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STWEOSELECTIVE SYNTHESIS OF 1,4_DISUBSTITUTED l,+DIENE 
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Summary: -----_ New synthetic methods for the preparation of 1,3-dienes are 

described. 

We have recently described stereoselective syntheses of 1,3-dienes from 

aldehydes using allyltitanium reagents derived from allyldiphenylphosphine or 

ally1 sulfides.lr2 It was also pointed out that alkylthio group has an excel- 

lent potential for the further elaborations of carbon chain.2 The high 

stereoselectivity of allyltitanium reagent3 made it apparent that routes to 

other alkylthio 1,3-diene would be highly desirable. One of the most 

important processes would be a route for the transformation of aldehydes to l- 

alkylthio 1,3-dienes from which 1,4-disubstituted 1,3-dienes4 would be 

prepared stereoselectively (Scheme 1). We now describe a new method which 

responds to this need. 

Scheme I 

Cl R’CHO 

&-Butyl 3-trimethylsilyl-1-propenyl sulfide (1)5r6 was prepared in ca. 

50% yield by metallation of ally1 t=-butyl sulfide (t-butyllithium) and 

subsequent silylation. Reaction of 1 with 1 equiv of r-butyllithium in THF 

results in deprotonation to form lithiated 1 which can be converted to allyl- 
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titanium reagent 2 by simple treatment of titanium tetraisopropoxide. Addition 

of cyclohexanecarbaldehyde to the resulting titanium derivative 2 in THF at - 

78OC followed by gradual warming to room temperature, extractive isolation and 

purification by silica gel chromatography afforded the E,g-diene 3' in 62% 

yield with >20:1 E,Z/ z,z + E,E + E,Z stereoselectivity (gc analysis after 

alkylation).8fg 
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The results of several experiments are summarized in the accompanying 

Table. It is clear that because of the bulk of L-BUS- group, a greater 

measure of stereochemical control and position selectivity in carbon-carbon 

bond forming processes might result from the use of this group rather than the 

more common MeS- group. Although the triphenylsilyl derivative (entry l-6) 

undergoes clean metallation with n-butyllithium at -78OC to form lithio 

propene, the condensation of which with aldehyde give rise to a mixture of 

stereoisomers with low selectivities. 

A typical procedure is as follows: To a solution of t-butyl 3-trimethyl- 

silyl-1-propenyl sulfide (0.304 g, 1.50 mmolj5 in dry THF (3 ml) was added t- 

butyllithium (0.85 ml of a pentane solution, 1.5 mmol) dropwise at -78OC, and 

the mixture was stirred at -78OC for 10 min, and then at O°C for 1 h. 

Titanium tetraisopropoxide (0.45 ml, 1.50 mmol) was added dropwise at -78OC, 

and the resulting mixture was stirred for 30 min. Cyclohexanecarbaldehyde 

(0.12 ml, 1.0 mmol) was added at -78OC, and the mixture was stirred at -78OC 

for 2 h and at room temperature overnight. After usual workup, the 

product was purified by column chromatography on silica gel to give the E,z- 

sulfide 3 (0.139 g, 62%).7 To a mixture of the sulfide 3 (275 mg, 0.96 mmol), 

Ni(PPh3j2C12 (0.0654 g, 0.1 mmol), and DPPP (0.0414 g, 0.1 mmol) in benzene 

(10 ml) was added MeMgI (9.6 mmol in 4 ml of ether) at room temperature under 

N2 and the mixture was heated at reflux for 25 min. After usual workup, the 

product was purified by chromatography to give l-cyclohexyl-1,3-pentadiene (4, 

0.103 g, 71%).9 
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The reagent 1 was prepared as follows: To a solution of ally1 t-butyl 

sulfide and HMPA (1 equiv) in dry THF was added &-BuLi (1 equiv) at -78OC 

and the mixture was stirred for 1 h at that temperature. 

Chlorotrimethylsilane (1 equiv) was added at -78OC and the mixture 

was stirred for 20 min. The reaction was terminated by pouring into 

ice-cold dil. HCl and the product was extracted with ether. The 

organic layers were washed with brine and concentrated in vacua to 

leave an oil which was purified by column chromatography on silica 

gel (hexane)(44-56% yield). IR (neat) 2970, 1370, 1260, 1160, 870 cm-' ; 

PMR (CDC13)65.93 (2H, m), 1.82-1.62 (2H, m), 1.41 (9H, s), 0.16 (9H, s); 

Rf 0.28 (hexane); Anal. Found: C, 59.2;H, 11.1%. 

t-Butyl 3-trimethylsilyl-2-propenyl sulfide may be an alternative starting 

material which was prepared by DIBAH addition (Z/E = 1:4.2 and the E- -- 

isomer was separated by column chromatography and used for the reaction) 

to t-butyl 3-trimethylsilyl-2-propeynl sulfide(678) which in turn was - 

prepared by silylation of t-butyl propargyl sulfide (80%). 

IR (Ccl41 2930, 1430, 1370, 1250, 1160, 840 cm-l; PMR (CDC13) 8 6.57 (lH, 

dd, 14 and 10 Hz), 6.13 (lH, d, 14 Hz), 5.77(1H, dd, 10 Hz),5.10 (lH,dd, 

10 Hz), 2.79-0.96 (20H). 
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IR (neat) 2930, 1455, 985, 950, 830 cm-l; PMR (CDC13) 6 6.29 (lH, dd, 16 

and 11 Hz, 5.81 (lH, dq 1, 5.61(1H, dd, 10 Hz.),5.18 (lH, dd, 10 Hz); 

GC (25-m PEG-HT capillary column, 80°C1 tR 8.25 min (Z,E) ( tR of other 

isomers: z,z: 8.73: E,E: 9.24: E,Z: 9.48 min). Anal. Found: C, 87.8; H, -- -- 

12.2%. 
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