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Abstract: 1,4-Addition of Grignard reagents in the presence of 

chlorotrimethylsilane to 5-trimethylsilyl-2-cyclohexenone (1) 

proceeded in a highly diastereoselective manner to give trans 

adducts in high yields. 1+)-&Curcument, (+I-curcumone, and 

STARTING 

f-)-methyl citronellate were synthesized starting from optj.cally 

pure 1. 

In the synthesis of biologically active compounds, it is oftentimes necessary 

to synthesize both enantiomers with high optical purities, especially for 

exploring the relationship of biological activity with structure. Thus, in the 

development of new chiral building blocks, availability of both enantlomer is 

ind~~~naable. In the last decade, various kinds of chiral. building blocks have 

been designed') and used successfully for the synthesis of chiral compounds. 

Surprisingly, much less attention has been paid to the development of 

cyclohexa(e)none-type chiral building blocks, although the diastereoselective 

Introduction of substituents to cyclohexa(e)none derivatives has been studied for 

a long time and converszton of the products to acyclic derivatives has also been 

studied. As such a chiral cyclohexenone derivative, we designed 5-trfmethylsilyl- 

2-cyclohexenone (1) (hereafter, trimethy~~~lyl=TMS), and in the preceding pa 

we reported the synthesis, optical resolution, and some reactions of S-TM-2- 

cyclohexenone (1). In this paper we wish to describe the diastereoselectivity in 

the l,l-addition of Grignard reagents to 1 in detail and the synthesis of racemic 

and highly optically active 5-substituted 2-cyclohexenones, &-curcumene, 

curcumon%, and methyl citronellate by utilizing 1. 

Cusr-SMo~ + RMaX c KF 
THSC I,‘HHPA 

TM TM R 

1 3 

Diastereosel~ctivi~y in 1,4-addition of various alkylmat~~lic reagents to 

5-substituted fespecislly 5-methyl) 2-cyclohexenone has been etudied and the 

trans/cis ratios of the products are reported to be generally high (98/2-90/IO).3) 
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The results suggest that a higher level of diastereoselectivity is expected in 

1,4-addition of alkylmetallic reagents to 1 which has bulky TM group. 

Among various alkylmetalllc reagents (mainly Mg, Li, and Cu reagents) and 

reaction conditions examined, 1,4-addition of Grignard reagents to 1 in the 

presence of CuBr-Sf4e2, TMSCl, and HMPA followed by the treatment with KF41 gave 

the best result. As shown in Table 1, the reaction generally completed in 20-30 

min at -78 'C. However, in the case of sterically hindered Griqnard reagents 

longer reaction time (2-3 h) or large excess of Grignard reagents were required 

(entries 4, 5, and 61. Diastereoisoner composition of the adducts (3) was 

estimated by 13CNXR, andin most cases the adducts were found to be of high 

diastereofsomeric purities since cis adducts were not detected by 13C NMR (entries 

l-10). However, the adducts obtained by the reaction of benzyl type Grignard 

reagents, were found to be diastereoisomeric mixture as shown in Table 1 (entries 

II, 12, 14, and 16). In two cases, the selectivities were greatly improved by 

carrying out the reaction at lower i-100 OCf temperature and changing the addition 

mode fslowadditionof a mixtureof enone 1 andTMSC1 toa solution of RHgX, CuBr- 

SRe2, and HMPA in THF, entries 13 and 15). 

Table 1 1,4-Addition of Grignard Reagents to Enone 1 

Entry R 3 X Time/rain Yield/s TranslCis 

1 Phenyl 3r 

2 p-Tolyl 3b 

3 p-MeO-Phenyl 3c 

4 2,4,6_Trimethylphenyl 3d 

5 2,4,6_Trimethylphenyl 3d 

6 I-Naphthyl 30 

7 2-Phenylethyl 3f 

8 Methyl 3g 

9 t-Butyi 3h 

10 Hexyl 31 

11 p-UeO-8enxyl 3f 

12 m-MeO-Benzyl 3u 

13 m-MeO-Benzyl 3w 

14 3,4-Dfmethoxybenzyl 33 

15 3,4-Dimethoxybenzyl 31 

16 Bentyl 3r 

Br 

Br 

Br 

Br 

Br 

Br 

Br 

E 

Cl 

Br 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

30 

20 

30 

120 

30 

180 

30 

20 

30 

20 

180 

80 

30dl 

2::dl 

20 

90 _a) 

92 _a) 

92 _a) 

82 _a) 

92b' _a) 

83 _a) 

92 _a’ 

88 ._a) 

95 _a) 

88 _a) 

74 ~lO/lC) 

76 l/l=' 

89 ,10/l=' 

83 l/l=) 

72 >20/lC' 

89 3/l=) 

a) Cis isomer was not detected by 13C NMR. b) Large excess of Grignard reagent (3 

eql and TI4SCl (3.5 eq) were used. c) The ratio was estimated by 13C NMR. d) A 

mixtureof enone 1 andTHSClwas slowlyaddedtoa mixture of theother reagents 

at -100 l c. 

addntts 

results of 1,4-addition 

pure 5-TMS-2-cyciohexenone (R)-(-1-l and subsequent transformation to 

5-substituted 2-cyclohexenones are listed. 
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Table 2 Synthesis of (R)-(-j-4 from (R)-(-j-l 

R Yield/b Specific') Yield/% Specifica) ee/tb) 

(11-3 rotation (RI-(-)-l rotation 

Ph 94 [d1,*0+10.1" 82 Ic+5-45.30 98 

c 3.00 CHC13 c 1.29 CHCl3 

p-To1 96 WlD**+13.00 90 t0q)*O-r3.5" 90 

c 3.00 CHC13 c 2.61 CHCl3 

t-Bu 86 [d1D20+91.9“ 92 lfi]Bzo-26.00 96') 

c 1.20 CHC13 c 1.20 CHC13 

a) Specific rotation of chromatographically isolated product. b) Calculated based 

on specific rotation. See experimental. cl Estimated by the specific rotation of 

cyclohexanone derivative obtained by hydrogenation. 

Based on these results, syntheses of racemic and optiaally active &curcumene 

and curcumone were carried out. TM group directed Baeyer-Villiger reaction') of 

3b proceeded smoothly to give crystalline 7-membered lactone 5 in high yield I(-)- 

5 94%, (Lb-5 94t1. Base catalyzed ring opening vith MeOH also proceeded in high 

yield [(-I-6 99%, (~1-6 99tl. PCC OxidatiQn of hydroxy ester 6 and aubmquent 

work-up gave desilylated aldehyde 7 which was used for the next step without 

further purification. Reaction of 7 with isopropylidenetriphenylphosphorane gave 

the ester 8 I(+)-8, 6Oa, (+I-0 56%, overall yields from 61. 

(RI - l-1 - 1 (t) - 3 b 

, 

oHcyb. - 
P-TO I 

b 1 

7 

i-1 - 6 

8 R=OM. 

9 R-H 

- nTo I 
(tl +curcumc 

(t)-10 
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Reduction of 8 with diisobutylsluainium hydride (DIBAH) at -70 ‘C tollowed by 

dccarbonylstion with Willkinson’s complex [RhCl(PPh3)31 afforded (+I- and (+I-&- 

curcunene 10 in 04 and.808 overall yields from 8, respectively. The specific 

rotation’ of the synthesized (+)-&curcumane was [o(1D22+42.50(c 2.94, CHC13). The 

values of synthesized (-)-d-curcumcne by Takano et a1.6) and that of naturally 

occurring curcumone ‘) are reported Io(1D*42.8°(c 1.18, CHC13) and [O(lDt45.1*(c 

0.75, cHc131, respectively. 

The intermediate 6 was also used for the synthesis of curcumone (15). 

Treatnant of 6 with trifluoroacctic acid gave terminal olefin 11 I(-)-11 94%, (+)- 

11 96%] which was oxidized with air in the presence of PdC12-CuCl to furnish k&o 

ester 12 in high yield I(+)-12 94%, (+I-12 90%) alonq with a small amount (4-58) 

of double bond migrated product. After protection of the carbonyl qroup with 

ethylene qlycol, If-I-13 988, (+)-13 98%1, reduction with DIBAH at -78 OC, 

decarbonylation with RhC1(PPh3)3, and subsequent deprotection qave expected 

curcumone 15 [(+)-15 64%, ~D24+47.180(neat, 1 dm), flit.8) tiD3’+48.210(neat, 

1 dm)l, (21-15 57t overall yield trom 131. 

(-1-e - 
p-To I 

(-1-l 1 

n COddO 

%- 
0 

(-)- 13 

\ 

14 

The synthesis of (-)-methyl citronellate was also carried out by utilizinq 

simi lsr strategy. 1,4-Addition of methylmagnesium iodide to (S)-(+I-1 furnished 

f-b-39 in 92% yield. Baeyer-Villiqer oxidation of (-1-39 followed by column 

chromatography gave ‘I-membered lactone (+)-16 in 88% yield as a crystalline 

product, which upon recrystallization from hexane qave analytically pure (+I-16 in 

74% yield based on t-j-39. Methanolysis of (+I-16 in the presence of NaOMe gave 

acyclic ester (*j-17 in 97% yield, which was oxidized with PCC and reacted with 

isopropylidenetriphenylphosphorane qave (-)-methyl citronellate (191 in 40% yield. 
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+ MoMal - A - TM 'MO 

(-)-a 

TMS 
MO 

(t)- 16 

(-I- 19 

Proton NMR spectra were taken on a Hitachi R-24Bf60MHzl and 13C NMR spectra 

were taken on a JEOL FX-9OQ. Infrared spectra were recorded on a Hitachi 260-50 

spectrophotometer. Optical rotations were measured on a Horiba SEPA-200 automatic 

polarimeter. 

jR)-(-)- and ISI-(+)-S-Trimcthylsilvl-2-cvclohexenone 1: Synthesis and optical 

resolution of 1 were carried out as described in ref. 2a. Recrystallization of 

trans-3-p-tolylthio-5-(trimethylsilylsilyl~cyclohexanone was carried out by using 

ethanol as a solvent and generation of 1 was achieved as follows. Method A: To 

optically pure trans-3-p-tolylthio-5-(trimethylsilyl)cyclohexanone (25 g, 85.6 

mmol) dissolved in dichloromethane (900 ml), was added diaxabicycloundecene (DBU, 

14.3 9, 94,2 mm011 and the reaction mixture was left at rt overnight. The 

solution was washed with 2 H HClanddriedover MqSO,. After removal of the 

solvent, distillation of the residue gave slightly impure 1 which was further 

purified by flash column chromatography (solvent: hexane/AcOEt=12/11 to give 

optically pure 1 (12.6 g, 88%). Uethod B: To a solution of trans-3-p-tolylthio- 

5-(trimethyls~lyllcyclohexanone (13.5 g, 46.2 mmoll in dichloromethane (100 ml), 

was added 100 ml of aqueous 10% NaOH and methyltrioctylammonium chloride (1.5 g). 

The two phase mixture was stirredvigorously at rt for 3 h. The reaction mixture 

was extracted with dichloromethane. After removal of the solvent, the residue was 

purified by flash column chromatoqraphy followed by distillation (bp 72-73'C/3 

mmHg1 to give optically pure 1 (7.24 g, 93%). 

Typical procedure for the l,l-addition H Grisnard reagents & 5-trimethvlsilyl-2- 

cvclohexenone: To a stirred solution of 1 (168 mq, 1 mmol) in dry TBF (17 ml) 

were added CuBr-Me2 (10 mql, HMPA (0.35 ml), and THSCl (0.38 ml) under Ar. 

Phenylmagnesium bromide solution in THF (1.11 M, 2.3 ml) was added to the cooled 

t-78 "Cl solution and the reaction mixture was stirred at that temperature for 0.5 

h. Hexane (50 ml) was added to the mixture and the solution was warmed to rt. 

The organic layer was washed with water and brine. The crude enol silyl ether 

obtained by removal of the solvent was dissolved in methanol (15 ml1 and treated 



with a smallamountof KF at rt for sever81 minutes. Water (100 ml) wasaddedto 

the reaction mixture and the product was extracted with CH2Cl2. Purifioation of 

the adduct by tic (solvent: hexane/ether=6/1) gave 3-phenyl-5-(trimethyIsiIyI)- 

cyclohcxanone (3a) (222 mg, 90%): mp 65.0-65.5 OC. 'H NHR (CDC13) $=O.O0(9R, S), 

0.8-1.5(1H, m), 2.70(2H, d, J=SHz), 3.50(lH, quint, J=SHz), 7.23(5H, 9); 13C NMR 

(CDC13) $=-3.4, 20.6, 32.9, 41.6, 41.9, 45.5, 126.2, 127.1, 128.4, 144.2, 211.7, 

IR(KBr) 1700 cm-'(C=O). Found: C, 73.26; H, 9.10%. Calcd for Cl5H22OSi: 

C, 73.11; H, 9.001. 

3-p-Tolyl-5-(trimethylellyl)cyclohexanone 3b: np 77.0-77.5 l c. 'H NHR (CDC13) 

s=O.O0(9H, s), 0.8-l.S(lH, m), 2.28(3H, s), 1.7-2.9(6H, m), 3.45(lH, quint, 

J=LHz), 7.00(4H, s); 13C NRR (CDC13) $=-3.4, 20.6, 20.9, 33.0, 41.6, 41.8, 45.6, 

127.1, 129.1, 135.7, 141.1, 212.6; IR (KBr) 1695 cm-'(C=O). Found: C, 73.83; H, 

9.31%. Calcd for C16H240Si: C, 73.78; H, 9.29%. 

3-p-Methoxyphenyl-S-(trimethylsilyl)cyclohexanone 3c: Mp 42.0-43.5 'C. 'H NMR 

(cDc~~) $=O.O0(9H, s), 0.8-1.5(lH, m), 1.8-2.5(4H, m), 2.70(2H, d, J=5Hr), 

3.50(1H, quint, J=SHz), 3.75(3H, s), 6.77(2H, d, J=9Hx), 7.10(2H, d, J=gHz); 13C 

NClR (CDC13) $=-3.4, 20.5, 33.1, 41.3, 41.9, 45.7, 55.2, 113.8, 128.2, 136.2, 

157.9, 212.6; IR (KBr) 1700 cm-'. Found: C, 69.40; H, 8.70%. Calcd for 

C,6H2002Si: C, 69.51; H, 8.75\. 

3-(2,4,6-Trimcthylphenyl)-5-(trimethylsilyl)cyclohexanone 3d: Oil. 'H NWR 

(CDC13) $=O.O0(9H,s), 1.2-2.0(lH, m), 2.15(3H, s), 2.30(6H, s), 2.0-3.2(6H, m), 

3.2-3.8(lH, m), 6.7(28, s); 13C NMR (CDC13) 6=-3.2, 20.3, 20.4, 21.1, 27.8, 39.5, 

42.9, 130.2, 135.3, 135.5, 136.7, 212.3; TR (neat) 1720 cm-l(C=O). Found: C, 

75.01; H, 9.89%. Calcd for C18H280Si: C, 74.94; H, 9.78%. 

3-(1-Naphthyl)-5-(trimethyIsiTyI)cycIohexanone 3e: Mp 69-71 'C. 'H NHR (CDC13) 

b=-O.l(9H, a), 0.7-l.l(lH, m), 1.9-2.5(4H, m), 2.23(2H, d, J=5Hx), 4.23(lH, quint, 

J=SHz), 7.0-8.1(7H, m); 13C NHR (CDC13) 6=-3.4, 20.8, 31.5, 37.8, 41.8, 46.1, 

123.0, 124.4, 125.3, 125.5, 126.0, 127.2, 129.2, 131.0, 134.1, 140.1, 212.6,; IR 

(KBr) 1710 cm-'(C*O). Found: C, 77.01; H, 8.31%. Calcd for C1gH24DSi: C, 76.97; 

H, 8.168. 

3-(2-Phenylethyl)-5-(trimethylsilyl)cyclohexanone 3f: Oil. 'H NHR (CDC13) 

i=O.O0(9H, s), 0.8-2.8(12H, m), 7.3(5H, 8); 13C NMR (CDC13) 6=-3.7, 21.6, 30.0, 

33.4, 34.8, 37.2, 41.9, 46.4, 125.8, 128.2, 141.8, 212.0,; IR (KBr) 1710 cm- 

l(C=O). Found: C, 74.49; H, 9.70%. Calcd for C17H260Si: C, 74.39; H, 9.55%. 

3-Methyl-5-(trimethylsilyl~cyclohexanone 3g: Oil. 'H NMR (CDC13) 5=0.00(9H, s), 

0.95(3H, d, J=6Hz), 0.7-2.8(8H, m); 13C NIR (CDC13) s--3.5, 19.3, 21.5, 32.1, 

32.7, 42.0, 48.3, 212.4; IR (neat) 1720 cm-'(C=O). Found: C, 65.00; H, 10.71%. 

Calcd for C10H200Si: C, 65.15; H, 10.94%. 

3-t-Butyl-5-(trimethylsilyl)cyclohexanone 3h: Mp 31.0-32.5 'C. 'H NHR (CDC13) 

&=O.O0(9H, s), 0.87(9H, s), 0.7-2.6(8H, ml; 13C NWR (CDC13) $=-2.6, 20.8, 25.6, 

27.1, 32.9, 40.3, 41.8, 44.3, 214.4,; TR (KBr) 1720 cm-l(C=O). Found: C, 68.63; 

H, 11.64%. Calcd for C13H260Si: C, 68.96; H, 11.57%. 
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3-Hexvl-5-(trirethylsilvl)cvclohexanone 31: Oil. 'H NMR tCDC13) $=O.O0(9H, s), 

0.5-2.?(2lH, m); 13C NWR (CDC13) b= -3.5, 14-l, 21.6, 22.7, 27.2, 29.4, 31.8, 32.9, 

37.8, 42.1, 46.9, 213.1; IR Ineat) 1720 cm-'(C=Ok. Found: C, 71.08; H, 12.081. 

Calcd for C15Hj00Si: C, 70.79; H, 11.889 

3- p-Methoxybensyl-5-~trimtthvlsilvllcvclohexanone 31: 011. 'H NMR (CDCf3f 

$=0,00(9H, s), 0.9-1.914H, ia), 1.9-2.90(6H, m), 3.8lt3H, sk, 6.96(4H, 4); 

13C NMR fCDC13) $=-3.6, 21.6, 29.4, 38.4, 40.4, 42.1, 45.9, 55.0, 113.7, 129.9, 

132.0, 158.0, 211.8; IR (neat) 1715 cm-'(C=O). Found: C, 70.43; H, 9.12%. Calcd 

for Cl7H2602Si: C, 70.29; H, 9.021. 

3-m-~tthoxybenzyl-5-(trimethylsilvl~cyclohexanont 3k: Oil. ‘H NMR (CDC13) 

&=O.o0(9H, s), 0.87-1.9(4H, mf, 1.9-3.116H, ml, 3.?6/3H, ~1" 6.53-6.90(3H, ml, 

6.90-7.38(18, ml; 13c NMR (CDC13) $=-3.6, 21.6, 29.4, 39.3, 40.1, 42.1, 46.1, 

54.9, 111.4, 114.7, 121.4, 129.2, 341.6, 159.7, 211.6; IR (neat) 1710 cm-'lC=D). 

Found: C, 70.47; H, 9.51%. Calcd for C17H2602Si: C, 70.29; H, 9.020. 

3-(3,4-Dimethoxv)-5-(trimethylsilyl)cvclohexanone 3X: Oil. 'H NMR fCDC131 

6=0.00(9H, s), 0.81-1.90$4H, ml, 1.90-2.76(6H, m), 3.8113H, s), 3.83(3H, s), 6.44- 

6.88(3H, ml; ')C NMR (CDC13) 5=-3.5, 21.7, 29.4, 38.9, 40.5, 42.1, 45.9, 55.8, 

iit.5, 112.6, 121.0, 132.7, 147.5, 148.9, 211.7; 'IR (neat) 1705 cm-'tC=O). Found: 

C, 67.28, H, 8.83%. Calcd for Cl8H2803Si: C, 67.46; Ii, 8.81%. 

3-Benzyl-5-(trimethvlsi~vl~cvclohexan~ne 3~: Oil. lH NXR tCDC13) &O.O019H, 81, 

0.89-1.90(4H, ml, 1.90-2.89(6H, m), 7,14(5H, 91; 13C NMR ICDC131 h=-3.6, 21.5, 

29.3, 39.2, 40.2, 41.9, 46.0, 125.9, 128.1, 128.8, 140.0, 211.3; IR (neat) 1710 

cm -'(c=o). Found: C, 73.73; II, 9.35%. Calcd for C16H2~0Si: C, 73.78; H, 9.298. 

Typical procedure for the 1,4-addition of Grfqnard reasentS & 5-trimethylsilvl-2- 

cvclohexenone at -100 x: -- To a solution of Grignard reagent (3.7 mmol in 16 ml 

THF) cooled to -100 'C, CuBr-Me2S (25 mg, 10 mol%), and RHPA (0.42 ml, 2 eq) were 

added and then THF solution (0.5 ml) of 1 (206 mg, 1.23 mmol) and TXSCl (0.46 ml, 

3 eqf was slowly added over a periodof 5 min. The reaction mixture was stirred 

at that temperature for 30 min. The same work-up described before and 

purification by tic gave 3k in 899 yield. 

Synthesis of optically active 5-substituted-2-cvciohexenons: - 1,4-Addition of 

phenylmagnesium bromide to (RI-(-l-l was carried out as described before. Mixture 

of the adduct (338 mg, 1.37 mmol) and anhydrous CuC12 (553 mg, 4.11 mmol) in 

commercial grade DMF (5.5 ml) was heated at CO'C for 40 min. After cooled to rt 

the mixture was diluted with water f20 ml) and filtered through short pad of 

celite. The filtrate was extracted with Et20. ReIIIOvdl of the solvent followed by 

isolation by tic fsolvent: hexdnt/Et20=3/1t gave (R)-(-~-5-phenyl-2-cyclohexenone, 

fR)-(-)-la (194 mq, 82%): WI,25 -45.3'(c 1.29, CHC13L Recrystallization from 

pentane gave optically pure (RI-t-)-4a: mp 60.5 "C; tpOD23-46.40fc 5.00, CHC13). 

'H NXR (CDC13) $=2.35-2.92flH, m), 2.98-3.58(lH, m), 6.00flfi, dt, 592 and 10X11, 

6.70-7.fO(lH, m), 7.10(58, sl; TR fKBr) 1680 cm-'(C-0). Found: C, 83.63; H, 

7.04%. Calcd for Ct2H120: C, 83.69; H, 7.02%. In a similar manner, (RI-(-)-S-p- 

tolyl-2-cyclohexenone, (R)-(-)-4b: l~lD20-43.5D(c 2.61, CHCl31, wds obtained in 

9Oa yield, and optically pure sample was obtained by recrystallization from 
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pentane. np 53.5-4 oc; (cc),20 -44.S"(c 1.70, CHC13). 'H NMR (CDCl) b=2.32(2H, a), 

2.20-3.70(5H, m), 5.95(18, d, J=lZHz), 7.10(4H, 51, 6.70-?.20(1H, ml. IR (KBr) 

1680 cm-'(C-O). Found: C, 83.99; H, 7.498. Calcd for C,3H,40: C, 83.83; H, 

7.58L (R)-(-)-5-t-Butyl-2-cyclohexenone, (R)-(-)-4c: oil; [ti1Dzo-26.00(~ 1.20, 

CHC13), was obtained in 92% yield. 'H NMR (cDc~~) 6=0.93(98, s), 1.8-2.7(58, m), 

5.98(lH, dt, J=Z and lOHz), 6.80-7.16(lH, III). IR (neat) 1680cm-'(C=O). Found: 

C, 78.66; H, 10.62n. Calcd for CIOH160: C, 78.90; H, 10.59%. Hydrogenation of 

the enone in AcOEt at rt under H2 in the presence of Pd-C gave (R)-(+)-3-t- 

butylcyclohcxanone, (0()~~~+23.14~(c 2.80, CHC13), which Optical Purity was 

evaluated as 96% ee based on the value IQ(lD+24.10.9' 

4-o-Tolvl-6-trimethvlsilvl-2-oxepanone (-)-5: To a mixture of (+)-3b (5.20 g, 

20 mmol) in CH2C12 (50 ml) and Na2HP04 (5.68 9, 40 mmol) in water (50 ml), was 

added mCPBA (30 mmol) and the mixture was stirred at rt for 2.5 h. After the 

addition of saturated Na2S03 solution, the reaction mixture was extracted with 

CH2C12. Removal of the solvent and purification of the residue by flash column 

chromatography (solvent: hexane/AcOEt=8/1) gave t-l-5 (5.19 g, 94%). 

Recrystallization from hexane gave 4.17 g (769) of (-)-5: mp 85.0-85.5 'C. I WD22 
-23.5*(c 2.00, CHC13); 'H NnR (CDC13)5=0.13(9H, s), l.O-1.7(lH, m), 1.9-2.2(2H, 

m), 2.30138, s) 2.7-3.3(3H, m), 4.3-4.5(2H, m), 7.05(4H, s); IR (KBr) 

1720cm-'(C=O). Found: C, 69.11; H, 8.51%. Calcd for C16H2,02Si: C, 69.51; H, 

8.75a. (+)-5: 94%, mp 91.0-92.0 'C. 

Methyl 6-hydroxy-3-o-tolyl-5-(trimethvlsilvl)hexanoate (-)-6: After the 

addition of NaH (55% in oil, 63 mg, 1.45 mmol) to 30 ml of MeOH, lactone (-)-5 

(4.00 9, 14.5 mmol) was added to the solution and the mixture was stirred at rt 

for 1 h. Reaction was quenched with saturated aq. NH,Cl solution and the product 

was extracted with CH2C12. Removal of solvent in vacua and purification of the 

residue by flash column chromatography (solvent: hexane/AcOEt=8/1) gave (-)-6 

(4.42 g, 99%): oil. Q(D22-19.430(neat, 1 dm), 'H NMR (CDC13)$=0.00(9H, s), O-5- 

0.9(lH, m), 1.3O(lH, s), 1.80(2H, t, J=7Hx), 2.30(3H, s), 2.53(lH, d, J=8Hr), 

2.55(1~, d, J-~HZ), 2.8-3.4(1H, m), 3.50(3H, s), 3.4-3.8(2H, m), 7.05(4H, 9); IR 

(neat) 1740 (C-O), 3100-3700 cm-'(OH). Found: C, 66.03; H, 9.24a. Calcd for 

C,7H2803Si: C, 66.19; H, 9.15%. (21-6: 99%, oil. 

Methyl 7-methyl-3-o-tolyl-6-octenoate (+)-8: To a solution of (-)-6 (2.0 g, 

6.49 mmol) in dry CH2C12 was added PCC (2.10 g, 9.74 mmol) and the mixture was 

stirredat rt for 2 h. Ether was addedand the reaction mixture was filtered 

through a short pad of silica gel. After removal of solvent, the crude aldehyde 

was dissolved in dry THF (40 ml) and added to a solution of isopropylidene- 

triphenylphosphorane (6.49 mmol) in THF (60 ml) at 0 'C. Stirring was continued 

at 0 l C for 0.5 h and at rt for 2 h. After the addition of aq. NH4C1, the 

reaction mixture was extracted with ether. Solvent was removed under reduced 

pressure and the residue was purified by flash column chromatography (solvent: 

hexane/Et20=12/1) to give 1.01 g (60%) of (t)-8: oil. (~)D22+9.190(c 2.13, CHC13); 

'H NWR (CDC13) 6s1.45(3H, s), 2.15(3H, s), 1.9-2.5(4H, m), 2.30(38, s), 2.52(2H, 

d, J=6Hz), 2.7-3.4(18, e), 3.50(3H, s), 4.7-5.2(18, m), 7.00(4H, 0); IR (neat) 

1740 cm-'(C-O). Found: C, 78.43; H, 9.51%. Calcd for C17H24O2: C, 78.42; He 

9.29%. (+)-8: 56%, oil. 
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I,1-d-Curcume~ 10: To a solution of (*f-8 (676 ng, 2.6 rrol) in dry CH2Cl2 

cooled to -78 'C, hexane solution of diisobutylaluainiur hydride (1.0 W, 2.6 mm011 

was added. After 15 minutes, WeOR (1.5 ml) was added to the solution and the 

reaction mixture was warmed to rt. After the addition of water, the reaction 

mixture was extracted with Et20. Removal of volatilea in vacua gave crude 

aldehyde 9 which was used for the next step without furthsr purification. To a 

solution of 9 in dichloroethane (20 ml) was added Wilkinson's complex (2.40 9, 2.6 

mmol) and the solution was heated under reflux for 40 minutes. The reaction 

mixture was cooled to rt and filtrated through celite. Solvent was removed in 

vaeuo and the residue was purified by tic (solvent: pentane), to give (+)-lo (442 

mg, 84\: oil. WI*22 +42.5*(c 2.94, CHC13); 1H NHR (CDCl,) ~=t.tOf3H, d, J='IHzl, 

1.50(3H, s), 1.65(3H, s)~ 1.3%2.10(4H, ml, 2.3Of3R, sl, 2.4-3.0(1R, ml, 4.8- 

5.4(1H, ml, 7.00(4H, sf; IR (neat) 730, 810, 910 cm-'. Pound: C, 88.87; R, 

10.791. Calcd for C15H22: C, 89,04; H, 10.96%. (+I-10: 808, oil. 

Rethvl 3-p-tolvl-5-hexanoate t-1-11: Trifluoroacetic acid t2 ml) was added to 

hydroxy ester f-l-6 (I.66 g, 5.39 mmoi) and resulted solution was concentrated in 

vacua immediately. Small amount of dry benzene was added and evaporated in vacua 

in order to remove trace amount of trffluoroacetic acid. Flash column 

chromatography of the residue (solvent: hexane/Et20=12/1) gave f-f-11 11.10 9, 

94%): oil. WI,22 -19,82'(c 4.89, CHC13); 'H NWR (CDC131 6=2.27(3H, ~1, 2.1- 

2.9(4H, ml, 2.9-3.4(*H, ml, 3.50(3H, sl, 4.7-5.1(2H, ml, 5.2-5.9(IH, m), 7.00(4H, 

s); IR (neat) 1740 cm-'(C=O), Found: C, 76.99: H, 8.58%. Calcd for Cl4H,802: C, 

77.03; H, 8.31%. (+I-11: 96%, 011. 

methyl 5-oxo-3-(p-tolyl)hexanoate (+)-12: To an air bubbling mixture of PdCl2 

(73 mq, 0.414 mmol), CuCl (559 mg, 4.14 mmol), H20 (1 ml), and DRF (10 ml) was 

added DMF solution (10 ml) of t-1-11 (903 mg, 4.14 mmol) over a period of 6 h. 

Bubbling of air was contlnutd for 4 h after the completion of the addition. To 

the reaction mixture was added 2H HCl and the mixture was extracted with ether. 

Solvent was removed in vacua and the residue was purified by flash column 

chromatography (solvent: hexane/hcOEt=6/tf to give (+f-12 (914 mgl 94%): mp 59.5- 

60.5 *C. rff1,2* +20.8*(c 5.00, benzene); 'H NMR (CDCl,f $12.00(38, (11, 2.26(38, 

s), 2.58(28, d, H=7Hz), 2.76(2H, d, J=7Hz), 3.55138, s), 3.3-3.9(1H, m), 7.0014R, 

si); II? (neat) 1710, 1720 cm-'fC=OI, Found: C, 71.35; HP 7.97%. Caled for 

C,4H,003: C, 71.77; H, 7.74%. (+1-12: 9OS, mp 39-o-ao.o*c. 

Xethyl 5-oxo-3-(p-tolvlfhexanoate t-1-13: A mixture of f+)-12 (807 mq, 3.45 

mmol.1, ethylene glycol (430 ~91, PPTS (173 mg) in dry benzene (100 ml) was heated 

under reflux for 6 h with removal of water azeotropically. The reaction mixture 

was cooled to rt, washed with aq. NaHC03 solution and brine. After removal of the 

solvent in vacua, purification by flash column chromatography {solvent: 

hexane/AcOEt=8/1) gave l-1-13 (940 mg, 989): oil. 

'H NMR fCDC13)6=1.*0(3H, 8), 
WI,22 -12.78°1c 6.49, CW3); 

2.00(2H, d, J*6Hzl, 2.2713H3, s!, 2.72(28, d, 3*6Hz), 

2.9-3,66lH, ml, 3.5013H, s), 3.8314R, sl, 7.00(4H, sf; IR fneatf 1740 

cm _'(C=Ol. f,)-13: 98%, oil). 

j*I-Curcurone (rf-15: Reduction and decarbonylatton of (-1-13 (816 mq, 2.94 

mmol) were carried out as described in the synthesis of (+I-curcumene (10). The 
crude product was treated with a catalytic amount of PTS in acetone under reflux 
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for 0.5 h. The mixture was extracted vfth CH2Cl2, and the solvent was removed. 

Putification by tic (solvent: hexane/Et20-10/l) furnished (+)-15 (336 mq, 648): 

oil. WlD23 +40.2*(c 2.35, CHC13), PD24t47.180(neat, 1 dm), 'H NMR (CDC13) 

g-1.20(38, d, J=7Hz), 2.00(3H, s), 2.27(38, a), 2.63(1H, d, J=SHz), 2.65(IH, d, 

J='IHz), 2.9-3.6(18, m), 7.00(4H, s); IR (neat) 1720 cm-'(C=O). Found: C, 81.93; 

H, 9.11%. Calcd for C12H160: C, 81.77; H, 9.158. (+)-15: 57%, oil. 

3-Methyl-5-(trimethylsilVl)cvclohexanone (-)-3g: 1,4-Addition of 

methylmagnesium iodide to (S)-(i)-1 was carried out at -70 "C as described before. 

(-)-3g: oil. [o()D20-92.320(c 2.10, CHC13). 

I-Methyl-6-trimethylsilyl-2-oxepanone (+)-16: MP. 74.0-75.0 OC. 

[PI p +72.5"(c 1.00, CHC13); 'H NMR (CDC13) s=O.O0(9H, s), 0.95(3H, d, J=6Hr), 

0.8-2.3(4H, m), 2.5-2.8(2H, m), 4.0-4.25(2H, m); IR (KBr) 1720 cmsl(C=O). Found: 

C, 59.79; H, 9.07%. Calcd for C10H2002Si: C, 59.95; H, 10.06%. 

Methyl 6-hydroxy-3-methyl-5-(trlmethVlsilYl)hexanoate (*)-17: Oil. 

WD22 +5.34*(c 1.00, CHC13), lH NWR (CDC13) 6=0.03(9H, 91, 0.7-1.16(4H, m), 1.2- 

1.7(2H, ml, 1.30(1H, 81, 1.9-2.5(3H, m), 3.63(38, s), 3.5-3.8(2H, m); IR (neat) 

1740 cm-'(C=O). Found: C, 57.01; H, 10.48%. Calcd for C11H2403Si: C, 56.85; H, 

10.41%. 

Methyl citronellate (-1-19: 011. (d1,22 -6.7O(c 2.28, CHC131, 'H-NMR (CDC13) 

~=l).90(3H, d, J=6Hz), 1.60(3H, S), 1.67(3H, s), 1.1-2.5(7H, m), 3.60(3H, 9)~ 4*83- 

5.28(1H, ml. IR (neat) 1740 cm-l(C=G). Found: C, 70.58; H, 10.92%. Calcd for 

Cl,H2202: C, 71.70; H, 10.94%. 
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