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Abstract: Addrtrons of lower order 
addrtrons of Wu.GnWWNIOMeI-LP 

and hrgher order mrxed and homostannylcuprates, as well as fhe &I(/) catalyzed 
‘, Wu3SnAIEf2, and WugSnMgMe to conjugated 1.3-enynes were mvestlgated 

Regroselect~ve a;ldrtrOnS j> 90% of one isomer) of these brmetalllc reagents to the afkyne mole 
yne, 2-methyl-1-hexen-3-yne and 2-penten-4-yn-l-01 were obtamed The drrectron of the a ZI 

of bmethyl-l-Men-J- 
rtron of the mixed HO 

wprates coukf be affected by changrng the size of the l~gands bound to tin and comr 
of Sn-AI and Sn-Mg reagents was s?fluenced by solvent and react/on wrnfitbns 

The regbsetectrvrty of additron 

Reactions of 1 ,&enynes with OrganometailkX offer efficient routes to 1,3dienes and aiienes (Scheme 1) OrganoiRhlum 

(RLi), CalCun, StrOtiiUm or barium WptS maCl with conjugated enynes with internal triple bonds (la) by 1,Caddition 

lnitlated by nucieophikc attack of the oiefinl at C-l to produce aiienes (28) When the triple bond is terminal (lb) this 

reactlon with aikyiiithiums proceeds by 1 ,Baddition to the oiefin to give only aikynes (3b) * This is presumably due to 

the initial formation of an aikynyi anion which inhibits the 1,CaddMn Organomagnesium reagents add to Internal 

conjugated enynes by both 1,2- and 1 ,Caddnion also inttiated by attack on the oiefin 

Attenuation of the rear&&y of benzyi magnesium haildes by addrtion of NiCi2 promotes nucieophiitc attack on C-l of 

the aikyne of confugated 1,3-enynes to produce l-substituted-l J-dienes (5a) 3 Similarly, homocuprates (RgCuMgBr), 

heterocuprates [(RCuBr)MgX) and di-t-butyizinc react with enynes possessing a-hydroxy, aikoxy and amino groups 

(lc,ld) to produce 1,3dienes (Sc,Sd) 4 Stolchlometno tirconium chemist+ also provides efficient routes to 

I-phenyiseieno-, I-phosphino and I-bora-1,3dienes 6.7 

With aiiyimagnesium halides additlons proceed by attack of the nucieophiie at the internal carbon of the aikyne (Id) to 

produce 2-substituted-1 ,&dienes (4d) s Addnlons of aiiyiK: organozincs to enynes with terminal triple bonds (lb) also 

give 2-substituted-1,3dienes (4b) 1~2~Q When excess organozinc reagent IS used, aikenes (6b) resuitlng from double 

additton are produced As well, slianes,10 germanes,‘Olll stannanes. I2 (R3MH) and aianes (R2MH)l react to give 

2-substituted-1,3-dienes 

Recently, methods have been developed for metaiiometaiatbn of 1 lkynes I3 Blmetaiiic reagents reported to date that 

add to I-aikynes include Sn-B14, Sn-Ai15,Sn-Cu 16, Sn i%l5, Sn-Snl7, SI-~118, Si-snlg, SI-~120 and Si-cu*l 

reagents Metaiiometaiiatlons of 1-aikynes involving these organometaiitcs produce 1,2-dimetaiioaikenes in which the 

metal accompanying Sn or 8 yields a C-M bond more reactive than the simultaneously formed Si-carbon or Sn-carbon 

bond The reactlvltles of the blmetalllc adducts produced in these reactions usually require eiectrophikc ConSUI’nptbn of 

the more reactive organometaliic centre prior to isolation Methods are available to react the C-M bonds of these 

adducts with a wide variety of eiectrophiies ‘3.22 Since several methods have been developed for replacement of the 

SI-C bond by eiectrophlilc reagents 23 and for the transmetalatlon of the Sn-carbon bond with organopaiiadiu&4 or 

organocopper reagents25 the synthetic opportunities emanating from metaibmetaiiation of aikynes are appreciable 
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Scheme 1 Reactions of Organomelallic Reagenls wilh 1,3- Enynes. 
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Encouraged by the ellkiency of previous stannylmelallatbns of 1-alkynes in our laboratory we have now examined 

additions of several Sn-Cu, Sn-8, Sn-Al and Sn-Mg reagents to enynes In the case of 1,3_enynes these reactions 

woutd be expected to occur at the %-system perpendicular to the conjugated drene system to ytetd alkyne addtion 

products 26 Such addition8 would produce bimetallic adducts that are 1 ,Pdianbn equivalents of 1 ,&dienes and could 

be elaborated lo polysub8liluted 1,3-dlenes 

We envisioned that cuprous ion catalyzed 8tannylmetallatton of enynee would produce btmetallio 1,3-dlenes which 

would easily be functlonallred at Ihe C-metal bond to ylekt either 1 or 2-stannyl-lb-dlenes Since 2-triatkylsityl,27 

2-trialky8tannyt,28 and 1 -phenylseleno-1 ,3-dienes7 a8 well as 1 ,3-dienylboronates2e have been reported to undergo 

Diels-Alder addition8 with typical dienophiles, stanny~metallation of conjugated enynes could also be envisioned to 

produce brmetallic dienes which would undergo Diels- Alder reacliona in situ Here we report regbcontrolled 8ynlheBi8 

and reactions of bimelalllc 1,3dlenes 

Previous studies in our laboratory13*30 suggest that cuprous ion catalyzed stannylmetallations proceed via stannyl- 

cupration lollowed by In 8/h tran8metallation of the Vinyl copper-carbon bond formed by the electrophllic metal partner 

of the slannylmetallrc reagent Since the transition state involved in the reaction of the Sn-Cu reagents with alkynes wa8 

considered to be of low polarity, we expected that sterlc factors would play a significant role in regbchemical COntrOl 

With this in mind we studled the addition of stannylcuprates of the oonstitution (Bu3Sn)t$uCNL11_2 and 

(R1)3Sn(R2)CuCNLip to 1,3- enynes varying R1 from methyl to butyl and R2 from methyl to I-butyl From the array of 

slannylmetalloid reagents available that add to 1-alkynes, we chose Sn-B, Sn-Al and Sn-MO reagent8 because it is 

known that the stannylmetal adduCt the88 reagents produce can be elliciently consumed with electmphlles at the more 

reactive carbon-metal bond 
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Three readily avallable enynes, P-methyl-l-buten-4-yne (7). 2-penten-4-yn-l-01 (S(l), and 2-methyl-l-hexen-3-yne (9) 

were studied (Scheme 2) In most cases the more reacttve C-M bond was protonolyzed to factlltate determination of the 

regbchemlstry of the addition In selected cases the C-Cu bond was transmetatlated with Et2AICLf5a an alanate 

prepared and reacted wlth ally1 bromtde Vinyl stannanes were separated from stannyl contalnlng by-products by 

column chromatography In the cases where non-polar reaction products were produced, hexabutytditin was converted 

to trrbutyltrn chloride by treatment with AgOAc in ethyl acetate3’ coupled with treatment by brine, prror to purrflcatlon by 

column chromatography Structures of the vinyl stannanes were deduced by infrared, GC-MS as well as 1H NMR 

Evrdence for their structure and stereochemistry was provkted by the magnitude of the coupling between the ft7Sn and 

llgSn Isotopes and ‘H (3JSn_Htrans - 14OHr, ‘JSn_Hcis -70 Hr and 3JSn_Hgem _ 80Hz) When mixtures of roomers 

were obtained, the rahos of the Isomers were determined by GLC or by 1~ NMR The 1H NMR spectra of 1Oa and lla 

matched the previously obtained 80 MHz 1H NMR data of these compounds 32 The reactton conditions given m Tables 

1 and 2 are opttmized 

Scheme 2 Reactrons of Stannyl Cuprates wrth lb -Enynes 
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Addltlon of etannylcopper reagents to enynes: Since stannylmetallatlons are considered to proceed v/a 

siannylcupratron we inrtrally undertook a study of the addition of stannyl copper reagents to 1,3-enynes We examined 

the addrtron of “lower order” stannylcuprates R3SnCuCNLi as well as “higher order ” (R3Sn)2CuCNLi2 and “mixed” 

slannylcuprates R13Sn(R2)CuCNLi2 to enynes 7,8a and S The homostannylcuprates were prepared by reactron of 
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BusSnLi wrth CuCN 3o The higher order mixed stannyfcuprates were prepared by the readbn of Bu3SnH with 

R2CuCNLf2 3s The recent discovery, made m our laboratory, that HO alkylcuprates cleave Sn-Sn bonds,34 allowed 

another convenient method for the preparation of Me3Sn(R)CuCNLI2 Lipshutz et al have also developed a 

convenient method for preparabon of this reagent from Me3SnH 36 The by-product In both preparations, tetramethyltn, 

is volatile and can easily be distilled from the crude reactbn mixture 

Reachon of BugSnCuCNLi with enynes 7, 6a and @ produced only moderate yrelds of mixtures of stannylated 1,3- 

dienes Although there was a blas toward formatbn of the 1-stannyl isomer, regioseiectivfty was not synthetically useful 

(Table 1, entries 1, 14 and 23) Reactions of the homostannyl cuprate (Bu3Sn)2CuCNLl2 with 7 and &I (Table 1, 

entrles 2, 16) gave good yields of stannylated 1 ,Jdienes in which the regbselectivity for the 1-stannylated isomer was 

synthetrcally useful (97 3) only In the addrtbn to 7 Reactbn of the “mixed” stannylcuprate BugSn(Bu)CuCNLi2 wlth 7, 

6a and 9 (Table 1, entries 3, 17, 24) gave very good ylSklS of 1-stannyl product (>97 3) in the cases of 7 and 9 

To determine the role of steric factors In the control of regioselectlvity in the addition of ‘mrxed” stannylcuprates to 7,8a 

and 9 we systematically vaned the srze of the stannyl and copper bound kgands Srnce add&on of BugSn(Bu)CuCNLi2 

to 7 gave mrxtures nch In l-stannylated product (118. 97 3) t was expected that use of MegSn(Bu)CuCNLi2 would 

lead to mrxtures enriched in P-stannylated product (lOa) Inspectron of Table 1 (entries 9 - 12) reveal that reaction of 

Me3Sn(Bu)CuCNLi2 with 7 indeed gives nWtUreS ennched In 1Oa but the ratio of 118 to 10a IS dependent on the 

temperature of the solutron during addrtbn of the proton source IS added as well as on the nature of the proton 

source In a srmilar fashron the reaction of Me3Sn(Me)CuCNLrg with 7 (Table 1, entries 6, 7, 6) gave mrxtures of 1Oc 

and 1 lc which were not synthetrcally useful Reaction of this cuprate with 6a (Table 1, entry 22) gave a mixture of 

13c and 14c in which the P-stannylated product (13o) was favored (73 27) Thus bias could be increased to 81 19 by 

use of MegSn(t-Bu)CuCNLig (Table 1, entry 21) 

The above results lead to the conclusion that regioselectivlty In the additions of “mixed” stannyl cuprates to 7, 6a and 9 

are influenced, but not entirely controlled by, stenc factors For example, widely differing regioselectrvihes were 

obtained n the addition of Me3Sn(Bu)CuCNLr2 to 7 depending on whether the reactron was quenched wrth methanol at 

-60% (10~ llc, 62 38, Table 1, entry 9) or at room temperature (1Oc llc, 13 87, Table 1, entry 10) Indeed, additron of 

methanol to this cuprate prior to 7 caused rurmal yellow color to become dark red (Table 1, entry 13) Thus solution 

reacted wrth 7 to yield a 1 1 mixture of 1Oc 11~. In reactrons of MegSn(Eu)CuCNLrp with alcoholic enyne 8a, the 

reaction mrxture turned red Immediately after addition of the latter Both of these observations suggest formation of new, 

possibly alkoxy, kgated Cu(l) derivatives 36 of this cuprate pnor to reactron wrth alkyne NMR spectra of solutions of 

MegSn(Me)CuCNLi2 and MegSn(Bu)CuCNLi2 to which alcohols have been added also suggest the formatron of new 

reagents The formation of these new reagents generally occurs at temperatures below that at whrch stannylcupratron 

occurs Furthermore, we have determined in related work that these mrxed stannyl cuprates remove the acidic hydrogen 

of 1 -alkynes This process explains the lower yields generally obtained in reactrons of these reagents with 7 and 8a. At 

least the “lower order” cuprates used in thus study have been shown to react wrth 1-alkynes at appreciable rates only 

above -35°C by a completely reversible reaction 37 Thus, the regiochemrstry observed in reactions of alkynes 

with stannyl cuprates IS a result of several cornpetmg processes (reactron wrth protomc co-reactant, reversible addrtlon 

and vinyl cuprate hydrolysis) whose relative rates would be expected to vary wrth reagent and reactant 
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Stannylcupratton of enynes 7,Br and 0 

’ BugSn(Bu)CuCNLi2 - 80,20 min 
i BugSn(Bu)CuCNLip -4OtoRT,lOh 

’ td@fl(Me)CUCf’kt~ - 78 to RT, 10 h 

1 Me3Sn(Me)CuCNLi2 - 78 to RT, 10 h 

MegSn(Me)CuCNLi2 -78, lh 

MegSn(Bu)CuCNLrp - 80,2h 

MegSn(Bu)CuCNLI2 -6OtoRT,3h 

MegSn(Bu)CuCNLf2 -8OtoRT,3h 

BugSnCuCNLi -80,30 min 

Bu3SnCuCNLi -40,30 mm 

(Bu3Sn)2CuCNL12 

BugSn(Bu)CuCNLi2 

BugSn(Bu)CuCNLrp 

BugSn(Bu)CuCNLrp 

MegSn(tBu)CuCNLi2 

Me3Sr$Bu)CuCNLip 

MegSn(Me)CuCNLy 

BugSnCuCNLi 

-40.2h 

-50.30 mm 

-50,30 mm 

-50,30 mm 

-80,3h 

-6OtoRTlOh 

-78toRT18h 

-80,30 mm 

MeOH at-80% 1 4198 1 93 
1 Et2AICI 2 BuLi 1 a/92 1 86 
3 allvlbromrde 

MeOHatRT 67133 49 

NHqCi at RT 25176 89 

NH4CI at -78°C 49151 57c 

MeOH at -80% 82138 86 

MeOH at RT 13187 25 

NH4Cl at RT 19181 27 

NH4Cl at - 60°C 32168 41 

NH4CI at - 80% 50150 32 

MeOH at -40% 39181 77 

NH4CI at -50 “C 18182 91 

MeOH at -80% 40180 73 

MeOHat RT 22l78 87 

MeOH at -80°C 81119 84 

MeCHat RT 78122 58 

Nl+$Iat RT 73l27 49 

MeOH at -80 “C 28/80 45 

MeOH at RT -Ii 00 82 
1 Et2AICI 2 BULI 

3 allvl bromide -I100 75 

a) For numbering of the enynes and the products, see Scheme 2 b) Isolated yields c) Yield calculated based on GC 

analysis using internal standard method 

We have shown in previous studies that the vinyl cuprates formed dunng stannylcuprations of 1-alkynes are easrly 

quenched by addition of electrophikc reagents such as Et2AICI 13 Addsron of Et2AlCl to the stannylcuprate adducts 

derived from stannylcupration of 7, 8e and 9 would be expected to result In transmetallatlon of the vlnyl copper bond to 

a vinyl aluminum Reaction of the denved stannylalumrnum adducts with butyllithlum shoukf yield alanates which could 
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then be captured by electrophllic reagents This sequence was shown to be efficient for the reaction of 

BugSn(Bu)CuCNLl2 with 7 and 9 which yielded 11 b and 16b, respectively, in excellent yield and reglochemkal purity 

when ally1 bromide was the electrophile (Table 1, entries 5 and 25) When this sequence was performed on stannyl 

cuprahons which usually gave mixture6 of regblsomers, such as the reachon of Bu3SnCuCNLI with 8a (Table 1, entry 

15), mixtures of regrokomerk vinyl stannanes were obtained No significant change in the regrochemistry compared to 

the previous experiments, where the carbon-copper bond was protonolyzed, was observed 

Addltlons of BugSnBBN(OMe)‘LI+ to enynar: Our previously developed method for addition of tnbutylstannyl 

methoxy-Q-borabkycb-(3,3,1)-nonane, BugSnBBN(OMe)‘Li+, to 1-alkynesl~ was applied to 7, Sa and 9 Reachon 

of this organometalllc wlth 7 In the presence of catalytk amount of CuBr Me2S gave a mixture of lOa- In low yield 

(Table 2, entry 1) When one equivalent of copper catalyst was used, 10a was obtained in high yield and good 

reglochemkal purity (Table 2, entry 2) Llkewlse stannylboratlon of 3b and 9 were successful only when an equlmolar 

amount of catalyst was used Regioselectlvlty was good in both these cases but chemkal yields were low 

m Reactrons of Bu3SnBBN(OMe)U+ (A), BugSnAIEt2 (B) and BugSnMgMe (C) wfth enynes 7, Sa, 8b and 9 

a) For numbering, see Scheme 2 b) Isolated yields c) HMPA was added into the reaction mixture after the reagent 

preparation, prior to the enyne addition 
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Adctltlon ot Bu38nAIEt2 to onynos: Regkchemktry of the stannylaluminatbn of 1-alkynes can be controlled by a 

proper choice of solvent, electmphlle and reactlon conditbns 13a Ths addllbn of Bu3SnAlEt2 to 7 In the presence of 

catalytic or equimolar amounts of CuCN resulted in good chemical yields of 2 3 mixtures of loa and 1 la, whereas 

similar addltbn to the a-functional enyne, &, and 9 gave a moderate regiochemical bias in favor of 13a and 16a 

(Table 2, entries 3 and 10) The addilbn of hexamethylphosphorous trlamlde (HMPA) to the reaction of this 

organometallk with 7 as well as its reactbn wfth 8a ylelded major amounts of lla and 14s (Table 2, entries 7 and 9) 

Interestingly, the Vans-addilbn product was obtained in good regicchemical punty In the additbn of this reagent to 9 In 

the presence of HMPA (Table 2, entry 11) This is proposed to be due to intervention of an allene intermedlate or to the 

sterk requirements of the internal triple bond 

We have previously suggested that Cu +l catalyzed addlon of BugSnAlEt2 to l-aikynes occurs via a stannyl-copper 

IntermedIate ‘3 According to 13C NMR studles in thls laboratory, HMPA sharpens the signals of lower order 

stannykuprates, suggesting less aggregation in THF/HMPA solvent 21 In this light, the change in the regiochemlstry 

could be due to a bwer sterk requirement for the copper center in this solvent compared to THF HMPA could also 

change the electronic environment in the stannyl-copper-aluminum intermediate by complexation with the aluminum 3o 

The Ir-electron density on the terminal carbon of an alkyne IS known to be hgher than on the terminal carbon 33 When 

aluminum is complexed with HMPA, the electron density in copper is presumed to increase favoring formation of 

1-stannyl product 

Addition of BugBnMgMe to enynea. Additton of BugSnMgMe to enynes 7,8a and 9 was conducted according to 

the procedure we have prevousiy used for Its add&on to 1-alkynes 27 With catalytic amounts of CuCN the reacbon of 

this organometallk with 7 yielded a 3 1 mixture of lla and 12a With HMPA as a co-solvent 128 was not obtamed and 

the reaction produced major amounts of 118 contaminated with minor amounts of 1Oa (Table 2, entries 12 and 13) 

This result was also obtained when Bu3SnMgMe was reacted with 8 (Table 2, entry 14) 

Experlmental 

1 H NMR spectra were recorded on a Bruker WM-400 spectrometer m CDCl3 usmg restdual CHCl3 (3 7 25) as Internal standard The 

Sn-H coupling constants (JSn_H) are given as an average of the ‘I7 Sn and ” gSn values Low resolution mass spectra were 

obtained on a Hewlett-Packard 59558 GC/MS system operatmg at 70 eV High resolution GCWS spectra were recorded on a Kratos 

MS90 mstrument For compounds containing BugSn groups, molecular mass measurements are based on 120Sn (M+-Bu) fragment 

Gas chromatographlc analyses were conducled on a Hewlett-Packard 5980A mstrument equipped with a flame-lomzabon detector 

and employing JMI fused silica capillary columns (15 m x 0 25 mm or 7 m x 0 25 mm) using lmear temperature gradient IR spectra 

were recorded as neal film on NaCl on a Perfun-Elmer 5998 Instrument 

Tetrahydrofuran was freshly dIstilled over sodium or potassium benzophenone ketyl Hexamethylphosphorous triamlde and diiso- 

propylamme were dtstllled over calcium hydnde and sttired over activated 3A molecular sieves 2-Methylbut-I-en-3-yne, 

2-methylhex-I-en-3.yne, and 2-psntsn-4-yn-lol were purchased from Farchan, distilled and stored under nitrogen prior to use The 

latter was also prepared aczordmg to the procedure of Brandsma3g Tributyltm hydride was prepared by reduction of BugSnCl with 

L1AlH440 or purchased from Aldrlch Hexabutyldtim and hexamethyldltm were purchased from Aldrich and used wlthout further 

purification All organometallic reactions were conducted in flame-dried glassware under a posltivs pressure of argon or mtrogen 
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ti WDihydro-2H-pynn ( 1 45 1 8 mL, g. 17 25 mmol) was added 

dropwise to 8a (0 95 9, 11 5 mmol) in 10 mL of dry ether at 0 ‘C A few crystals of p-toluonesuifonic acid were added and the 

reactmA mixture was Stirred for 14 h at rm tOmpI quenched by addn of aq , satd NaHCC3 (2x 20 mL ), separated and dried over 

anhyd MgSC4 Dlshllation of the crude product (bp 38-4OW 0 1 mm Hg) gave 1 64 g of 8b (93% pure by GLC, 75% yreld) l H 

NMR 6 1 46-1 90 (m, 6H), 2 57 (4 IH, Jc CHz), 3 50 and 3 82 (2 x 2H, OCH2C=), 4 m, 03 4 28 (2 and x ddt, 2 x IH), 4 62 (t, lH, 

J-~Hz). 5 74 (ddt, 1 H. J-18 HZ, J-~Hz. J-2 HZ). 8 29 (dtd, IH. J-18 HZ, J-5 HZ, J<lHz), GUMS (Chemical ionization, isobutane) m/z 

(ml mtenstty) It37 (100, M++l) 

-7 Bu3SnLL (2 2 mmol) In 10 mL of dry THF, was prepared at - 30°C Thus, BugSnH (0 67 g, 0 72 

mL. 2 3 mmol) was added dropwise to a soln contalnlng lithium diisopropylamide which was prepared by dropwise addn of n-BuLi 

(2 5 M m hexane, 0 98 mL, 2 4 mmol) to a soln of dlisopropylamme (0 24 g, 0 34 mL. 2 4 mmol) m 10 mL of dry THF af -30°C The 

soln was cooled to -6OOC and CuCN (0 IQ7 g. 2 2 mmol) was added The resulting yellow soln was stirred for 10 mm and enyne 7, 

(0 20 mL, 0 132 g, 2 0 mmol) was added in 1 mL of dry THF The reactton mixture was stzred at -4OOC for 1 5 h, quenched with MeCH 

(2 mL) and warmed to rm temp Ether (20 mL) was added and the reaction mixture was shrred with aq , satd NH4CI (25 mL), 

washed wrth aq , satd NHgCl(2 x 25 mL) and brine (2 x 25 mL) The crude product was stsrsd for 1 h with 1 g of silver acetate in 10 

mL of ethyl acetate, filtered through a pad of C&e. washed with bnne (2 x 25 mL), dned over anhyd MgSO4 and concentrated m 

vacua Column chromatography (Slica Gel 60. E Merck, 230-400 mesh, 35 cm x 2 5 an column made basic wtth a 3% soln of E$N 

in hexanes, hexanes as eluent) yielded 0 24 g (56%) of a 19 81 mixture of IOa and 111, 93% pure by GLC The isomer ratio 

obtained after the column chromatography (basa conditions) was wlthm a few percent that obtained prior to purification For 1 H 

NMR analysrs,lOa and lla wore separated by preparattve TfC (Sikca Gel 80. E Merck, 0 25mm, hexanos) Pure lOa was isolated 

from TLC plates not treated wtth Et3N under which condrhons 111 decomposed The latter compound was isolated from preparative 

TLC separation using hexanes containing Et3N 

-lOa _ _ _ _ ‘H NMR 6 0 88 (m, 15H), 1 34 (m, 6H,) 1,40 (m, 6H), 1 88 (s, 3H), 4 79 and 4 96 (2 x s, 

2 x 1 H. C&&), 5 27 (s. 1 H, 3JSn.Hcrs=65 HZ), 5 88 (8, 1 H, ‘JSn-Htrans-135 HZ), GC/MS m/z (rel lntenslty 96) 301 (W-57,52), 

245 (IO), 235 (15), 177 (100) 121 (45) high resoluhon DC/MS calcd for C13H25 120Sn (w-57) 301 0978, found 301 1008. 

IR (cm-l) 2970 5.2940 s, 2885 8,2665 8, 1570 w, 1470 m. 1380 w, 995 w. 895 w 

11a: ‘H NMR (CDCl3) 6 0 88 (m, 15H,), 1 34 (m, 6H), 1.40 (m, BH), 1 84 (I), 3H), 4 93 and 

5 0 (2 x s, 2 x 1 H, C_CH2), 6 lQ (d. l H, J-20 Hz, 3JSnHcrs=69 HZ), 6 62 (d, 1 H, J-20 HZ, 3JSn.Hgemm63 Hz), GCMS m/z (re) 

fntens8Y %) 301 (65) 245 (80), 189 (loo), 121 (15), htgh resolution GUMS caicd for C13H2512OSn (M-57)+301 0978, found 

301 0998, IR (cm-l) 2970 8,294O s,2865 s,2865 s, 1465 m, 1380 w. 920 W, 890 w 

w 8a The reactton of this cuprate with enyne 8a was conducted by the same procedure used above 

for Its reaction with 7 The alcohokc products 13a and 14a were separated from the crude reaction product by column 

chromatography using the column conditions descrrbed above but with hexanes EtOAc 90 10 for the first 100 mL of eluant and 

hexanes EtOAc 1 1 thereafter 

g-Trlbutvlstannvl-lI* ‘H NMR 6 0 88 (m, ISH), 1 31 (m, 6H), 1 49 (m, 6H), 4 18 (d, 2H, J-6 o Hz), 6 31 (d, 

t H, J-3 Hz, 3JSn-Hcrs-59 HZ). 5 70 (dt. 1 H, J- 6 HZ, J=ll HZ, C&&CH20), 5 85 (d, 1 H. JI 3 Hz,~JS,,_H~~~~~~~ 28 Hz), 6 46 (d, 1 H, 

J-1 1 Hz, 3JSn-H-73 HZ), GC/MS m/e (rel intensity %) 317 (M+-57.15) 251 (100). 234 (15) 177 (55). High resolutron GC/MS cafd 
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(90 mg, 10 mmoi) was added and the yeiiow soin was stirred z# -WC for 15 mln and cooled to -76’C Enyne 7 (0 95 mL, 66 mg, 1 o 

mmoi) in 1 mL of dry THF was added dropwise and the reaotbn mixture was stirred for 2 h at -7&C The reaction was quenched by 

addn of MeOH (2 mL) at -78*C, warmed to rm temp and subjected to the usual workup and purgroation 

Baf ti &’ The resction of this cuprate with enyne 9a was conducted by the same prooedur used 

above for its reaction with 7 The reactbn product was purified by column chromatography using conditions described above for the 

separabon of 13a and 148 

Reactlonafwl7I The mixed stannyi cuprate was prepared according to the 

prooedure of Lipshutz et a/41 Thus, BuLi (2 5 M soin in hexanes, 0 84 mL, 2 1 mmol) was added dropwise into a suspension of 

CuCN (95 mg, I 05 mmoi ) in 5 mL of THF at -40°C and the resuiting soln was stirred for 15 mm Bu3SnH (0 56 mL, o 81 g. 2 1 

mmoi ) was added dmpwrse and the soin was stirred for 30 min Enyne 7 (0 10 mL. 69 5 mg, 1 05 mmol) in I mL of dry TfiF was 

added dmpwtse and the reaction mixture was stirred for 15 min at -4OOC The addn of aiiyl bmmkie was conducted by the same 

procedure used above for the reaction of Bu3SnCuCNLi with 9a The stannyi products 10b and llb were obtained by column 

chromatography using column conditions described above for the separatbn lga and lla 

P_Methvl lob. ‘H NMR 5 0 88 (m, 15H), I 34 (m, 6H ), 1.40 (m, 6H), 1 80 (s, 3H), 2 80 (t, 2H, _ . 

J-7 8 Hz), 4 54 and 4 70 (2 x s,2 x 1 H, &$ICCH3-), 5 00 and 5 05 (2xdq, 2H, J-1 0 Hz, J-1 7 Hz, JR Hz, H2C=), 5 60 (ddt, 1 H, 

J-17 Hz, J-10 Hz, J-6 Hz), 6 11 (t,lH, J-7 8 Hz. 3JSn-Hhans-130 Hz), GWS mh (rel intensity %) 341 (M-57+, 100). 285 (35) 227 

(15). 177 (40) hrgh resolution GUMS oaicd for Cl6H2gC 120Sn (M-57)+ 341 1291. found 341 1258 

3-methvC2-oraoenvl lib. ‘H NMR 6 0 68 (m, 15H). 134 (m, BH), 140 (m, 6H), 1 90 (s. 3H), 3 98 _ _ _ - 

(d. 2H, J-6 5 Hz). 4 95-5 07 (m, 4H), 6 60 (ddf, lH, J-17 Hz, J-IO Hz, J-6 Hz, .CHCHg), 6 07 (8, lH, gJ&-,_Hge,,+g HZ), GC/MS 

m/z bei inlenslty %) 341 (M-57+, loo), 265 (60) 227 (45), 177 (20), high resolution GCMS calcd for C16H2gC120Sn (M-57)+ 

341 1291, found 341 1320, iH (cm-l) 2970 8,2Q40 8.2885 8,2865 8,1563 8.1465 m. 1450 s, 1380 m, 920 w, 900 m, 640 m 

&&iig&&of2 ~55 r)l The reaction of this mixed cuprate with 8a was conducted by the same procedure used 

above for the reactron with 7 The reaction products 131 and 14a were separated by column chromatography usmg mndmons 

described above 

ReactlonAtil9m The reactbn of this cuprate with 9 was conducted by the same 

procedure used above for its reaction with 7 The reaotron was quenched by addn of MeCH at -60 OC, warmed to rm temp and 

subjected to the usual workup Pure 161 was obtamed after column chromatography using conditrons described above for the 

separatton Of 1Oa and 1 la The addn of allyi bromide was conducted by the same procedure used above for the reacton of 19 wrth 

6a and momencaiiy pure 16b was obtained after the usual workup and punficatron 

P_Methvl16b ‘H NMR 6 0 66 (m, 15H,), 1 00 (t,3H, J-6 5 Hz), I 34 (m, 6H), 1 40 (m, _ _ _ _ _ - 

6H), 1 64 (s,3H), 2 38 (q, 2H, J-6 5 Hz), 4 70 and 4 76 (2x m, 2H, H2C=CCH3), 4,95 and 5 00 (2x dq, 2x IH. J-10 Hz, J-2 Hz, J-16 

Hz, J-2 HZ, i&C-), 5 73 (ddt, 1H. J- 16 Hz, J-IO Hz, J- 6 5 Hz), GC-MS m/z (relative intensrty %) 369 (100). 313 (45), I79 (46), 

High resolution GC-MS calculated for Cl5H2Q 120Sn (M-57)+ 369 1604, found 369 1585 

p 7 Methyllithium (1 26 M soin in hexanes, 1 74 mL, 2 2 rnmoi) was added dropwise into a 

vigorously stirred suspension of CuCN (Q6 mg, 1 1 mmoi) III 5 mL of dry THF whrie the temperature was maintarned below -4O’C 

The resulting coiouriess soln was stirred for 20 min at which point hexamethyldrtm (0 360 g, 1 1 mmoi) was added and the soln 
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gradually turned yelbw The soln was sthred for 1 h at -4S°C, cooled to -WC and onyne 7 (0 10 mL, 89 5 mg, 1 95 mmol) in 1 mL of 

dry THF was added dropwise Tho readbn mixture was &red for 15 h at -?5*C warmed to rm temp overnight artd quenched by 

addn of aq , satd Nf-L$W M NaCN (gH-5) The aq soln was extracted wfth ether (2 x 10 ml), badnvashed with aq , satd NH4CVl M 

NaCH @H-8). dned over anhyd MgSC4 and the extraot oonmntrsted k, ~WW The concerthate was passed through a short column 

of slka gel (10 cm x 1 2 cm, hexanr basifled with a 3% soln of Et3N m hrxanes) to yreld a mixture of 100 and lla 

P-Mothvl foe: ‘H NMH i3 0 20 (s. @N), 0 54 (s, 3H), 4 54 and 4 97 ((HI), 2x1 H), 5 32 (s, I H,3JSn. . . 

Hc~75 Hz), 5 89 (5. If-f, 3JSn-Htrans-150 Hz), GC&fS mfz (rel lntenrlty %) 232 (I@, 217 (too). 15s (2~1, 155 (85, 151 (251, 135 

(421, high n~~fuhon Gc/MS calaf for C8kf15120Sn (M+) 232 0274, found 232 0255 

g-Methvlllc.lHNMR iO15~s,9H),192~ss,3H),497and503(2s,2xlH),625(d,lH,J~20 . . . . 

Hz, 3JSn-Hcls-54 Hz). 5,Q4 (d, IN J-20 Hz, 3JQn-Hgem-73 HZ), Gc/Ms m/o (rel Intensity %) 232 (2), 217 (IOO), 155 (IB), 161 (a), 

135 (531, high resotubon GC&fS oalod for C5H15~~O5rt (M+) 232 0274, found 232 0230 

~ 5a l-he reaction of this mixed cuprate with 5a was conducted by the same procedure used 

above for Its reactron with 7 A mixture of the reactron products 130 and 140 was separated by filtration through a short column of 

s&a gel using condftrons described above but WI& hexanes EtCAc 50 10 for the first 20 mL of eluant and hexanes EtOAc 1 1 

thereafter 

P-Tnmethvlstannvl190. . . ’ N NMH (CDCf3) 5 0 21 (a), 5H), 4 20 (d. 2H, J5 2 Hz), 5 34(s, 1 H, 3JSnHc@3 Hz), 

5 71 (dt, IH, J-15 Hz. J-5 2 Hz, -CHCH2C), 5 55 (a, lH,3JSn.Ht rans-137 Hz), 6 48 (d,lH, J- 15 HZ, CH=CHCH2C), GCMS m/z (ml 

intensity %) 233 (Mf 100). 157 (So), 135 (45), hrgh resolubon GCmAS c&d for C7Ht30 120Sn (M-15)+ 232 9588, found 232 5553 

~1~: ‘H NMR 5 0 15 (8. OH), 4 20 (d, 2H, Jd 2 Hz), 5 80 (dt, IH, J-15 Hz, JS 2 Hz), 

522 (dd, IH, J- 16 Hz, J-10 Hz), 5,24 (d, IH, J-15 Hz, 3JS n- H crs-65 HZ). 6 52 (dd, lH, J- 19 HZ, J= IOHZ, 3JSn.Hgemm58 HZ), 

GCWMS m/x (rel lfltefls~ 46) 233 (W, 31,155 (100). 135 (45). hrgh resoluhon GCM4S calcd for C7H130120Sn (hi+) 232 5588, found 

232 9971% IR (cm*’ 13400 8 (br), 2575 2580 ~2940 ~2550 s, 8, 1720 a), 1460 1350 1280 m, w, m, 1155 S, 555 m, 650 m, 780 W, 

745~. 550 

~ y&b Qa The reacbon of this mixed cuprate wth 9s was conducted by the same procedure used 

above for Its reaction wrth 8a A mixture of the reactron products 13o and 14o was separated by fritratton through a short column of 

silica gel using ccndrtlons descrked above 

Reactron Ilrdh 7 70 HO cuprate Bu2CuCNLi2 (2 1 mmoi) in IO mL of dry THF, prepsred as descrtbed above, 

was added Me3SnSnMe3 (0 555 Q, 2 t mmOl) at -40°C and the mrxture was &red for 30 mm Enyns 7, (0 20 ml, 0 132 Q. 2 0 mmol) 

in 1 mL of dry THF was added and the soln was stirred for 2h The reactton was quenched by addn of 2 mL of MeOH and was 

subfected to the usual workup and pur~~at~~ 

~.~+ W.t 7 L~hium di~~~larn~e was prepared by adding n-B&l (2 4 mmol) to diis~ro~l~lne 

(0 243 g, 0 33mL, 2 4 mmol) in 10 mL if dry THF at -30 OC After stirring 15 mm Bu3SnH (0,655 g. 0 720 mL, 2 3 mmol) was added 

dropwrse matntatoing the temperature bebw -30 “C The sok was stirred for 30 mm at -30 *C and cooled to -50 *C B_Methoxy_S- 

BBN (0 355 g. 2 4 mmol, prepared by sddn of methanol to SBBN at 0 0C)42 was added dropwise to the reaction mixture After 

stwrtng for 30 mln enyne 7 (0 132 Q, 0 139 mL, 2 0 mmol) was sdded drcpwise In 1 ml. of THF, followed by CuBr Me2S (0 420 g. 2 04 
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mmot) The resuttlng tight brown soln was stirred at -40 ‘C for 2 5 h The reaction waa quenched by additbn of 2 mL of 1 M HCI in 

MeOH at -40 ‘C After warming the resulting bfack soln to nn tamp, ether was added and the rowzttcn mixture was fikered through a 

pad of Celtte and washed wrth aq , satd NH4CI (2 x 25 ml) and bnno (2 x 26 ml) Aftor drying over anhyd MgSG4, the solvent was 

evaporated In vacua to give1 13 g of product The crude product was treated with AgOAc as described above and subjected tc the 

usual purdication 

-of+ m 6b & 0: The reactbns of this metallometalltc reagent with 6b and 0 were conduced by 

the same procedure usad above for its reactton with 7 A mixture of the reachon products 13a and 140 were separated using 

column conditrcns described above but with hexanes EtOAc 90 IO for the first 100 mL of eluant and hexanes EtGAc 1 1 thereafter 

The crude reaction mrxture from this reaction was subjected to usual purkatbn 

J-Tetrehvdrowranvloxv l* ‘H NMR 6 0 86 (m, 15H,), 1 31 (m, 6H), 1 46-l 90 (m,l2H), 3 49 _ _ _ - 

and 3 85 (2 x m. 2H, ), 4 05 and 4 25 (2 x ddd. 2 x lH), 5 29 (d, lH, J=3Hz, 3JSn.HasS9 HZ), 5 61 (dt, 1 H, J. ~HZ, ~-16 tiz), 5 66 (d, 

t HP J= 3 Hz,3JSn-Htrans=t30 Hz), 6 52 (d, 1H, J-16 Hz,3JSn-H=74 HZ), GCMS m/z (rel rntensrty %) 459 (23) 291 (100) , 1~ (cm-l) 

2975 9. 2940 9, 2880 m, 2865 m, 1470 m, 1360 W, 1210 m, 1125 m, 1060 m, 1035 s, 970 w, 915 m, 920 w, anal catcd for 

C22H42Ck$n C 57 61, H 9 24, found C 57 74, H 9 44 

# 14e ‘H NMR 8 0 88 (m, 15H), 1 31 (m. 6H), 1 46-l 90 (m,l2H). 3 49 - _ 

and 3 65 (2 x m, 2H), 4 05 and 4 25 (2 x ddd, 2 x lH), 5 77 (dt, IH, J-15 HZ, J-6 0 HZ), 6 21 (dd, lH, ~-15 Hz, ~-10 Hz), 6 24 (d, 1 H, 
J=lQ Hz, 3JSn-Hgem =52 HZ), 6 52 (dd, 1 H, J=l 9 HZ, J-1 0 HZ, 3JSn.Hcrs -55Hz), GUMS m/z (ret intensrty 96) 459 (63). 401 (18). 

357 (IOO), 291 (80) 

w ti 7 Su3SnH (1 130, 3 9 mmol) was added dropwrse to 6 mL of THF mntammg lrthium drrsopropylamide 

(4 0 mmol, prepared as above) mamta~nmg the temperature below -3O’C After shrrrng for 30 mm, Et2AICI (1 M soln in hexanes, 3 9 

mL, 3 9 mmol) was added dropwise wa syringe at -3OOC The clear soln was strrred for further 30 mm at which time enyne 7 (92 mg, 

0 13 mL. 1 4 mmol) in 1 mL of THF was added dropwwe followed by CuCN (30 mg. 0 33 mmol) The orange soln was stirred at 

-30 “C for 2 h, warmed to 0 OC, quenched by addn of satd NH4Cl and extracted with ether (2 x\ 10 mL) which was washed with aq , 

satd NH4CI (2 x 25 ml) and brine (2 x 25 mL) before dryrng over anhyd MgS04 Concentratron of the extract in vacua followed by 

column chromatography yielded 100 and lla When HMPA was used as co-solvent, a mixture of 10s and 12a was obtarned 

-12s ‘H NMR 6 0 88 (m. 15H), 1 34 (m, 6H, ), 140 (m, 6H), 1 64 (s, 3H), 4 93 and 5 0 _ - 

(2 x 5, 2 x IH), 6 86 (d, lH, J-14 HZ, 3J6n-HgemS6 HZ), (d,lH, J-14 HZ, 3JSn_Htrans-138 HZ), GUMS m/z (rel mtensrty %) 301 

(40). 245 (65) 185 (I 00) 

m &ith 9a and 9 The reactions of thrs stannylalummum reagent wdh 6a and 9 were conducted by the same 

procedure used above for 5s reaction wrth 7 A mrxture of the reaction products 13a and 14a were separated usmg column 

condrtions described above but wrth hexanes EtOAc 90 10 for the frrst 100 mL of eluant and hexanes EtOAc 1 1 thereafter The 

crude product from the reacbcn Bu3SnAIEt2 wRh 9 was subrrtcted to usual purrfrcatron When HMPA was used as cc-solvent, a 

mixture of 15a and 17a was obtamed 

2-Methvl-4-trlbutvlstannvl17a _ - ‘H NMH 6 0 66 (m. t5H, ), 1 00 (t,3H, J-6 5 Hz), 1 34 (m, 6H), 1 40 (m, 6~). I 77 

(s, 3H). 2 23 (4. 2H. J-6 5 Hz). 4 70 and 4 77 (2 x 8, 2 x lH), 6 46 (s. 1 H, 3JSn_Htrans-150 Hz ), GC/MS m/z (rel rntensrty %) 32~ 

(100) 273 (55) 217 (65). 177 (66) 
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-of 7: BugBnH (0 944 g, 0 91 mL, 3 2 mmoi) was added dmpwise to 6 mL of THF containing ilthlum 

ditsopropyiamlde (3 4 mmoi, prepared as above) memtaining the temperature below -30% After stirring for 30 mm. MeMgi (3M m 

hoxane, 1 1 ml. 3 2 mmol) was added dmpwiss and the soln was stirred at -30% for another 30 min After coohng to -40°C, enyno 7 

(66 mg, 0 12 mL, 1 2 mmoi) in 1 mL of THF was added dmpwise via syringe followed by CuCN (16 mg, 0 2 mmoi) The resuiting 

yellow soin was stirred at -40% for 2 h and was quenched by addn of 2 mL of MsCH The reaction was warmed to rm temp and 

was subjected to the workup used for stannyiaiummation to ywid lla and 121 

Reactions 9a ti 0: The reactbns of Bu3SnMgMe wrth 6a and 9 were conducted by the same procedure 

used above for its reaction with 7 A mixture of the reactbn products 13a and 14a were separated using column condklons 

described above but with hexanes EtOAc 90 10 for the fimt 100 mL of &ant and hexanss EtOAc 1 1 thereafter The crude reactjon 

mixture from the reaction of BugSnMgMe with 9 was subjected to the usual purificatbn 
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