 

9.8 (br, lH, COOlj); MS (m/z) 170 (M+), 125, 110 etc. Analysis calculated for CgH,403, 

C = 63.51%, H = 8.29%. Found C = 63.54%, H = 8.30%. 

4-Nitrocarboxyhc acid methyl eater ($-8a and (+)-8b 

General Procedure : 

Compound ($8 IS prepared by using the procedure described for the synthesis of 

(+)-4a and (+)-4b but using acrylic acid methyl ester in place of acrolem. 

(+)-8a, b.p 85/5mm Hg, yield 1.469 (72%); IR(cm-‘): 1740, 1715; ‘H NMR (6 ppm). 0.9 (t, 

J=7Hz, 3H,CH3-), 1.5-2.1 (m, 4H,-CH2-), 2.1-2.62 (m, 8H,-CH2-), 3.56 (s, 3H,-OMe); MS(m/z)* 

204, (M++l), 157, 142, 127, 114 etc. Analysis calculated for CgH17N04, C=53.19%, H=8.43%, 

N=6.89%. Found C = 53.20%, H = 8.4406, N = 6.90%. 

(+)-8b, gum, yield 1.59 (70%); IR (cm-‘): 1745, 1715, 1610 etc. ‘H NMR ( Gppm): 1.85 (br,GH 

(CH3, C=C-), 1.1-2.8 (m, 6H,-CH2-), 3.6 (s, 3H, OMe), 4.6 (m, lH,-@-N02), 5.3 (t, J=7Hz, 

lH,=C&), MS (m/z). 216 (M++l), 169, 138 and 110. Analysis calculated for C10H17N04; 

C=55.80%, H=7.96%, N=6.51%. Found C=55.79%, H=7.99%, N=6.52%. 

AsymmetrIc reduction of Y -ketoaclds 5a and 5b with fermentmg bakers’ yeaat : 

General Procedure 

A suspension of bakers’ yeast (1259) and D-glucose (1009) In tap Water (350mI) IS stl- 

rred for 30 minutes at 32°C. A solution ofY -ketoacld (5a or 5b)(7.5mmol) in 7.5ml of IM 

NaOH IS then added. The reactlon mixture is allowed to stand at room temperature for 16 

hours and to this IS added celite (509) and flltered. The cellte pad IS washed with ethyl ace- 

tate (150ml). The flltrate IS acidified to pH 1 with 2N hydrochloric acid and extracted with 

ethyl acetate. The extract IS dried over anhydrous sodium sulfate and evaporated to yield a 

gummy residue which IS purified by chromatography. 

(+)&I, colourless liquid, yield 0.4799 (45%), b.p 130-135/17mm Hg (Ilterature,25b.p 140-150/22 

mm Hg); IR(cm-‘): 3200, 1780 etc. ‘H NMR (6 ppm) 0.96 (t, J=6.5HzJH,-CH3), 1.2-2.3 (m, 

8H,-CH2), 2 4-2.6 (m, PH,-g2)-C(O)-), 4.02-4.65 (m, lH,-CH-0-); MS (m/z): 142 (M+), 127, 

113, 99 and 85, [a1203=+55.1 (C=l.4 THF)(literature 25 [cllD=+53.3 (C=l.56 THF). 

(+)-6b, gum,yield 0.6239(54%), IR(cm-‘). 2970,1780,1211 etc. ‘H NMR(G ppm). l.69(s,3H,g3 

-C=), l.71(s,3H,e2-C=), 1.8-2.8(m,6H,-C!i2-), 4.6(m,lH,-g-O-), 5.18(t,lH.J=7Hz,=E-); MS 

(m/z)* 154(M+),l39126 and 99 [ar12i=+19.5 (C=l.2 MeOH);(literature26[&3=+20.0 (C=l.l MeOH). 

a&Unsaturated-r_butyrolactone dertvative R-W-7a and R-W7b 

In a 5Oml RB flask absolute dry THF (20ml) IS cooled to -78OC under nitrogen. To 

this cooled solution IS added dllsopropyl amme (6mmol) followed by n-BuLI (6mmol) (1.5M 

solution In hexane) with a syringe against a flow of nitrogen. To this solution added lactone 

(+)$a or (+)-6b,(5mmol) In 4ml of THF. The mixture IS stirred at the same temperature for 

another 15 mrnutes and then phenylselenylbromide (6.2mmol) IS added dropwise to this mix- 
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mixture with a syringe. After 5-10 mtnutes the cold reactlon mixture IS poured Into a mix- 

ture of 0.5N hydrochloric acid and 1.1 ether-pentane mtxture (40ml). The organic layer IS 

washed successively with water, saturated sodlum bicarbonate solution and saturated brine 

and dried over sodium sulfate. Evaporation of the organic phase gave a residue, which IS 

treated directly wlthout purification with methanol (6Oml), and sodlum metaperiodate (8 m 

mol) with vigorous stlrring. After l-2 hours at room temperature the reactlon mixture IS 

poured into a 80:20 mixture of ether-pentane (50ml) and saturated sodlum bicarbonate solu- 

tion (50mI). The organic phase IS washed with brine (50ml), water (50ml) and dried over 

anhydrous sodium sulfate. Evaporation of the solvent gave a resldue which IS purified by 

chromatography. 

(-)-7a, gum, yield 0.9lOg (65%), IR(cm-‘) 1745. ’ H NMR ( 6 ppm): 0.9 (t, J=7Hz, 3H, %3- 

CH2-), 1.2-1.6 (m, 6H,-E2-), 4.7 (m, lH, C&O), 6.1 (dd, J=6&2Hz, lH, CH=C&C(O), 7.5 

(dd, J=6&1.7Hz, lH, CH=CH-C(0); MS (m/z) 140 (M+) 125, 111, 97, 83 and 81, h12i= -106” - 

(C = 0.92 CHCl3). Llterature28 [a]:= -108’ (C = 0.862 CHCl3). 

(-)-7b, gum, yield 1.0649 (70%), IR (cm-‘): 1704, 1750; ‘H NMR (6 ppm). 1.69 (s, 3H, w3- 

C=), 1.71 (s, 3H, CH3-C=), 2.15 (m, PH,-E2-), 4.68 (m, lH, E-O-), 5.14 (t, J=7H z, lH, 

C=E-), 6.13 (dd, J=6 and 2Hz, lH, CH=CH-C(O), 7.5 (dd, J=6 and 1.5Hz,lH, &t=CH-C(O)-) 

MS(m/z):l52(M+),l37,109,97 and 83;[a IF-132”(C=l.l MeOH); Llterature2’ [ a12i=-130” 

(C = 0.80 MeOH). 

Synthesis of (+)_trans-whisky lactone, (+)-9 and R-(+)-Eldanohde, (+)-lo : 

General Procedure 

To a suspension of cuprous Iodide (4mmol) in dry ether (20ml) at 0°C under nitrogen 

IS added 1.5 molar solution of MeLl (8mmol) and the resultmg colourless solution IS further 

cooled to -78’C. A solution of the unsaturated IaCtOne (-)-7a or (-)-7b (5mmol) in ether 

(10ml) IS then added to the cooled solution of llthlum dimethyl copper and the mixture IS 

stlrred at the temperature for 30 minutes. The mixture IS poured Into water (200ml) extrac- 

ted with dlchloromethane (3x50ml), dried over anhydrous sodium sulfate and evaporated. 

Products are purif led by chromatography. 

(+)-9, yield 0.5859 (75%), [a]23= +80.1 (C 1.6 MeOH), Iiterature2’ [u]23= +79.5 (MeOH) and 
93 28 

(+)-lo, yield 0.6729 (80%), h]D = +50.6 (C 1.2 MeOH), Ilterature26 [a], =+51.5(C 1.15 MeOH) 

IR and ‘H NMR data of (+)-9 and (+)-lo are identical with data reported.21 
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