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Abstract Phenylthioacetylene, as its lithium acetylide, was used for opening of epoxides to afford 

homopropargyl alcohols. Hydrosilylation of these acetylenes were followed by oxidatton to afford the 

corresponding silylvinyl sulfones, the electrophile in the heteroconjugate additton, which showed vety high 

selecttvity. The stereocontrolled processes are discussed. 

Introduction Asymmetric synthesis via heteroconjugate addition has been an important methodology for 

the synthesis of stereochemically complex molecules. 1 The first diastereoselective heteroconjugate addition, 

leadmg to a syn-oriented product through an a-chelation effect, was described in 1979.2 Efforts have continued 

smce then to gave anti-isomers preferentially.3 The methodology has recently allowed the mtroduction of 

alkynyl groups4 (R III eq 1) in the heteroatom group conjugated oletin (4 heteroolefin) which tames a template 

for the dtastereotopic inductton. We have pmhminary reported that phenylthtoacetylene can act as nucleophile to 

give an adduct 3, which IS further used as the precursor of the heteroolefin 4 through hydrosllylation as shown 

m eq. l.5 
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The mvestlgatlon for diastereoselecttve carbon-carbon bond formmg process vta heteroconjugate addition 

strategy is described. 

Heteroolefin Synthesis Phenylthioacetylene 2 can be the precursor to b-oxyheterooletin 4 as shown in 

eq. 1 through opening of epoxides I. This procedure involves a hydrosilylation of 3 wtth trtethylsilane 

catalyzed by platinum derivative as the key step.6 The acetylenic sulfide 8 was difficult to prepare and thus no 

practical method had been reported until Magriotis7 recently reported two-step synthesis involving bromination 

followed by dehydrobromination from phenyl vmyl sulfide. We have selected 6 as the startmg material for X 

(eq. 2). 
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6 7 8 

Lithium salt of 6 was sulfenylated by trapping with S-phenyl benzenethiosulfonate8 (PhSSCBPh) to gave us the 

sulfide 7 in 83% yield. We found desilylation of 7 with TBAF (tetrabutylammonium fluonde) afforded 8 only 
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at low temperatures. Since phenylthioacetylene 8 was unstable under basic conditions and polymerized at 

htgher temperatures, tH-NMR appeared only aromatic region, 6 7.38-7.56 ppm. The desilylatlon of 7 was best 

conducted at -78’C with 0.3 equiv. of TBAF m THF to give 8 in 83% yield. Phenylthioacetylene 8 was 

stockable as a stock solution m ether (cu. 20 % w/v) at -2O’C: even after six month-storage, the acetylenic 

stgnal was observed at 6 3.24 ppm (lH, s) by tH-NMR. 

Openmg of an epoxide with phenylthtoacetylene 8 was investigated as eq. 3. The lnhmm acetyhde of 8 

generated by treatment with n-BuLi at -78’C was mixed with BF?.-OEtz (0.8 equiv.).g In case of mono- 

substituted epoxide, phenylthloalkynyl group was introduced regioselectively at the less hmdered site. The 

reaction of the phenylthioacetylide 9 with cycloalkene oxides gave alkynylated products with rrans- 

configuration as trans-alkynylcycloalkanols. All of the P-hydroxy phenylthloacetylemc denvatives 3 were 

obtained m satisfactory yield. The characteristic CMR of GC-S were 6 95-101 and 66-68 ppm, 

respectively.10 Three examples were chosen for demonstration of heteroolefm precursors, mvolvmg 

hydrosllylatione with triethylsilane m the presence of platmum catalyst and further oxidation with OXONE’ ’ 
(2KHSOs*KHS04* KzS04) of the b-hydroxy phenylthioacetylenes. The results are summarized m Table 1 

Table 1 . The Syntheses of P-Hydroxy Phenylthloacetylenes and Coaespondtng P-Hydroxy Hetcroolcl~ns 

Addition of nucleophile to the heteroolefin In the prevtous studtes, the prtnciple of syn- 

dtastereoselecnve addition through chelatton between the nucleophile and an o-oxygen atom suggested that an&- 

dtastereoselectivny could be achteved through a @chelation effect. 3 On the eletrophilic olefin 16, 17 and 18 

were exammed addition of nucleophile whtch produced the adduct 19 with high stereospectfictty through b- 

chelatton effect (eq. 4). The heteroolefin 16 carrying a free hydroxyl group on the p-carbon was treated with 

MeMgBr m EtzO at -2O’C and the product was desilylated with 0.5 equiv. of TBAF to afford the adducts 20 

and 21 (Me stgnals at 6 I.lOppm, d, J=7Hz and l.l2ppm, d, J=7Hz, respectively) m ratto of 3.2 as shown m 

Scheme 1. 
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Addition of MeLi-LiBr to 16, however, did not grve the adduct but gave 22. This may be due to the strong 

bastcity of MeLr. Grignard reagent might be less baste or strongly coordinated with the dissoctated alkoxide tn 

16. The results of solvent effects in thts addition are summarized in Table 2. The solvent effects in the 

dtastereoselectron were striking. The addition afforded only the syn-adduct 20 in 56% yield when carried out 

m THF or a mixture of THF and n-hexane as solvent; none of the trace amount of anti-Isomer 21 bemg 

1) MeMgBr 

-20”c -m:; 2) n -Bo,NF 

16 20 syn 

I 

1) MeLl-LlBr 
-78°C 

2) n -Bu.,NF Cn-xz:: 

21 anti 

SO,Ph 

22 Scheme 1 

Table 2 Effect of solvent tn the addmon of Grlgnard reagent Lo heterooletin 16 

solvent 20 21 %ymld of 22 
syn- % am- % Me adduct %yleld 

-- 

Dtastereoselecttve formatron of syn -Me adduct 20 was the first successful example of the htgh 1,3-asymmetnc 

induction in heterocomugate addition. The reaction mechanism IS speculated through the Newman projection of 

I6 rllu\trated m Frg 1 (A and B), in which two conformers with opposite sp2 faces of the electrophrhc olefm 

are Indicated Therefore, the actual conformation at the transttton state may be similar to C as one of the 

possible conformattons, whrch bnngs the alkoxide group nght over the sp2 face. 

The heteroolefm 17 was treated with 6 eqtnv. of lithium trimethylstlylethynyhde, which was obtained by the 

addttton of MeLt-LtBr to 6 tn THF. After treatment of the product with TBAF, a mixture of p- and w 
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alkynylated adducts 23 (74% yield) was obtained in ca. 2.1:1 ratio judging from the nmr data (S 1.97ppm, d, 

J=2.7Hz and 6 2.02ppm, d, J=2.7Hz, respectively) (Scheme 2). The stereochemistry of alkynylated product 

was assigned through the mechanism as shown in Fig 2. 

In this conformation, alkynylhthium should coordinate with the alkoxide to attack from the back stde and the g- 

adduct 23 was produced. The alkynylated products 23 were enhanced (82% yield) when LlBr free MeLt was 

employed in 30% n-hexanem. In this case, the enhancement of selectivity was observed. The alkynylhthtum 

addttton to heteroolefm 17 afforded an essentially 4:l mixture of b- and a-adducts 23. It was noticed that 

heteroconJugate addition was basically m competition with double bond migration of heteroolefm itself. Thts 

mtgratton was due to the baslcity of the alkynyllithium nucleophile and gave rise to product 24. 

The stereoselective addition to five membered heteroolefin analog 18 was excellent. Addmon of 5 equiv. of 

MeLi-LiBr to 18 in THF at -78°C and desilylation afforded 25 in 84% yield (Scheme 3). No double bond 

migration was observed. The diastereoselectivity was extremely high, leading to the single methyl adduct 25 (6 

l.l2ppm, d, J=7Hz). Its stereochemistry was assigned through a similar mechanism (Fig 3). 

/OH sOZPh 

Q+ 

1) hbL1-bBr/THF/-78 “‘2 

A 
SIEt,2) n-Su,NF 

H 
84% 

- $S&Ph [+z?z ] 

s1ao ppm 

18 Scheme 3 25 Ftg 3 

Addmon of several acetylemc derivatives were examined and the results are summartzed tn Table 3. The first 

ma1 was hthium trimethylsilylethynyhde nucleophile. Ad&tion of MeLi-LiBr to ethynylmmethylsilane, which 

gave the single alkynylated adduct 26 in 78% yield. The acetylenic signals of proton and carbons of 26 

appeared at 6 2 OOppm (d, J=2.5Hz) and 6 72 1 and 82.4ppm, respectively. 

In entry 3 (Table 3) the hthmm 4-(tnmethylsilyl)buta-1,3-dlynylide generated from MeLl and MesSi-C=C- 

C=C-StMes m a mtxture of 30% n-hexane and THF was reacted at O’C with 18. Desilylatton of this mixture 

with TBAF afforded the alkynylated adduct 27. It should be noticed that appropriate denlylatlon was done at 

O’C. The characteristic CMR of diyne functional group, HC=C-C=C-, appeared at S 66 1, 67.7, 68.3 and 

75 5ppm (assignment being interconvertible). 
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Table 3 : Hc 
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In entry 4, lithium 6-(trimethylsilyl)hex(cis)-3-ene-l&diynylide nucleophile was generated in THF with MeLi- 

LiBr at -42% The adduct 2Sa was obtained as the single stereoisomer (/I-adduct). Desilylation step was best 

camed at 0°C. If destlylation was carried at -7F’C, the silyl ether 29 was obtained due to the incompletion of 

reaction. Acetylenic proton of the sibyl ether p-adduct 29 appeared at 6 3.22ppm (d, J=2Hz). The CMR of sp- 

carbons, HC&-C&-C&- were 8 84.0, 75.8, 81.9 and 96.2ppm while sp2-carbons, -CH=CH- were F 

118.0 and 121.3ppm (interconvertible assignments). The lithium alkynyhde (6 equiv. generated with MeLi at - 

3O’C) was added to 18 and afforded the adduct 28 after desilylation (Scheme 4, Table 4). A mixture of /?I and e 

adducts in cu. 41 ratio was obtained judging from nmr data of acetyienic proton (6 3.30ppm. d, J=2Hz and 6 

3.l2ppm, d, J=2Hz, respectively). The tiastereoselectivity of this reactton became worse when the lithium 

acetylide was employed at -3O’C. 
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Table 4 Generation of Li-C=C-CH=CH-GC-TMS and the ratio of Product 28 

30 part of neocarzinostatin chromophore 
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The enediynylated adduct 28 was of particular interest because of the related natural product synthesis, e g 

neocarzinostatin chromophore 30. 

The !3-chelation effects m heteroconjugate addition of vanous nucleophlles to heteroolefm 18 have been 

demonstrated to have great synthetic utility for the carbon-carbon bond formatlon in a highly dlastereoselective 

manner as described above. 

Experimental 

Phenylthioacetylene (8) Tnmethysilylethyne 6 (5.6 g, 56.7 mmol) was dissolved m anhydrous THF (200 

ml) at 0°C. n-B&i soln. (1.7M, 34 ml, 57.2 mmol) was added dropwlse with stlrrmg under N2 atmosphere. 

After 45 mm, a soln. of PhSSOzPh (13 g, 52 mmol) m THF (100 ml) was introduced at 0°C. The stirring was 

continued for 5 hr and the reaction mixture was mixed with sat. NH&l soln The mixture was extracted with 

ether and the organic layer was washed with water and sat. NaCl soln The ether solution was passed through a 

column containing sodium sulfate and nhca gel, and the eluate was evaporated in vacua and the residue was 

punfled by bulb-to-bulb distillation (7O”C, 0.03 tor) with Kugelrohr to produce 7 (8.83 g, 83% yield) This 011 

was dissolved m THF (450 ml) and cooled to -78°C and then mixed with n-Bu4NF (1 .l M, 11.7 ml, 12.9 

mmol) for 3 hr at this temp Sat. NH&l was added to this mixture and the product was extracted with ether. 

Organic layer was washed with water and sat. NaCl soln , passed through a column containing sodium sulfate 

and slhca gel, and the eluate was kept as a stock solution m ether (ca 20 % w/v) at -20°C Almost no 

decomposition of 8 was observed after 6 months. 1 H-NMR (200 MHz.CDC13) 6 3 24 (1 H, s) ppm 

General Methodfor Openrng of Epoxides (10) Phenylthioacetylene (8, 1.3 g, 9.7 mmol) was dissolved m 

dry THF (125 ml) at -78’C. n-BuLi soln. (1.7M, 5.1 ml, 8.7 mmol) was added dropwlse with stimng under 

Nz. After 1 hr, BF3-OEt2 (0.85 ml, 6.93 mmol) was added and the mixture was stirred for 15 min. To ttus 

mixture was added dropwise a solution of (*)-(2,3_epoxypropyl)benzene 10 (1 g, 7 46 mmol) m THF (25 ml) 

and the stirring was continued for 3 hr at -78°C The reaction mixture was poured mto sat. NaHCO3 and 

extracted wnh ether. After work-up, the crude mixture was subjected to silica gel chromatography (1:l EtzO-n- 

hexane) to afford the phenylthioacetylene 11 (1.9 g, 94% yield). ‘H-NMR (200 MHz, CDCl3). 6 2 66 (IH, dd, J=17, 

6 HI), 2 74 (IH, dd, 1=17,5 5 Hz), 285 (IH, dd, 1=13_5,7 5 Hz), 3 00 (lH, dd, J=1? 5,5 5 H/),4 M-4 20 (1H, m) ppm 13C- 

NMR QXU ) _ 6 Z&2,42 6,619 70 8,95 7 125X, 126 1,126 4,128.X 128 9,129 L 132 9,137 S ppm ELMS m/r. : 248 (M+ ), 

148, 147 (100). 121, 103 Anal. calcd. for C17H160S : C 76.08% ; H 6.01% Found C 75 95% ; H 6 04% 

Openmg of Epoxides (12) The reaction was performed as described for 10. Phenylthioacetylene (8, 

534 mg, 3.98 mmol) m dry THF (30 ml) was cooled to -7VC. n-BuLi soln (1 7M, 2 1 ml, 3 6 mmol) was 

added After 1 hr, BF3-OEt2 (0.35 ml, 2.85 mmol) was added and stirred for 15 mm To this mixture was 

added a soln. of cyclohexene oxide 12 (300 mg, 3.06 mmol) m THF (10 ml) After 3 hr at -78”C, work-up as 

10 was performed to yield the phenylthioacetylene product 13 (499 mg) m 70% yield as an 011. lH-NMR (200 

MHr, CDCU) 6 2A6 (IH, ddd, J=115,9 5‘4.0 Hz), 3 SO (la !& J=95,4 2 Hz) ppm 13C-NMR (CDCU) .6 23 9,24 6,30 9, 

33 3,40 2, 67.4,73.2, 100.7, 125 8, 126.2, 129.0, 133.2 ppm. El-MS m/z 232 (M+), 147, 121, 115, 77 (100). 69.57 Anal calcd 

for C14H160S : C 72.37% ; H 6 94%. Found. C 72 40% ; H 7.20%. 

Opening of Epomdes (14) The reaction was performed as described for 10. Phenylthloacetylene (8, 

574 mg, 4 26 mmol), n-BuLi (1.7M, 2.3 ml, 3.93 mmol) and BF3-OEtz (0 39 ml, 3.14 mmol)] was reacted 
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with cyclopentene oxide 14 (300 mg, 3.6 mmol) in THF (40 ml) to give the phenylthioacetylene product 15 

(580 mg) in 75% yield as an oil. *H-NMR (200 MHz, CDC13) : 6 2.76-2.91 (lH, m), 4.28 (lH, 9, J=5.5 Hz) ppm. 13C- 

NMR (CDC13). 6 21.8, 30.9, 33.6,41.0, 66.6, 79.1, 101.1, 125 8, 126.1, 129.0, 133.4 ppm. EI-MS m/z : 218 (M+), 149, 81,79, 

77.71.69.57 (100). 55 Anal. calcd. forC13H140S : C 71.52% ; H 6.46%. Found C 7166% ; H 6 78%. 

General Method for Heteroolefin Synthesis (16) In the presence of Na2PtCl6 (IV) (0.021 M, 0.1 ml, 

0.0019 mmol) a soln. of the phenylthioacetylene 11 (500 mg, 1.87 mmol) and triethylsilane (3 ml) in 1,2- 

dtchloroethane (10 ml) was heated at refluxing temp. under Ar atmosphere for 10 hr The mixture was diluted 

with n-hexane (10 ml) at room temp. and filtered through Hyflo Super-tel. The filtrate was evaporated in vacua 

to dryness and further oxidized. An aqueous soln. of OXONE (3.74 g, 6.08 mmol in 15 ml of water) was added 

to a soln of crude hydrosilylated product in MeOH (15 ml) at room temp. To this mtxture was added a soln. of 

sodium potassium tartrate (1.3 g, 4.6 mmol in 10 ml of 1.1 MeOH-water) to keep pH ca. 4 during the reaction. 

After stirrmg overnight, the mixture was decanted and then concentrated The aqueous mixture was extracted 

with CH2Cl2. Orgamc layer was dned over anh. Na2S04 and evaporated. The heteroolefin 16 (627 mg) was 

punfted by column chromatography (sthca gel, 1: 1 EtzO/n-hexane) to gave colorless oil in 8 1% overall yield (2 

steps). lH-NMR (200 MHz, CDC13). 6 2.56-2.80 (4H, m). 3.78-3 94 (lH, m). 6 70 (lH, t, J=7.5 Hz) ppm. 13C-NMR 

(CDCl3) 6 3.4, 7.0, 37.5, 43.9, 71.2, 126.5, 126.8, 128.4, 128.8, 129.3, 1326, 137.6, 143.2, 145.4 , 155.4 ppm. ELMS m/L. 

387 (M+-Et). 91 (100). 77. Anal. calcd for CZ3H3203SSi : C 66.30% , H 7.74%. Found : C 66.35%; H 7 87%. 

Heteroolefin Synthesis (17) A mixture of NazPtCi6 (IV) (0.021 M, 0.06 ml, 0.0013 mmol), 

phenylthioacetylene 13 (3C0 mg, 1.29 mmol) and trtethylsilane (3 ml) m 1,2-dichloroethane (10 ml) was 

heated for 6 hr. After work-up, the product was oxtdlzed with OXONE (3 11 g, 5.06 mmol in 10 ml of water) 

to the heteroolefin 17 (447 mg), which was purified with silica gel (2:1 EaO-n-hexane) to obtam colorless 011 

in 85% overall yield (2 steps). IH-NMR (200 MHz, CDCl3) : 6 2.98-3.32 (2H. m), 6 32 (IH. d, J=lO 5 Hz) ppm t3C 

NMR (CDC13) 6 3 4 , 6.9, 24 3, 24.6, 30.4, 35 3.47.7, 73.3, 126.7, 128.7, 132.6, 143.9, 161 4 ppm. ELMS m/z : 351 (M+- 

Et), 77.69.57 (100) Anal. calcd for C20H3203SS1 C 63.11% ; H 8.49% Found : C 62.90% , H 8 64% 

Heteroolejin Synthesis (18) Compound 15 (994 mg, 4.56 mmol) was stmllarly converted into 18 (1.6 g) 

whtch was obtamed after purification (ahca gel, 3:l EnO-n-hexane) as colorless oil in 86% overall yteld (2 

steps) ‘H-NMR (200 MHL, CDCIJ) . 6 3 30-3 50 (1H. m), 3.84-4.00 (lH, m), 6.36 (lH, d, J=10 5 Hz) ppm 13C-NMR 

(CDCD) 6 3 5, 7 1, 22 5, 31 3, 34 7.49 9, 79.2, 126 8, 1290, 132.8, 143.5, 161.6 ppm. EI-MS m/4 337 (M+-Et), 163, 133, 

125, 107.97.77 (100). 59.57.55. Anal. calcd for Cl9H3003SS1 . C 62 25% , H 8 25% Found . C 62 12%. H 8.56%. 

Nucleophilic Addttion to Heteroolefin 16 Method A : The heteroolefin 16 (30 mg, 0.07 mmol) was 

dtssolved in dry THF (2 ml) and the soln. was cooled to -78°C To this soln was added MeMgBr soln. (3M, 

0.07 ml, 0.22 mmol). The mtxture was stirred for 4 hr at -20°C to - IO’C under N2 The reactton medtum was 

quenched with sat. NH&l and extracted with EtzO. After work-up, the residue was dissotved in THF (2 ml) 

and mixed with n-Bu4NF (1.1 M, 0.02 ml, 0.02 mmol). The mixture was stirred for 3.5 hr at room temp. Sat. 

NH&l was added to this mtxture and the product was extracted with ether. After drying and concentration in 

vacua, the residue was purified by PLC (nhca gel, 3 times 3:1 EtzO/n-hexane) to yield 20 (syn-, 9 mg, 56% 

yteld) and the double bond migration product 22 (7 mg, 39% yield). Method B : In stead of dry THF, 2 

ml of dry I:lTHF/n-hexane was used in this addition. The reaction was carrted tn the same manner as 

descrtbed in method A by using 27 mg (0.06 mmol) of heteroolefin 16. The adduct 20 (syn-, 8 mg, 49% 
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yield) and the product 22 (4mg, 19% yield) were obtained from this method. Method C : In stead of dry 

THF, 2 ml of dry Et20 was used in heteroconjugate addition step. The reaction was carried in the same as 

method A. The ‘H-NMR studying of product indicated that the mixture of adduct 20 and 21 in ratio 3 : 2 (syn- 

an&) and the product 22 were occurred. Data of adduct 20 : lH-NMR (200 MHz, CDC13) : 6 1.10 (3H, d, J=7 Hz), 

1.52-1.70 (2H, m), 2.28-2.50 (lH, m). 2.64 (lH, dd, J=13.5, 8 Hz), 2.76 (lH, dd, J=13.5, 5 Hz), 2 96 (lH, dd,J=19, 7 Hz), 3.28 

(IH, dd, J=19, 5 Hz), 3.78- 3.98 (lH, m) ppm. 13C-NMR (CDCB) : 6 21.1. 25.8, 43 1, 44.5, 61.9, 69.9, 126.5, 127.8 128.5, 

129 2, 129.3, 133.4. 138.0, 140.0) ppm. Anal. calcd. for ClEH2203S : C 67.89% ; H 6.96%. Found : C 67.84% ; H 7.02 %. 

1H-NMR (200 MHz, CDC13) of Me group which was dlfferentlated between adduct 20 and 21 . Me of 20 : 6 1.10 ppm (d. J=7 

HL); Me of 21 : 6 1.12 ppm (d, J=7Hz). Data of product 22 : lH-NMR (200 MHz. CDCD) : 6 2.66 (1H. dd, J=13.5, 8 Hz), 

2 76 (1H. dd, J=13.5, 5.5 Hz), 3.70-3.88 (2H, m), 4.22-4.40 (lH, m), 5.60-5 80 (2H, m) ppm. 13C-NMR (CDC13) : 6 43.6, 

59 6, 72.3, 116.5, 126.5, 128.3, 128.4, 128.9, 129.3, 133.6, 137 0, 138.2, 142.3 ppm. EI-MS m/z : 302 (M+), 233 (lOO), 211, 

143, 142,141, 125, 115,92,91,90,77,51. Anal. calcd. for C17H1803S : C 67.52% ; H 6.00%. Found: C 67.37% ; H 6.14 46. 

Heteroconjugate Addition to Heteroolefin 17 Method A : Trimethylsilylethynyllithium was generated by 

addition of MeLi-LiBr (lSM, 0.53 ml, 0.79 mmol) to the soln of ethynyltrimethylsllane (85 mg, 0.87 mmol) 

in dry THF (3 ml) at -23°C under Nz atmosphere. After 1 hr, to this soln was added 17 (50 mg, 0.13 mmol) in 

2 ml of dry THF. The mixture was allowed to warm to O’C with stirring for 6 hr. The reaction was quenched 

with sat. NH&l and extracted with EtzO. After work-up, the residue was dissolved in THF (5 ml) and mIxed 

with n-Bu4NF (1.1 M, 0.06 ml, 0.07 mmol). The mixture was stIrred for 4 hr at room temp. Sat. NHKI was 

added to this mixture and the product was extracted with ether. Purification was effected by PLC (nlica gel, 3 

times 2:l EtzO/n-hexane) and mixture of p and a adducts 23 (27mg, 74% yield) were obtained in ca. 2.1:1 

ratio judgmg from the nmr data. The resultant double bond migration product 24 (2 mg, 6% yield) was 

obtained. Method B : MeLi (1.2M, 0.39m1, 0.47 mmol) and ethynyltrimethylsilane (51 mg, 0.52 mmol) 

were used for generation of tnmethylsilylethynylbthmm in 30% n-hexane/THF (4 ml). In this method, 30 mg 

(0.08 mmol) of heteroolefin 17 and 0.04 ml (l.lM, 0.04 mmol) of TBAF were used in heteroconjugate 

addition and desilylation steps, respectively. The reaction yielded a mixture of p and a adduct 23 (19 mg, 82% 

yield) in cu. 4: 1 ratio and product 24 (2 mg) in 5% yield. Data of p-adduct 23 : IH-NMR (200 MHZ, CDC13) 6 

1 97 (lH, d, J=2 7 Hz), 3.14-3.26 (lH, m), 3.48 (lH, dd, J=14.5,7.5 Hz), 3.52-3 60 (lH, m). 3.62 (lH, dd, J=14.5,5.5 Hz) ppm. 

13C-NMR (CDC13) : 6 24.7, 25.5, 294, 304, 36.3, 47.8, 59.5, 71.7, 71.9, 82.4, 128 2, 129.1, 133.6. 139.4 ppm. El-MS m/z 

. 292 (M+), 290, 152, 151, 150, 125,95,91,77, 55 (100). 51 Anal. calcd. for C16H2003S : C 65 72% : H 6 89% Found : C 

65.57%. H 6.99% Data of cw-adduct 23 : lH-NMR (200 MHz, CDCb) 6 2.02 (lH, d J=2.7 Hz), 2 32-3.04 (1H. m). 3.32 

(lH, dd, J=14,9 HZ), 3 50 (lH, dd, J=14, 3 5 Hz), 4.24 (lH, brs) ppm. Data of product 24 : IH-NMR (200 MHz, CDC13) .6 

3 87 (2H, d, J=8 Hz), 3 98-4.10 (lH, m), 5 49 (lH, td, J=8, 1 2 Hz) ppm. EI-MS m/z 266 (M+), 125, 105 (lOO), 77,69, 57. 

Heteroconpgate Additron of MeLi to 18 Heteroolefm 18 (35 mg,0.09 mmol) was dissolved in dry THF (3 

ml) and cooled to -78°C. To ttns soln. was added MeLi-LiBr (1.5M, 0.32 ml, 0.47 mmol) under N2 

atmosphere. After stimng for 5 hr at -78’C, the mixture was quenched with sat. NH&l and extracted with 

Et20 The product, after the work-up, was dissolved m THF (3 ml) and mixed with n-Bu4NF (I 1 M, 0.04 ml, 

0.04 mmol). After stirring for 1 hr at room temp., the reaction mixture was mixed with sat.NH&I and 

extracted with EtzO. The product was punfied by PLC (silica gel, 3 times, 3:l EtzO/n-hexane) to afford 25 (21 

mg, 84% yield) as pure stereoisomer. lH-NMR (200 MHz, CDCl3). 6 1.12 (3H, d, J=7 Hz), 2.97 (lH, dd, J=14 5.8 Hz), 
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3 26 (lH, dd, J=l4.5, 4 Hz), 3.864.00 (lH, m) ppm. t3C-NMR (CDC13) : 6 18.0, 21.9, 27.6, 30.0, 35.4, 52.4, 60.7. 75.0, 

127 9. 129.3. 133.6.140.1 ppm. Anal. calcd. for Cl4H2003S : C 62.66% : H 7.51% Found . C 62 59% ; H 7.62%. 

Heteroconjugate Addition of Li-C!=C-SiMe3 to 18 Trimethylsilylethynyllithium was generated by addmon 

of MeLi-LiBr soln. (lSM, 0.33 ml, 0.49 mmol) to the soln. of ethynyltrimethylsilane (53 mg, 0.54 mmol) in 

dry THF (2 ml) at -23’C under N2 atmosphere. After 1 hr, 18 (30 mg, 0.08 mmol) in dry THF (1 ml) was 

introduced to this mixture, which was stirred further 6.5 hr at -23’C. The mixture was quenched with sat 

NH4Cl soln. and extracted with EtzO. The product was dissolved in 2 ml of THF and n-Bu4NF (1.1 M, 0.04 

ml, 0.04 mmol) was added. Stirring at room temp. for 2.5 hr, the mixture was mixed with sat. NH&l soln. 

and followed by extraction with EtzO. The product was purified by PLC (silica gel, 3 times 3: 1 EtzOln-hexane) 

to give 26 (18 mg, 78% yield) as a colorless oil. IH-NMR (200 MHZ, CDC13) : 6 2.00 (IH, d, J=2.5 Hz), 3.02-3.16 

(IH, m). 3 44 (1H. dd, J=14,7 Hz), 3.50 (lH, dd, J=l4,6 Hz), 4.06-4.22 (lH, m) ppm. lsC-NMR (CDC13) : 6 21 9.29.3.29.9, 

35.5, 50.2. 59.3, 72.1, 75.9, 82.4, 128.2, 129.2, 133.8, 139.6 ppm. EI-MS m/z : 278 (M+). 194, 137, 136, 125, 91, 77, 55 

(100). Anal. calcd. for Cl5H1803S : C 64.72% ; H 6.52% Found : C 64.58% : H 6.81% 

Heteroconjugate Addition of Li-C=C-CzC-SiMes to 18 4-(Trimethylsilyl)buta-1,3_diynyllithium was 

generated by addition of MeLi (1.2M, 0.41 ml, 0.49 mmol) to the soln. of 1,4-bis(trimethylsilyl)-1,3- 

butadiyne (104 mg, 0.54 mmol) in dry 30% n-hexane/THF (4 ml) at 0°C under N2 atmosphere. After 45 mm 

of sturing, 18 (30 mg,0.08 mmol) in 1 ml of dry THF was added dropwise to thts mtxture. The starring was 

continued for 4 hr at O’C. Sat. NH&l was added to the mixture and the product was extracted with EnO. The 

product was dissolved in 5 ml of THF and cooled to -2O“C. n-Bu4NF (l.lM, 0.04 ml, 0.04 mmol) was added. 

The reaction was allowed to warm to O’C with stirring for 4 hr. The mtxtum was mixed with sat. NH&I soln. 

and followed by extraction with EtzO. The ethereal layer yielded an oil which was purified by PLC (sthca gel, 

3:1 EtzO/n-hexane) to give 27 (15 mg, 58% yield) as an oil.lH-NMR (200 MHZ, CDCD) : 6 1 97 (lH, d, J=l2 Hz), 

3.22 (lH, qd, J=6.5,1.2 Hz), 3.43 (lH, dd. J=l4.5, 7.5 Hz), 3.52 (lH, dd, J=l4.5,6.5 HZ), 4 12 (lH, q. J=6 5 Hz) ppm. Data of 

sdylether denvative* of the adduct 27 : ‘H-NMR (200 MHz, CDC13) : 8 1.97 (IH, d, J=l.2 Hz), 3.08-3.20 (lH, m), 3.40 

(lH, dd, J=14 5, 5 Hz), 3.48 (lH, dd, J=14.5, 8 Hz), 4.05 (1H. q. J=7 Hz) ppm. 13C-NMR (CDC13) : 6 5 2, 7.0, 21 1, 27.7, 

30 1, 35 0. 50.9, 59.1. 66.1, 67.7, 68.3, 75.5, 75.9, 128.2, 129.1, 133.9, 139.2 ppm. EI-MS m/z . 387 (100, M+-CH2CH3). 

161, 160. 148, 77, 57, 55. Anal. calcd. for C23H3203SS1 C 66.30% ; H 7.74%. Found : C 66.31%; H 8.03% * Tbrs srlyl 

ether denvauve was obtamcd when dcsdylauon step was camcd at -78°C for 30 mm and me desdylauon was not complete in such a 

low temp. By contrast, destlylatton was completed at rnnm temp. but rt seamed to bc tee drasuc to obtam product The approprtate 

temperature of dns reacuon was 0°C. 

Heteroconjugate Addition of Li-C=C-CH=CH-C&-StMes to 18 Method A . To the solutton of 1,6- 

bis(tnmethylsilyl)hex(cis)-3-ene-1,5-diyne (119 mg, 0.54 mmol) in dry THF (4 ml) was introduced MeLi-LtBr 

(1.5M, 0.33 ml, 0.49 mmol) at -42’C under N2 atmosphere and 6-(trtmethylsllyl)hex(cis)-3-ene-1,5- 

diynyllithium was generated. After 1 hr of stirring, the heteroolefin 18 (30 mg, 0.08 mmol) in 1 ml of dry 

THF was added dropwise to the mixture and stirring was contmued for 7 hr at -42’C. The mixture was 

quenched with sat. NH&l soln. and extracted wtth Et20. After the work-up, the product was dissolved in 5 ml 

of THF and cooled to -2O’C and mixed wtth n-Bu@JF (1. lM, 0.08 ml, 0.08 mmol). The reactton was allowed 

to warm to 0°C with stirring for 4 hr. The mixture was mixed wtth sat. NH4Cl soln. and followed by extractton 

with Et20. The work-up oil was purified by PLC (silica gel, 2 times 3:l EtzO/n-hexane) to afford the single 

stereoisomer, p-adduct 28a (13 mg, 46% yield). Method B : 6-(Trimethylsdyl)hex(cis)-3-ene-1,5- 

diynlhthium was generated similar to method A by using MeLi (1.2M, 0.41 ml, 0.49 mmol) m stead of MeLt- 
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LiBr at -3O’C. After desilylation and puriticanon, the mixture of p and a adducts 28a and b (18 mg, 66% 

yield) was obtained in cu. 4:l ratio (from nmr data). Data of p-adduct 28a : IH-NMR (200 MHZ, CDCI~) : 6 3.12- 

3 30 (lH, m). 3.30 (lH, d, J=2 Hz), 3 46 (lH, dd, J=14.5, 7 Hz), 3.52 (lH, dd, J=14.5,6 HZ), 4.20 (lH, q. J=6 5 HZ). 5.60 (lH, 

dd, J=ll, 2 Hz), 5 72 (lH, dd. J=ll, 2.5 Hz) ppm. EI-MS (high resoluhon) m/z : 328.1152 (calcd for M+ 328.1133), 279. 187, 

186, 185 (100). 158, 157,115, 102,77,67,51. IH-NMR (200 MHz, CDC13) of mixture of p and a adducts 28a and b (method 

B, not Isolated) whxh could be &fferentmted : P-adduct : 64.20 (lH, q. J=6.5 Hz), 3.30 (lH, d, J=2 Hz) ppm. a-adduct : 6 4.08 

(lH, q. J=6.5 Hz), 3.12 (lH, d, J=2 Hz) ppm. Data of silylether derivative* of the p-adduct 29 : *H-NMR (200 MHZ, 

CDC13) : 6 3.22 (lH, d, J=2 Hz), 3.26-3.38 (lH, m), 3.48 (lH, dd, J=14.5, 7.5 Hz), 3.56 (lH, dd, J =14.5, 7 5 Hz), 4.18 (lH, q. 

J=7 Hz), 5 58 (lH, dd, J=lOS Hz), 5 68 (lH, dd, J=10.5, 2 Hz) ppm. 13C-NMR (CDC13). 6 5.2, 7.0, 21.4, 27.7, 30.6, 35.2, 

50.9, 59.7, 75 6, 84.0, 75.8, 81.9, 96 2. 118.0, 121.3, 128.3, 129.0, 133.5, 139.6ppm. *This sdylether derlvattve was obtamed 

when desdylatlon step was treated with TBAF (l.lM, 0.04 ml, 0.04 mmol) at -78°C for 1 hr and the desdylauon was not complete 

In this such condalon. The smtable condluon was found to be 1 eqmvalent of TBAF at 0°C for4 hr to complete desdylatlon. 
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