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ci.~-2-Methyl-S-hydroxyhexanoic acid lactone (1) is the major component of' the sex 
pheromone of the carpenter bee Xylocopu hirutissimu.' Although all of the enantiomers have been 
synthesized via various synthetic approachcs,2 we described herein an efficient synthesis of 2(R), 
5( R,S)-2-methyl-5-hydroxyhexanoic acid lactone (1) that includes our recently developed asymmetric 
conjugate addition of allyltrimethylsilane to a,D-unsaturated N-acyloxa~olidinone.~~~ 

The scheme below outlines our synthesis of 2(R), S(R,S)-2-rnethyl-5-hydroxyhexanoic acid 
lactone (1). The slarting (4S)-3-methacryloyl-4-phenyl-2-oxazolidinone (4) was prepared (99% yield) 
from melhacryloyl chloride (2) and (4S)-3-lithio-4-phenyl-2-oxazolidinone (3) according to Evan's 

'\ 

a) Allyltriniethylsilane, TiCl4, CH2C12, -78" (93 %). b) LiOH, THF-H,O, 25" (84 %). 

c) 12, NaHC03, CH2C12, 25" (84 %). d) BqSnH, AIBN, benzene, 80" (30 %). 
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method.' Treatment of 4 with allyltrimethylsilane in the presence of 3 molar equivalent of TiC1, at 
-78" gave the conjugate allylation adduct 5 in 93% yield (88% diastereomeric excess). The optically 
pure 5 was isolatcd by flash column chromatography (silica gel, EtOAc-hexane, 1 :9). The absolute 
configuration at C(2) was determined as R.3 Compound 5 was then hydrolyzed with LiOH (aqueous 
THF) to give, after HCI acidification, (2K)-2-mcthyl-S-hexanoic acid (6) in  84% yield. Stereocon- 
trolled iodolactonization of 6 under condition of kinetic control (I2, NaHCO$ afforded iodolactone 7 
in 82% yield with a trarzs/ci.r ratio of I .6: 1 .  Finally, free radical deiodination (Bu,SnH, AIBN, 
benzene, 80") gave 1 in 30% yield as a 1.8:l mixture of (2R, 5R)- and (2R, 5S)-isomers. Thus, the 
overall yield of 1 from 4 was 20%. 

EXYENMENTAL SECTION 

Melting points (uncorrected) wcre dctcrmincd on a Yanaco MP apparatub. Infrared spectra were 
recorded on a Hitachi 260-30 spectrometer. 'H NMK and "C NMR werc recorded on a Varian XL- 
200E spcctromctcr. All chemical shifts are reported in ppm (TMS internal standard) and coupling 
constant are given in Hz. Elemental analyses were performcd on a Hereus CHNO rapid analyzer. Low 
rccsolutioii iiiacs spectra wcre recorded on :I JEOL SX-102A and high resolution spectra wcre recorded 
on a JEOL JMX-HX 110 spectrometer. 

(4S)-3-(2-Methyl-2-propenoyl)-4-phenyI-2-oxazolidinone (4).- To a stirred solution of (4S)-4- 
phenyl-2-oxazolidinon~ (3) (1.63 g, 10 mmol) and hydroquinone (0.012 g) in anhydrous THF (40 
inL) was added nBuLi (1.6 M in hexane, 6.25 mL, 10 mmol) at 0". After stirring for 15 min, the fresh 
distilled mcthacryloyl chloride (1.04 g, 10 mmol) was added. The reaction mixture was stirred for 
additional 00 min, quenched with saturatcd NH,CI solution, and extracted with ethyl acetate (25 mL x 
3). The combined organic extracts were washed with saturated NaHCO,, brine, and dried over anhy- 
drous MgSO,. After removal of solvenl, the residuc was purified by flash column chromatography 
(30% ethyl acetate in hexaiie as eluent) to give the product 4 (2.30 g, 99%) as a whitc solid, mp. 176- 
177"; ' H  NMR (CDCI,): 6 7.33-7.41 (m, 5 H), 5.50 (s, 2 H), 5.47 (dd, I 13, J = 8.8,6.6), 4.72 (t. I H, J 
= 8.0), 4.26 (dd, 1 H, J = 8.8, 6.0), 2.01 (d, 3 H. J = 1.0); ',C NMR (CDCI,): 6 170.4, 153.2, 139.3, 
137.9, 129.2, 128.9, 126.1, 122.0,69.6,58.1, 18.7. 
Anal. Calcd. for C,,H,,NO,: C, 67.52; H, 5.67; N, 6.06. Found: C, 67.40; H, 5.61; N, 6.09 
(4S)-3-[(2R)-Methyl-5-hex~noyl)-4-phenyl-2-oxa~olidinone (S),- To a cold (-78") stirred solution of 
4 (0.23 g, I mmol) in dry CH,CI, - I  (10 mL) was addcd TiCl, (0.36 nil,, 3 m n i ~ l ) . ~  The red-brown solu- 
tion was stirred at -78" for 30 min. and then allyltrirnethylsilane (0.48 mL, 3 minol) was added into 
the reaction mixture. This solution was stirred at -78" (2 hrs), quenched with saturated NH,CI solu- 
tion, and extracted with ethyl acetate (20 mL x 3). The combined organic extracts were washed with 
brine aid dried over anhydrous MgSO,. After rcmoval of solvent, the residue was purified by flash 
column chromatography (10% ethyl acetate in hexane as eluent) to give 5 (0.24 g, 88% yield) as a 
whitc solid, mp. 53-54"; IR(KRr) 1780, 1695 cm-I; ' H  NMR (CDCI,): 6 7.27-7.43 (m, 5 H), 5.60- 
5.77 (in, I H), 5.43 (dd, 1 H, J = 8.8, 4.0), 4.85-4.95 (m, 2 H), 4.67 (t, 1 H, J = 8.8), 4.24 (dd, 1 H, J 
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=8.8,4.0), 3.77 (sextet, 1 H, J = 6.8), 1.42-1.98 (m, 4 H), 1.14 (d, 3 H, J = 6.8); 13C NMR (CDCIJ: 6 
176.5, 153.3, 139.2, 137.9, 129.1, 128.7, 126.0, 114.9, 69.7, 57.8, 37.1, 32.8, 30.9, 16.4; MS (EI) 273 
(M+, 25.6), 219 (100); HRMS calcd for C,,H,,NO, 273.1366, found 273.1360. 
Anal. Calcd for C,,H,,NO,: C, 70.31; H, 7.00; N, 5.12. Found: C, 70.00; H, 6.98; N, 5.15 
(2R)-2-MethyI-S-hexenoic Acid (6).- The mixture of 5 (2.73 g, 10 mmol) and LiOH (0.29 g, 12 
mmol) in aqueous THF ( THFM,O, 4: I ,  50 mL) was stirred at room temperature for 2 hrs. The reac- 
tion mixture was quenched with 10% aqueous HCI solution and extracted with CH,CI, (25 mL x 3). 
The combined organic extracts were washed with saturated NaHC03 solution. The organic layer was 
dried and evaporated to give the chiral oxamlidinone ( 1.52 g, 93%). The aqueous layer was acidified 
with concentrated HCI Lo pH = I  and extracted with CH,CI, (30 rnL x 3). The combined orgaliic 
extracts were dried and evaporated to give the acid 6 (1.08 g, 84%) as a yellow oil, [a],2s -8.2 (c 1.07, 
CH,CI,); IH NMR (CDCI,): 6 12 .1 (bs, 1 H), 5.78 (ddt, I H, J = 17.0, 10.2,6.6), 4.94-5.09 (m, 2 H), 
2.49 (sextet, 1 H, J = 7.0), 2.05-2.16 (m, 2 H), 1.46-1.89 (m, 2 H), 1.18 (d, 3 H, J = 7.0); 13C NMR 
(CDCI,): 6 183.2, 137.7, 115.2,38.7, 32.5, 31.2, 16.7. These NMR data were identical to the literature 
value of racemic 
[2(R), S(R,S)]-2-Methyl-5-hydroxy-6-iodohexanoic Acid Lactones (7)- The mixture of 6 (0.128 g, 
1 mmol), NaHCO, (0.84 g, 10 mmol), and I, (0.5 g, 2 mmol) in CH,CN (10 mL) was stirred at room 
temperature for 24 hrs. The reaction mixture was quenched with saturated NH,CI solution and 
extracted with CH,CI, (20 mL x 3). The combined organic extracts were washed with brine and dried 
(MgSO,). Removal of solvent gave the iodolactone 7 (0.21 g, 84%, brownish oil), 'H NMR (CDCI,): 
64.21-4.30 (m, I H), 3.25-3.36 (m, 2 H), 2.40-2.55 (m, 1 H), 2.02-2.20 (m, 2 H), 1.56-1.78 (m, 2 H), 
1.26 (d, 1.85 H, J = 7.0, trans isomer), 1.20 (d, 1.15 H, J = 6.8, cis isomer) ; 13C NMR (CDCI,): 6 
173.2, 76.8, 33.0, 26.6, 25.1, 16.1, 6.25 (cis isomer); 171.0, 79.3, 35.7, 29.2, 27.6, 17.0, 8.5 (trans 

isomer); MS (El) 254 (M', 40.8), 41 (100); HRMS calcd for C,H, ,O,I 253.9804, found 253.98 11. 

[2(R), S(R,S)]-2-Methyl-5-hydroxyhexanoic Acid Lactone (l).- The solution of 7 (0.2 g, 0.8 mmol) 
and Bu,SnH (0.32 g, 1.1 mmol) containing AIBN ( 5  mg) in benzene ( 5  mL) was heated to reflux and 
stirred at this temperature for 5 hrs. After cooling to room temperature, the solvent was removed, and 
residue purified by flash column chromatography (10% ethyl acetate in hexane as eluent) to give the 
lactone 1 ( 30 mg, 308,  colorless solid), mp. 49-50'; IH NMR (CDCI,): 6 4.40-4.48 (m, 1 H), 2.40- 
2.46 (m, 1 H), 1.89-2.00 (m, 2 H), 1.52-1.68 (m, 2 H), 1.37 (d, 0.64 H, J = 6.2, trans), 1.36 (d, 0.36 H, 
J = 6.2, cis), 1.30 (d, 0.64 H, J = 7.0, trans), 1.22 (d, 0.36 H, J = 7.0, cis); 13C NMR (CDCI,): 6 174.4, 
78.2, 35.8, 31.0. 28.6, 22.2, 17.4 (trans isomer); 176.2, 74.4, 33.0, 28.4, 25.6, 21.1, 16.2 (cis isomer). 
All data are in accord with published valuesFb 
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Curcumin 1 (la), the yellow pigment of turmeric exhibits a variety ol' pharmacological prop 
erties including recently reported antitumour' and anticance& properties. It has also been evaluated as 
a photodynamic agent ubeful in the destruction of bacteria3 and tumor cells! In connection with some 
of these studies we required several curcuminuids. A practical route for curcumin synthesis has been 
devised by Pabon.' Kashima6 et al. have also synthesised curcumin using 2,3,5-trimethylisoxazolium 
salt as the starting material. Synthesis of curcumin has also been described in the patent literature? 
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