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ABSTRACT 

Stereospecific synthesis of 1,4 dienes has been achieved via palfadiurn- 

catalyzed cross-coupling of 3ffZ)-tri-n-butyfstannyl ailyiic substrates with E or Z 

vinyl organometatfic reagents. Replacement of the trialkyltin moiety with 

hydrogen under mild acidic conditions affords the unisomerized Z, E- or Z,Z- l ,4 

diene. This strategy has been applied to the synthesis of the insect pheromones 

containing Z,Z- fdodeca-3,6-diene-l -ol (48); (92,122')-tetradeca-9J2-dienyl 

acetate (58b)j and Z, E-I ,4-diene f(4E,7Z)-trideca-4,7-dienyl acetate (1 06) 1 

fragments. 

and 2H NMR investigations of addition of stannyicuprates to 1- 

alkynes provide compelling evidence for the formation of vinyl adducts. These 

intermediates are thermodynamically preferred over starting materials. This 

process is reversibfe and is more facile for the lower order reagent, n- 

Bu3SnCu(CN)Li (64) than the higher order (n-Bu3Sn)2Cu(CN)Li2 (65) speci?s. 

These reagents exhibit opposite regioselectivity in their addition to 1 -aikynes 

which is attributed to the differences in steric demand between monomeric (65) 

and more bulky (64) species. 

Reaction of homo higher order alkylcuprates, R2Cu(CN)Li2,wit h 

hexaalkyldistannanes, (R3Sn)2, represents a new, convenient route to the 

preparation of mixed higher order trialkylstannyl(alkyl)cyanocuprates, 

R3Sn(R)Cu(CN)Li2. These reagents react with a variety of organic substrates 

without the formation of excessive quantities of tin byproducts 

Regioselective formation of 2-stannyl and 1 -stannyi alkenes has been 

achieved in stannylcupration of I-alkynes by incorporating electron donating 

and withdrawing iigands, respectively, into the mixed stannylcuprate reagent. It 

iii 



is postulated that the acetylenic moiety initially coordinates to copper to farm a 

x-complex with copper. Po'rarization of the iripie bond in this complex is 

dependent on the nature of the cuprate ligands and governs the regiosetectivity 

in these reactions. 

Several new aikynylcuprate-based species have been identified using 

NMR and IR spectroscopic techniques. These studies indicate that 

(R-C&)2CuLi-Lii and (R-C=C)3CuLi2.Lil are formed as distinct species in the 

reaction of Cul with two and three equivafents of lithium acetylide, respectively. 

Formation of dimeric species, Mess  n ( R - C sC)CuLi.Li I  and 

Me3Sn(R-C=C)2Cu2Li-Lii, is proposed in solutions comprised of a 1 :I :I mixture 

of Me3SnLi, R-CSLi and Cul. Addition of one equivalent of either R-C&Li or 

Me3SnLi to this solution gives rise to the mixed higher order reagent 

Me3Sn(R-C=C)2CuLi2-til. 
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introduction 

It has been estimated that the agricuttural industry loses billions of dollars 

annually as a result of insect damage to crops. Today's pest management 

programs rely heavily on insecticides as a means of controlling insect 

popuiations. However, extensive spraying of these chemicals is not only 

expensive but raises important health and environmental questions. Therefore, 

the integration of pheromones into existing pest management programs is 

emerging as a promising alternative to existing techno1ogy.l Pheromone traps 

for example, provide a means of monitoring insect populations and allow the 

degree of infestation of an affected area to be determined. Spraying of 

insecticides that coincides with the onset of infestation is more efficient and less 

expensive than prophylactically timed applications. Alternatively, random 

dispersion of pheromones in infested areas causes communication disruption 

among insects and can prevent rapid increase in population size. Strategies of 

this nature have been successfulty adopted by agricultural and other resource 

based industries in North America in combating insect damage to crops. 

Bombykol or (1 OE,12Z)-hexadeca-10,12-dien-l-ol was the first 

pheromone to be isolated and was obtained from the silk worm moth Bombyx 

mori, Since this landmark achievement by Butenandt ef al. in 1961,z a vast 

away of pheromones have been isolated and the chemical synthesis for many 

of them reported. The rnajonty of these compounds contain one or more E or Z 

double bonds and it is the strict maintenance of double bond geometry which 

often poses the greatest difficulty in their preparation. The increasing demand 



for pheromones of high isomeric purity has spurred development of improved 

syntheses of these biologicaffy active motecutes.3 

In connection with ongoing projects dealing with the isolation, 

characterization and synthesis of insect pheromones in our laboratory, new 

methods have been investigated which would allow stereospecific assembly of 

disubstituted double bonds in a 1,4 fashion. 1,4-Dienes are structural units 

commonly found in a multitude of biologically active molecules and exist in all 

possible (E,E; E,Z; Z,Z) double bond combinations (Figure A.1). 

Figure A.1 Examples of E,E- E,Z- and Z,Z-1,4-Dienes in Biologically Active 
Molecules. 

Arachidonic acid metabolite 

Pheromone of the potato tuberworm moth 
Phtorimaea opercuklla 

IH 
Arachidonic acid 

Stereospecific assembly of 1,4-diunsaturated aliphatic 

compounds has been investigated extensively. The most successful and 

commonly used methods can be broadly divided into three categories: (a) 

Stereospecific reduction of I ,4-diynes by catalytic hydrogenatida or reduction 

with sodium in liquid arnrnonia.4b Propargylic alcohols, as part of 1,4-enyne 



liquid ammonia.4b Propargylic alcohols, as part of 1 ,Cenyne systems, can be 

selectively (b) Stereospecific coupling of carbonyl compounds with 

ylides in Wittig and related reactions5 and (c) Stereospecific carbon-carbon 

bond forming reactions employing organometallic reagents.6 

Palladium-catalyzed cross-coupling of allylic substrates with vinyl 

organometallic reagents ha.s been investigsted as a new route to the 

stereospecific synthesis of 1,4-dienes.7 While cross-coupling of y,y-disubstituted 

allylic compounds generally proceeds with a high degree of stereo- afid 

regioselectivity, similar reactions with y-monosubstituted analogues give rise to 

mixtures of isomers. (i,ii and iii, Scheme A.1). 

Scheme A.1 Palladium-Catalyzed Cross-Coupling of y-Monosubstituted 

Allylic Substrates with Vinyl Organometallic Reagents. 

X = Cig OAc 
M = Ai, 6, Zn 

Superior selectivity in palladium-catalyzed reactions involving y,y- 

disubstituted allylit: compounds is fikeiy due to steric effects in the resultant x- 

allylpalladium complex. In the currently accepted mechanism of isomerization, 

K-allylpalfadium species are postulated to exist in equilibrium with o-bonded 

counterparts. Rotation about the C2 - C3 bond in the 0-bonded complex 



followed by formation of a n-allylpalladium intermediate results in isomerization 

of the allylic double bond.8 Presumably, greater steric repulsion at C, 

disfavours formation of a o-bonded palladium-C3 intermediate, essential for E to 

Z interconversion (i.e. between species i and ii, Scheme A.2). 

Scheme A.2 Double Bond lsomerization in n-Allylpalladium Complexes. 

Recently, a new cross-coupling strategy was developed which showed 

promise as a highly stereoselective route to the synthesis of molecules 

containing the 1,4-diene fragment? it was demonstrated that isomerzation 

processes in palladium-catalyzed cross-coupling reactions of allylic substrates 

with E vinyl organometallic reagents could effectively be eliminated by 

substitution of the y-hydrogen in the aliyiic coupling partner with a PhMe2Si 

group. The stereochemical integrity of the double bonds is maintained 

throughout the coupling sequence yielding a 1,4-diene containing a vinyl 



PhMe2Si functionality (i,  Scheme A.3). Stereospecific replacement of the 

trialkylsilyt moiety by hydrogen afforded the desired Z,E-1,4-diene ( i i ,  Scheme 

A.3) in good yield. 

Scheme A.3 y-Substitution in Allylic Substrates with a PhMe2Si Group as a 

Strategy to the Stereospecific Synthesis of 1,4-Dienes. 

An additional advantage of this method lies in the mildness of the 

reaction conditions which are tolerated by the presence of a variety of functional 

groups. This feature has important synthetic implications in that assembly of 1,4- 

dienes could in principle be accomplished as a final step from precursors 

already containing the requisite, unprotected functionalities. Thus, extensive 

functional group manipulation in the coupled product could be avoided. Based 

on this rationale and in light of the remarkable stereochemical control achieved 

in preliminary studies, it appeared that this approach was ideally suited for the 

synthesis of pheromones containing 1,4-dienes and warranted further 

investigation. 



1.3 Objective, 

Early successes achieved in cross-coupling reactims outfined above 

prompted the investigation of this approach as a useful method for the synthesis 

of bioadive molecules containing 1,4-dienes. initial efforts were targeted at 

conditions establishing yet milder reaction conditions without sacrificing 

stereospecificity. With this in mind, y substituents other than PhMe2Si in the 

allytic substrate were investigated. It was hoped that in addition to safeguarding 

against isomerization these could be more easily removed in the coupled 

product* Preparation of suitable atlylic substrates and Z vinyi organometatlic 

reagents was explored. This mupRng strategy was also applied to the synthesis 

of insect pheromones containing Z,Z-I ,4-diene fragments. 

The potentially attractive retrosynlhetic analysis of the termite trail marker 

pheromone10 (48) and the sex pheromone inhibitor of the Indian meal moth1 

(58b) is shown in Scheme !.I. Disconnection of the indicated strategic bond of 

the dienic system leads to aliylic and a vinyl synthons. Coupling of these 

fragments represents the crucial step in this synthesis. Positioning of a bulky 

trialkylsilyf or stannyl group at the rcarbon of the aflylic coupling partner was 

expected to prevent doubk bond isomerization in the a-allylpalladium complex, 

thus ensuring stereospecific coupling. Vinyf organornetaltic reagents can be 

related to the comsponding acetyfenic iodides and the allylic f rag ments traced 

to propargylic substrates. M t h  aeetylenic starting materials are readiiy prepared 

by known chemistry. 



Scheme t.3 Retrosynthetic Analysis of the Termite Trail Marker Pheromone 
(48) and the Sex Pheromone inhibifor of the Indian Meal Moth (58b). 

58 b: R3 = Me; R2 = (CH&-OAc 

M = metal (i.e., AI, Zn) 
X = leaving group (e.g., OAc, CI) 

1.2 Preparation of y-Trialkyisifyl and y-Triafkylstann yl-2(E)-Ailylic 

Su bsf rates. 

Preparation of y-PhMe2Si substituted allylic chloride, 4, was readily 

awmptished following a literature procedure and served as a model for 

subsequent syntheses of ?-substituted ally lie substrates (Scheme 1.2). * 
Propargyk alcohol, 2, was used as the starting material in all cases and was 

readily prepared by treatment of the acetylide anion of 1-heptyne with 

paiaformaldehyde.13 Stereospecific incorporation of PhMe2Si into the allylic 

backbone was accornpiished by silylzincation of propargylic atcohol, 2, and 

yiefdeb aifyfic alcohrtl, 3, unwntaminated with isomers. Treatment of 3 with 

PPh3. CCWCH3CN gave allyCc chloride 4 in high yield.34 It was observed that 

acetonitrile dramatically enhanced the rate of conversion in the fatter reaction, 

reducing the completion time for this reaction from 5-8 hours to just 45 minutes. 



The presence of the poiar co-solvent presumably lowers the energy of an ionic 

transition state. 

Scheme 1.2 Synthesis of y-PhMe2Si Substituted Allyiic Substrates. 

(a) n-BuLi, THF, -78 OCJ30 min, (CH20), (1.3 equiv), -78 O C  -+ r.t. over 12hr, 85 

%; (b) PhMe2SiZnEt2Li (3 equivj, CuCN (2 %), THF, -78 "C -+ r.t. over 12 hr, 83 

%; (c) PPh3, CCl&H3CN (1 :I), r.t.145 min, 81 %. 

In earlier investigations it was established that the method of choice for 

replacing PhMe2Si with a hydrogen atom in the coupled product wzs to heat 

the 14-diene in DMF in the presence of n-6~~NF.15 In search of a more mild 

besityiation procedure it was rationaiized that nucleophilic attack of fluoride ion 

might be facilitated by reducing the steric crowding around silicon. Incorporation 

of a y-Me3Si moiety into the ailytic backbocs was initially attempted by treating 

propargylic alcohol, 2, with (Me3Si)2Zn. However, none of the desired product 

was formed under these reaction conditions. The reaction mixture consisted 

prirnariiy of unconsumed starting material and the Me3Si ether of propargylic 

alcohol, 2, which was identified by GCIMS. This material was not stable to silica 

and decomposed to starting material when subjected to flash chromatog rap h y . 

Although the formation of the silyl ether was not further investigated, it was 

noted that the amount of this product formed varied with the amount of CuCN 

catalyst used. This observation points to the possible involvement of a mixed 

trimethylsilylalkoxyc~~prate species giving rise to the silyl ether in a reductive 



elimination process. A similar observation has been made for 

( r s - B ~ ~ S n ) ~ C u ( C N j t i ~  that graduaiiy decomposes to form ( n - & ~ ~ S n ) ~  among 

other byproducts. A second attempt at preparation of the vinyl trirnethylsilane 

was made by using a similar reagent employed in the synthesis of allylic 

alcohol, 3. Silylzincation of propargylic alcohol, 2, with Me3SiZnEt2Li, however, 

resulted in the formation of unidentified low boiling compounds as the only 

products. 

In light of the inherent difficulty at synthesis of the trimethylsilylated 

compound, attention was next focused on the incorporation of a trialkystannyl 

group. Although stannylzincation of terminal alkynes was known,17 addition to 

propargylic systems had not previously been reported. It was reasoned that 

since delivery of a silyl group in silylzincation of propargylic alcohols was 

stereospecific,12bzc this result could be duplicated for a trialkyl tin group in a 

related sfannylzincation reaction. Indeed, stannytzincation of propargylic 

alcohol, 2, with ( n - B ~ ~ s n ) ~ Z n  yielded allylic alcohol, 5, without formation of 

isomers (Scheme 1.3). Conversion of 5 to allylic acetate, 7, was accomplished 

without complication by treatment of the allylic alcohol with pyridine/acetic 

anhydride. 

Synthesis of allylic chloride, 6, was not as straightforward as the 

preparation of the dimethyi(phenyl)silyl analogue, 4. Under usual reaction 

conditions (PPh3, CCt,$CH3CN) allylic alcohol 5 was not converted to 6 but 

yielded instead destannylated aliylic chloride, 8, and n-Bu3SnCI (Scheme 1.3). 

It was speculated that under these reaction conditions nucleophilic attack of 

chloride ion on tin generates a vinyl anion that is then immediately quenched by 

H+ to give the Zatlylic isomer. Therefore, it was reasoned that elimination of the 

proton source from this reaction would allow conversion of allylic alcohol, 5, to 



the corresponding chloride, 6, leaving the trialkylstannyi moiety intact. Water, 

introduced as the result of using 'Wet" soivenis, was a likely proton source and 

could be easity eliminated by ensuring anhydrous conditions. Another 

possibility was that the relatively acidic hydroxyl proton of the propargylic 

alcohol was responsible for quenching the presumptive vinyl anion 

intermediate. In this scenario synthesis of 6 via this route would be thwarted by 

the presence of the quenching agent (OH) contained within the substrate. 

Scheme 1.3 Synthesis of y-n-Bu3Sn Substituted Allyiic Substrates. 

(a) ( t ~ B u ~ S n ) ~ Z n  (2.3 equiv 

7: R = O A C ~  

I), CuCN (10 O A ) ,  THF, -30 "C -) r.t. over 12 hr, 41 %; (b) PP 'h3, 

CCI4/CH3CN (1:1), r.tJ45 min, 90 %; (c) PPh3, CCI4/CH3CN (I:!, anhydrous), r.t./l hr, 95 %; 

(d) Pyridine, acetic anhydride, r.t 145 min, 9 1 %. 

The origin of H+ was established by D20/H20 quenching experiments. 

When allylic acetate, 7, was stirred in a solution of PPh3, CCI4/CD3CN under 

anhydrous conditions and subsequently quenched with water, allylic acetate, 

11, was obtained. In a similar experiment, deuterated acetonitrile was replaced 

by anhydrous CH&N and the reaction quenched with D20 to afford deuterated 

allylic acetate, 12, (Scheme 1.4). These results clearly indicated that, in the case 

of allyfic acetate 7, the vinyl proton was derived from water. These experiments 

did not rule out the possible involvement of the free hydroxyl group of a 

propargylic alcohol in destannylation. 



In a final experiment, propargylic alcohol, 2, was stirred in an anhydrous 

solution of PPh3, CCI4/CH3CN and solvent removed in vacuo prior to work-up. 

Under these reaction conditions allylic chloride, 6, was obtained in excellent 

yield (Scheme 1.3). The fact that H+, generated in the reaction of the allylic 

alcohol with the phosphonium salt, does not contribute substantially to 

destannylation is conceivably due to rapid consumption by the basic C13C- 

anion to yield chloroform. This process likely functions as an acid sink, ensuring 

low concentrations of HCI. 

Scheme 1.4 Electrophilic Capture of the Presumptive Vinyl Anion 

Intermediate. 

(a) PPh3, CCI4/CH3CN (l:l, anhydrous), r.tJ15 min; (b) Allyl bromide (2.1 equiv), rM12 hr; (c) 

Me1 (2 equiv); (d) PhCHO (22 equiv), r.t/l hr; (e) H$ (excess), 95 %; (f) D20 (excess), 80 %; 

N.R. = no readion, -ng material not consumed, 



To provide evidence for the formation of the postulated intermediate, 

attempts were made to trap the vinyl anion with electrophiles other than H+ 

(Scheme 1.4). No products were formed when allylic acetate, 7, was stirred in 

the presence of ally1 bromide or iodomethane under usual (anhydrous) 

chlorination conditions. Addition of benzaldehyde yielded the Wittig product, 

13, that was also formed in the absence and hence, independently of 7. 

Destannylation under nucleophilic (KW18-crown-6) or radical (AIBN) reaction 

conditions were also unsuccessful. 

Figure 1.1 Possible Cyclic Transition State in Reactions of Vinylstannanes 
with Acid. 

In spite of failed attempts to prove the intermediacy of a vinyl anion, 

evidence favouring the formation of this species could be deduced by analysis 

of reaction products. The double bond geometry of the allylic products formed in 

this reaction is exclusively Z. Since involvement of a cationic or radical 

intermediate would be expected to result in the formation of E and Z product 

mixtures, destannytation via these alternative intermediates is highly 

improbable. Furthennore, generation of a vinyl cation is inconsistent with the 

observed formation cf n-Bu3SnCI since in this scenario, protonation of the tri-n- 

butyl tin moiety would yield n-Bu3SnH. These observations point to the 



involvement of a vinyl anion in destannylation reactions investigated, although 

formation of a solvated species in solution is less likely. Perhaps build-up of 

negative charge at the vinyl carbon occurs in a cyclic transition state in which 

bond-forming and bond-breaking occurs simuitaneously (Figure I. 1 ). 

Although the method developed for the synthesis of y-n-Buss n 

substituted aliylic substrates was adequate for the production of small 

quantities, it was less suited for large scale reactions in which removal of tin and 

triphenylphosphine byproducts became a formidable task. It was found that use 

of PPh3 could be circumvented in the synthesis of allylic chloride, 6, by treating 

allylic alcohol, 5, with ~chlorosuccinimide/DMS (Scheme 1.5).18 This route was 

high yielding and more importantly, left the tri-n-butyl tin group untouched. A 

second improvement to the overall synthesis was the discovery that allylic 

alcohol, 5, could be produced by reducing ester, 10, with DIBAH. Preparation of 

10 was readily accomplished following a literature procedure1g in which far 

less tin byproducts were formed than in the earlier method. As a result, work-up 

and purification were greatly facilitated. 

Scheme 1.5 Alternative Synthesis of Allylic Chloride 6. 

- b Buss"- c Bu3SnL C5Hll - R - 
~ 5 ~ 1 1 7  ( 

OMe - 
C5Hl 1 -R 

1:R=H 0 
d C  

5:R=OH 
aC 9: R = C(0)OMe 6: R = CI 

(a) n-SuLi, THF, -78 OC130 min, methyl chkxoformate, -78 OC " r.t. over 15 min, 97 Oh; (b) 

n-Bu3SnLi (1 -3 equiv), CuBr-DMS (I -3 equiv), THF, -78 OCt30 min, 9, -78 OC/1 hr, MeOH 

(excess), -78 OC -) r.t over 12 hr, 91 %; (c) DIBAH (2.4 e q u ~ ) ,  THF, -78 OC/1 hr, 93 %; (d) 

N-Cttbrosuccin*mide (1.2 equiv), DMS (1 -4 equiv), CH2C12, 0 OCl10 min, 5, 0 OC/1 hr, 84 

%. 



1.3 investigation of Stannylzincation of Propargylic Substrates. 

The remarkable stereoselectivity observed in the stannylzincation of 

pr~pargylic alcohol, 2, prompted further investigation of this reaction. It was felt 

that oxygen played a key role in determining the mode of addition of the 

stannylzinc reagent to the triple bond. In the envisioned process, coordination of 

an oxygen lone pair to zinc causes alignment of the mixed stannylzinc cuprate 

along the axis of the carbon-carbon triple bond so that delivery of tin occurs at 

the distal acetylenic carbon (Scheme 1.6). While syn addition with the opposite 

regiochemistry is also possible, the latter is presumably energetically less 

favorable due to the absence of a stabilizing oxygen-zinc interaction. 

Scheme 1.6 Anchimeric Assistance of Oxygen in Stannylzincation of 

Propargylic Substrates. 

I CuCN - 



Based on this reasoning, stannylzincation of other propargylic substrates 

was expected to exhibit a similar trend in which y substitution predominated 

over p substitution. This prediction was borne out in the CuCN catalyzed 

addition of ( r ~ B u ~ S n ) ~ Z n  to THP and t-BuMe2Si protected propargylic alcohols, 

14 and 15 (Table 1.1, entries 2 and 3). With the exception of 14, in which 

Table 1.1 Stannylzincation of Propargylic Substrates3 

Entry SubstrateR(#) Yield%$(#) 

1 H (2) 41 (5) 

2 THP (14) 32 (18) 

3 Si(t-Bu)Me2(15) 36 (19) 

(a) Reaction conditions: ( r r B ~ ~ S n ) ~ Z n  (2 equiv), CuCN (1 0 %), THF, 

-30 OC + r.t. over 12 hr; (b) Isolated yields. 

approximately 3 % of the P-n-Bu3Sn isomer was formed, addition of tin under 

these reaction conditions was stereo- and regiospecific for the propargylic 

substrates investigated. Stannylzincation of propargylic acetate, 16, was 

opposite to this trend. Instead of the forming allylic acetate, 7, 16 was converted 

to alkyne, 20, in this reaction. Displacement of acetate by tin is apparently more 

rapid than addition to the triple bond and is conceivably facilitated by 

polarization of the carbonyi oxygen in a cyclic transition state (Scheme 1.7). 



Scheme 1.7 Stannylzincation of Propargylic Acetate 16. 

(a) (n-Bu3Sn)$n (2 equiv), CuCN (10 %I, THF, -30 "C -j r.t. over 12 hr, 65 Oh. 

As mentioned earlier, one of the main drawbacks of these reactions is the 

formation of tin byproducts that are unavoidably generated in the preparation of 

( n - 6 ~ ~ S n ) ~ Z n  (21a). Cleavage of ( ~ - B U ~ S ~ ) ~  with n-BuLi as a means of 

producing n-Bu3SnLi20 also generates one equivalent of n-Bu4Sn which is not 

only wasteful but often complicates product isolation and purification. In search 

of a more efficient route, alternative preparations of stannylzinc reagents were 

explored. 

Deprotonation of n-Bu3SnH with lithium diisopropylamide is an effective 

means of generating n-BuaSnLi without formation of n-B~~Sn.21 This method 

has been previously adopted for the preparation of ( n - B ~ ~ s n ) ~ Z n  and its 

synthetic utility demonstrated in stannylzincation of alkynes.17b Initial trials with 

this reagent in reactions with propargylic alcohol, 2, were unsuccessful. it was 

determined that incomplete reaction of lithium diisopropytamide (LDA) with n- 

BusSnH was responsible for initial failures. In separate stann ylzincations where 

LDA was allowed to react with ZnBr2 prior to addition of n-Bu3SnH no products 



were formed and only starting material was recovered (Scheme 1.8). 

Presumably, LDA is consumed by ZnBr2 to yield ( i -pr~pyI~N)~Zn which is not 

likely to be sufficiently basic to deprotonate n-Bu3SnH. 

Scheme 1.8 Effect of Diisopropylamine (DIPA) and Lithium Diisopropylamide 
(LDA) on Stannylzincation of Alkyne 17. 

DIPA, 
A Bu,SnLi - R,Zn-DIPA 

ZnBr, 

t 
Bu3SnL 

24 (minor) + - OTHP 

B LDA 
ZnBr, 

( i~epropyl~N)~Zn ? 

(A) f?-6u3SnLi (3 equiv, prepared from (n-B~~sn)~) ,  DIPA (3 equiv), THF, -30 OCf5 min, 

ZnBr2 (1 -5 equiv). 0 "GI30 min, 17, CuCN (10 %), -30 OC -) r.t. over 5 hr, 23 and 24 

(93:7), 73 5%; (8) LDA (3 equiv), ZnBr2 (1 -5 equiv), THF, 0 OCf30 min, n-Bu3SnH (3 

equiv), 0 "Cf30 min, 17, CuCN (10 %), -30 OC + r.t. over 5 hr, 70 % 17 recovered, no 

products detected (by GC). 

As anticipated, careful preparation of (n-BugSn)*Zn (21 b) in which 

excess LDA was avoided, provided a reactive stannylzincation reagent. Thus, 

addition of propargyfic substrate, 17, to a solution of 21a in the presence of 

CuCN catalyst afforded vinyl stannanes, 23 and 24, in good yield, 

accompanied by markedly reduced amounts of tin byproducts (Table 1.2, entry 

2). Further reduction of tin byproducts was thought possible by decreasing the 



number of equivalents of tin per stannylzinc reagent from two to one. 

Preparation of n-BugSnZnEt2Li reagents (22a and 22b) was inspired by 

reports that the related PhMe2SiZnEt2Li reagent was reactive toward both 

internal and terminal alkynes."alb Surprisingly, stannylzincation of 17 with 

either 22a or 22b did not yield 23 or 24 and left the starting material 

unconsumed (Table 1.2, entries 3 and 4). 

Table 1.2 Variation of Reagent in Stannylzincation of AIkyne 173 

Stan n y lzinc 
Reagent 

Bu, Sn- 

0 OTHP 

Entry Reagent (#) 23 : 24b Yield %c 

(a) Reaction conditions: stannylzinc reagent (1.5 equiv), 17, THF, -30 9C -+ r.t. 

over 5 hr; (b) Ratios determined by GC; (c) Isolated yields; (d) Prepared from 
( n - B ~ ~ s n ) ~ ;  (e) Prepared from n-BugSnH; (f) -30 O C  -+ r.t. over 12 hr; (g) 

Recovered 17.23 and 24 not detected (by GC). 

It was noted that prolonged reaction times in stannylzincation of 

propargylic substrates resulted in diminished product yields (e.g. Table 1.2, entry 

I).  A possible explanation for this observation is that the vinyl adduct formed 



initially is converted to a vinyl distannane in a CuCN mediated process. 

Although the formation of such a byproduct was not investigated for this 

particular case, bis(tri-n-butylstannyl) alkenes have been isolated in related 

stannylcupration reactions.*' Alternatively, decomposition of the stannylzinc 

reagent in a reversible, CuCN catalyzed addition process might cause gradual 

consumption of products as the reagent is removed from the equilibrium. It was 

therefore rationalized that the extent of side reactions could be minimized by 

employing less CuCN catalyst. 

Table 1.3 Effect of CuCN on Stannylzincation of Alkyne 173 

equivb 
Entry CuCN 23 : 24c Yield %d 

(a) Reaction conditions: 21a (1.5 equiv), 17, CuCN, THF, -30 OC 3 r.t. 

over 5 hr; (b) Based on 21a; (c) GC Ratios; (d) Isolated yields. 

Stannylzincation experiments in which the amount of CuCN was varied 

indicated that the presence of one half of an equivalent or more of CuCN had 



detrimental effects on reaction yields. More interestingty, at higher propoflions 

of CuCN, a change in the distribution of product isomers was observed in which 

24 was favoured over 23 (Table 1.3, entries 3 and 4). These solutions had a 

characteristic red cotour, reminiscent of sofutions of lower order 

stannylcuprates, suggesting that a new reagent was formed under these 

mnditions. Addition of reagents devoid of zinc, to propargylic substrates might 

be expected to be less stereoselective due to the absence of a directing 

interaction between reagent and the propargylic oxygen (see above). Such 

species could account for the predominance of 24 over 23 at elevated 

concentrations of CuCN in stannytcupration of 17. 

Unexpectedly, stannytzinc reagent, 21a, was found to add to 17 in the 

absence of CuCN, To rule out the possibility that addition was due to residual 

CuCN or some other catalyst from a previous reaction, this experiment was 

repeated with use of a new flask and stirbar. Again, formation of products was 

observed, albeit in low yield (Table 1.3, entry If. In contrast, stannylzincation of 

aliphatic internal or terminal acetylenes does not proceed without catalyst. 

Pepfiaps proximity of oxygen to the acetylenic moiety in propargylic substrates 

figure 1.2 T fiple Bond Polarization by Resonance or induction in Propargylic 
Substrates. 



causes sufficient polarization of the triple bond to enable the addition of 

stannylzinc reagent to proceed uncatalyzed. This type of activation could occur 

inductively, or by resonance interaction in which the lone pair of electrons on 

oxygen (np) interact with a n orbital of the acetylene group (Figure 1.2). 

1.4 Modef Syntheses of Z,Z-1,4-Dienes. 

To determine optimum cross-coupling conditions, reactions of a variety of 

allylic and vinyl organometallic reagents were investigated. It had previously 

been shown9 that allylic chloride, 4, could be coupled with 1 ( E ) -  

noneneyfdiisobutyialane in the presence of palladium catalyst at room 

temperature (Scheme A.3). The analogous reaction of 4 with 1 (Z)- 

~oneneyldiethylalane,however, required more forcing conditions and afforded 

Scheme 1.9 Trial Synthesis of (6Z,9Z)-Heptadeca-6,9-diene (28). 

Isomers + C5Hll WC 7 H 15 

27 in 73 % yield upon heating the reaction mixture for two hours at 60 O C .  

Pmsurnabiy, the Sgeornetry of the vinyl organometatlic reagent increases steric 



crowding due to closer proximity of the alkyi side chain tc the reacting centre. 

Although stereospecific assembly of a I ,4-dime could be achieved by this 

method, subsequent desilyiation of 27 afforded a mixture of isomers in addition 

to the desired 1,4-diene, 28 (Scheme 1.9). In light of this difficulty, attention was 

focused on cross-coupling reactions of allylic substrates in which the y-sitane 

was substituted by a trialkyitin moiety. it was hoped that replacement of tin with 

hydrogen in the coupled product could be achieved under more mild reaction 

conditions, leaving the geometry of the double bonds intact. 

Table 1.4 Palladium-Catalyzed Cross-Coupling of AIIylic Chloride 6 with Z 
Vinyl Organometallic Reagents. 

Reagent Reaction 

Entry (#f Conditions Yield %a 

- -  - -  - - - 

Readions conducted in THFIether (13): A = -30 "C130 min, -30 -+ r.t, over 15 min; B = 50 

"€22 hr; C = &I W 3  hr; D = r.tJ"30 min; (a) GC yield; (b) 16 % of another isomer atso 

Treatment of Zvinyl alane, 32, with allylic chloride, 6, in the presence of 

a catalytic amount of Pd(PPh& afforded 1,4-diene, 36, stereospecifically, in 



moderate yield (Table 1.4, entry 2). As in the case of the related reaction 

involving alfylic chloride, 4, this process required heating for several hours. 

Cross-coupling of 6 with vinyl boron and vinyl zirconium reagents 33 and 35 

were less successfui, as evidenced in low product yield (Table 1.4, entries 3 and 

5). Poor yields in these reactions are likely due to the bulky bicyclic and 

cyciopentadienyt metal tigands that hinder the coupling process. Heating these 

reactions to higher temperatures did not improve yields suggesting that 

decomposition of the organometallic reagent occurred under these conditions. 

The highest yield was obtained with vinyl zinc reagent, 34, affording 36 

in 80 % yield (Table 1.4, entry 4). Unfortunately, formation of 36 was 

accompanied by 16 % of another isomer, rendering this process unsuitable in 

synthetic applications requiring stringent control of stereochemistry . Quite 

unexpectedly, cross-coupling of 6 with 1 (2)-nonenyllithium (31) furnished 36 in 

respectabie 46 % yield (Table 1.4, entry 1). This result was somewhat surprising, 

since palladium-catalyzed cross-coupling of ailylic subst rates with vinyllit hium 

Scheme 1.10 Destannylation of (6E,9Z)-6-Tri-n-butyistannylheptadeca-6,9- 

diene (36). 

(a) pTokienesulfonic acid [excess), THF, r.tJ30 min, 90 % (by GC). 

reagents had not been previously reported. Later experiments revealed that 

palladium was actually not required in this reaction, suggesting that coupling in 

this case proceeds via sN2 displacement of chloride by vinyllithium. As was 



hoped, conditions were found that enabled stereospecific replacement of the 

trialkyitin moiety by hydrogen in the coupled prodiict. Thus, treatment of oiiene, 

36, with an excess of p-toluenesulfonic acid in THF gave the unisomerized 

diene, 28, in excellent yield (Scheme 1.10). 

1.5 Preparation of Z Vinyl Organometallic Synthons. 

Conversion of 1 -iodo-1 -alkynes to the corresponding 1 -iodo-1(Z)- 

alkenes was a key step in the synthesis of Z,Z-l,4-dienes. Hydroboration 

(BH3*DMS) of alkynyl iodides containing simple alkyl side chains was an 

effective means of stereospecifically preparing Z vinyl iodides. However, since 

hydrolysis of the vinyl borane in the final step required refluxing propionic acid, 

Scheme 1.11 Synthesis of Alkynyl iodides Containing a-OR Functionalities. 

+ 
c - f 

39: R = THP - ?(CH2),-OR - 42: R = Si(t-Bu)Me2 

.C 40: R = THP 

41 :R=H 

(a) n-BULL THF, -78 "C 30 min, (CH20), (1.3 equiv), -78 O C  -+ r.t. over 12 hr, 89 %; (b) Li (6.5 

equiv), diaminopropane, r.t./5 hr, t-BuOK (4 equiv), r.t./30 min, 37, r.t./2 hr, 91 %; (c) 
Dihydropyran (2 equiv), ptoluenesulfonic acid cat., CH2Ci2, r.t.145 min, 94 %; (d) nBuLi, THF, - 
78 "(230 min, 12, -78 OC, 87 %; (e) pToluenesulfonic acid cat., MeOH, r.t.130 min, 78 %; (f) t- 

BuMe2!3Cl (1.1 equiv), U3N (excess), DMAP cat., CH2CI2, r.tJ3 hr, 88 %; (g) As in d, 89 Oh. 



it was recognized that acid-sensitive groups contained in pheromone synthons 

might not withstand these conditions. In light of this possibility, alkynyl iodides 

containing various a-OR functionalities were prepared (Scheme 1.1 1) and their 

stability under hydroboration conditions investigated (Scheme 1.12). As 

anticipated, hydroboration of alkynyl iodide, 40, resutted in partial hydrolysis of 

the THP protected alcohol. In addition, a mixture of I-alkynes was formed, 

presumably arising from the trans elimination of boron and iodide in the vinyl 

Scheme 1.12 Trial Syntheses of Z Vinyl Iodides Containing o-OR 

Functionalities. 

40: R = THP 

(a) BH3.DMS (0.3 eqoiv), diglyme, 0 OC11 hr then r.t.12 hr, propionic acid, reftux/3 hr; (b) Identified 

by GCMS; (c) Identified by winjection with authentic samples; (d) GC ratios, yields not 

determined; (e) Starting materials consumed to form unidentified, low boiling compounds. 

borane adduct. Repetition of this experiment with alkynyl iodide, 43, containing 

at-BuMe2Si protected alcohol was not successful and yielded unidentified 

decomposition products. Since both protecting groups investigated did not 

withstand conditicrns of vinyl borane hydrolysis, hydroboration of the 

unprotected alcohol was examined. AIthoug h starting material was consumed, 

none of the desired Zvinyl iodide was formed. Instead, the starting alkyne was 

converted to a mixture of low boiling compounds. 



In search of more mild reaction conditions that tolerated the presence 

alcohol protecting groups and did not lead to product decomposition, 

preparation of Z vinyl iodides was attempted by using disiamylborane.23~24 

Indeed, hydroboration of alkynyl iodides, 45 and 56, with (~ iam)~BH,  followed 

by treatment with glacial acetic acid at room temperature furnished the 

corresponding Zvinyl iodides, 46 and 57, in respectable yield (Scheme 1.1 3). 

Scheme 1.13 Syntheses of Z Vinyl Iodides 46 and 57 

(a) 2-methyl-2-butene, BH3.DMS, neat, 0 OCl2 hr, 45 or 56, THF, r.t.12 hr, glacial acetic acid, r.t./2 

hr, 46: 56 %, 57: 67 %. 

1.6 Synthesis of the Termite Trail Marker Pheromone (48) and the 

Sex Pheromone Inhibitor of the Indian Meal Moth (58b). 

With both atlylic and vinyl coupling partners at hand, synthesis of 

pheromones, 48 and 58a, was attempted according to the cross-coupling 

strategy outlined above. Based on preliminary studies, lithium and aluminum 

based vinyl organornetallic species seemed the reagents of choice in cross- 

coupling reactions with atlylic chlorides (Table 1.4). Reaction of the vinyllithium 

reagent derived from vinyt iodide, 46, with allylic chloride, 6, in the presence of 

f c ~ ( P P ~ ~ ) ~  (1 0 %) afforded diene, 47, in 38 % yield (Scheme 1.1 4). 

However, in addition to 47, a significant amount of Z vinyl stannane, 49, 

was also formed, undoubtedly the result of nucleophilic attack of the vinyl anion 



on the tri-n-butyltin moiety of 6. In contrast, none of 49 was detected in cross- 

coupling of 6 with the less reactive vinyl aluminum reagent and gave rise to 47 

Scheme 1.14 Synthesis of the Termite Trail Marker Pheromone, (3Z,62)- 
Dodeca-3,6-dien-l -ol (48). 

(a) t-BuLi (2 equiv), ether, -70 OC130 min, -30 OCI30 min; (b) Et2AICI, THFIether (1 :I), -30 "CI15 

min; (c) 6, Pd(PPh3)4 (10 %), THWether (1:1), 50 *C/2 hr, 51 %; (d) 6, Pd(PPh3)4 (10 Oh), 

THF/ether (1:1), -30 "C/ 30 rnin, -30 OC -+ r.t. over 30 min, 38 O/O; (e) pToiuenesulfonic acid 

(excess), THFAneOH (1 :I), r.tJ30 min, 77 %. 

in higher (51 %) yield. Tri-n-butyltin and THP groups were readily removed in a 

single step by stirring 47 in an acidified @-toluenesulfonic acid) soiution of 

THFlMeOH (1 :I), affording pheromone, 48, in 77 % yield. The Z double bond 

geometry was ascertained by I H  decoupling experiments which revealed the 

proton coupling constants for both double bonds to be 10.5 Hz. This value is 

characteristic for proton coupling in Z double bonds.25 



Scheme 1.1 5 Synthesis of the Sex Pheromone Inhibitor, (92,122)-Tetradeca- 

9,12-dienyl Acetate (58b). 

(a) ( r r B ~ ~ S n ) ~ Z n  (2 equiv), THF, -30 OC -+ r.t. over 12 hr, 47 %; (bf Pyridine, acetic anhydride, 

r.t./45 min, 94 %; (c) N-Ghlorosuccinimide (1 -2 equiv), DMS (1.4 equiv), CH2CI2, 0 "C110 min, 57, 

0 "Cfl hr, 85 %; (d) t-BuLi (2 equiv), ether, -70 "C130 min, -30 "C130 min; (e) Et2AICI, THFIether 

(1:1), -30 "C/15 min; (f) 52, Pd(PPh3)q (10 %), THFIether, -30 "C130 min, -30 "C -+ r.t. over 30 

min, 91 %; (g) 52 (or 51), Pd(PPh3)4 (10 %), M F ,  50 OCI2 hr. 

Preparations of allylic (51, 52) and vinyl (57) synthons for the synthesis 

of pheromone, 58b, was carried out in an analogous fashion described for 

substrates required in the assembly of pheromone, 48. Reaction of the 

vinylfithiurn reagent derived from vinyl iodide, 57, with altyiic chloride, 52, 

afforded a major product, initially thought to be diene, 58a, but later identified 

as the Z vinyl stannane, 58 (Scheme 1.1 5). This result was surprising, since in 



the related reaction leading to diene, 47, (Scheme 1.14), both 47 and Z vinyi 

stannane were formed. Apparenrly, nucleophilic attack on tin is greatly favoured 

over displacement of- chloride in reaction with allylic chloride, 52. Presumably, 

the methyl group in 52 poses less of an obstacle for an incoming vinyl anion 

than the bulkier alkyl residue in 6. As observed previously, formation of the Z 

vinyl stannane byproduct could be avoided completely by conversion of the 

vinyllithium reagent to the corresponding aluminum species. Cross-coupling of 

the vinylalane with allylic substrates, 51 or 52, yielded a single crude product 

whose 'H NMR was consistent with the structure represented by 58a. It is 

presumed that transfornation of 58a to 58b can be accomplished in a similar 

fashion described for the preparation of 48, followed by acetylation of the 

alcohol in pyridinelacetic anhydride (see also preparation of 106, Chapter Ill). 



1.7 Summary and Conclusion. 

Stereospecific synthesis of Z,Z-1,4-dienes has been achieved in the 

palladium-catalyzed cross-coupling of allylic substrates with vinyl 

organometallic reagents. Key to this synthesis was the development of methods 

that enabled regiospecific incorporation of a tri-n-butylstannyl group into the y 

position of the allylic cross-coupling partner. The steric bulk of this moiety 

ensures the stereochemical integrity of the allylic double bond throughout the 

coupling sequence and is easily replaced by hydrogen in the coupled product. 

Cross-coupling of allylic substrates with a variety of Z vinyl 

organometallic reagents has been examined. The reactivity of vinyl synthons 

appears to depend on the steric bulk of the ligands of the associated 

metaVrnetalloid fragment, Li > Zn > Al > B - Zr, lithium being the most and boron 

and zirconium the least reactive. Vinyl aluminum species proved to be the 

reagents of choice in cross-coupling reactions with allylic substrates, providing 

coupled product in respectable yield and in > 95 % stereoselectivity. This 

strategy has been applied to the synthesis of insect pheromones, 48 and 58b, 

containing Z,Z-1,4-diene fragments. 



CHAPTER I1 

Introduction 

Since the preparation of PhCu first by Reich26a and later by Gilman and 

Straley'Gb niore than half a century ago, organocuprates have evolved to 

become some of the most important and widely used reagents in organic 

synthesis? Chemical and spectroscopic investigations of these reagents have 

led to the development of organoctprates with compositions as diverse as their 

synthetic applications. A turning point in the development of organocopper 

chemistry was the discovery that carbon ligands of conventional reagents could 

be replaced by silicon and tin to afford cuprates that deliver these metallic 

anions. The synthetic utility of trialkylsilyl copper reagents was demonstrated by 

Fleming et al. in reactions with enones and acetylenes that afforded stable P- 
silyl carbonyl and vinyl silyl compounds, respectively.** Piers et al. showed that 

reaction of phenylthicopper (1) with tri methyltin anion yielded 

trialkylstannylcuprates th", in turn, reacted with enones29 and ynoates30 to 

give the corresponding S-trirnethylstannyl enones and B-trimethyistannyl a$- 

unsaturated esters (Scheme 5.1 ) 

More important, however, was the discovery that the trimethylstannyl 

moiety was much more amenable to functional group manipulation than the 

trialkylsiiyl group and could easily be reacted with a variety of electrophiles. The 

ability to elaborate a trimethyl tin group provided a new route to the synthesis of 

otherwise inaccessible compounds, thereby greatly extending the scope of 

organocuprate methodoI0gy.*~~30 Since this landmark achievement, many new 

stannylcuprate species have been developed and their reactions with 



substrates such as e p o ~ i d e s 2 ~ ~ ~ ~ ,  alkyl halides29elf and 1 -alkyne~29e-9~3~ 

reported (Scheme B. 1 ) 

Scheme B.3 Stannylcupration of Organic Substrates 

In contrast to the vast body of information available for alkyl32 and 

arylcuprates,33 reaction mechanisms involving stannylcuprates are poorly 

~nderstood29h~3*a.~.d-f.3~k~m and information regarding the nature and 

composition of the reactive species scant.299.311 Investigations of 

stannylcupration reactions seem to indicate that these reagents behave 

similarly to the alkylcuprate analogues. For example, it has been suggestedzgh 

that stannylcupration of a,&-unsaturated ketones proceeds via a copper(1)-olefin 

a-complex, also postulated to be involved in the parallel carbocupration 



reaction.34 Recent 73C NMR investigations of the Michael addition of MepCuLi 

to alkynoates35 has provided evidence for formation of a copper allenolate 

intermediate, long suspected to be responsible for double bond isomerization in 

these and related stannylcupration reactions.30g 

Addition of organocuprates to alkynes proceeds via syn addition of the 

organic and copper moieties across the triple bond. The stereochemistry of this 

reaction has been inferred from observations that aikynyl substituents are cis to 

each other in the resulting vinyl products (Scheme B.2).36 Direct evidence for 

the formation of the presumptive vinyl copper intermediates is not available. 

Based on similar stereospecificity obtained in stannylcupration of 1 -alkynes, the 

intermediacy of a vinyl tin-copper adduct has also been assumed in these 

reactions.31 

Scheme B.2 Syn Addition of Organocuprates to 1 -Alkynes. 

It has been recently reported that yields in stannylcupration of I-alkynes 

could be increased dramaticaly by addition of methanol to reaction mixtures at 

low temperature.3lj Based on these results the existence of an alkyne-adduct 

equilibrium was postulated in which vinyl adducts were only marginally 

favoured over starting materials. It was rationalized that poor yields obtained 

when reactions were quenched with aqueous solutions reftected an 

unfavourabfe alkyne-adduct equilibrium in which starting material was oniy 

pattially mnsumed. It was further argued that unlike water, addition of methanol 



to these solutions did not destroy the stannylcuprate reagent.30bSe It was 

mncluded that the higher yields obtained with methanol were due to setective 

quenching of the vinyl adducts, causing continuous reestablishment of the 

equitibriurn until all starting material was consumed (Scheme 8.3). 

Scheme 8.3 Hfl versus Methanof as Quenching Agents in Stannylcupration 

of 1 -Alkynes. 

quenched Me,SnCui, + = R 
reagent 

+ - H20 - - R 

Of the two possibk regioisomeric products formed in stannyfcupration of 

I-atkynes, 2-trialkylstannyI afkenes are generatty preferred over the 

I-tnatkylstannyl isomer. This trend has been ascribed to electronic factors 

governing the mode of addition. It has been hypothesized that the orientation of 

the organocuprate reagent with respect to the triple bond is dictated by the 

figure B.1 Etectronic Factors Governing the Mode of Addition in 
Cabcupration of 1 -Alkynes. 



direction of bond polarization of the reactants causing alignment of oppositely 

charged atoms in a four membered transition state (Figure 5.1) Molecular 

orbital catcuiations have shown that for propyne the A electron density is greater 

at C1 than at C2.37 

fn support of this theory it has been shown that electron withdrawing 

groups adjacent to the acetyfenic moiety cause "umpoiung" of the triple bond 

and give rise to products with opposite regiochemistry.38 Thus, carbocupration 

Scheme 8.4 Carbocupration of Heterosubstituted Acetylenes. 

6. & - RCuL,, Ht -NPh2 =Pf Plr;, 
Uu reinforcing 

7 R 

6+ S- - RGuL,, H* SR PSR I 

w uumpolung" R~'- 

of heterosubstituted acetylenes containing sufphide and phosphide groups 

yielded the cormspunding vinyl products aikylated at C1. In contrast, electron 

donasing OR and MR2 groups reinforced the "norrnaf" mode of addition to the 

ffipk b n d  and yielded akenes akyiated at the internal vinyi carbon (Scheme 

8-4). lt should be noted that isomer ratios are less predictable in 

stannylcupration reactions and vary considerably depending on experimental 

conditions- The extent to which factors such as stannyfcuprate reagent, 



temperature, solvent and quenching agent influence the regiochemicat 

outcome of these reactions has not been determined. Since these criteria are 

not known, regioselective syntheses rely largely on empirical methods and 

efforts aimed at controlling regiochernical biases are subject to trial and error. 

In spite of the indisputable synthetic advantages of organocuprates it was 

recognized in early studies that these reagents suffered shortcomings of 

thermal instability and poor solubility. House et al. have elucidated various 

decomposition pathways, among the most important are copper hydride 

elimination and oxidation reading to coupling of the organic residues (Scheme 

B.5).39 

Scheme 8.5 Thermal Decomposition of Organocuprates. 

- 
R-CH2-CH,-CUL, HCUL, + R- 

T > -30 OC 

2 x RCuL, - 2 x Cu(0) + R-R 

In an attempt to circumvent these side reactions, organocuprates 

(R2CuLi) were prepared wherein one of the alkyl groups was replaced by a 

stabilizing figand. Indeed, greater stability has been reported for these so-called 

mixed cuprates (R(X)CuLi) containing nitrile40, acetylide39b141 and 

2-thieny141d.42 ligands. Some success has also been achieved with 

hebrowprates incorporating alkoxides, phenoxides, mercaptides, amides and 

phosphides.43 

These advances were quintessential to the development of 

stannylcuprate reagents that are notoriously unstable in the absence of 



stabilizing ligands. Phenylthio, 2-thienyl and acetylide ligands have shown to 

provide enhanced stability to stannylcuprate reagents and in doing so have 

extended their synthetic utiiity.30b Thus, the greater thermal stability of these 

mixed reagents has increased the scope of stannylcupration reactions 

tremendously by enabling reactions with substrates requiring elevated 

temperatures. In this regard, perhaps one of the most significant achievements 

has been the devefopment by Lipshutz et a!. of so-called higher order 

cuprates.44 These species, which are formally copper(1) dianions {[R2Cu(CN)]2- 

2M+), exhibit remarkable thermal stability, particularly in conjunction with other 

stabilizing ligands (e-g. 2-thienyl(n-Bu3Sn)Cu(CN)Li2).*9fm AS indicated by 

the general formula, these reagents are typically derived from CuCN and are 

conveniently prepared by combining CuCN with two equivalents of anion in 

ethereal solvents. Homo higher order trialkylstannylcyanocuprates, 

(R3Sn)2Cu(CN)Li2, for instance, have been used in a wide variety of synthetic 

transformations and are clearly superior to the lower order reagents. 

Although higher order stannylcuprates have gained increasing 

popularity, information on the composition of these novel reagents has lagged 

behind developments on the synthetic front. Evidence for the existence of 

higher order cuprates in which three ligands are bonded to copper has, 

nevertheless, been obtained for phenylcuprates.33a '3C NMR studies of 

solutions of Ph2CuLi + PhLi in dimethyl sulfide revealed the formation of a new 

and distinct species, presumed to be Ph3CuLi2. Similarly, free MeLi could not 

be detected in solutions of Me2Cu(CN)Li2 suggesting that this higher order 

cuprate is thermodynamically preferred over the lower order (MeCu(CN)Li) 

specie~.~S In contrast, spectroscopic investigations have shown that Me3CuLi2 

is not f~rmeed,~Ga or at least not as cleanly,46b in solutions containing Gilman's 



reagent, Me2CuLi, and Meti. Based on these observations it has been 

conjectured that accommodation of a third ligand on copper is dependent upon 

the complex's ability to delocalize additional negative charge. It has been 

postulated47 that charge build-up is permitted in phenyl and cyanocuprates due 

to stabilizing dn-n* backbonding interactions between the dl*  copper atom and 

associated n acceptor ligands (Figure B.2).48 In light of these arguments it is not 

difficult to imagine that higher order stannylcuprates owe their unique reactivity 

and stability to the formation of similar dianionic species, distinct from their 

lower order counterparts. 

Figure B.2 Stabilizing d ~ x *  Backbonding Interactions in Higher Order 

Cyanocuprate Complexes. 



investigation of stannylcupration of I-alkynes was inspired by the 

demonstrated synthetic utility of the resulting vinylstannanes31b-g,50 and in 

particular, the potential application of these compounds to the preparation of 

1,4-dienes. A goal of this project was to improve the efficiency and the 

regiosetectivity of these reactions. Since little was known about the mechanism 

of stann ylcupration of 1 -alkynes,2~h~3*ald-f13~ j-m efforts were focused on gaining 

a better understanding of the processes involved. Insight into the reaction 

mechanism and the nature of the reactive stannylcuprate species would allow 

rational design of more efficient reagents and development of improved 

reaction conditions. The questions that were addressed are summarized below: 

- Does stannyfcupration of I-alkynes proceed via vinyl cuprate intermediates? 

- To what extent, if at aH, are these reactions reversible? 

- What governs the regioselectivity? Can it be controlled by appropriate choice 

of reagents and reaction conditions? 

(a) Experiments in sections 11.2 and 11.3 conducted jointly with Robert D. 

Singer-4s 



11.2 *H and I3C NMR Investigations of Stannylcupration of 

1 -AI kynes.49 

To probe the existence of a stannylcuprate intermediate in 

stannylcupration of 1 -alkynes, solutions of reagents mBu3SnCu(CN)LiZLiCI 

(64) and (n-Bu3Sn)2Cu(CN)Li2 (65) containing 1 -decyne were monitored by 

'3C NMR spectroscopy over a temperature range of -78 OC to 0 OC. Warming 

above -30 OC resulted in the gradual disappearance of the sp carbon signals of 

1-decyne (84.9, 70.3 ppm) and concomitant emergence of new downfield 

signals at 150.1, 129.5 ppm (64) and 200.3, 170.8, 159.0, 129.7 ppm (65) ,  

respectively. The chemical shifts of these signals were distinguishable from 

those of 1 -decyne and the vinylstannane hydrolysis products (1 56.1 , 1 51 -2, 

127.7, and 126.1 ppm) (i and ii, Scheme 11.1). Since the chemical shifts of the 

signals observed in the initial reaction of stannylcuprate and 1 -decyne were 

characteristic of sp2 carbons, formation of a vinyl cuprate adduct was 

suspected. 

Scheme 11.1 Possible Formation of Vinyl Cuprate Intermediates in 

Stannylcupration of 1 -Alkynes. 

Stannylcuprate 1 -decyne 
Reagent 



To confirm this possibility, a related vinyl cuprate species: 67, was 

prepared by 1ithlation/cupration of vinyl iodide, 59 (Scheme 11.2). The '3C NMR 

spectrum of this species exhibited signals (195.6 and 159.0 pprn) that appeared 

in the same region as those observed in the reaction of stannylcuprates and 1 - 

decyne. Other signals due to unreacted 59 and and alkene impurities were also 

present.51 

Scheme 11.2 Preparation of Vinyl Cuprates 66 and 67. 

(a) DIBAH, hexanes, 50 OC12.5 hr, 12, THF, -40 O C ,  57 % (from 61), 55 % (from 1-decyne); (b) 

rrBuLi, THF, -30 OC/30 min, CuCN-2LiCI, -30 OC/30 min. 

Corroborating evidence for the formation of vinyl cuprate intermediates 

was gained by monitoring the reactions of deuterated alkyne, 61, with 

stannylcuprates, 64 and 65, by *H NMR spectroscopy. In both solutions onset 

of addition to the triple bond was observed above -30 OC, evidenced by the 

disappearance of the sharp alkynyl 2H signal at 2.43 ppm and formation of very 

broad signals centered at 6.54 and 6.32 pprn, respectively (spectrum B, Figures 

11.1 and 11.2). The fact that only a single signal was observed instead of two (one 



Figure 11.1 *H NMR Spectra of Addition of n-BugSnCu(CN)Li-2LiCI (64) to 

[I -*HI-1 -Decyne (61p 

(a) Spectra recorded at -35 OC; (A) 64 + 61 + MeOH, THF, -78 OC; (B) 64 + 61, lHF, -30 "C30 "C; 

fC) 64 + 61, THF, -30 "C -) 0 "C -) -35 "C, M&H. 



Figure 11.2 2H NMR Spectra of Addition of ( ~ - B u ~ S ~ ) ~ C U ( C N ) L ~ ~  (65) to 

(1 -2H]-1 -Decyne (61) and 1 -Decyne.a 

(a) Spedra recorded at -35 OC; (A) 65 + 61 + MeOH, THF, -78 OC; (B) 65 + 61, THF, -30 OC+O OC; 

(C) 65 + 62, THF, -30 OC -) 0 06 -* -35 OC, MeOH; (D) 65 + ldecyne, THF, -30 OC -' 0 OC, CD30D. 



for each vinyl cuprate regioisomer) is attributed to quadrupolar broadening dua 

to G3Cu, 6 5 C ~  and 2H nuclei. Presumably, quadrupolar coupling to copper 

causes already overlapping deuterium signals to merge into a single broad 

peak. Hydrolysis of these solutions with methanol resulted in the disappearance 

of the broad signal and the formation of two new upfield peaks at 5.94, 5.75 

ppm and 5.96, 5.77 ppm, respectively, attributed to the corresponding 

vinylstannanes (spectrum C, Figures 11.1 and 11.2). 

Additional support for the formation of the putative vinyl cuprate 

intermediates was obtained from 2H NMR analysis of the related vinyl cuprate 

species, 66, (Scheme 11.2). The 2H NMR spectrum of this solution exhibited a 

well defined signal at 5.72 ppm, which is comparable to the chemical shifts 

observed for the presumptive deuterated vinyl cuprate intermediates. A 

comparatively narrow peak was observed in this case and can explained by 

stereospecific formation of 66, giving rise to a single isomeric species. The *H 

NMR spectrum of a quenched (CD30D) solution of stannylcuprate, 65, and 

I-decyne, exhibited two new signals at 6.09 and 5.22 pprn attributed to the 

formation of vinylstannanes in which deuterium is cis to the tri-n-butylstannyl 

moiety (spectrum D, Figure 11.2). This set of isomers differs from products 

obtained in stannylcupration of alkyne, 61, in which deuterium is cis to the alkyl 

group (spectrum C, Figure 11.2). The *H NMR spectra of solutions stannylcuprate 

reagent, 64 or 65, alkyne, 61, and methanol also exhibited a new signal at 

3.64 ppm. Based on the similar chemical shift of CD30D, this new peak is 

attributed to the formation of CH,OD, possibly via C-D activation of the alkynyl 

deuterium followed by hydrogen-deuterium exchange (Scheme 11.3). The fact 

that spectra C and D (Figure 11.2) do not share common vinyl deuterium signals 

indicates that E to Z interconversion is negligible under these reaction 



conditions. These observations lend credence to the notion that addition of 

stannytcuprate reagents to triple bonds occurs in a syn fashion to yield 

stereodefined vinyl adducts. 

Scheme 11.3 Formation of MeOD in Stannylcupration of fl-*HI-1 -Decyne (61). 

Encouraged by results obtained in *H NMR experiments, it was decided 

to repeat earlier 1% NMR investigations but with 1% enriched alkyne. 

Preparation of alkyne, 63, labelled at C1 and Cp with l3C was readily 

accomplished treating the monoacetylide of enriched acetylene with alkyl 

bromide, 62 (Scheme 11.4). Incorporation of an OTHP group facilitated isolation 

and purification. The l3C NMR spectrum of the reaction of stannylcuprate, 65, 

with alkyne, 63, revealed that the starting alkyne is consumed and four new 

downfield doublets appear. More significant, however, is the observation that 

two of these signals display U7Sn and 119Sn satellites, indicating that tin is 

bonded directly to carbon (spectrum 5, Figure 11.3). This observation in addition 

to the fact that the other two signals do not exhibit one bond tin coupling 

provides compelling evidence for the formation of two regioisomeric vinyl 

adducts containing a vinyl carbon-tin and, presumably, a vinyl carbon-copper 

bond. The signals centered at 6 170.8 (d, 1 JCeC = 40.1 Hz) and 159.0 (d, lJC.C = 

40.1 Hz; 1J"9S,C = 560.9 Hz; lJ17s,.C = 544.2 Hz) are attributed to the major 



Scheme 11.4 Synthesis of (1 ,2-13C)-1 0-Tetrahydropyranyloxy-1 -decyne (6313 

(a) n-Buti, THF, -78 OW30 rnin; (b) Dihydropyran (2 equiv), CH2Ci2, r.t.145 min, 86 %; (c) 62, 

THFMMPA (5:l), -78 OC + r.t. over 12 hr, 76 %. 

isomer and those at 6 200.3 (d, 1 Jc-c = 50.3 Hz) and 129.7 (d, = 50.3 Hz, 

'J"9Sn.C = 473.4 Hz, 1J117sn.C = 435.6 Hz) to the minor one.52 Addition of 

methanol to this solution resulted in the immediate formation of two new sets of 

doublets centered at 156.2, 125.8 pprn and l50.9,127.7 ppm assigned to 

vinylstannanes, 68 and 69, respectively (spectrum C, Figure 11.3). The most 

dramatic upfieid shift was observed for carbon signals at 200.3 and 170.3 ppm. 

Such a shift is consistent with the hydrolysis of a vinyl carbon-copper bond in 

which the strongly deshielding metal is replaced by hydrogen. On the other 

hand, chemical shift differences between carbon atoms attached to tin in 

quenched and unquenched solutions are comparatively small, suggesting that 

formation of the vinyl carbon-tin bond is essentially complete in the 

stannylcuprate adduct. 

While vinylstannanes were formed immediately upon quenching 

solutions of stannylcuprates, 64 or 65, and alkynes with methanol above 

-30 "C, no products were detected when methanol was added to these 



Figure 11.3 1% NMR Spectra of Addition of (n-B~~sn)~Cu(CN)l& (65) to [1,2- 

I%]-1 0-Tetrahydropyranyloxy-I -decyne (63) .a 

TXF 

(a) Spectra recorded at -20 OC; (A) 65 + 63 + MeOH, THF, -78 "C, SpeCtWm recorded at -35 "C; 

(6) CiS + a, THF, -30 " C 3  "C; (C) 65 + 63, THF, -30 "C " O "C + -20 "C, MeOH. 



solutions maintained between -78 OC and -35 OC (spectrum A, Figures If. 1 , 11.2 

and 11.3). Solutions in which stannykuprates had already reacted with the 

alkyne (T > -30 'C) could, however, be readily hydrolyzed to products at 

temperatures below -30 OC. When the temperature of solutions containing 

stannylcuprate, unreacted alkyne and methanol were raised above -30 "C, the 

only signals observed were due to products. These observations are in 

agreement with a two-step process in which vinyl cuprate intermediates are 

initialfy formed in a slow step and then are rapidly hydrolyzed to vinytstannane 

prudtlcts. 

It is interesting to note that starting alkynes were almost completely 

consumed by the stannyicuprate reagents chosen for investigation, suggesting 

a strong thermodynamic preference for formation of vinyl adducts. This 

observation is in contrast with arguments advanced by Piers et al. regarding 

equilibria in these reaction~.~l j  Poor yields obtained in stannylcupration of 

1-aikynes were attributed to alkyne-adduct equilibria in which vinyicopper 

intermediates were only marginally favoured. In tight of the observations 

detailed above, it was reasoned that Piers' results might alternatively be 

explained by sluggish formation of vinyl adducts under the readion conditions 

employed (-78 OC). To distinguish between these possibilities, stannylcupration 

of alkyne, 70, was repeated fofbwing Piers' procedure with the exception that 

the solution was allowed ta warm to 0 OC prior to quenching with aqueous 

mmorrium chicrride, However, the major produd fumed in this reaction was 

bistannarte, 85, md there%xe no definite conclusions could be drawn from this 

experiment (Scheme ti.5). The fact that the alkyne was largely consumed does, 

however, support the view that vinyi adducts are thermodynamically preferred 

over starting materials. 



Scheme 11.5 Stannylcupration of 1 -Alkyne 70 

it is likely that the apparent discrepancies between the present 

spectroscopic studies and Piersbbsevations are due to the fact that 

stannylcuprates employed in these investigations were not the same. 

Examination of stannytcupration of I -alkynes using CuBr-OMS derived tin- 

copper reagents by NMR spectroscopy would help clarify this question. It should 

also be mentioned that the rates of these birnofecular reactions are likely 

concentration dependent. Solutions of stannylcuprates used in spectroscopic 

studies were 10 -20 times more dilute @a. 0.05 M) than those employed in 

chemical investigations and might explain differences in reactivity between 

stannylcuprate reagents. Establishing the kinetics of these reactions would be 

useM in gaining further insight into the intermediates and the mechanisms of 

these processes and would allow optimization of reaction conditions. This 

information could be readily obtained by measuring the rate of adduct formation 

(in stannyfcupration of 1 -atkynes) using NMR spectroscopy. 

11.3 Crossover Experiments.49 

Having provided strong evidence for the formation of vinyl cuprate 

intermediates in Sannylmpratior! of 3-alkynes, the exisfence of an afkyne- 

addwct equilibrium (Scheme 8.3) was examined next- Arthough *H and 1% 

NMR experiments indicated a strong thermodynamic preference for adduct 

f o w i o n ,  the possibility of an aikyne-addud equilibrium could not be ruled out 



a prior/. It was reasoned that evidence for this process might be gained by 

intercepting recombination ef starting materials with a stricturalty simiiar aikyne. 

In this scenario, the continuously regenerated stannylcuprate reagent would 

react indiscriminately with either of the alkynes in solution to form the 

corresponding adducts which, upon hydrolysis, would yield products derived 

from both substrates. 

Table 11.1 Crossover Experiments with (n-Bu3Sn)Cu(CN)Li-2LiCl (64) 

and ( ~ - B U ~ S ~ ) ~ C U ( C N ) L I ~  (65). 

7 SnBu3 B U ~ S ~ / -  

Stannylcuprate + R I  i . iii i v 
Reagent 2) =R2ii 

L R 2  _/ R2 

Reaction Substrates Products 
Entry Reagent Conditions i : i iii : iv : v : vi 

Readions c o w e d  in TttF: (A) i fl equiv), 0 OC/1.5 hr then ii (1 equiv), 0 W1.5 

hr. NH&ifm; tB) i [I equki), 0 "C/15 hr then ii (1 equiv), -78 W1.5 hr, N ~ C l ~ , q l ;  

(GI i f2 eqW), O W t  -5 R: then i f  (2 q i v j .  r.tA2 hr, MzOH; (a) Percent rezcivery. 

Based on sum of starting materials; @) isolated yields. Based on available n- 

8u3Snr (c) i = 55, RS = (CH2)@THP, ii = 39, R2 = (CH2)7-OTHP; (d) i = 55, R, = 

(GH&-OWP, ii = 70, R2 = fCH2)4-OTHP; (el 2 equiv of i and ii. 



Addition of alkyne, i i ,  tc ? solution of adducts formed in the reaction of 

stannyicuprate, 64, and r Ikyne, i, gave, aftci work up, a 27.24:26:23 mixture of 

products iii, iv, t and vi in 58 % yieid. In adjition, 68 % of starting alkynes, ii 

a ~ d  i, (48:52) were recovered (Table 11.1, entry 1). These results clearly 

demorArate the reversibilily of this reaction. Not surprisingly, it was noted that 

this process ~ . s  temperature dependent. In a crossover experiment similar to 

the one described above, a solution of stannylcuprate, 64, and aikyne, i, was 

cooled to -78 "C, then aliiyne, ii, added. Rapid quenching of this mixture 

yielded only 11 % of crossover product (Table 11.1, entry 2). These observ~tions 

are consistent with evidence obtained from NMR studies that adduct formation 

is negligible at t t  yxxatures below -35 OC. The fact that some (1 1 9:) crossover 

product was formed is possibly due to brief warming during the quenching 

procedure. It shouio, however, be pointed out that IheSe reactions were 

conducted at highly dilute concentrations (ca. 0.05 M). Since stannylcupration 

of 1 -alkynes is a bimolecular process, low concentrations of reactants is likely to 

be the main reason for sluggish reactions under these conditions. 

Reversible processes in reactions involving stannylcuprate 65 were 

found to be less facile. Addition of alkyne, ii,53 to a solution of stannylcuprate, 

65, and alkyne, i, under the conditions employed in crossover studies of 

stannykuprate, 64, afforded a t0:85:1:4 (as determined by GC) mixture of 

products iii, iv, v and vi in 81 % yield. The small extent of crossover was also 

reflected by the amom2 of rrnreacted afkyne, ii, thzt made up 77 % of total 

starting materials recovered (Table I!-1, entry 3). Contrary to crossover 

experiments involving 64, formation of crossover products in solutions of 65 

required prolonged reactian times at higher temperatire (Table 11.1 , entry 4). 



To unequivocaHy establish that stannylcugration of 1-alkynes is 

reversible under these conditions, vinyl adducts generated in these reactions 

were prepared by alternative routes and subjected to usual crossover reaction 

conditiocs. Preparation of vinyl adducts, 73 and 74, was accomplished by 

treating distannane, 71, with n-BuLi followed by reaction with CuCNa2LiCI or 

n-Bu3SnCu(CN)Li. Quenching solutions of these species, maintained at 

temperatures below -30 OC, afforded a mixture of vinylstannanes, 75 and 76, in 

which the former predominated (> 85 %) (Scheme 11.6). 

Scheme 11.6 Preparation and Proton Capture of Vinyl Cuprate Intermediates 
73 and 74. 

2 Rl b or (c} 
______IC 

R- S ~ B U ~  

a Fi = Bu3S n 

Readions conducted in THF: (a) mBuLi, -78 OC -+ -30 OC over 1 hr; (b) CuCN-2LiCI, -30 %/I hr; 

(c) rrBu3SnCu(CN)Li v), -30 W1 hr; (d) Isolated yields. Based on distannane 71 ; R1 = (CH2)8- 

OTHP. 

Formation of approximately 15 % of 76 is unlikely to be the result of 

isomerization in either adduct, 75 or 74 ,  since this process has been 



demonstrated to be exceedingly slow at these temperatures (see above). 

Rather, formation of 76 likely has its origin in the initial reaction of 71 with 

n-BuLi in which a certain amount of the sterically more congested internal tri- 

n-butyl tin moiety reacts to form the corresponding vinyl anion. Stirring a 

solution of alkyne, 70, and vinyl cuprate, 73, at 0 OC for 1.5 hours gave, after 

Tabie 11.2 Crossover Experiments with Vinyl Cuprate intermediates 73 and 
74. 

- SnBu3 B U ~ S ~ '  
Vinylcuprate =hi - -.. 111 i v 
Intermediate = R2 j j  

2 Rz 

Vinyl Reaction Substrates Products 

Entry Cuprate Conditions i : i (%)a i i i  : iv : v : vi (%)b 

- - -- --- 

Readions wnduded in THF: (A) il f 1 equiv), 0 OCf1.5 hr, NH4Clm); (8) i (1 equiv), 

r.tJ30 min then f i  (2 equfv), r.t/12 hr, MeOH; (a; Percent recovery. Based on sum of 
starting materials; (b) fsoiated yields. Based on available n-Bu3Sn; (c) i = 55, R1 = 

(CH&-OTHP, ii = 39, R2 = (CM2)flRIP; (d) I = 55, R1 = (CH&-OTHP, ii = 70, R2 

= fCH&-OTHP. 

work-up and purification, a 33:19:27:21 mixture of products iii, iv, v and vi in 

59 % yield. Alkynes, i and ii, (4753) were recovered in 65 % yield from this 

reaction (Table 11.2, entry 1). Similar results were obtained in the reaction of 

vinyl cuprate, 74, and alikyne, ii, after stirring at room temperature for 12 hours 



(Table 11.2, entry 2). These results closely parallel those obtained earlier in 

retated crossover experiments (Table 11.1, entries 1 and 4) and together provide 

strong evidence for the reversible formation of vinyl adducts in stannylcupration 

of 1 -alkynes. 

11.4 Chemical Investigations of Stannylcupration of 1 -A1 kynes. 

It was recognized that higher efficiency and better control of 

regioselectivity in stannylcupration of 1-alkynes would greatly enhance the 

synthetic utility of these reactions. Since factors governing the yield and 

regiochemical outcome of these reactions were poorly understood, the effects of 

reagent, temperature and solvent were examined in a systematic study. As 

anticipated, rapid quenching of solutions of stannylcuprates, 64 or 65, and 

afkyne, 70, maintained at -78 OC, yielded largely unreacted starting material 

and very little products (Table 11.3, entries t and 5). These observations are in 

agreement with sluggish formation of vinyl adducts at low temperatures (see 

above). Addition of methanol to these solutions at -78 OC followed by warming 

to room temperature gave virrylstannanes in good yields. Under these 

mnditions the 2-stannyi alkene predominated (ca. 90 %) over the 1-stannyl 

isomer m l e  11.3, entries 2 and 6). 

Based on the rationale described above for preferential alkylation at the 

internal alkynyl carbon in carbocupration of I-alkynes, it seemed logical that 

similar electronic factors were also prevalent in retated stannylcupration 

reactions. According to this postulate, bond formation between copper and C1,  

and tin and Cp might be expected to occur selectively, owing to mutual 

attraction of oppositely polarized atoms (Figure I I .4). it was therefore 

rationalized that the presence of methanol in these solutions permitted proton 



capture of the kinetic adduct, giving rise to a predominance of the 2- 

trialkylstannyi isomer. 

Table 11.3 Variation of Reagent and Temperature in Stannylcupration of 
1-A!kynes 55 and 70. 

Reaction 
Entry Reagent Conditions I : 0 Yield %a 

Readins conducted in THE (A) 70, -78 OCft hr, NH4Cl(q); (8) 55, MeOH, -78 OC 0 OC 

over 12 hr; (6) 70, -30 OC -) O "C: over 1 hr, MeOH; (D) 55, -30 OC, 0 OC112 hr; (E) 70, -30 

"C, r-ttJ12 hr; (a) Isolated yields; @) Recovered 70. 

ftining solutions for extenbed periods at elevated temperatures yielded 

t?eitr!y equirn~Iar aaounts of product isomers, suggesting that isomerization 

had ocwned (Table 11.3, entries 4 and 8). lsomerization in adducts derived from 

stannykuprate, 64, is particukdy facile as evidenced by a marked decrease in 



regioselectivity when solutions were stirred between -30 O C  and 0 "C tar a 

retativeiy short period (Table 11.3, entry 3). It was noted that yields and 

regioselectivity varied in reactions of the lower order stannyicuprate, 64, with 1 - 

alkynes and is thought to be a consequence of the heterogeneous nature of 

these solutions (compare Table 11.3, entry 3 a.nd Table 11.5, entry 1). 

Figure 11.4 Electronic Factors Governing the Mode of Addition in 

Stannylcupration of 1 -Alkynes. 

Quenching a solution of stannylcuprate, 65, and alkyne, 70, at 0 OC 

yielded a mixture of products enriched (85 %) in the 1-stannyl alkene (Table 11.3, 

entry 7). This result deviated from the trend observed in these reactions in which 

formation of 2-stannyl alkenes was favoured. A plausible explanation for this 

observation was that rapid isomerization prior to hydrolysis yielded the 

thermodynamicafly favoured 1-stannyl isomer. This possibility, however, was 

discounted by later experiments which revealed that approximately equal 

amounts of both isomers were formed upon stirring solutions of 65 and 

3-alkynes at room temperature for extended reaction times (Table 11.3, entry 8). 

Since these conflicting results could not be readily explained by kinetic or 

thermodynamic arguments, an alternative rationale was considered. 

Spectroscopic and mechanistic investigations of alkyl and arylcuprates have 

s. awn these organucuprates to exist In solution as equilibrium mixtures of 

various species.32.33 It was therefore speculated that addition of methanol to 



solutions containing stannylcuprate, 65, and 1 -aikyne might result in the 

formation of a different cuprate species that yielded 2-stannyl alkenes 

selectively. 

The influence of methanol as a co-solvent on the regiochemical outcome 

in stannylcupration of 1 -alkynes prompted further investigation of solvent effects 

Table 11.4 Variation of Solvent and Temperature in Stannylcupration of 
1 - Alkynes. 

Reaction 
Entry Solvent Conditions I : 0 Yield %a 

DMF A 

B 

DMS A 

B 

DlGLYME A 

B 

THF Ab 

B 

HMPA C 

(A) m, MeOH, -50 "C -+ r.4. over 12 hr; (8) 70. -30 O C  + 0 OC over 1 hr, MeOH; (C) 70, -10 

"C -) 0 OC over 1 hr, MeW; (a) fsolated yields; R = (CHZ)~-OTHP; (b) AJkyne 55 added at 

-78 %. R = (CH2)8amP. 



on these reactions. Studies were limited to polar solvents since stannylcuprate, 

65, was found to be insoluble in apolar liquids. Addition of methanol to cooled 

(-78 OC) solutions of 65 and alkyne, 70, in DMF, DMS, DIGLYME and THF gave 

predominantly 2-stannyl alkenes upon warming to 0 OC (Table 11.4, entries 1,3,5 

and 7). Formation of the 2-stannyl isomer was also favoured when MeOH was 

added after solutions (DMF, DMS and DIGLYME) were warmed to 0 OC, 

suggesting that under these conditions formation of 2-stannyl alkenes is 

kinetically preferred (Table 11.4, entries 2,4 and 6). In contrast, addition of MeOH 

at 0 OC to similar reactions conducted in THF and HMPA yielded a mixture of 

vinylstannanes in which the I-stannyl isomer predominated (Table 11.4, entries 8 

and 9). These results demonstrate that regioselective formation of 1-stannyl or 

2-stannyl alkenes can be achieved by variation of solvent in stannylcupration of 

1-alkynes. These observations also suggest that solvents affect the 

regiochernical outcome of these reactions by altering the nature of the 

stannylcuprate reagent. 

Figure 11.5 Steric Factors Governing the Mode of Addition in Stannylcupration 

of 1 -Alkynes. 

For species in which Bu,Srl is bulkier than CuL, 

Preferential formation of 1-stannyl alkenes in stannyfcupration ~f 1- 

alkynes points to the possible involvement of steric factors that oppose and are 

greater than electronic effects. Stannytcuprates containing a copper moiety that 

is steiicafly less demanding than the bulky tri-n-butyf tin group might be 



expected to yield adducts in which steric interactions between tri-n-butyl tin and 

the acetylenic side chain are minimized (Figure 11.5). Formation of such 

monomeric species might be favoured in the presence of strong coordinating 

solvents such as THF and HMPA (Figure 11.6). 

Figure 11.6 Solvation of Monomeric Stannylcuprate Species. 

S = Solvent 

Based on the above it appeared that the composition of stannylcuprate 

species was a decisive factor in determining the regiochemical outcome in 

stannylcupration of 1-alkynes. In an attempt to provide further chemical 

evidence for this hypothesis, reactions were conducted in solutions comprised 

of different tin:copper ratios. Solutions containing a 1 :I mixture of tri-n-butyl tin 

anion and CuCN were red and heterogeneous in appearance and afforded 

mainly 2-stannyl alkene. The relatively poor yield obtained in this reaction is 

presumably due to formation of insoluble and less reactive aggregates at the 

expense of the active reagent (Table 11.5, entry 1). Interestingly, addition of one 

half of an equivalent of tin anion to this mixture caused the slurry to become 

homogeneous. Although no significant change in regioselectivity was noted, the 

product yield was appreciably higher. Apparently, reaction of added tin anion 

with the insoluble material generates a solution consisting of soluble 

stannylat prate species, thereby increasing the "availability" of reagent in these 



solutions (Table 11.5, entry 2). At ratios of tin anion to CuCN of two and above, 

formation of primarily I-stannyl alkene was observed (Table 11.5, entries 3 and 

4). It was reasoned that the regioselectivity might be improved by forcing the 

Table 11.5 Variation of Sn : Cu Ratios in Stannylcupration of I-Alkyne 70.a 

- 
Stannylcuprate =- R - - R 

d 
R 

Reagent 7 
+ 

SnBus B U ~ S ~ / -  

Entry Bu3SnLi : CUCN Appearance of Solution 1 : 0 Yield %b 
- - - - - -- - - - - 

1 1 : I  Red, Heterogeneous 75 : 25 56C 

2 1.5 : I  Orange, Homogeneous 84 : 16 79 

3 2 : 1  Yellow, Homogeneous 15 : 85 90 

4 8 : 1  Yellow, Homogeneous 19 : 81 67 

(a) Reaction conditions: 70, THF, -30 OC -) 0 OC over I hr, MeOH; (b) Isolated yields; R = 

(CH2)4-OTHP; (c) R = (CH2)8-OTHP 

equilibrium toward the reagent responsible for formation of this isomer. 

However, solutions containing still higher ratios of tin anion to CuCN did not 

provide enhanced regioselectivity and gave lower product yields. 

11.5 Spectroscopic Investigations of Solutions of Me3SnCu(C N) L1 

(100) and (Me3Sn)2Cu(CN)Li2 (81). 

Supporting evidence for the solvent dependent formation of different 

stannylcuprate species was gained from 13C NMR studies of 

(Me3Sn)2Cu(CN)Li2 (81) in various solvents. The 13C NMR spectrum of a 

solution of 81 in diethyl ether/THF exhibited a number of complex signals 



centered at 2.4, 0.6, -0.1, -0.5, -2.5 and -3.8 ppm presumably due to several 

different stannylcuprate species. The spectrum also displayed a sharp signal at 

-8.9 ppm assigned to Me4Sn, generated as a byproduct in this reaction (Figure 

11.7, spectrum A). In the presence of methanol the NMR spectrum of this 

solution changed dramatically and exhibited three broad signals centered at 0, 

-3.5 and -3.7 ppm in addition to a sharp peak at -9.8 ppm (Figure 111.7, spectrum 

8). In contrast to the above solutions, the 13C NMR spectrum of a solution of 81 

in ether1HMPA was comparatively simple and displayed a single multiplet (tin- 

carbon coupling) centered at 3.1 ppm (Figure 11.7, spectr~im C). These 

experiments clearly indicate that solvents profoundly effect the solution 

composition of stannylcuprate species. 

Having investigated solutions of stannylcuprate, 81, in various solvents, 

the composition of higher order and lower order reagents in the same solvent 

was examined. The composition of stannylcuprates, 81 and 100, has been 

previously investigated by NMR spectroscopy.311 The 1% NMR spectra of 

these cuprates in THF exhibited different Me3Sn signals, suggesting that higher 

order and lower order reagents were composed of different species. 

Corroborating evidence for these findings comes from IR and 1% NMR 

investigations of the nitrile moiety in higher order and lower order 

cyanocuprates. 

To circumvent extended '3C NMR acquisition times typically required for 

unambiguogs assignment of nitriie signals, reagents were prepared using 1% 

enriched CuCN.80 The difference in solution composition of stannylcuprates. 81 

and 100, immediately becomes apparent upon comparison of their 1% NMR 

spectra (Figure 11.8). The 1% NMR spectrum of a solution (TH WHMPA) of 



Figure 11.7 13C NMR Spectra of Solutions of (MesSn),Cu(CN)Li2 (81) 

in Various So1vents.a 

(a) Spedra recorded at -30 OC; (A) 0.3 M Etherm-tF [1:4); (8) 0.2 M Uher/MeOH (3:2); (Cf 0.2 M 

EtherRiMPA f3:2). 





stannyfcuprate, 81, exhibited a strong signaf at 155.0 pprn and a symmetrical 

multiptet centered at 3.0 ppm. The simplicity of this spectrum suggests the 

presence of a dominant stannyfcuprate species in this solution. The '3C NMR 

spectrum of 100, on the other hand, was more complex and contained six 

major nitrile signals between 153 and 140 pprn. No distinct Me3Sn peaks were 

observed which is iikety due to signal averaging of equilibrating species, 

Further evidence for the different composition of solutions of 81 and 100 was 

gained from iR investigations. While the IR spectrum of a solution of 100 

displayed a strong nitrite absorption at 2126 cm-l, that of 81 exhibited a strong 

band at 2103 cm-I. Several other less intense bands were also observed in the 

former spectrum which, together with 13C NMR data, suggests that solutions of 

81 are more complex than those containing 100. 



11.6 Summary and Conclusion. 

1% and 2H NMR investigations of stannylcupration of 1 -alkynes provide 

compelling evidence for the formation of vinyl adducts in these reactions. 

Monitoring these solutions from -78 "C to 0 OC revealed that onset of addition 

occurs at approximately -30 "C. It was further demonstrated that intermediates 

formed are thermodynamically preferred over starting materials. In a series of 

crossover experiments it was shown that addition of stannylcuprates to 

1 -afkynes is reversible and that these processes are more facife for 

n-Bu3SnCu(CN)Li (64) than ( ~ - B U ~ S ~ ) ~ C U ( C N ) L ~ ~  (65). These observations 

can be explained by the relative stabilities of vinyl adducts formed from 64 and 

65. Equilibration between the less stable adduct derived from 64 and starting 

materials is likely to be energetically less demanding than the analogous 

process involving 6 5  The fact that intermediates derived from lower order 

stannylcuprates, such as 64, are more prone to thermal decomposition than 

their higher order counterparis, lends credence to this postulate. 

Systematic variation of reagent, solvent, temperature and reaction time in 

stannylcupration of 1-alkynes fed to the discovery that the regiochemical 

outcome in these reactions can be controlted by judicious choice of reaction 

conditions. Based on these studies it is proposed that variable regioselectivity in 

stannyicupration of I-atkynes is due to formation of different stannylcuprate 

species in these sotutiuns. 

A protocol has been developed for stannylcupration of l-alkynes 

resttfting in the selective formation of I-stannyl atkenes. It is thought that 

formation af a monomeric stannyfwprate reagent is critical to the regiocf-temical 

auR.mme of these reactians. in the envisioned process, steitc repulsion between 



the alkynyl side chain and the bulky tri-n-but$ tin moiety of the cuprate reagent 

is believed to guide addition of the tri-n-butyi tin group toward the terminal 

acetyienic carbon. 

1% NMR and IR spectroscopic investigations of solutions of 81 and 100 

indicate that while solutions of the former reagent are comprised of a single 

dominant species, solutions of the latter variety are much more complex. These 

analyses are in agreement with previous studies311 that stannyicuprates of the 

type (R3Sn)2Cu(CN)Li2 and R3SnCufGN)ti are indeed different reagents. 



lfl.1 Objective. 

A serious drawback of homo higher order stannylcuprates, 

(R3Sn)2Cu(GN)Li2s is the requirement of two equivalents of trialkyltin per 

reagent which is not only wasteful but also leads to excessive formation of tin 

byproducts that often complicate isoiation and purification. A main goal of this 

project was to develop more efficient reagents and reaction conditions in which 

formation of undesirable tin byproducts was minimized, ideally without sacrifice 

in yield. In earlier work on alkyfcuprates it had been demonstrated that afkyl 

ligands of such reagents, R2CuLi, could be replaced by non-transferable 

groups (X) to afford mixed reagents, R(X)CuLi, that selectively delivered the 

alkyl moiety in reactions with organic s~bstrates.396-~3 Earlier work in this 

laboratory showed that this strategy could be extended to the preparation of 

mixed higher order stannytcuprates, R3Sn(X)Cu(CN)Li2, by substitution of a 

trialkyltin group in homo higher order reagents with an aikyl ligand.311 One goal 

.. of this study was to develop more efficient methods to prepare these mixed 

reagents. 

A second objective of this project was to explore the effect of various non- 

transferable ligands of mixed stannylcuprate reagents on the regiochemistry in 

reactions with I-alkynes. Development of new methods that improved 

regioselectivity in favour of farmatian of (E)-1 -trialkylstannyl afkenes were 

investigated. 



I l l 2  investigations of Mixed H.O. f rialkyfstannyl(a1 kyt)- 

cyanocuprates: R3Sn(R)Cu(CN)Lip. 

During the evolution of trialkylstannylcuprate chemistry one aspect that 

has remained invariant has been their method of preparation. These cuprates 

have historically been synthesized by corn bination of trialkylstannyllit hi urn 

reagents with cuprous  salt^.^^-^^ In spite of the synthetic utility of this 

methodology, these reactions are beset with ciifficulties of product purification 

due to the formation tin byproducts Trialkylstannyl anions are traditionally 

generated by cleavage of a hexaalkyldistannane with an afkyllithiurn giving rise 

to one equivalent of tetraalkyl tin in addition to R3SnLi.20 Alternatively, 

trialkylstannyl anions can be prepared by reaction of a trialkyfstannyl hydride 

with LDA which avoids in situ generation of R4Sn.21 An additional complication 

stems from unconsumed trialkyfstannyi anions (i.e., in (R3Sn)2C~(CN)Li2) that 

are converted to tin byproducts upon work-up. Unless the desired product 

contains a polar functional group, removal of tin impurities by column 

chromatography is virtually impossible. 

A remedy to this type of problem was first reported by Fleming and 

Newton who found that the mixed cuprate, PhMe2Si(Me)Cu(CN)LiZ, reacted 

with organic substrates by exclusive donation of the triaikylsilyl moiety. 

Substitution of a triaikyl silyl group in (PhMe2Si)2Cu(CN)Li2 with a non- 

transferable methyl group sewed a dual purpose in that one equivalent of 

R3SiLi was consenred and formation of disilane was reduced.54 Lipshutz et a/. 

has recently shown thaf a similar strategy can be applied in stannylcupration 

r~actions using the related n-Bu3Snfn-Bu)Cu(CN)L reagent.55 It was 

demonstrated that this reagent selectively transferred a tri-n-butylstannyl group 

to organic substrates, leaving the hydrocarbon bonded to copper. The obvious 



ridvantage of using such mixed cuprates is that the remaining alkyl ligand is 

eventuaffy converted into an easily removable, volatile hydrocarbon (Scheme 

iff.1). 

Scheme III.1 General Strategy of Reducing Tin Byproducts in 
Stannyicupration Reactions using Non-Transferable (NT) tigands. 

(R3Sn)* + RLi 
A I B 

Substrate Substrate 

(a) Lithium cations and liganets associated with Cu omitted; (bf 1 equiv of R4Sn per cuprate 

reagent produced in path B fxrmpared to 2 equiv in path A. 

Since the reported method of preparation of n-f3u3Sn(n-Bu)Cu(CN)Lip 

proceeds from reaction of *Bu2Cu(CN)Li2 with two equivalents of *BuaS n H , 

generating one equivalent of n-Bu4Sn, this approach provides only a partial 

suhtion to the compiications of product isolation. In principle, this problem could 

be circumvented by use of Me3Sn(Me)Cu(CN)Li2 (86) since in this scenario the 

b w  baiting Me& byproduct is easily removed by distillation. While it was 

recognized that 86 would provide definite advantages over previous cuprate 



reagents, its preparation by the strategy outlined above ?id not seem practical 

due to the toxicity and volatility of trimethyltin hydride.56 

It had been previously reported311 that solutions containing Me3SnLi, 

MeLi and CuCN in a 1 :I :l ratio gave rise to the stannyleuprate reagent, 86. 

Moreover, it was demonstrated by spectroscopic means that this mixed reagent 

could be prepared by any order of combination of the various starting materials 

(Scheme 111.2, paths 2-4).311? Based on the observation that cleavage of the 

tin-hydrogen bond in n-Bu3SnH could be effected by n-Bu2Cu(CN)Li2, it was 

conjectured that methyl anions as part of a cuprate complex might also be 

sufficiently nucleophilic to cleave bis(trimethy1tin). This process would generate 

stannylcuprate, 86, in addition to Me4Sn and provide a new and convenient 

route to the preparation of mixed trialkystannyl(aikyl)cyanocuprates (Scheme 

111.2, path 1). 

Scheme 111.2 Generation of Me3Sn(Me)Cu(CN)Li2 (86)via Different Routes. 

Me,Cu(CN)Li, 
+ 

(Me3Sn)2Cu(CN)Li2 

i2' Me3SnLi 
Me,Snf Me)Cu(CN)Li, + 

MeCu(CN)Li 

T 
MeLi 

-4- 

Me,SnCu(CN)Li 

fa) Sham, S. see referems 31 l and 57. 



Indeed, reaction of Me2Cu(CNfLi2 with (Me3Sn)2 in THF yielded a 

species, presumed to be 86, that incorporated Me3Sn into a variety of organic 

substrates. This mixed reagent reacted with 1-decyne to afford the 

vinylstannanes, 89 and 90, and yielded predominantly the 2-stannyl isomer 

(Table 1I1.1, entry 2). Separation of these non-polar vinylstannanes from tin 

byproducts was accomplished by distillation under reduced pressure. 

Stannyfcupration of hornopropargyl alcohol yielded the regioisomeric allylic 

alcohols 87 and 88 in good yield (Table Ifl.1, entry 1). Ratios of product 

isomers, however, were less predictable and varied considerably from one 

experiment to the other for no apparent reason. Nevertheless, reaction 

conditions were eventually found that consistently gave predominantly 1 - 

stannyl alkene. Addition of 86 to vinyl acetylenes58 yielded conjugated dienes 

of varying isomeric distribution; reaction with monosubstituted allenes59 

afforded vinyl and atlylic stannanes in near equimolar amounts (Table 111.1, 

entries 5-7). Delivery of the trimethyltin group to the a,fhnsaturated moiety of 

cyclohexenone was found to occur exclusively in a 1,4 s e ~ 9  and gave the 

cyclic ketone, 92, stannylated at the 3 position (Table lll.1, entry 3). This result 

was not unexpected, since reactions of organocuprates with enones generally 

occur via this mode of addition.27.29 

Treatment of a terminal epoxide with 86 resulted in ring opening from the 

feast congested side to yieM the stannylated secondary aicohol, 93. A poor (44 

%) yield was obtained which wzs somewhat surprising since reactions of this 

type generally give high yields.60 To verify this unusual result the experiment 

was repeated and again, 93 was formed in low yield (Table 1II.1, entry 4). This 

time, ~arefut analysis of the reaction mixture revealed that in addition to 93, 

secondary alcohol, 94, was formed in a significant amount. This material 



Table 111.1 Addition of Me3Sn(Me)Cu(CN)Li2 (86) to Various Substrates. 

Entry Substrate Products Ratioa Yield o / ~  

{a) Probwt isomers &aacte&eb by ' H  NMR and MS. Ratttios determined by GC; jbj tsriiated 
ykkis; fcf Ratios and yields v w  wittt readion condiions; (d) THF, -78 "C: O "C over several hr; 

(e) MF, -30 "C -+ r-t. over 12 hr; @) THF, -7% OCnO min; (g) THF, -78 CS -+ r-t. over several hr; fh) 

Aksela, R. see ref. 58; (i) Sin@(I S. M- see ref. 59. 



presumably escaped detection in earlier experiments due to its relatively low 

boiling point. Thus, low yields of 93 can be explained by a competing process 

in which the methyl group of the mixed reagent is transferred to the substrate 

(Scheme 111.3, path b). Formation of appreciable quantities of alkylated product 

Scheme lf1.3 Non-selective Ligand Transfer in Reactions of 
MesSn(Me)Cu(CN)ti~ with Epoxides. 

in this case is possibly doe to favourzble interactions between the "hard alkyl 

group and the "hardn epoxide carbon. 

Preparation of the mixed cuprate n-Bu3Sn(n-Bu)Cu(CN)Li2 (95) was 

accomplished following the same procedure described for the preparation of 86 

and exemplified the generality of this method. Reactioo of homopropargyl 

alcohol with 95 gave rise to vinyfstannanes, 96 and 97, in a 496 ratio (Table 

f 11.2, entry 1). Stannylcupration of 1 -alkyne, 48, afforded regioisorners, 75 and 

76, in approximately a 1 :I ratio (Table J11.2, entry 2). I his result contrasts with 

prebminan!: fomztisn af 2-Samyl aikene in stannylcupration of 1 -becyne with 

&6 (Table !t l - I ,  entry 2). A possible explanation for the differences in 

mgiosefectivity between these related reactions is due to greater steric bulk of 

the trh-btttyftin mcaiety, furcing addieion of n-Bu3% more toward the stericalfy 



Table 111.2 Addition of n-Bu3Sn(n-Bu)Cu(CN)li2 (95) to Various Substrates. 

Entry Substrate Products ~a t i o "  Yield %ib 

C H OTHP 1 8 16- - 

(aj Produd isomers characterized by 'ti NMR and MS. Ratios determined by GC; (b) isolated 

ykkk; Reaction conditions: (c) THF, -78 OC -+ 0 *C over 1 hr; (d) THF, -30 OC -+ 0•‹C over 1 hr; (e) 
THF, -78 OC + r-t. over 12 h. 

feast congested terminal carbon. Non-selective transfer of cuprate Iigands in 

reactions of the mixed reagent, 86, with epoxides was also observed for 95. 

Treatment of a terminal epoxide with 95 gave rise to the corresponding 

stannylated and aikylated products, 98 and 99, respectively (Table 1 1  1.2, entry 

2H NMR investigations of stannylcupration of deuterated alkyne, 61, with 

95 revealed49 that these reactions closely parallel those involving lower order 



Figure 111.1 *H NMR Spectra of Addition of n-Bu3Sn(n-Bu)Cu!CN)Li2 (95) to 

[l -2H]-1 -Decyne (61).a 

f t I t I 8 t I t I 1 4 f I 1 

!?m 6 5 4 3 2 1 0 

(a) spedra recorded at 35 "C; {A) 95 + 61 + MeOX, THF, -78 "C; (B) 95 + 61, W F ,  -* 0C30 OC; 

CC) 95 + 6j. THF, -35 "C 3 0  92, MeOH. 



(64) and higher order (65) reagents (see Chapter 11).  As in previous studies, no 

products were fc, med in solutions containing 95, 61 and methdnol, maintained 

at -78 *C (Figure tll.1, spectrum A). Warming a mixture of the mixed reagent and 

61 to 0 OC resulted in the disappearance of the peak at 2.43 ppm attributed t=, 

alkyne, 61, and the emergence of a broad signal centered at 6.1 9 ppm (Figure 

Ill.1, spectrum B). It was assumed that this signal was comprised of two 

overlapping peaks of two regioisorneric adducts as observed in earlier 

experiments (Figures 11.1 and 11.2, spectrum 3). Addition of methanol to this 

solution at 0 OC caused the broad signal at 6.19 ppm to give way to two new, 

partially overlapping peaks at 5.98 and 5.77 ppm. The appearance of two 

distinct signals upon hydrolysis of this solution supports the formation of two 

regioisomeric adducts as postulated above. 

It was noted that in addition to the broad signal ascribed to the vinyl 

adducts, the *H NMR spectrum of this solution also exhibited a prominent peak 

at 0.93 ppm which increased in intensity over time. In ssitu formation of a 

deuterated stannane such as n-Bu3Sn*H was initially considered to give rise to 

this signal but later seemed doubtful since the corresponding signal for 

MeSSnzH appears at 3.0 ppm.16 A more plausible explanation was derived 

from an earlier report that alkyt copper ligands cleaved the tin-hydrogen bond in 

reactions with n - 8 ~ ~ S n H . 5 5  This suggested that the butyl ligand of mixed 

reagent, 95, might also be sufficiently basic to abstract the acetyienic deuterium 

20 yield [!-21U.:-butane. Indeed, !he idenlity of this compot'nd was ascertained by 

head-space analysis of the readion solution by mass spectroscopy. An 

alternative mechanism by which [I -2Hj-butane might be formed in this reaction 

involves initiai activation of the atkynyf deuterium to form a copper deuteride 



species followed by reductive elimination of butyl and deuteride ligands 

(Scheme M4). 

Scheme 111.4 Formation of [I -2H]-Butane via Oxidative Addition - Reductive 

Elimination Pathway. 

This mechanism appears more credible than the former process since 

formation of [I-*HI-butane was also observed in the presence of excess MeOH. 

in an acid-base reaction, the butyl anion would be expected to react with MeOH 

(more acidic) before abstracting an alkynyl hydrogen. Regardless of the method 

of formation, generation of [I-ZHJ-butane might help explain lower yields 

obtained in stannylcupration of 1-alkynes employing mixed reagents, 86 and 

95, compared to similar reactions involving the homo higher order reagent, 65 

(compare yields in Table 11.3, entries 5-8 with those in Tables Ill. 1 and 111.2, entry 

2). Presumably, alkynyl anions generated in situ replace the protonated butyl 

ligands to form new cuprate species. Therefore, consumption of substrate via 

this competing process would occur at the expense of product formation. 

Another trend obsenred in reactions of mixed stannylcuprate reagents 

with I-alkynes was a notable preference for formation of 1-stannyl alkenes in 

reactions with substrates containing hydroxyl groups (Tables It 1.1 and 111.2, entry 

1). In earlier investigations of stannylzincation of propargylic substrates the 

oxygen moiety was considered to play a critical role in determining the 



regioehernicai outcome of these reactions. It was suggested that oxygen-metal 

coordination was a key Interaction governing the orientation cf the 

stannylcuprate reagent to the triple bond, guiding addition of the stannyl moiety 

to the distai acetyfenic carbon. Based on these results it was reasoned that a 

similar process might also be responsible for the regioselectivity in 

stannylcupration of hydroxy acetylenes. In the envisioned process the hydroxyl 

group is deprotonated by the afkyl ligand of the mixed stannylcuprate reagent to 

form the corresponding lithium alkoxide and an inert hydrocarbon. Subsequent 

formation of an alkoxycuprate complex would guide addition of tin toward the 

terminal aeetylenic carbon (Scheme 111.5, path A). 

Scheme 111.5 Formation of an Alkoxycuprate Intermediate in Stannylcupration 
of Homopropargyl alcohol. 

To test this hypothesis, generation of the alkoxycuprate complex was 

attempted by an alternative route. It was argued that predominant formation of 

the l-stannyl aikene regioisomer in reactions of independently prepared lithium 

alkoxide and lower order cuprates, R3SnCu(CN)Li, would support the critical 

participation of oxygen in this process (Scheme 111.5, path B). Preferential 

formation of (El-I-triaikylstannyl alkenes was in fact observed in 



stannylcupration of fithiurn 3-butyn-1 -oxide with trimethyl- and tri-n-buty lti n 

derived lower order reagents, 72 and 100 (Table iif.3, entries 3 and 6). 

Table 111.3 Stannylcupration of 3-Butyn-1-01 and Lithium 3-Butyn-I-0xide.a 

- 
Stannylcuprate - /'OH 

Reagent or 
- -  POL^ (ii) 

Entry Reagent Su bst rate 1:O Yield %b 

(a) Reaction coridiiiom: substrate, M F ,  -78 OC -) 0 OC over 1 hr; (b) Isolated yields. 

Corroborating evidence for the involvement of the proposed intermediate 

was gained from stannylcupration of the protonated substrate under otherwise 

identicai reaction conditions. Thus, treatment of 3-butyn-1-01 with lower order 

reagents, 72 and 100, resulted in the formation mainiy 2-stannyl alkene (Table 

111.3, entries 2 and 5). The fact that opposite regioseiectivity can be obtained by 

conversion of a hydroxyf group to its anion underscores the importance of 



oxygen-copper coordination in determining the regiochemicai outcome of these 

reactions. it should be pointed out that regiochemicaf bias in favour of the 

1-stannyl alkene isomer was not as pronounced in stannylcupration of the 

alkoxide compared to addition of mixed higher order reagents to the alcohol 

(compare entries 3 and 6 with 1 and 4, Table 111.3). Formation of the 

alkoxycuprate species is likely to be facile in homogeneous solutions of mixed 

higher order cuprates and precede addition to the triple bond. On the other 

hand, generation of this intermediate might be expected to be more sluggish in 

heterogeneous suspensions of lower order stannylcuprates, In this case, 

competing reactions of "uncornplexed cuprate reagent could contribute to the 

formation of the 2-stannyl alkene. 

111.3 investigations of Cul and CuCN Derived Mixed H.O. and L.O. 

Tri-n-butylstannylcuprates: R3Sn(X),Cubin and 

RgSn(X)Cu(CN)Lig. 

in light of difficulties (proton abstraction and non-selective ligand transfer) 

encountered in reactions employing mixed trialkylstannyl(alkyI)cuprate 

reagents, efforts were directed toward the preparation of mixed stannylcuprates 

incorporating hetero atoms as the non-transferred ligands. Since preparation of 

mixed alkylcuprates containing alkoxide, amide, phosphide and acetylide 

ligands had been reported,41*43 it was surmised that this strategy could be 

extended to the synthesis of related trialkylstannyl(hetero)cuprates. A series of 

such reagents, composed of tri-n-butyltin in combination with one or two non- 

transferable figands were prepared and. their reactivity examined in addition 

reactions to 1 -alkynes. 



Preparation of mixed tri-n-butylstannylcuprates was readily 

accompfished by first treating the cuprous salt (Cul) in THF with the anion of the 

desired ligand followed by n-Bu3SnLi. The order of addition was found to be 

critical. Addition of n-Bu3SnLi to CuCN gave rise to n-Bu3SnCu(CN)Li that 

reacted sluggishly with added ligands (Ph2P, MeO), often requiring elevated 

temperatures (>O "C) at which decomposition became significant. Similarly, 

reaction of n-Bu3SnLi with Cul yielded stannylcuprate species that were 

thermally unstable, decomposing within minutes at temperatures as low as -78 

"C. With the exception of mixed reagents containing selenide ligands, it can be 

stated that reactions of mixed stannyicuprates with 1-alkynes generally gave 

low yields (Tables 111.4 and ill.5). It can be speculated that the poor yields 

obtained in reactions involving mixed reagents containing alkoxide, amide and 

phosphide ligands are due to thermal decomposition of these relatively 

unstable species. in support of this hypothesis, it was found that yields in 

reactions of the corresponding mixed cyanocuprates were generally higher 

(compare Table 111.4, entries 3-6 with Table 111.5, entries 2-5). This rationale does 

not, however, hotd for reactions of mixed higher order amide, selenide and 

acetylide species since these reagents exhibited excellent thermal stability. A 

possible explanation for low product yields in these reactions might be an 

unfavourable alkyne-adduct equilibrium in which a substantial amount of 

starting material is left unconsumed. The observation that vinyl adducts are 

thermodynamically preferred in revesible reactions with (n - f3~~Sn)~Cu(CN)L i~  

(65) (Chapter il) does not preclitde the presence of less favc:irable equilibria in 

reactions involving these mixed stannylcuprate reagents. 



Tabie 111.4 Stannylcupration of I-Alkynes with Cui Derived Mixed LC?. 
and H.O. Tri-n-btrfytstannyIcuprates.a 

Entry Xn I:O Yield %b 

(a) Reaction conditions: 1-Alkyne, THF, -30 OC -) 0 OC over 1 hi, MeOH; (b) Isolated 

yie& R = (CH2)4-OTHP; {c) R = (CH218-OTHP; (d) 2 equiv of stannylcuprate reasent; 

R' = C8Hj7. 

Perhaps most surprising was the observation that the regiochemical 

outcome in stannylcupration of 1 -alkynes was profoundly affected by variation 

of the non-transferable ligand of the mixed reagent. Moreover, preferential 

formation of 2-stannyl and I-stannyi alkenes did not follow the trend observed 



in previous investigations using n- Bu 3SnCu(CN)Li (64)  and 

(n-Bu3Sn)2Cu(CN)L12 (65) reagents (Chapter I f ) .  The earlier studies suqgested 

that the regiochernicat biases in stannylcupration of 1-alkynes were primarily 

due to steric factors. It was rationalized that higher order species were sterically 

less demanding than their bulkier lower order counterparts and therefore gave 

predominantly 1-stannyl alkenes. In violation of this hypothesis, reactions of 

several mixed higher order species showed a preference for the 2-stannyl 

afkene (Table 111.4, erttries 2 and 4; Table lll.5, entries 1,2 and 4) and 

conversely, lower order reagents containing amide or phosphide ligands were 

either non-selective or afforded mainly the 1-stannyl isomer (Table 111.4, entries 

3 and 5). These results clearly indicated that factors other than steric ones 

control the regioselectivity in reactions of mixed stannylcuprates. 

Examination of mixed higher order reagents that exhibited preference for 

formation of 2-stannyl alkenes in reactions with 1 -alkynes (see above) revealed 

these species to contain electron donating selenide, aikoxide and amide 

ligands. Electron donation is likely to be particularly effective in cuprate species 

comprised of amide and alkoxide ligands as a result of overlap between filled 

n p  and copper dz orbitals. in contrast, reactions of mixed higher order 

stannylcuprates containing x-acidic ligands yielded predominantly 1 -stannyl 

atkenes (Table 111.4, entries 6, 8, 10 and 12; Tabie 111.5, entries 3, 5 and 6). 

Phosphorus and selenium contain vacant dn orbitals and can therefore accept 

electrons in dz-dx backbonding interactions.61 Likewise, electron density can 

be delocatized into the x* antibonding orbital of the acetylide ligand. These 

rationales suggest that electronic effects play an important role in detemining 

the regiochemical outcome of these reactions. 



Table 111.5 Stannyfcupration of l-Alkynes with CuCN Derived Mixed 
H.O. T ri-n-butyistannyicupraies.a 

Entry X 1:0 Yield %b 

(a) Reaction conditions: i-Alkyne, M F ,  -30 OC + 0 OC over 1 hr, MeOH; (b) Isolated 
yields; R = (CH2)@THP; (c) R = (C).t2)8-OTHP; (d) 2 ecpliv of stannylwprate reagent; 

R = C ~ H ~ S .  

In a study of carbocupration of heterosubstituted acetylenes it was 

demonstrated that addition to triple bonds of reversed polarity yielded products 

of opposite regiochemistry (Scheme B.4)? In view of this, it was hypothesized 

that polarization of the alkyne moiety could also occur in a copper-alkyne IT 

complex that preceded formation of the vinyl cuprate adduct. It was conjectured 

that the direction of triple bond polarization was influenced by the nature of the 

appended iigands. In mixed stannylcuprate reagents containing electron 

donating ligands, accumulation of negative charge on the copper atom is likely 

reduced by increased back-bmding from a filled dw copper orbital to an empty 



alkyne K * orbital. The resulting net increase in electron density at the acetylenic 

moiety accentuates the charge distribution 

Scheme 111.6 Effect of Electron Donating and Electron Withdrawing Ligands 

on Triple Bond Polarization in Copper-Alkyne Complexes. 

EDL EWL 

EDL = electron donating ligand; EWL = electron withdrawing ligand. 

between C1 (6-1 and C2 @+I awtylenir: termini. Consequently, addition of these 

mixed reagents to 1-alkynes leads to formation of predominantly 2-stannyi 

atkenes (Scheme tlf.6, path A).. Conversely, it can be argued that sr;-acidic 

Cgands assodated with copper cause reverse polarization of the triple bond by 



shifting electron density from the alkyne toward the copper moiety62 In this 

case, defivery of tin (8) to the terminal acetylenic carbon (6+)  is preferred, 

yielding mainly 1 -stannyl afkenes (Scheme 911.6, path B). 

It is interesting to note that the effect of cuprate ligands on the 

regioselectivity in these reactions appears to be additive. For example, while 

addition of n-Bu3Sn(Et2N)CuLi-LiI to I-alkyne, 70, yielded an equimolar 

mixture of regioisomers, the analogous reaction employing 

~ - B u ~ S ~ ( E ~ ~ N ) ~ C U L ~ ~ - L ~ I ,  incorporating a second equivalent of Et2NLi, afforded 

the 2-stannyl alkene almost exclusively (compare entries 3 and 4, Table 111.4). 

Similar reinforcing effects were observed for alkoxide and phosphide 

containing reagents (compare entries 1 and 2, 5 and 6, Table 111.4). A high 

degree of regioselectivity was also achieved with mixed reagents that combined 

the electron accepting capabilities of two different (nitrile + acetylide and nitrile 

+ phosphide) ligands (Table 111.5, entries 3,5 and 6). Not surprisingly, reactions 

involving mixed reagents comprised of both electron donating (alkoxide or 

amide) and electron accepting (nitrile) ligands were less regioselective (Table 

111.5, entries 1 and 2). 

Reactions of lower order and higher order mixed tri-n- 

butylstannylselenenyl- and alkynylcuprates did not follow this trend and yielded 

products of opposite regiochemistry (compare entries 7 and 8, 9 and 10, 11 and 

12, Table If 1.4). Stannylcupration of I -aikyne, 70, with n-Bu3Sn(n-6uSe)CuLi-LiI 

afforded a mixture of vinylstannanes composed of 81 % of the 2-stannyl alkene. 

in contrast, the analogous reaction with n-B~~Sn(n-BuSe)~CuLi~.Lil gave ilse 

to a 29:71 product ratio in favour of the 1-stannyl isomer. Such dramatic 

differences in regioselectivity were also observed in reactions of lower order 

and higher order tri-n-butylstannylcyanocuprates, 64 and 65, (Table 11.3, 

86 



entries 3 and 7). Presumably, simiiar steric effects govern the regiochemical 

outcome in reactions of ti-n-butyfstannylsetenenyfcirprates with I-aikynes. 

Addition of a mixed stannyicuprate reagent containing both nitrile and selenide 

ligands to 1-alkyne, 70, yielded predominantly 2-stannyl alkene (Table 111.5, 

entry 4). This result seemed anomalous since formation of the 1 -stannyl alkene 

isomer was preferred in reactions of mixed reagents that combined nitrile and 

other a-acidic figands. Although selenium contains an empty d~ orbital 

available for back-bonding, it apparently does not function as an effective 

acceptor ligand in these ciprate complexes. 

During the course of a comparative study on the efficiency of 

( ~ - B u ~ S ~ ) ~ C U ( C N ) L ~ ~  and n-Bu3Sn(n-Bu)Cu(CN)Li2 reagents in the addition to 

1-alkynes, it was noted that reactions invc!ving the latter species were generally 

lower yielding. 2H NMR investigations of addition of n-Bu3Sn(n-B~J)CU(CN)L~ 

(95) to I-alkyne, 61, suggested that abstraction of the acetylenic hydrogen by a 

butyl anion might account for the diminished product yields observed in 

reactions employing these mixed reagents. A logical remedy to this problem 

was to conduct these reactions in the presence of two equivalents of alkyne, 

thus ensuring adequate supply of substrate. As predicted, addition of two 

equivalents of 1-alkyne, 48, to a solution of mixed reagent, 95, afforded 

vinylstannanes, 75 and 76, in 80 % yield after work-up and purification. Quite 

unexpectedly, however, was the observation that the 1-stannyl alkene, 76, was 

formed in approximately 83 % isomeric purity (Scheme 111.7). This result 

contrasted starkly with preponderance of 2-stannyl alkenes generally observed 

in stannylcupration reactions. 



Scheme lilf.7 Addition of n-Bu3Sn(n-Bu)Cu(CN)Li2 to 1 -Alkyne 48 

It was speculated that the altered regioselectivity in this reaction might be 

due to in sjtu formation of a mixed trialkyfstannylalkynylcuprate species. It was 

recognized that such reagents were potentially useful in regioselective 

syntheses of (E)-1-trialkylstannyl alkenes and were therefore examined more 

closely. It was found that these hypothetical reagents, prepared directly from 

alkynyl anions, reacted with I-alkynes to yield predominantly 1 -stannyl alkenes. 

The fact that similar results were obtained by this alternative method of reagent 

preparation provided further evidence for the formation of a mixed species 

containing an acetylide ligand. 

Stannylcupration of l-alkyne, 70, with lower order reagents composed of 

a 1:1:1 mixture of copper, tin and acetylide were moderately selective, giving 

rise to a 30 % excess of 2-stannyl alkene (Table 111.4, entries 9 and 11). Mixed 

higher order tri-n-butyfstannylalkynylcuprates containing two acetylide ligands 

exhibited remarkable thermal stability and could be stirred a room temperature 

In THF solution for extended periods without signs of decomposition. This was 

not entirety surprising, since it is known that cuprous acetylides (CuCrC-R), 

much like CuCN, are thermally stable and resist oxidation to Cu(ll) species.63 

Since acetylide is isoelectronic with nitrile, it presumably confers stability on 



these complexes through similar metal-ligand (dx-n*) backbonding interactions 

(see Chapter ! I ) ,  Stannylctipration of I-afkynes with these reagents afforded 1 - 

stannyf atkenes in unprecedented (>95 %) selectivity (Table 111.4, entries 1Q and 

12). Unfortunately, to obtain respectable yields, more than one equivalent of 

reagent per substrate was required. It was noted that in addition to the desired 

products, vinylstannanes derived from acetylide ligands were also obtained. 

Based on this observation it was concluded that consumption of stannylcuprate 

reagent in a competing reaction with acetylide ligand was at least partially 

responsible for diminished product yields (Scheme 111.8). This result was 

interesting since it implicated the existence of an equilibrium between acetylene 

reactant and stannylatprate species. indeed, spectroscopic investigations of 

these solutions provided evidence in favour of such processes (see below). 

Scheme 111.8 Competing Reaction in Addition of n-Bu3Sn(R-C&)2CuLi2 to 

1 -Alkyne 70. 



The remarkable regiosefectivity observed in stannylcupration of 

f -afkynes with r~Bu~Sn(R-CrC)~Cutifll allowed application of this method to 

the stereoseliective synthesis of a pheromone containing a "skipped" E,Z-1,4- 

Scheme lit.9 Synthesis of the Leafminer Moth Sex Attractant, (4E,74- 
T ridem-4,7-dien yt Acetate (1 06). 

(a) Li (6.5 equiv), diimprorpane, r.tB hr, t-BuOK (4 equiv), r.tJ30 min, 3-pentyn-1-01, r.tJ2 hr, 

78 %; @) D i h y d r m  (2 equw), CH2CI2, r.tM.5 min, 94 %; (c) ~I-B%S~(P~-C-=C)~CUL~~.L~I (2 

equiY), THF, -30 OC 0 OC over 1 ta, MeOH, 53 %; (d) f-BuLi (2 equiv), ether, -70 %I30 min, -30 

"C130 mh; (e) Et2AICI, WFIether (1 :I), -30 "C115 min; (f) Lithium 2-thienylcyanocupfate, MeLi, 

M F ,  -10 WlO min, 103, O o(=C1-5 hr; (g) 6, P c ~ ( P P ~ ~ ) ~  (10 %), TttFiether, -30 OCi30 min, -30 j 

r-1. over 30 min, 21 % + 103; [h) 6, PdfPFh& (10 %), THFlether, 50 "C12 hr, 73 %; (i) 6, -78 * r.t. 
wer 12 hr, !Xi 55%; ff) pTe%teneSuIfonic acjd (excess), MeOtt/Tt(F (1 :I), r.tJ30 min, 75 %; (k) 

qyridine,acetic r.tJ4.5 min, 56 %. 

&eme Synthesis of the kafmi;ier muth sex attractant, (4ET7Z)-tridem-4,7-dienyl 

acetates4 006)  is shown in Scheme il1.9. Preparation of the requisite 

uinyfstannane 103 was accomplished in 78 % yield by treatment of alkyne, 



102, with n-Bu3Sn(P h-C=Cj2CuLi2-Lil- 70 reduce the amount of tin byproducts 

n-BusSnLi was generated in the reaction of n-Bu3SnH and LDA.21 This method 

avoided formation of thereby facilitating work-up and purification. 

Transrnetallation of 103 to a vinyllithium species was readily achieveu by 

treatment of the vinylstannane with n-BuLi at -30 OC. Reaction of vinyllithium 

reagent, 103a, with allylic chloride, 6, in the presence of Pd(PPt& (1 0 %) 

afforded diene, 104, in 21 % yield. In addition, a substantial amount of 

vinylstannane, 103, was formed. Nucleophilic attack of the vinyllithiurn reagent 

on the tri-n-butyftin moiety of the allylic substrate, giving rise to 103 in this case, 

has been observed in earlier syntheses of pheromones, 48 and 58b (Chapter 

I).  As noted previously, this side reaction could be avoided by conversion of the 

vinyllithium reagent to the corresponding vinyl aluminum species. Thus, 

palladium-catalyzed cross-coupling of vinylalane, 1 O3b, with 6 afforded diene, 

104, in 77 % isolated yield and in >95 % isomeric purity. 

It had been reported that vinyl cuprates reacted efficiently with enones,65 

secondary halides and epoxides16* affording products of vinyl substitution. it 

was therefore speculated that vinyl crtprates might also undergo coupling with 

allylic substrates to afford I ,4-dienes without the requirement of a palladium 

catalyst. Indeed, in situ formation of cuprate, 1 O ~ C ,  by treatment of 

vinylstannane, 103, with Me(2-Th)Cu(CN)Li2,65 followed by addition of allylic 

chloride, 6, gave 104 in moderate yield. This procedure, however, was less 

stereoselective than palladium-catalyzed cross-coupling reactions, giving rise 

to approximately 10 % of isomers. Removal of n-Bu3Sn and THP groups was 

accomplished in a single step by stirring 104 in a soiution of MeOH and THF 

containing excess p-toluenesulfonic acid. Finally, acetylation of alcohol, 105, 

under standard conditions afforded the desired pheromone, 106. The 'H NMR 



spectrum sf this compound exhibited proton resonances for two different double 

bonds. IH decoupling experiments revealed the presence of a trans coupling of 

16 ~ 2 . 2 5  Although the compexlty sf the second vinyl resonance did not allow 

measurement of a cotspiing consfa~f~ its width (12.5 HZ) suggested the 

presence of a Z double bond.25 

111.4 Spectroscopic Investigations of Solutions of (MegSnLi), : 

(R-CzCLi), : Casl. 

Incorporation oi the I3C labelled alkyne, 63, into copper complexes 

allowed ready exami~ation of these species by NMR spectroscopy. The fact 

that the acetylide moiety can be detected by IR spectroscopy also permitted 

investigation of solutions by this technique. Addition of one equivalent of 

decynyllithium to a suspension of 63 derived R-CECCU-Lil in THF yielded a 

clear soiution whose 1% NMR spectrum exhibited two sharp doublets at 11 1.3, 

110.3 and 104.4, 103.4 ppm, attributed to the acetylide carbons of 

(R-C=C)2CuLi-Lil (Figure 11 1.2, spectrum B). Two absorption bands were 

detected in the 1R spectrum which is likely due to a symmetric and an 

antisymmetric stretch of two acetylide ligands bonded to copper (Table 111.6, 

entry 3). The NMR spectrum of a solution comprised of three equivalents of 

R-C=CLi per Cul displayed two broadened doublets that appeared downfield 

(1 14.8, 114.0 and 110.2, 109.5 ppm) from those in solutions of 

(R-C=C)2CuLi.Lil. A smaller, broad signal at 103 ppm, likely due to a small 

amount of the latter species, was also observed. The iR spectrum of this solution 

displayed a new absorption at 2059 cm-1 which, together with 1% NMR data, 

pointed to the formation of a new species, presumed to be (R-C=C)3CuLip.Lil 

(fable 111.6, entry 4)- 



Figure 111.2 1% NMR Spectra of Solutions of (C8H17-C=CLi), : 

CU(*CEC*-C~H~~-OTHP).~ 



Table 111.6 IR v(C&) Bands of Solutions of 
(C8HI7-C=CLi), : Cu1.a 

Entry R-CrCLi : Cul cm-1 (rel. intensity) 

(a) Spectra recorded at 0 OC. Solutions 0.1 M (based on Cu) in 

THF; (b) Film (nujol), absorbance not detected; (c) Has 
shoulder on high frequency side; R = C8H17- 

Subsequent additions of R-C&Li to this solution caused a further 

downfield shift of the doublets and resulted in extensive broadening of these 

signals (Figure 1 1 1 2 ,  spectra C-E). It was interesting to note that in the downfield 

progression of these peaks, changes in chemical shift were not the same for 

both pairs of doublets. Comparison of 1% NMR spectra B and C of solutions of 

(R-C&)2CuLi.Lil (A 6 ppm) and (R-C=C)3CuLi2.Lil (A 3.5 ppm) provides a 

dramatic example of this phenomenon. Based on these chemical shift 

differences, the upfietd signals were assigned to the terminal acetylenic carbon, 

since C1 is likely to be affected by changes in the environment to a greater 

extent than C2. It shouid also be mentioned that in the presence of excess 

R-CzCU, distinct signals for this species were not detected in the 1% NMR 

spectrum which suggests that "free" lithium acetylide is in rapid equilibrium with 

alkynylcuprates, giving rise to an averaged spectrum. These observations are 



consistent with rapid exchange between R-CsCLi, (R-CEC)~CUL~-L~I and 

(R-CSC)~CUL~~-L~I  species, described by equilibrium b shown below: 

a ACU +ALi --------, A2CuLi 

b 
A2CuLi + ALi - - A3CuLi 2 

A = R-CsC ; Lil omitted for sake of clarity 

The IR spectra of sofutions composed of 4:1 and 5:1 ratios of R-CSL i  and Cul 

displayed wide absorption bands at 2054 and 2053 cm-I, respectively (Table 

111.6, entries 5 and 6). The absence of distinct absorbances for 

(R-C-C)3CuLi2.Lil (2059 cm-1) and R-CiCLi (2052 cm-1) is likely due to poor 

resolution of these bands which differ only by 7 cm-1. 

The 1% NMR spectrum of a solution containing a 1 :I mixture of MesSnLi 

and Cu*C=C*-(CH2)8-OTHP showed doublets at 1 1  1.0 and 110.1 ppm and a 

broad signal at 104.9 pprn (Figure 111.3, spectrum A). The broad upfield signal is 

presumably due to a "collapsed" doublet of C1 (see above) indicating rapid . 

ligand exchange between various species. IR analysis of this mixture revealed 

the presence of two distinct absorption bands at 2087 and 2023 cm-I (Table 

111.7, entry 1). It was noted that 1% NMR and !R spectra of this solution closely 

resembled those of (R-C=C)2CuLi.Lil. A likely explanation for this is the 

formation of Me3Sn(R-C-C)CuLi-Lil and Me3Sn(R-C&)2Cu2~i-Li166 species in 

the former solution (Scheme lf1.10, equilibrium a). Examination of the proposed 

dimeric66.67 structures for these cuprate species reveals the presence of a 

common structural unit, (R-C=C)CuLi, that could account for the spectral 

similarities observed for solutions of (R-C=C)2CuLi-Lil and Me3Sn(R- 

C=C)CuLi-Lil (Figure 111.4). Formation of (Me3Sn)2(R-CrC)Cu2Li.Lil is less likely 



Figure 111.3 1% NMR Spectra of Solutions of Me3SnLi : (C8H17-C=CLi), : 
CU(*C~C* -C~H 16-OTHP).a 

r l l l l l l t ~  1 1 1 1 ~ ( 1 , , ( , 1 1 , 1 1 ,  

ppm 120 115 110 1 05 1 00 

(a) Spectra recorded at 0 O C .  Acetylene carbons > 99 % enriched; (A) 0.1 M THFfEther (91); 

(B) 0.09 M THFfEther (10:l); (C) 0.08 M MFIEther (1 1:l); (D) 0.08 M THFfEther (12:l); A* = 

*C&*-C8H, ,-OTHP. 



Table 111.7 IR v(C=C) Bands of Solutions of 
Me3SnLi : (C8H17-CrCLi), : CUP 

-- - - -- - -- -- 

(a) Spectra recorded at 0 OC. Solutions 0.1 M (based on Cu) in 

THFIEther (9:l); (b) Weak shoulder; R = C8H17. 

due to the absence of an IR absorbance for R-CrCLi (2052 cm-1) in this solution 

(Scheme 11 1.9, equilibrium b). 

Figure 111.4 Possible Structures for (R-CEC)~CUL~, Me3Sn(R-C=C)CuLi and 
Me3Sn(R-C&)2Cu2Li Species. 

A = R-C=C; Sn = Me3Sn; Common structural unit, ACuLi, highlighted in boM. 

Addition of one equivalent of R-CrCLi to the mixed reagent, 

Me3Sn(R-C=C)CuLi-Lit, gave rise to a new species, evidenced by new alkynyl 

signals observed in the NMR spectrum (Figure 111.3, spectrum B) as well as 

a new IR band at 2063 cm-1 (Table 111.7, entry 2). It was recognized that in 

principle, formation of two different mixed higher order species, 



MQ~S~(R-CZC)~CUL~-L~I and (Me3Sn)2(R-C-C)CuLi2.Lil was possible (Scheme 

111.1 0, equilibria c and d). However, since (R-C=C)3CuLi2-Lil was not detected in 

this solution, formation of (Me3Sn)2(R-C=C)CuLi2-Lil seemed less probable. 

Further addition of R-CrCLi caused substantial broadening and a downfield 

shift of alkynyl signals in the NMR spectrum as observed in solutions of 

Scheme 111.10 Possible Equilibria in Solutions of Mixed 
Triatkystannylalkyn ylcu prates. 

ACU + SnLi 

I 
a(+) 112 A2SnCu2Li + 112 SnLi I 

SnACuLi - 
i b(-) - 1 /2 Sn ,ACu ,Li + 1 /2 ALi 

e'+' 1/2 SnA ,CuLi , + 1/2 Sn &uLi , I 

A = R-w ; Sn = RgSn; (+) = likely; f-) = not likely; Lil omitted for sake of clarity. 

(R-C&)nCuLin-i.Lil (Figure 111.3, spectra C and D). In the presence of excess 

R-C=CU (four equivatents) alkynyl peaks merged to a broad signal spanning a 

range of more than 20 ppm (!) This observation is interpreted to be due to rapid 

equilibratim between R-C=CLi, Me3Sn(R-C~C)2CuLi2-Lil and possibly 

Me3Sn(R-C=C)CuLi*LiI and Me3Sn(R-C=C)2Cu2Li.Lil species. Supporting 

evidence for such exchange was obtained from IR analysis of a solution 

comprised of a 1 :3:1 mixture of Me3SnLi, R-CSLi and Cul that displayed 



Figure 111.5 13C CNM Spectra of Solutions of (MeaSnLi), : 

C U ( * C ~ C " - C ~ H ~ ~ O T H P ) . ~  

(a) Spectra recorded at 0 OC. Aoetykae carbons > 99 % l3c enriched; (A) 0.1 M THFEther (9:i); 
(Bf 0.08 M THFEther (102); (C) 0.07 M TtlffEther (I 13); A* = 'c-=C'-C8H1 6-mI-iP. 



Table 111.8 IR v(C=C) Bands of Solutions of 
(Me3SnLi), : C8H1 7-C-=CLi : CuLa 

Entry Me3SnLi : R-CzC-Li :CU~ em-1 (rel. intensity) 

(a) Spectra recorded at 0 OC. Solutions 0.1 M (based on Cu) in 

TH Ff Ether; Solvent ratios: (b) 9:1; (c) 1 0:2; (d) 1 1 :3; R = CaH16. 

absorbances (2063 and 2053 cm-I), characteristic of the former two species 

(Table 111.7, entry 3). These observations lend credence to the argument made 

earlier, that low yields in stannylcupration of I-alkynes employing 

Me3Sn(R-C~C)2CuLi2.Lil is due to consumption of reagent by "free" acetylide 

ligand. 

The 1% NMR spectrum of a solution of a 2: l : l  mixture of Me3SnLi, 

R -CdL i  and Cul was almost identical to that of a solution comprised of these 

components in a 1 :2:1 ratio (compare spectra By Figure 111.3 and 111.5). Both 

spectra exhibited two pairs of a~kynyl signals centered at 11 8 and 107 ppm. The 

commonality of a prominent absorption band at 2063(4) in the IR spectra of 

these solutions is further evidence that the same species, presumed to be 

Me3Sn(R-C=C)2CuLi2-Lil, is generated in both solutions (compare entries 2, 

Table 111.7 and 111.8). Further addition of Me3SnLi to the former solution did not 

bring about a significant change in the 1% NMR or IR spectra, indicating that 



new species were not formed in the presence of excess tin anion (Figure 111.5, 

spectrum C). 

Table lll.9 Spectral Data for Cul Derived Alkynylcuprates. 

I3C NMRa IR 
Species (C=C) ppm (CzC) cm-1 

(a) Values are for centre of doublets; (b) Average of 2 values. 

Corroborating evidence for preferential formation of 

Me3Sn(R-C=C)2Cu Li2-;if in solutions of mixed trialkylstannylalkynylcuprates 

was obtained from I R investigations of reactions of "(Me3Sn)2(R-C=C)CuLiZ.Lil" 

and (R-C=C)&uLi2-Lil. It was found that, regardless of the order of addition, 

combined solutions of these species gave identical IR spectra (Scheme 111.1 1, 

paths d and e). The same IR spectra were obtained for solutions of 

(Me3Sn)(R-C=C)2CuLi2-Lil, prepared by two alternate routes (Scheme 111.1 1, 

paths a and b). Addition of (R-C=C)3CuLi2.Lil to a slurry of (R-C&)Cu.Lil 

afforded a homogeneous solution whose IR spectrum was consistent with the 

formation of (R-CrC)$hLi2-Lil (Scheme Ill.11, path c). These experiments 

clearly demonstrate the ease with which disproportionation between cuprate 

species occurs in these solutions. 



Scheme lll.11 Disproportionation between Alkynyfcuprate Species3 

(a) 0.1 M TWF solutions (based on Cu); A = C8H17-C=C; Sn = Me3Sn; Lil omitted for sake of 

clarity. 



l11,5 Summary and Concf usian. 

Reaction of homo higher order aikylcuprates, R2Cu(CN) ti2, with 

hexaalkytdistannanes, (R3Snf2, represents a new, convenient route to the 

preparation of mixed higher order trialkyistannylfatkyl)cyanocuprates, 

R3Sn(RfCu(CN)Li2. These reagents react with a variety of organic substrates 

without the formation of excessive quantities of tin byproducts, that often 

compficate isolation and purification. Removai of tow boiling tin impurities 

generated in reactions of (Me3Sn)MeCu(CN)Li2 is readily accomplished under 

high vacuum at ambient temperature. 

With the exception of epoxides, transfer of the trialkyltin moiety occurs 

sefectively in reactions with organic substrates. The alkyl moiety of these 

reagents is, however, sufficientfy basic to abstract both acetylenic and hydroxyl 

hydrogens. Diminished yieMs in reactions of these reagents with I-alkynes is 

attributed to this side reaction, Formation of an afkoxywprate intermediate in 

stannylcupration of hydroxy acetylenes is believed to be a key interaction 

dictating the regioselective formation of 1 -stannyl alkenes in these reactions. 

Regioseledi-ve formation of 2-stann y f and 1 -stann yl alkene isomers has 

been achieved in stannylcupration of I-alkynes by incorporating electron 

donating and withdrawing ligands, respectively, into the mixed stannylcuprate 

reagent. It is postulated that the acetyknic moiety initiaily coordinates to copper 

to fom a n;-complex. Polarization of the triple bond in this complex is dependent 

on the nature of the cuprale tigands and governs the regioselectivity in these 

reactions. The synthetic utility of the mixed n-E3u3Sn(R-C=CI2CuLi2-Lil reagent 

has been demonstrafed in the high@ tegioseiective (295 %) conversion of a 

I-afkyne to the corresponding (El vinylstannane as a key step in the 



stereospecific synthesis of the leafminer moth sex attractant, (4E,7T)-trideca- 

4,7-dienyi sttzetatite (106). 

Several new alkynylcuprate-based reagents have been identified by 

using 136 NMR and iff spectroscopic techniques. These studies indicate that 

(R-C&)2CuLi.til and (R-CrC)3CuLi2-Lil are formed as distinct species in the 

reaction of Cul with two and three equivalents of lithium acetylide, respectively. 

Formation of dirneric species, Me3 S n ( R  - C =C)CuLi.Lii and 

Me3Sn(R-C=Cf2Cu2Li-tit, is proposed in solutions cornpfised of a 1 :1 :I mixture 

of Me3SnLi, R-C=CU and Cuf. Addition of one equivalent of either R-CnCLi or 

Me3SnLi to this solution gives rise to the mixed higher order reagent, 

Me3Sn(R-C=C)2C~Li2-Lif. Disproportionation between alkynylcuprates is 

extremely facile, allowing ready interconversion between higher order and 

lower order species by addition of appropriate reagents. 



EXPERIMENTAL 

GENERAL 

Solvents. Solvents were purchased from Aldrich, Fisher or Malincrodt 

chemical companies and used directly without further purification. Anhydrous 

conditions: THF and diethyl ether were freshly distilled over potassium 

benzophenone-ketyl. CH2CI2 was freshly distilled from CaH2. Digryme was 

purchased as an anhydrous liquid. Dried DMF (distilled from CaH$ was 

distilled at room temperature under reduced pressure prior to use. DMSO, 

benzene, hexanes and Et3N were distilled from CaH2 and stored over 4 A 

molecular sieves under a positive pressure of argon. HMPA and CM3CN were 

distilled from CaH2 and stored, under argon, in bottles equipped with a three- 

way valve assembly. MeOH was distilled from Mg(OMe)* and stored over 4 A 

sieves. DMS was purchased as an anhydrous liquid and stored at -20 "C over 4 

A sieves. CD3CN was purchased as an anhydrous liquid in sealed ampules. 

The ampules were opened under nitrogen, fitted with rubber septa and CD3CN 

transferred via cannula. 

Reagents. Chemicals obtained commercially were of reagent grade 

quality and used directly without further purification unless indicated. 

Acetytenes were purchased from Farchan Laboratories lnc., distilled and stored 

at room temperature under positive pressure of argon. Diisopropylamine was 

distilled from CaH2 and stored at room temperature under argon. Liquid 

reagents synthesized-in tbe laboratory were stored at -20 "C in rubber septum 

capped vials under positive pressure of argon. n-Bu3SnH was stored at -20 "C, 

under argon, in a brown bottle containing several crystals of o-benzoquinone as 



a stabilizer. MeLi and n-BuLi were stored at -20 *C under argon and titraied 

periodically according to a literature procedure@ Air and moisture sensitive 

solids were stored in an evacuated desiccator containing CaS04 as a drying 

agent, ZnC12 was dried from the melt under reduced pressure. The cooled, 

glassy substance was ground with a mortar and pestle under an atmosphere on 

nitrogen. ZnBr2 was dried by refluxing in SO2CI2 for 2 hr followed by solvent 

removal under reduced pressure. N-chlorosuccinimide was recrystallized from 

acetic acid. CuCN was dried under high vacuum at 40 OC for 12 hr. Cul was 

purified according to a literature procedure and stored in a brown tinted vial 

under argon.69 Pd(PPh& was purchased from Aldrich chemical company. 

Manipulation of air and moisture sensitive reagents. Glassware, 

syringes, stainless steel needles and cannulae were dried in an oven at 150 OC 

for a minimum or 1 hr and then cooled by flushing with argon prior to use. 

Syringe plungers were coated with sufficient mineral oil to provide a gas tight 

sea! with their respedive barrels. Spatulas and other misceilaneous tools were 

flame dried directly prior to use and cooled under an atmosphere of nitrogen. 

Measurement and delivery of air and moisture sensitive liquids was 

accomplished with dry syringes. Solvents or solutions were transferred from 

one flask to another under anhydrous conditions via dry cannulae. Air and 

moisture sensitive solids were weighed in a glove bag under an atmosphere of 

nitrogen and stored in sealed vials prior to use. Solid samples were added to 

solutions from well inside the neck of the reaction vessel under a countercurrent 

of argon. 

Reactions demanding strict anhydrous conditions were carried out under 

slight positive pressure of argon in dry reaction vessels fitted with a rubber 

stopper, Argon was supplied to each flask via Teflon and Tygon tubing. An 18 



gauge needle, secured to the terminus of each argon line was pierced through 

the rubber septum and provided a gas-tight connection with the argon source. 

Pressure and flow of argon into the flask were monitored and controlled by 

means of a U-tube shaped mineral oil bubbler. 

Purification. Purification by flash chromatography was performed 

according to a literature procedure with Si02 (230-400 mesh) as the stationary 

phase?* 

Aluminum backed TLC plates were treated (after development) with an 

acidic solution of Ce(S04)2 (1 %) and molybdic acid (1.4 Oh) followed by 

charring on a hot plate in order to make the separated compounds visible. 

Preparative TLC plates were prepared by coating glass plates with an 

aqueous slurry of Si02 powder. The apparatus used in this procedure allowed 

the stationary phase to be applied at a thickness of 0.5 or 0.75 mm. The plates 

were air dried and activated by storing them at 150 OC overnight. Silver nitrate 

impregnated plates were prepared by admixing AgN03 (20 % by weight of 

silica) to the Si02 slurry. 1,4-dienes purified by preparative TLC were visualized 

by spraying developed plates with a solution of rhodamine 6 G (1 % in 

acetone). These compounds appeared as bright fluorescent bands under UV 

light. 

Air and moisture sensitive liquids were distilled under argon by using a 

vacuum-jacketed distillation apparatus fitted with a short Vigreux column. 

Liquids with boiling points greater than 100 "C were distiiled under reduced 

pressure. Reported boiiirtg points are uncorrected. 

Analyses. Gas Chromatographic analyses were performed on Hewlett 

Packard 5880A and 5890 chromatographs equipped with DB-1 capillary 

coiumt~s (15 m, id: 025 mm, film: 0.25 pm) and F. I. D. detectors. Injection ports 



and detectors were operated at 260 "C and 275 "C, respectively. Helium was 

used as the carrier gas. GC analytical data was recorded on a Hewlett Packard 

Model 3392A integrator. 

GC yields were determined by using hexadecane as an internal standard 

and calculated according to the formula: gl = A1/A2 x RRF x g2 (gl = grams of 

product; g2 = grams of ISTD.; Al = area under product (9,) peak ; A2 = area 

under ISTD. (g2) peak; RRF = relative response factor, Rfl/Rf2). Rf (g,/A,) values 

were determined for solutions containing a known mixture of gl and g2. An 

average value for solutions of varying concentration was used. Calculations 

and analyses were performed on the same gas chromatograph under identical 

operatirlg conditions. 

Mass spectral analyses were performed on a Hewlett Packard 59858 

GCIMS equipped with a DB-1 capillary column (30 m, id: 0.32 mm film: 0.25 pm) 

and a quadrupole mass analyzer, Ionization by electron impact (El) was 

typically carried out at 70 eV. lsobutane was used for chemical ionization (CI). 

High boiling liquids were analyzed by direct insertion probe. The ion source 

was operated at 200 OC. Data reported refer to the mass (m/e) and, in 

parentheses, the retative abundance of ion fragments. 

IH, 13C(1H) and 2H Nuclear magnetic resonance data were obtained on 

a Bruker AMX400 spectrometer equipped with a BT 1000 temperature control 

unit at an operating frequency of 400.1 3, 100.62 and 61.43 MHz, respectively. 

Unless specified, spectra were recorded at 298 O K  in CDC13. 1 H chemical shifts 

are reported relative to TMS (6 0 pprn). 2H chemical shifts are referenced to 

C6D6 (6 7.40 ppm). 33C (W) chemical shifts are referenced to: 6 77.0 ppm 

(CDCI3 solutions), 6 128.0 ppm (C6D6 solutions) and 6 68.6 ppm (THF 

solutions). Unless specified, tin-proton coupiing constants are reported as the 

average of ll%n and 11 7Sn values. 
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lnfra red spectra were recorded on Perkin-Elmer Model 599 B (calibrated 

to polystyrene) and Perkin-Elmer Model 1605 FT-IR spectrophotometers. 

Vapour phase IR spectra were obtained on a Bruker GC/FT/IR Model IFS85 

spectrometer. FT-1R data reported for liquids are of neat films between NaCl 

discs. Routine 1R spectra were obtained at ambient temperature with a 

resolution of 4 cm-1. 

Densities of liquids are reported as averages of three weight 

determinations of 1 mL samples. The volume was measured by using a 1 mL 

syringe fitted with a 20 gauge needle. 

Elemental analyses were performed by Mr. M. K. Yang of the 

microanalytical laboratory at Simon Fraser University using a Carlo Erba 

Model-1 106 Elemental Analyzer. 

CHAPTER I 

1.1 Preparation of y-Trialkylsilyl- and y-Trialkylstannyl-2(&)- 

Allylic Substrates. 

2-Octyn-1-01 (2). This compound was prepared according to a 

literature procedure? To a two-necked round-bottom flask containing a cooied 

(-78" 6) solution of I-heptyne (20 g, 0.21 mol) in THF (200 mL), was added a 

stight excess of n-BuLi (84 mL, 0.21 mol). After 30 min, paraformalds3yde (6.3 

g, 0.21 moi) was added to the faint green solution as a solid, in one portion. The 

resuftant suspension was warmed to room temperature over a period of ca. 12 

hr during which time a homogeneous, colourless solution formed. The mixture 

was poured into an ice-water slurry (100 ml )  and this mixture subsequently 



extracted with diethyl ether (3 x 50 mL). The combined organic fractions were 

dried over MgS04 and the solvent removed under reduced pressure. The 

remaining yellow oil was distilled under reduced pressure to afford 2 (22.5 g, 86 

%): bp: 51 "C/O25 mmHg (lit.71 91 "C/12 mmHg). The authenticity of 2 was 

verified by coinjection (GC) with an independently prepared and previously 

characterized sample.9 

3-Dimethyi(phenyl)silyl-2(Q-octen-1-01 (3). This compound was 

prepared according to a literature procedure72 from propargylic alcohol, 2, 

(1.70 g, 10 mmol) in THF (10 mL). The solution was quenched at room 

temperature by slow addition of a saturated aqueous solution of NH4CI (50 mL) 

and then sufficient HCI (2 M) added to dissolve zinc and aluminum hydroxides. 

Extractive work-up with diethyl ether (3 x 50 mL) yielded, after concentration, a 

crude oil which was flash chromatographed (Si02, 10 % EtOAc in hexanes) to 

afford pure 3 (2.18 g, 83 %) as a colourless liquid. The authenticity of 3 was 

verified by coinjection (GC) with an independently prepared and previously 

characterized sample.9 

1-Chloro-3-dimethyl(phenyi)silyl-2(E)-octene (4). This 

compound was prepared according to a literature procedure14 from allylic 

alcohol, 3, (2.0 g, 7.6 mmol). After stirring the solution at room temperature for 

45 min, the reaction mixture was extracted with hexanes (3 x 50 mL) and the 

combined organic fractions concentrated under reduced pressure. The 

remaining oil was flash chromatographed (Si02, 100 % hexanes) to afford 4 

(1.73 g, 81 %) as a colourless liquid. The authenticity of 4 was verified by 

coinjection (GC) with an independently prepared and previously characterized 

sample.9 



1.1.2 Me3Si Subsiituent (attempted). 

[a] To a solution of Me3SiLi72 (10 mmol) in HMPA (10 mL) was added at 

-10 OC ZnBr2 (1.13 g, 5 mmol) giving rise to a pale yellow, homogeneous 

solution within 30 min. Propargylic alcohol, 2, (0.5 g, 4 mmol) was added 

followed by CuCN (0.02 g, 0.2 mmol) and the solution stirred at room 

temperature for several hours. GC/MS analysis of the crude mixture revealed 

tha; the starting alcohol, 2, had been consumed to form a major reaction 

component that exhibited a mass fragmentation pattern consistent with the 

Me3Si ether of 2: (M+ 198), 183(-Me), 153(- 3xMe), 127(- C5Hl ,), 75(= 

HOSiMe3), 74(= 0SiMe3). This material proved to be unstable to silica and 

purification of the crude extract by flash chromatography (Si02, 5 % EtOAc in 

hexanes) resulted in conversion to starting alcohol, 2. 

[b] To a solution of ZnEt2 (1.02 mL, 10 mmol) in diethyl ether (5 mL) was 

transferred a solution of Me3SiLi (10 mmol) [prepared by reacting (Me3Si):! with 

MeLi172 in HMPA (5 mt) at 0 OC. Propargylic alcohol, 2, (0.5 g, 4 mrnol) was 

added to the yellow, homogeneous solution after 30 min followed by CuCN 

(0.02 g, 0.22 mmol). Stirring was continued at room temperature for several 

hours during which time the solution became progressively darker to eventually 

form a heterogeneous, black mixture. GC analysis of a quenched aliquot 

withdrawn from the reaction mixture showed that starting material had been 

consumed to form (unidentified) low boiling compounds. 

3-Tri-n-butylstannyt-2(E)-octen-1-01 (5). To a solution of 



stannytzinc reagent, 2f a, (17.8 mmoi) in THF (50 mL) was added a solution of 

propargylic alcohol, 2, (1.0 g, 7.9 mmol) in THF (2 mL) at -30 "C followed by 

addition of CuCN (0.15 g, 1.7 mmol). Addition of CuCN caused the solution to 

briefly turn red, then return to its original amber colour after approximately 30 

sec. The solution was warmed to room temperature overnight. Standard work- 

up and purification yielded 5 (1.35 g, 41 % ) as a colourless oil: IR (neat) 

3330(s), 2954(s), 2853(s), 236O(w), 1464(s), 141 8(w), l376(m), l34Q(w), 

1292(w), 106O(m), 1004(s) cm-1; 1 H NMR 6 5.37 (1 H, tt, J = 6 Hz; 1.2 Hz; 

3J1gSn.H = 70 HZ; 3$17Sn-H = 67 HZ, Bu3SnRC=CHR), 4.23 (2 H, d, J =  2 HZ), 

2.26 (2 H, t, J = 7  H z ; ~ J ~ ~ - ~  = 56 HZ, CH20H), 1.52-1.44 (6 H, m, 

R3Sn(RCH,)C=CHR), 1.35-1.28 (12 H, m, CH2), 0.96-0.86 (18 H, m, CH2, CH3); 

mass spectrum (El) 361 (M+ -Bu, 1 OO), 359(72), 357(43), 305(75), 303(57), 

301(35), 249(95), 247(68), 245(41), 179(42), 177(60), 175(39), 137(78), 

135(59), 133(38), 121(39), 119(31); Anal. Calcd. for C20H420Sn: C, 57.55; H, 

10.07. Found: C, 57.26; H, 1 0.1 0. 

1 -Chloro-3-tri-n-butyIstannyI-2(E)-o~tene (6). To an oven dried 

flask was added, under an atmosphere of argon, PPh3 (0.7 g, 4 rnmol) and the 

flask subsequently f~tted with a rubber serum stopper. Anhydrous CC14 (3 mL) 

was then injected, followed by transfer of a solution of allylic alcohol, 5, (0.9 g, 2 

mmol) in anhydrous CH3CN (3 mL). After stirring at room temperature for 1 hr 

the solution was concentrated under reduced pressure and the resultant yellow 

paste suspended in diethyl ether (2 mL). This mixture was subjected to flash 

chromatography (SO2, hexanes) to give 6 containing aliylic chloride, 8, as a 

minor impurity (6 % by GC). The latter was removed from the mixture under high 

vacuum overnight to yield 6 (0.89 g, 95 %) as a colourless liquid: d = 1.072; l H  

NMR (C6D6) S 5.92 (1 H, tt, J = 7 HZ; 1.1 HZ; 3 J  lgSn-H = 66 HZ; 3 6  17sn.H = 64 



Hz, Bu3SnRC=CHR), 3.94 (2 H, d, J =  7 Hz, CH2CI), 2.31 (2 H, dt, J =  7 Hz; 1.1 

HZ; 'JSneH = 57 HZ, R3Sn(RCH2)C=CHR), 1.72-1.52 (6 H, m, CH2), 1.46-1.35 (8 

H, m, CH2), 1.34-1.21 (4 H, m, CH2), 1.10-0.92 (18 H, m, CH2, CH3); mass 

spectrum (El) 381 (22), 379(M+ -Bu, 54), 377(44), 375(20), 343(14), 341 (1 2), 

325(19), 323(44), 321 (31), 31 9(17), 291 (14), 289(13), 273(17), 271 (36), 

269(1 OO), 267(99), 265(58), 21 5(l3), 21 3(27), 21 1 (27), 2O9(13), l79(24), 

177(47), 175(33), 173(19), 157(19), 155(35), 153(28), 151 (1 7), 121(21), 

119(15), 117(l I), 67(19), 57(23); Anal. Calcd. for C20H41CISn: C, 55.05; H, 

9.40. Found: C, 54.88; H, 9.22. 

3-Tri-n-butylstannyi-2(E)-octenyl acetate (7). To a solution of 

allyiic alcohot, 5,  (1.0 g, 2.4 mmol) in acetic anhydridz (5 mL) was added 

pyridine (ca. 2 mL) and the solution stirred at room temperature for 45 min. The 

solution was concentrated under high vacuum and then subjected to flash 

chromatography (SQ, 5 % EtOAc in hexanes) where compound 7 (1.1 0 g, 91 

%) was obtained as a colourless oil: 1R (neat) 2960(s), 2940(s), 2890(s), 

2870(s), l47O(m), l38O(m), 1 O8O(w), 1 O3O(m), 970(w) cm-1; 1 H NMR 6 5.62 (1 

H, tt, J = 6.5 Hz; 1.5 Hz; 3fl'9Sn-H = 68 Hz; 3J1 77S,-H = 65 Hz, Bu3SnRC=C HR), 

4-64 (2 H, d, J = 6.5 HZ, Cff20Ac), 2-29 (2 H, t, J = 7.5 HZ; 3JSn-H = 57 HZ, 

R3Sn(RCH2)C=CHR), 2.08 (3 H, s, C(0)Cff3), 1.53-1.45 (6 H, m, CH2), 1.36- 

1.27 (12 H, m, CH2), 0.98-0.88 (18 H, m, CH2, CH3); mass spectrum (El) 

403(M+ -80, 8),  401 (7), 399(4), 293(l 00), 291 (79), 289(48), 233(24), 231 (1 7), 

229(10), 179(74), 1?7(77), l75(5O), 121 (21), 11 9(17), 1 l 7 ( l  I), 67(14), 57(! 5). 

43(38); Anal. CaW. for C22H4402fn: C, 57.52; H, 9.59. Found: C, 57.56; H, 

9.89. 

Methyl 2-octynoate (9). To a solution of 1-heptyne (8.73 mL, 65 

rnmol) in THF (1 00 mL) was added at -78 *C n-BuLi (26 mL, 2.5 M, 65 mmol) 
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followed after 30 min by methyl chloroformate (5.0 mL, 65 mmol). The solution 

was warmed to room temperature, quenched with brine (10 mL) and diluted 

with diethyl ether (50 rnL). The mixture was washed with brine (3 x 50 mL) and 

the pooled aqueous layers back-extracted with hexanes (10 mL). Concentration 

of the organic fractions yielded after distillation 9 (9.76 g, 97 O/O) as a colourless 

liquid: bp: 37 OC/0.01 mmHg; IR (neat) 2956(s), 28E3(s), 2238(s), 171 8(s), 

1459(rn), 1435(s), 1254(s), lO77(s) em-1; 1H NMR 6 3.75 (3 H, s, 0CH3), 2.32 (2 

H, t, J =  7.1 Hz, CH2C=CR, 1.62-1.53 (2 H, m, CH2), 1.42-1.26 (4 H, m, CH2), 

0.89 (3 H, t, J=  7.1 Hz, CH2, CH3); mass spectrum (El) 139(M+ -Me, 7), 123(46), 

95(91), 93(39), 81(28), 79(81), 69(28), 67(74), 66(100), 59(37), 55(76), 53(50); 

Anal. Calcd. for C9Hl4O2: C, 70.13; H, 9.09. Found: C, 69.99; H, 9.05. 

Methyt 3-tri-n-butylstannyl-2(E)-octenoate (10). This compound 

was prepared following a literature procedure.3ob To a solution of n-Bu3SnLi21 

(70 mmol) in THF (200 mL) was added at -78 O C  CuBrDMS (14.4 g, 70 mrnol). 

The solution turned black immediately; the solution was stirred at -78 OC for 30 

min. A solution of alkynynoate, 9, (8.3 g, 54 mmol) in THF (10 mL) was then 

added to the mixture. After I hr anhydrous MeOH (excess) was introduced and 

the solution warmed to room temperature overnight. The mixture was 

subsequently poured into brine (300 mL) and extracted with diethyl ether (3 x 

50 mL). Concentration of the combined organic layers under reduced pressure 

yielded a crude liquid which was purified by flash chromatography (SO2, 3 % 

EtOAc in hexanes) to afford 10 (28.4 g, 91 %) as a colourless liquid: IR (neat) 

2956(s), 2854(s), 1721(s), 1592(m), 1464(m), 1432(w), 1377(w), 1351(m), 

12W(w), 1 f 91 (s), f f 67(s), 1 l 28 (~ ) ,  1073(~), 1040(~) cm-'; ' H NMR (C6D6) 6 

6.36 (1 H, t, J=  1.2 Hz; 3J19sn.H = 67 Hz; 3J17Sn.H = 65 Hz, Bu3SnRC=CHR), 

3.46 (3 H, S, O w 3 ) ,  3.27 (2 H, dt, J = 7 HZ; 1.2 HZ; 3JSn-H = 59 HZ, 



R3Sn(RC H2)C=CHR), 1.70-1.55 (8 H, m, CH2), 1.53-1.33 (10 H, rn, CN2), 1.12- 

0.92 (18 H, m, CH2, CH3); mass spectrum (El) 389(M+ -Bu, loo), 387(70), 

385(43), 333(51), 331 (36), 329(22), 277(43), 275(37), 273(25), 179(20), 

177(27), 175(18), 151 (X) ,  149(27), 147(15); Anal. Calcd. for C2, H4*02Sn: C, 

56.50; H, 9.42. Found: C, 56.88; H, 9.27. 

Alternative preparation of 5. To a solution of alkenoate, 10, (7.72 g, 

17.4 mmol) in THF (150 mL) was added dropwise, at -78 OC, neat 

diisobutylaluminum hydride (7.5 mL, 42 mmol) and the solution stirred for 1 hr. 

The solution was warmed to -30 OC and carefully quenched (exothermic 1) after 

1 hr by dropwise addition of MeOH. The mixture was diluted at room 

temperature with brine (200 mL), acidified (2 M HCI) and extracted with diethyl 

ether (3 x 50 mL). The combined organic extracts were concentrated and the 

resultant crude oil purified by flash chromatography (SiO*, 10 % EtOAc in 

hexanes) to afford 5 (6.71 g, 93 %) as a colourless oil. 

A1 ternative preparation of 6. This compound was prepared by 

reacting allylic alcohol 5 (6.71 g, 16.1 mmol) with N-chlorosuccinimide (0.23 g, 

1.7 mmol) and OMS (0.15 mL, 2 mmol) in CH2C12 (5 mL) at 0 O C  for 1 hr 

according to a literature procedure? Work-up and purification by flash 

chromatography (Si02, hexanes) yielded 6 (5.9 g, 84 %). 

1.1.4 Attempted Syntheses of Al&k Chloride 6- 

fa] To a solution of allyiic aicohoi, 5, (0.20 g, 0.48 mmol) in CC14 (2 mL) 

was added at room temperature PPh3 (0.25 g, 0.95 rnrnolj. Wet CH&N (2 m i )  

was added to the mixture after the PPh3 had completely dissolved (several 

minf- After 45 min the solution was concentrated under reduced pressure to 



approximately 1 mL and the resulting slurry purifiec! by flash chromatography 

(Si02, hexanes) to yield 1 -chloro-2(Z)-octene, 8, (0.06 g, 90 %) as a colourless 

liquid. The authenticity of this compound was verified by coinjection (GC) with 

an independently prepared and previously characterized sample.9 

[b] To a solution of aflyk alcohol, 5, (0.20 g, 0.48 mmol) in dry benzene 

(5 mL) was added at room tempemture, under argon, SOC12 (0.05 mL, 0.7 

mmol). Gas chromatographic analysis of a quenched (H20) sample taken from 

the mixture after 2 min revealed the major product to be 1-chloro-2(4-octene. 

[c] To a solution of allylic atcohol, 5, (0.20 g, 0.48 mmol) in freshly 

distilled THF ( 5 mL) was added at room temperature anhydrous ZnC12 (0.07 g, 

0.5 mmol) followed by PPh3 (0.40 g, 1.5 mmol). After the solids had dissolved 

(ca. 10 min) diethyl azodicarboxylate (0.24 mL, 1.5 mmol) was added slowly via 

syringe and the solutions stirred for 24 hr at room temperature? Gas 

chromatographic analysis of aliquots taken from the solution at regular intervals 

reveaied that 6 had not formed. GC integration revealed that the ratio of 5 to 

dodecane (ISTD) remained constant throughout the reaction indicating that the 

starting material was not consumed. 

I 2  Investigation of the Destannylation sf 3-Tri-n-butylstannyl 

Allylic Substrates. 

1.2.1 Attempted Destannylatim 

[a] To a solution of allylic acetate, 7, (0.50 g, 1 mmol) in THF (10 mL) was 

added either KC1 (0.08 g, f mmol), KBr (0.13 g, 1 mmol) or KI (0.1 8 g, 1 mmol) 

fofiowed by 18-crown-6 (0.29 g, 1 mmol). Transformation of 7 to the 



destannylated product, 11, was not detected even after refluxing for 4 hr. 

I&] To a solution of allylic acetate, 7 ,  (0.50 g, 1 mmol) in CCI, (5 rnL) 

CH&N (5 mL) was added AIBN (0.50 g, 2.6 mrnol). The mixture was stirred at 

50 *C overnight in an oil bath with simultaneous irradiation with a 100 W light 

bulb. Comparison of GC integration values indicated that the composition of the 

mixture remained unchanged i-e., none of the destannylated material, If, was 

detected. 

12.2 Electrophilic Capture of the Presumptive Vinyl Anim intermediate. 

[a] With H20: Z(ZfiOcteny1 acetate (11). An anhydrous solution of 

aflylic acetate, 7, (0.10 g, 0.22 rnmol), PPh3 (0.12 g, 0.46 mmol), CD&N (2 mL), 

CC14 (2 mL) [prepared as described in the synthesis of allytic chloride, 6f was 

stirred at room temperature for 1 hr followed by addition of HzU (excess). 

Extraction with diethyf ether (3 x 10 rnt), concentration and purificatian of the 

crude liquid by ffash chrmafography (SO2, 15 % EtOAc in hexanes) yielded 

11 (0.035 g, 95 %) as a cotourless liquid. 'ti NMR and MS data for the isolated 

material were identical to those of an authentic sample.9 

f133 With 2H20: [PHI-2(Z)-actenyf acetate (12). An anhydrous 

solution of alfyfic acetate, 7, (0.1 g, 0.22 mmol), PPh3 (0.12 g, 0.46 mmol), 

- CH3CN (2 mL), =I4 (2 mt.} was stirred at room temperature for 1 hr followed by 

a d d i n  of *H@ (excess). Work-up and purification as in fal yielded 12 (0.03 g, 

80 %) as a ~ u r i e s  IqM: IH MMR 8 5.61-5.44 (1 H, m, *HRC=@tfR), 4.62 (2 

H, d, J= 7 HZ, C ~ O A C ) ,  213-2.05 (2 H, t, d = 7 HZ, 2H(RC&)C=CHR), 2.06 (3 

W, s, C(0)CH3), 1.42-1.22 (6 H, rn, CH2), 0.90 (3 H, t, J = 7 Hz, G 4 ) ;  mass 

specburn (Elf I71 (M+, <I}, 142(3), f29(32), 128(12), 96jl7), 82(62), 69(38), 



[c] With Mef: To an anhydrous solution of alfytic acetate, 7, (0.50 g, 1 .I 

mmol), PPh3 (0-50 g, 1.9 mmol), CH3CN (5 mL), CC14 (5 mL) was added at 

room temperature Me! (1.3 mt, 2.1 mmol). The mixture was stirred at room 

temperature for 12 hr and the reaction monitored by GC analysis of aliquots 

removed at regular intervals. Starting material was not consumed and no new 

GC peaks attributable to coupled product were detected. 

[dl With altyl bromide: To an anhydrous solution [b] was added ally1 

bromide (0.04 mL, 46 mmol) and the mixture stirred at room temperature for 12 

hr. GC analysis of atiquots re:noved at regular intervals revealed that starting 

material was not consumed. No new GC peaks attributable to coupled product 

were detected. 

[el With benzaldehyde: I ,I-dichloro-2-phenylethene (1 3). To 

anhydrous solution [b] was added benzaldehyde (0.5 mL, 49 mmol) at room 

temperature and the mixture stirred for 1 hr. Work-up and purification yielded 13 

as a colourfess liquid: 1H NMR 6 7.57-7.50 (2 H, m, Ar), 7.42-7.35 (3 H, m, Ar), 

6.87 (1 H, s, PhHC=CCl2); mass spectrum (El): 1 76(l O), 1 74(67), 1 72(M+, 1 OO), 

f.3 Preparation of Propargylic Substrates. 

1 -Tetrahydropyranyioxy-2-octyne (1 4). This compound was 

prepared foIIowing a fiteraturn procedure? To a cooled solution (0 OC) of 

rrimhof, 2, (5.0 g, 7.9 m d )  in CFi22l2 (5 mL) was added an excess of 3,4- 

dihydro-2H-pyrm (1 mL) followed by several crystafs (ca. 2 mg) of p- 



toluenesulfonic acid. After 10 min the flask was removed from the ice bath and 

stirring continued for 1 hr at room temperature. Solvent and unreacted 3,4- 

dihydro-2H-pyran were removed under reduced pressure and the remaining oil 

purified by ffash chromatography (SO2, 5 % EtOAc in hexanes) to yield 14  

(1.32 g, 80 %) as a colouriess oil: IR (neat) 2936(s), 28fXfs), 2237(w), 1455(m), 

1344(rn), 1201(m), 11 18(m), 1024(m) cm-1; AH NMR 6 4.80 (1 H, t, J = 3.5 Hz, 

CH(THP)), 4.28 (1 H, dt, J= 14 HZ; 2.5 HZ, CHHOTHP), 4.18 (1 H, dt, J= 14 Hz; 

2.5 Hz, CHI-IY)THP), 3.88-3.82 (1 H, m, CH W (THP)), 3-55-3.48 (1 H, m, CHH 

(THP)), 2.18 (2 H, tt, J= 7 Hz; 2.5 Hz, CH2C&R), 1.90-1.70 (2 H, m, CH2), 1.67- 

1.47 (6 H, m, C k ) ,  1.40-1.25 (4 H, m, CH2), 0.88 (3 H, t, J =  7 Hz, CH2, CH3); 

mass spectrum (CI) 21 1 ((M+1)+, 100), 109(17); Anal. Calcd. for C13H2202: C, 

74.24; H, 1 0.47. Found: C, 74.50; H, 1 0.70. 

I-(ferf-Butyldirnethy1siloxy)-2-octyn-1-01 (1 5). To a solution of 

alcohol, 2, (1.0 g, 7.9 mmot) in anhydrous CH2CI2 (50 mL) was added 

&BuMe2SiCl (1 -3 g, 8.6 mmol) and the slurry stirred at room temperature until a 

dear sofution was obtained.. The solution was cooled to 0 O C  and an excess of 

dry Et3N (ca. 3 mL) added followed by several crystals (ca. 5 mg) of 4- 

dim&hylminopyridine* The reaction vessel was removed from the cooling bath 

and the solution stirred for 3 hr at roctrn temperature. The mixture was diluted 

with diethyl ether (100 mL), washed with brine (50 mL) and the organic layer 

dried over MgS04. Concentration under reduced pressure yielded crude 15 (> 

90 % pure). Removai of minor contaminants was achieved by flash 

chromatography (SiU2, 15 76 EtOAc in hexanes) to yield 15 (1 -80 g, 94 %) as a 

colourless liquid: iR (neat) 2956(s), 2930(s), 2858(s), 2234(w), 1471(m), 

t42(rn), 1368(rn), 1253(rn), 1081(s) cm-1; 1H NMR 6 4.30 (2 H, t, J = 2 Hz, 

C&OSiCBuMe2), 2.19 (2 H, tt, J = 7 Hz; 2 Hz, CH2), 1.49 (2 ti, quint, J = 7 Hz, 



CH2), f -40-1.25 (4 H, m, CH2), 0.93-0.83 (12 H, m, CH2, CH3), 0.12 (6 H, s, 

Si(CH3)2); mass spectrum (Cf) 241 ((M+1)+, 1 00), f 83(28), 145(12), I og(49); 

Anal. Calcd. for C14H280Si: C, 70.00; H, 1 1.67. Found: C, 69.78; H, 1 1.45. 

2-Octynyi acetate (16). To a solution of alcohol, 2, (1 .OO g, 7.94 

rnrnol) in acetic anhydride (3 mL) was added pyridine (ca. 2 mL) and this 

mixture stirred at room temperature for 45 min. Concentration under high 

vacuum yielded a crude liquid which was purified by flash chromatography 

(SO2, 15 % EtOAc in hexanes) to afford 16 (0.71 g, 53 % ) as a colourless 

iiquid: IR (neat) 2934(s), 286 1 (s), 2238(w), 1749(s), l456(m), l436(m), 

1378(m), 1359(rn), 1223(s), 966(m) em-1; 1H NMR 6 4.67 (2 H, t, J = 2.5 Hz, 

CW20Ac), 2.20 (2 H, tt, J = 7 HZ; 2.5 HZ, RCH2C=CR), 2.10 (3 H, S, C(0)CH3), 

1.35 (2 H, quint, J= 7 Hz, CH2), 1.25 (4 H, m, CH2), 0.83 (3 H, t, J =  7 Hz, CH3); 

mass spectrum (CI) I69f(M+l f+, 1 00), 127(83), 109(92); Anal. Calcd. for 

Cl0Hl6o2: Ct 71 -43; H, 9.52. Found: C, 71 -36; H, 9.74. 

1-Tetrahydropyranyloxy-2-butyne (17). This compound was 

prepared according to the procedure outlined for the synthesis of alkyne 14, 

starting with 2-butyn-1-01 (3.0 g, 43 mmol). Work-up and purification by 

distillation yielded 17 (4.97 g, 75 %) as a colourless oil: d = 0.966; bp: 55 

"Cf0.25 mmHg; I R (neat) 2942(s), 2869(s), 2222(w), 1 722(w), l44Z(m), 

f346(m), 1 132(m), 1 1 17(m), 1 O26(s) cm-1; 1H NMR 6 4.80 (1 H, t, J = 3 Hz, CH 

(THP), 4.28 (1 H, dq, J=  15.5 Hz; 2.5 Hz, CHmTHP), 4.16 (1 H, dq, J=  15.5 Hz; 

2.5 Hz, CHHOTHP), 3.88-3.79 (2 H, m, CH2 (THP)), 1.85 (3 H, t, J = 2.5 Hz, 

CH3), 1.83-1.48 (6 H, m, CH2 (THP)); mass spectrum (El) ?53(M+ -H, 3), 

11 1(25), 101 (79), 85(t00), 84(18), 83(26), 71 (12), 69(10), 67(25), 57(l5), 

56(13), 55(30), 53(53), 43(19), 41 (N), mass spectrum (CI) 155(M+1)+; Anal. 

Cdcd. for C9X14U2: CI 70.13; H, 9.09. Found: C, 70.28; H, 8.81. 



Alternative preparation of 57 .  To a solution of 

3-tetrahydropyranyloxy-1 -propyne (1 0.0 g, 71.4 mmol) in TH F (200 mL) at 

-78 OC was added n-BuLi (29 mL, 73 mmol) over a period of 10 min. After 30 

min at -78 OC, Me1 (4.6 mL, 74 mmol) was added and the solution stirred at 

-30 OC for 30 min before adding anhydrous HMPA (ca. 100 ml). The mixture 

was warmed slowly to room temperature and then allowed to stand overnight; it 

was then diluted with brine (50 mL) and hexanes (100 mL). The solution was 

washed with brine (3 x 100 ml), the aqueous layers back-extracted with 

hexanes and the combined organic fractions dried (MgSQ) and concentrated 

under reduced pressure. Distillation of the crude pale green oil yielded 17 

(10.74 g, 98 %) as a colourless liquid. 

1.4 Stannylzincation of Alkynes, 

General Procedure. Substrates were added to the stannylzinc 

reagent, 21a, in THF (20 mL) at -30 OC followed by CuCN (0.18 g, 0.20 mmol, 

10 %). Solutions were warmed slowly to room temperature and allowed to 

stand overnight. Reaction mixtures were diluted with brine (100 rnL), extracted 

with hexanes (3 x 50 ml) and the organic layers combined, dried (MgS04) and 

concentrated under reduced pressure. The crude products were purified by 

flash chromatography. 

1 -Tetrahydropyrany~-3-tri-n-butylstannyl-2(E)-octene (1 8). 

Reaction of atkyne, 14, (0-20 g, 0.95 mmol) yielded 18 (0.15 g, 32 %) as a 

cotaurtess oil after work-up and purification by flash chromatography (SOz, 5 % 



EtOAc in hexanes): IR (neat) 2956(s), 2922(s), l463(m), l376(m), 1 1 17(m), 

1077(m), 1024(~) cm-I ; H NMR 6 5.90 (1 H, t, J = 6 HZ; 3jsn-H = 70 HZ, 

(R3Sn)RC=CNR), 4.63 (1 H, t, J = 4  HZ, CH(THP), 4.26 (1 H, dd, J =  12.5 HZ, 5.5 

Hz, CHHOTHP)), 4.17 (1 H, dd, J =  12.5 Hz; 7 HZ, CHKITHP)), 3.93-3.86 (1 H, 

m, CHH (THP)), 3.54-3.48 (1 H, m, CHH (THP)), 2.35-2.15 (2 H, m, 

(R3Sn)RCH2C=CHR), 1.91-1.80 (1 H, m, CHM (THP)), 1.77-1.68 (1 H, m, CHH 

(THP)), 1.63-1 A2 ( I  0 H, m, CH2), 1.35-1.22 (12 H, m, CH2), 0.93-0.83 (1 8 H, m, 

CH2, CH3); Anal. Calcd. for C25H5002Sn: C, 59.88; H, 9.98. Found: C, 59.61; H, 

9-69, 

1 -(tert-Butyldimethylsiioxy)-3-triln-butylstannyl-2(E)-octen-l- 

ol (19). Reaction of alkyne, 15, (0.25 g, 1.0 mmot) yielded 19 (0.2 g, 36 %) as 

a colsurless oil after work-up and purification by flash chromatography (Si02, 

hexanes): IR (neat) 2956(s), 2926(s), 2855(s), 1464(m), 1253(m), 1096(m), 

1 O72(m) cm-I ; 1H NMR S 5.62 (1 H, tt, J = 5.5 Hz; 1.5 Hz; 3J1 9Sn+ = 72 Hz; 

3J'i7Sn-H = 70 Hz, (Bu3SnRC=CHR)), 4.30-4.25 (2 H, m, CH20Sit-BuMe,), 

2.10 (2 H, t, J =  7 Hz; 3JSn-H = 58 Hz, (R3Sn)RCH2C=CHR)), 1.52-1.43 (6 H, m, 

CH;?), 1.35-1.24 (12 H, m, CH2), 0.92-0.83 (27 H, m, C&, CH3), 0.10 (6 H, s, 

Si(CH3)& mass spectrum (Cl) 475(M+ -Bu, 14), 473(12), 471(5), 291(100), 

289(76), 287(24), 133(29); Anal, Calcd. for C26H560SiSn: C, 58.75; H, 10.55. 

Found: C, 58.60; H, 10.25. 

1-Tri-n-butylstannyl-2-octyne (20). Reaction of propargylic acetate, 

16, (0.45 g, 2.6 mmol) yielded 20 (0.68 g, 65 %) as a colourless oil after work- 

up a d  purification by flash chromatography (SQ, hexanes): IR (neat) 2940(s), 

2910(s), 2840(s), 2200(w), 1453(m), 1370(m), 1150(m), 1068(m) cm-1; IH NMR 

6 2.13 (2 H, tt, J =  4 Hz; 2.5 Hz, CH+CCH2SnBu3), 1.61-1.40 (10 H, m, CH2), 

1.39-1.24 (10 H, m, C h ) ,  1.05-0.85 (18 H, m, CH2, CH3); 13C NMR 6 80.0 
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(CS),  77.9 (CEC), 31 -6, 31.2, 29-31 29.0, 2 7 . 3 ( 1 ~ ' ~ ~ - ~  = 53.5 HZ), 22.3, 19.1, 

14.0, 13.6, 9.8(' Js,-C = 312.4 Hz); mass spectrum (El) 343(M+ -Bu, 12), 

341 (1 O), 339(5), 291 (55), 289(42), 287(21), 235(68), 233(57), 231 (361, 

177(1 OO), 175(66), 173(23), 121 (40), 119(34), 117(19), 95(28), 83(25), 71 (33), 

70(29), 69(26), 67(31), 57(45), 55641 ); Anal. Calcd. for C20H40Sn: C, 60.1 4; H, 

10.02. Found: C, 60.34; H, 10.20. 

1 A.2 Stannylzincation of Alkyne 17 with Various Reagents. 

General Procedure. To solutions of stannylzinc reagents 21a-22b (2 

mmol) were sequentially added alkyne, 17, (0.21 mL, 1.3 mmol) in THF (2 mL) 

and CuCN (0.018 g, 0.20 mmol). The solutions were warmed to room 

temperature over 5 hr and quenched by careful addition of a saturated NH&I 

solution. The mixtures were diluted with brine (100 mL) and extracted with 

diethyl ether (3 x 20 mL). The combined organic layers were dried (MgS04), 

concentrated under reduced pressure and the resulting liquids purified by flash 

chromatography (SO2, 5 % EtOAc in hexanes). 

Preparation of ( n - f 3 ~ ~ S n ) ~ Z n  (21a) derived from ( n - B t ~ ~ S n ) ~ .  

To a solution of n-Bu3SnLi (4.0 mmol) [prepared by treatment of ( n - B ~ ~ s n ) ~  

with n-BuLi at -30 OC for 1 hrj2o in THF (20 mL) at -30 OC was added anhydrous 

ZnBr2 (0.45 g, 2.0 mmol) or ZnC12 (0.27 g, 2.0 mmol). The yellow suspension 

was subsequently warmed to 0 OC and stirred until all the solid zinc halide had 

reacted to form an amber solution fca. 30 min). 

Preparation of n-  B ti3S n Z n E t &i (21 b) det ived f rom 

( ~ B u ~ s n ) ~  TO a solution of n-Bu3SnLi20 (2.0 mmol) in THF (20 mL) at -30 O C  

was added ZnEt2 (0.20 mt, 2.0 mmd) as a neat liquid. The mixture was stirred 



at 0 OC for 30 rnin to give desired yellow soiution 

Preparation of ( n - B ~ ~ s n ) ~ Z n  (22a) derived from n- Bu3SnH. A 

THF (20 mL) solution of this reagent was prepared in a similar manner to 21a 

with the exception that n-Bu3SnLi (4.0 mmol) was generated by deprotonation 

of n-Bu3SnH with lithium diisopropylamide.21 The tin anion prepared in this 

fashion reacted with ZnBr2 (0.45 g, 2.0 mmol) or ZnC12 (0.27 g, 2.0 mmoi) to 

give an amber coloured solution after stirring at 0 OC for 30 min. 

Preparation of n-Bu3SnZnEt2ti (22b) derived from n-Bu3SnH. 

To a cooled (-30 OC) solution of n-BugSnLizl (2 mmol) in THF (20 mL) was 

added neat ZnEtz (0.20 mL, 2.0 mmol). The mixture was stirred at 0 OC for 30 

min to give the desired yellow solution. 

[a] Reaction of alkyne, 17, with stannylzinc reagent, 21a, yielded 23 

and 24 (98:2, 0.44 g, 76 %) as a cofourless liquid after work-up and purification. 

Prolonged reaction times resulted in lower yields (r.t./12hr, 0.23 g, 39 %). 

[b] Reaction of alkyne, 17, with stannylzinc reagent, 21 b, yielded 23 

and 24 (94:6, 0.42 g, 73 O h  ) after work-up and purification. 

[c] Reaction of alkyne, 17, with stannylzinc reagent, 22a, yielded no 

detectable amount of 23 (by GC). Alkyne 17 was recovered (0.16 g, 78 %) after 

work-up and purification. 

[dl Reaction of alkyne, 17, (2.0 g, 1.3 mmol) with stannylzinc reagent, 

22b, also yielded no detectable amount of 23 (by GC). Alkyne, 17, was 

recovered (0.14 g, 70 %) after work-up and purification. 



4-Tetrahydropyranyloxy-2-tri-n-butylstannyl-2(E)-butene (23). 

IR (neat) 2955(s), 2923(s), 2871 (s), 2851 (s), 1464(m), 11 16(m), 1078fsn), 

1025(m) cm-l; 'H NMR 6 5.70 (1 H, m, 343n-H = 70 Hz, Bu3SnRC=CHFI), 4.65- 

4.60 (1 H, m, CH (THP)), 4.33-4.25 (1 H, m, CHHOTHP), 4.22-4.15 (1 H, m, 

CHHOTHP), 3.95-3.87 (1 H, m, CHH (THP)), 3.55-3.48 (1 H, m, CHH (THP)), 

1.95-1.80 (4 H, m, CH (THP)), 1.78-1 -68 (1 H, m, CHH (THP)), 1.63-1.44 (1 0 H, 

m, CH2, CH3), 1.28 (6 H, sext, J =  7 Hz, CH2), 0.97-0.80 (15 H, m, CH2, CH3); 

mass spectrum (El) 389(M+ -Bu, 44), 387(32), 385(19), 305(66), 303(47), 

301 (28), 287(15), 285(10), 179(17), 177(31), 175(23), l73(13), 121 (12), 

85(100); Anal. Calcd. for C21H4202Sn: C, 56.50; H, 9.42. Found: C, 56.67; H, 

8.93. 

4-Tetrahydropyranyloxy-3-tri-n-butylstannyl-2(E)-butene (24). 

An analytically pure sample was prepared by purification of a mixture of 23 and 

24 by flash chromatography (SO2, 2 % EtOAc in hexanes): 1R (neat) 2954(s), 

2925(s), 2871 (s), 2851 (s), 1456(m), 1 128(m), 1078(m), 1025(m) ern-'; 1 H NMR 

6 5.64 (1 H, qt, J = 6.6 HZ; 2.5 HZ; 3 3  1g9sn-H = 71 HZ; 3J117Sn.H = 69 HZ, 

RHC=CRSnBu3), 4.66 (1 H, t, J =  3 Hz, CH (THP)), 4.55 (1 H, dq, J = 12 Hz; 1 

Hz, CHHOTHP), 4.05 (1 H, dq, J =  12 Hz; 1 Hz, CHHOTHP), 3.90-3.79 (1 H, m, 

CHH (THP)), 3.55-3.46 (1 H, m, CHH (THP)), 1.91-1.79 (1 H, m, CHH (THP)), 

1.67 (3 H, d, J = 6.6 Hz, C&), 1.66-1.58 (1 H, m, CHH (THP)), 1.56-1.42 (10 H, 

m, CH2), 1.30 (6 H, sext, J =  7 Hz, CH2), 0.91-0.84 (15 H, m, CH2, CH3); mass 

spectrum (El) 389(M+ -Bu, 71), 387(48), 385(31), 335(58), 333(50), 331 (26), 

251(100), 249(81), 247(49), 235(30), 233(28), 231(17), 179(70), 177(90), 

175(59), 137(56), 135(42), t33(28), 121(35), 119(25), 117(15); Anal. Calcd. for 

C21H4202Sn: C, 56.50; H, 9.42. Found: C, 56.43; H, 9.25. 



1.4.3 Effect of Diisopropyfamine and Lithium Diis~propyfamide on 

Stannylzincatiun of Aikyne 17. 

fa] To a solution of n-Bu3SnLi20 (4 mmol) in THF (20 mL) at -30 OC was 

adcad diisopropylamine (0.56 mL, 4 mmol) followed by ZnBr2 (0.45 g, 2 rnmol) 

and the suspension stirred at 0 OC for 30 min. The yellow solution was coofed to 

-30 OC, alkyne, 17, (0.21 mL, 1.3 mmol) was added followed by CuCN (0.018 g, 

0.2 mmol) and the mixture warmed to room temperature over 5 hr. Work-up and 

purification in the usual manner yielded 23 and 24 (93:7 (by GC), 0.42 g, 

73 %). 

[b] To a solution of LDA (4 mmol) in THF (20 mL) at -30 OC was added 

ZnBr2 (0.45 g, 2 mmoi) and the suspension stirred at 0 OC for 30 min. To the 

colourless solution was then added n-Bu3SnH (I .I mL, 4 mmol) and the 

mixture stirred for 30 min. The mixture was cooled to -30 OC, alkyne, 17, (0.21 

mL, 1.3 mmol) added and the solution warmed with stirring to room temperature 

over 5 hr. Work-up and purification in t3e usual manner yielded I 7  (0.14 g, 

70 % recovered). Stannanes, 23 and 24, were not detected by GC analysis. 

1.4.4 Effect of CuCN on Stannyizincafion of Alkyne 17. 

General Procedure. The following experiments were conducted in a 

manner identical to that described for the stannylzincation of alkyne, 17, (1.3 

mmol) with stannylzinc reagent, 21a, (2 mmol). Varying amounts of CuCN were 

added to these solutions which were then warmed to room temperature over 5 

ttr and subsequefitty quenched with MeOH. Work-up and purification was 

carried out as described above for stannylzincation reactions. Ratios of product 

isomers were determined by GC analysis. 



[a] When no CuCN was added to the solution, work-up and puriiication 

yielded 23 and 24 (92:8, 0.1 5 g, 26 %). 

[b] When 0.1 equiv. of CuCN (0.018 g, 0.2 mmol) was added to the 

solution, work-up and purification yielded 23 and 24 (98:2, 0.44 g, 76 %). 

[c] When 0.5 equiv. of CuCN (0.09 g, I mmol) was added to the mixture, 

a burgundy solutiorl was obtained immediately. Work-up and purification 

yielded 23 and 24 (26:74, 0.13 g, 23 %). 

[dl When 1 equiv. of CuCN (0.18 g, 2 mmol) was added to the mixture a 

red solution as in [c] was formed. Work-up and purification yielded 23 and 24 

(31:69, 0.12 g, 21 %). 

1.5 Model Syntheses of Z,Z-1,495ienes. 

I-lodo-1-nonyne (25). To a solution of 1-nonyne (3.0 g, 24 mmol) in 

THF (50 mL) was added at -78 OC n-BuLi (10 mL, 2.5 M, 4.5 mmsl). After 30 min 

a solution of l2 (7.6 g, 60 mmol) in THF (ca. 10 mL) was slowly added until a red 

colour persisted for 10 min. The mixture was warmed to room temperature and 

diluted with brine (100 mL) and a saturated solution of Na2S208 (10 mL). The 

solution was extracted with hexanes (3 x 50 mL) and the combined organic 

layers dried (MgS04) and concentrated to give a green oil. Purification by 

distillation afforded 25 (5.6 g, 93 %) as a faint pink liquid: bp: 56 O U 0 . 3  mmHg. 

The authenticity of 25 was verified by coinjection (GC) with an independently 

prepared and previously characterized sarnpie.9 



1-lodo-l(2)-nonene (26). To a solution of alkynyl iodide, 25, (9.6 g, 

38 mmol) in anhydrous digiyme (50 mL) at 0 OC was added BH3*DMS (1.4 mL, 

10-10.2 M, ca. 14 mmol). Stirring was continued for 1 hr at O OC and then at 

room temperature for 2 hr during which time the solution turned deep red. 

Propionic acid (3 mt, 40 mmol) was added and the mixture refluxed for 3 hr, 

cooled to room temperature and subsequently poured into an ice-water solution 

of NaOH (2 M, 200 mL). The quenched mixture was diluted with hexanes (100 

mL) and washed with brine (3 x 50 mL). Back-extraction of the aqueous layers 

with hexanes (10 mL) followed by concentration of the combined organic 

fractions under reduced pressure yielded a crude orange liquid. Purification by 

distillation afforded 26 (4.70 g, 49 %) as a faint pink liquid: bp: 65 OC/0.3 mmHg; 

IR (vapour) 2964(m), 3080(s), 2868(m), 1607(w), 1464(w), 1288(m), cm-1; AH 

NMR 6 6.02-6.13 (2 H, m, IHC=CHR), 2.18-2.08 (2 H, m, IHC=CHCH2), 1.48- 

1.38 (2 H, m, CH2), 1.38-1.20 (8 H, m, CH2), 1.90 (3 H, t, J =  7 Hz, CH3); mass 

spectrum (El) 252(M+, 3), 167(10), 154(13), 83(53), 70(14), 69(100), 67(10), 

57(17), 56(13), 55(50), 53(10), 43(35), 41(39); Anal. Calcd. for C9H171: C, 42.86; 

H, 6.75. Found: C, 43.14; H, 6.58. 

1.5.1 Cross-Coupling of Allyic Chloride 4 with I (2''-Nonenyldiisobu tylalane. 

(GE,9Z)-6-Dimethyl(phenyl)silylheptadeca69diene (27). To a 

solution of vinylalane, 32, (1.1 mmol) in diethyl ether (2 mL)/THF (2 mL) at 

-30 OC was added allylic chloride, 4, (0.174 g, 1 mmol) and Pd(PPh& (0.1 g, 

0.1 mmol) and the yetlow solution heated to 60 *C f ~ r  2 hr. The solution was 

diluted with aqueous NHBCI (100 mL) and this mixture extracted with hexanes 

(2 x 30 mL). The combined organic extracts were dried (MgS04) and 

concentrated under reduced pressure. The resulting crude oil was purified by 



preparative TLC (Si02-AgN03 (20 %), hexanes) to yield 27 (0.22 g, 73 %) as a 

colourless oil: l H  NMR 6 7.55-7.43 (2 H, m, Ar), 7.38-7.28 (3 H, m, Ar), 5.77 fl H, 

t, J =  7Hz, PhMe2SiRC=CHR), 5.45-5.32 (2 H, m, RHC=CHR), 2.85 (2 H, t, J =  

6.5 Hz, C=CCH2C=C), 2.1 3-2.00 (4 H, m, C=CRCH2), 1.34-1 .O6 (1 6 H, m, Ch), 
0.83 (3 H, t, J = 7 Hz, GH3) ,  0.76 (3 H, t, J = 7 Hz, CH3), 0.28-0.25 (6 H, m, 

Si(CH3)2); 13C NMR 6 139.4, 134.0, 130.5, 128.7, 127.7, 127.6, 32.2, 31.9, 29.9, 

29.7, 29.3, 29.2, 27.3, 27.1, 22.7, 22.4, 14.1, 14.Q, -2.6; mass spectrum (El) 

370(M+, <I), 234(4), 152(1), 137(5), 136(14), 135(100), 123(1), 122(2), 121 (1 I), 

1 l9(2), 109(2), 107(4), 105(3), 91(2), 81(2), 79(2), 59(4), 43(7); Anal. Caicd. for 

C25H42Si: C, 81-08; H, 11.35. Found: C, 80.97; H, 11.48. 

(62,9Z)-Heptadeca-6,9-diene (28) [impure]. To a solution of 

diene, 27, (0.19 g, 0.5 mmol) in DMF (5 mL) was added n-Bu4NF (1 .O mL, 1 .O 

M, 1.0 mmol) and the mixture heated to 60 OC. Desilylation was monitored by 

GC and was complete after 1.5 hr to form diene, 28, and other products that 

gave closely eluting peaks to that of 28 (GC) in an overall ratio of 7228, 

respectively. The latter compounds were identified by GUMS to have the same 

molecular weight as 28 and therefore are presumed to be isomers of 28. 

1.5.2 Cross-Coupling of Allylc Chloride 6 with Z Vinyl Organometallic 

Reagents. 

B-methoxy-9-BBN (29). This compound was prepared according to a 

literature procedure.75 Addition of anhydrous MeOH (2 mL, 32 mmol) to a THF 

solution of 9-BBN (40 mL, 0.5 MITHF, 20 mmol) afforded 29 (2.8 g, 92 %) as a 

colourless liquid after distillation: bp: 36 OC, 0.2 mmHg. 



1 (I)-Nonenyl-9-BBN (30). This compound was prepared according 

to a literature procedure.76 Treatment of the Z vinylboronate with BF3-Et20 in 

the final step yielded a slurry which was passed through a sintered glass filter 

under argon to give a clear, pale green solution. Solvent was removed under 

reduced pressure and the remaining olive green oil distilled to afford 30 as a 

colourless liquid: bp: 60 OC/0.025 mmHg; AH NMR 6 6.43 (1 H, dt, J = 13.5 Hz; 

7.5 HZ, R2BHC=CHR), 6.13 (1 H, dt, J= 13.5 HZ; 1 HZ, R2BHC=CHR), 2.31 (2 H, 

ddt, J = 7.5 Hz, 1 Hz, R2BHC=CHCH2), 1.98-1.67 (12 H, m, CH2), 1.50-1 .I6 (12 

H, m, CH, CH2), 0.86 (3 H, t, J= 7 Hz, CH3). 

[a] Cross-Coupling with 1(Z)-Nonenyllithium (31). To a solution 

of vinyl iodide, 26, (0.13 g, 0.5 mmof) in diethyl ether (2 mL) at -70 OC was 

added t-BuLi (0.59 mL, 1.7 M, 1 mmol). A white precipitate was formed within 

seconds; the solution was stirred at -70 OC for 30 min and then at -30 OC for an 

additional 30 min. The mixture was diluted with THF (2 mL) which caused the 

precipitate to dissolve. Aliylic chloride, 6, (0.2 mL, 0.5 mmol) was added 

followed by hexadecane (ISTD, 0.2 mL) and Pd(PPh3)4 (0.12 g, 0.1 mmol). The 

solution was stirred at -30 OC for 30 min and then warmed to room temperature 

over 15 min. Gas chromatographic analysis of a quenched aliquot revealed that 

diene, 36, had formed in 46 % yield. 

jb] Cross-Coupling with I(Z)-Nonenyldiisobutylalane (32). To 

a solution of vinyllithiurn, 31, (0.5 mmol) in diethyl ether (2 mL)/THF (2mL) at 

-30 OC was added Et2AIC1 (0.06 mL, 0.5 mmol) giving rise to a white suspension 

(LiGi) within seconds. After 15 min allylic chloride, 6, (0.2 mi ,  0.5 mmol) was 

added followed by hexadecane (ISTD, 0.2 mL) and Pd(PPh3), (0.12 g, 0.1 

mmol) and the mixture heated to 50 OC for 2 hr. Gas chromatographic analysis 

of a quenched aliquot revealed that diene, 36, had formed in 42 % yield. 
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[c] Cross-Coupling with 1 (a-Nonenyl-8-methoxy-9-BBN (33). 

To a solution of 31 (1.5 mmol) in THF (5 mt) was added at -30 OC a soiution of 

29 (0.23 g, 1.5 mmol) in THF (1 mL). After 5 rnin NaOMe (0.25 g, 5 mrnol) was 

added followed by aliylic chloride, 6, (0.2 mL, 0.5 mmol), hexadecane (ISTD, 

0.2 mL) and Pd(PPh& (0.12 g, 0.1 mmol). The solution was heated to 60 OC for 

3 hr. Gas chromatographic analysis of a quenched aliquot revealed that diene, 

36, had formed in 5 % yield. Similar results were obtained starting with 

vinylborane, 30, (0.123 g, 0.5 mmol). 

Id] Cross-Coupling with 1 (a-Nonenylzinc bromide (34). To a 

solution of vinyllithiurn, 31, (0.5 mmof) in diethy1 ether (2 mL)fTHF (2 mL) at 

-30 *C was added Zn8r2 (0.1 13 g, 0.5 mmol). The suspension was stirred at 

0 *C for 15 min during which time the precipitate dissolved. Allylic chloride, 6, 

(0.2 mL, 0.5 mmol) was then added followed by hexadecane (ISTO, 0.2 mL) 

and Pd(PPh3)4 (0.12 g, 0.1 mmol) and the solution stirred at room temperature 

for 30 min. Gas chromatographic anafysis of a quenched aliquot revealed that 

diene, 36, was formed in 80 % yield. in addition, a compound presumed to be 

an isomer of 36 (dose GC retention time) was formed in 16 %. 

[el Cross-Coupling with 1(Z)-Nonenylcyclopentadienyl 

zirconocene chloride (35). To a solution of vinytlithium, 31, (0.5 mmol) in 

diethyl ether (2 mL)mF (2 mi)  at -30 "C was added CpzZrC12 (0.15 g, 0.5 

mmol). The suspension wa3 stirred at 0 O C  for 15 min to yield a faint yellow 

solution. Allytic chloride, 6, (0.2 g, 0.5 mmot) was added followed by 

hexadecane (ISTD, 0-2 mL) and Pd(PPh3j4 (0.12 g, 0.1 mmol), The mixture was 

heated to 60 "C for 3 hr. Gas chromatographic analysis of a quenched aliquot 

revealed that diene, 36, was formed in 4 % yield. 

(6 E,SZf-6-Tri-n-butyfstannyf heptadeca-6,9-diene (36). An 
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anaiyticafly pure sample was obtained by flash chromatography (SO2, 

hexanes): 'H PN#R 6 5.48 (1 H, t, J =  7 Hz; 3$19S,-H = 105 Hz; 3J"37Sn-H = 92 

Hz, Bu3SnRC=CHR), 5.45-5.33 (2 H, m, RHC=CHR), 2.80 (2 H, t, J = 5 Hz, 

C=CHCH,HC=C), 2.26-2.18 (2 H, m, 3Js,-H = 60 Hz, R3Sn(RCH2)C=CHRf, 

1.98 (6 H, q, f= 7 Hz, C h ) ,  1.52-1.22 (22 H, m, C h ) ,  0,92-0.80 (21 H, rn, CH2, 

C H3); mass spectrum (El): 469(M+ -Buy 1 OO), 467(74), 465(43), 41 3(4O), 

41 I(=), 409(18), S?(39), 355(32), 353(25), 235(16), 233(15), 231 (9), 179(53), 

l77(8O), l75(5l), 123(10), 121 (a), 1 19(3$)). 

(GZ,9Z)-Heptadeca-6,9-diene (28). To a solution of diene, 36, (0.06 

g, 0.1 mmol) and hexadecane (tSTD, 0.059 g) in THF (5 mL) at room 

temperature were added several crystals of p-toluenesulfonic acid and the 

solution stirred far 30 min. Gas chromatographic analysis of an aliquot 

withdrawn after this time showed that destannylation was complete and that 28 

had formed (90 %). An analytically pure sample was obtained by preparative 

'TIC (SO2-AgN03 (20 %), hexanes): 1H NMR 8 5.43-5.28 (4 H, m, R#C=CHR), 

2.78 (2 H, t, J = 6.5 Hr, G=CHC&HC=C), 2.05 (4 H, q, J = 7 HZ, C=CHCH2), 

1.41-1.20 (18 H, m, C b ) ,  0.940.84 (6 H, rn, Ch) ;  1% NMR 6 130.21 (=C), 

127-98 (=C), 31.86, 31.53, 29.35, 29.28, 29.21, 27.24, 27.21, 25.64, 22.65, 

22-56, 14.06; mass spectrum (El) 236(M+, 4), l38(2), 1 10(9), 96(15), %(I Pf ,  

81{39), 79(24), 67(69), 55(47), 54(39), 43(45), 41 (100); Anal. Catcd.. for Cq7H3*: 

C, 86-44; H, 13-56. Found: C, 86.15; H, 33-41. 

S.6 TrSai Syntheses of 1 -lodo-? (a-at kene Substrates. 

It-Nonyn-l-of (3q. This compound was prepared as described for the 

synthesis of propargylic aloohol, 2, starting with 1-octyne (15.72 g, 142.7 mmol). 



Work-up and purification by distillation yielded 37 (17.83 g, 89 %) as a 

colourless oil: bp: 61 W1.5 mmHg; IR (neat) 3310(s), 2934(s), 2858(s), 

1462(m), 1434(m), 13?8(m), 1332(m), 1055(m) ern-'; 'H NMR 6 4.25 (2 H, $t, J 

= 7 Hz; 2.5 Hz, ChOH), 2.21 (2 H, tt, J=7  Hz; 2.5 Hz, C&C=CR), 1.63 (1 W, t, J 

= 7 Hz, OH), 1.52 (2 H, quint, J =  7 Hz, CH2), 1.43-1.22 (6 H, m, CH2), 0.89 (3 H, 

t, J =  7 Hz, CH3); mass spectrum (Cl) 141((M+l)+, 6), 139(25), 123(100), 

1 13(54), 1 1 1 (52); Anal- Calcd- for C9Hl ,O: C, 77.1 4; HI 1 1 -43. Found: C, 76,88; 

H* 11.21. 

8-Nonyn-1-01 (38). This compound was prepared according to a 

literature procedure77 starting with almhcrl, 37, (10.0 g, 90.1 mmol). Work-up 

and purification by distillation yielded 38 (9.10 g, 91 %) as a colourless oil: bp: 

58 "Cfl mmHg; t R (neat) 3300(s), 2931 (s), 2857(s), 21 17(w), l7O8(w), 1464(m), 

1433(m), 1057(m), m-l; 'H NMR 6 3.65 (2 H, t, J = 7 Hz, CH20H), 2.85 (2 H, td, 

J =  7 HZ; 2.5 HZ, H=C&), 1.95 (1 HI t, J= 2.5 HZ, %SF?, 1.62-1.25 (10 H, 

m, CH2, CH3); mass spectrum (Ct) $41 (M+1, 8), 137(2), l23(lOO), 121 (4), 

1 11 (3); Anal. Calcd. for C9H1 C, 77.14; Ht 1 1.43. Found: C, 76.95; H, 1 1.42. 

9-Tetrahydropyranyfoxylf -nonyne (39). This compound was 

prepared as described for the synthesis of alkyne, 14, starting with afcohol, 38, 

(8.0 g, 57 mmol), Work-up and purification yielded 39 (12.0 g, 94 %) as a 

cofoudess oil: IR (neat) 331 O(m), 2937fsf, 2858(s), 1465(m), 1441 (m), 1352(m), 

1 t3?(m), 1120(m), 1078(m), 1035(rn) cm-1; 1H NMR 6 4.58-4.52 (1 H, m, CN 

VHP), 3.90-3.83 (1 H, m, CHH (THP)), 3.73 (1 H, dt J = 9.5 Hz; 7 Hz, 

CHHOTHP), 3.53-3.45 (1 H, m, CHH (THP)), 3.37 (1 H, dt, J = 9.5 Hz: 7 Hz, 

CHHOTHP), 2-20 (2 H, dt, J= 7 HZ; 2.5 HZ, H C d C h ) ,  1.93 (1 H, t, J =  2.5 HZ, 

m R ) ,  1.88-1.75 (1 H, m, CHH (THP)), 1.75-1.65 (1 H, rn, CHH (THP)), 1.63- 

1-45 (8 44, rn, CH2), 1-45-1.25 (6 H, rn, CH2, CH3); mass  spectrum (Ct) 
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225((M+l)+, IW), 141 (81, 123(21); (El) 223(M+ -H, 5), 101 (35), 85(100), 81 (32), 

79(18), 67(23), 55(21); Anal, Calcd. for C14H2402: C, 75.00; H, 10.71. Found: C, 

75.05; H, I 1.01. 

1-lodo-9-tetrahydropyranytoxy-1-nonyne (40). This compound 

was prepared as described for the synthesis of aikynyl iodide, 25, starting with 

a solution of afkyne, 39, (12.0 g, 53.6 mmol) in THF (50 mL). Work-up and 

purification by flash chromatography (Si02, 5 % EtOAc in hexanes) yielded 40 

(18.8 g, 87 %) as a colourless oil: 1R (neat) 2940(s), 2852(s), 2186(w), 1453(m), 

1351 (m), 1200(m), 1136(m), 11 19(m), 1077(m), 1028(m), 988(m) cm-1; 1H NMR 

64.57 (1 H, m, CH(THP)), 3.90-3.83 (1 H, my CHH(THP)), 3.73 (1 H, dt, J =  9.5 

Hz; 7 Hz, CHMTHP), 3.53-3.47 (1 H, my CHH (THP)), 3.38 (1 H, dt, J = 9.5 Hz; 

7 Hz, CHHOTHP), 2.35 (2 H, t, J =  7 Hz, IC=CCH2), 1.86-1.75 (1 H, my CHH 

(IHP)), 1 -75-1 6 5  (1 H, m, CHH (THP)), 1.65-1 -45 (8 H, m, C Hz) 1 -42-1.20 (6 H, 

m, CH2); mass spectrum (Ci) 351 (fM+l)+, 36), 267(7), 249(7), 223(14), 205(7), 

169(6), 139(35), 121 (100); Anat. Caicd, for C14H23021: C, 48.01 ; H, 6.62. 

Found: C, 48.27; H, 6.56. 

9-Iodo-8-nonyn-1-01 (41). A solution of alkynyl iodide, 40, (1.0 g, 2.9 

mmol) in MeOH (I 0 mL) was stirred at room temperature in the presence of a 

catalytic amount of p-toluenesulfonic acid (ca. 2 mg). The solution was 

concentrated after 30 min under reduced pressure and the residue flash 

chromatographed (Si02, 15 % EtOAc in hexanes) to give pure 41 (0.59 g, 78 

%) as a cotourless oil: iR (neat) 3386(s), 2972(s), 2934(s), 2858(s), 1652(m), 

1456(m), l38O(m), l3Z(m), 1087(m), 1 O48(m) cm-1; f H NMR 6 3.63 (2 H, t, J = 

6.5 Hz, C&OH), 2.36 (2 H, t, J= 7 Hz, iCkCCH2), 1.62-1 -47 (4 H, my CH2), 1.43- 

I27 (6 W, m, C&; mzss spectrum (CI) 267((M+1)+, <I), 249(2), 221 (2), 207(3), 

196(2), 195(2), 180(3), KN(l8), 121 (100); Anal. Calcd. for C9Hf501: C, 40.62; 



H, 5.68. Found: C, 4122: H, 5.97. 

1 -(tert-Butytdimethy1siloxy)-8-nonyn-1-01 (42). This compound 

was prepared as described for the synthesis of atkyne, 15, starting with alcohol 

38 (2.0 g, 14 mrnot). Work-up and purification yielded 42 (3.64 g, 88 %) as a 

colouriess oil: IR (neat) 33 14(m), 2934(s), 2857(s), 21 20(w), lNZ(m), 1 463(m), 

1388(w), 1361 (w), 1255(m), 1102(m) cm-I; 1H NMR 6 3.60 (2 H, t, J = 6.5 Hz, 

CH20S3t-BuMe2), 2.18 (2 H, dt, J = 7 Hz; 3 Hz, HC=GCH2), 1.93 (1 H, t, J = 3 

Hz), 1.57-1.46 (4 H, m, K = C . R ) ,  1.45-1.27 (6 H, m, CH2), 0.89 (9 H, s, CH3), 

0.25 (6 H, s, Si(CH&); mass spectrum (CI) 255((M+1)+, loo), 197(29), lf9(4), 

165(2), 145(2), 133(13), 123(23); Anal. Calcd. for C15H300Si: C, 70.86; H, 

11.81. Found: C, 70.79; H, 11-72. 

1 -(tert-Butyfdimethytsifoxy)-9-iodo-8-nonyn-1-ol (43). This 

compound was prepared as described for the synthesis of alkynyl iodide, 25, 

stating with alkyne, 42, (3.0 g, 12 mmol). Work-up and purification yielded 43 

(4.3 g, 89 %) as a cotourless oil: iR (neat) 2931 (s), 2857(s), 1462(m), 1388(w), 

1360(w), 1255(m), 1102(m), 1 0O5(w) cm-1; 1H NMR 6 3-75 (2 H, t, J = 7 Hz, 

CH20Sit-BuMe2), 2.35 (2 H, t ,  J = 7 Hz, WC=CCH'), 1.55-1 -45 (4 H, m, CH2), 

1.42-1.23 (6 H, m, CH2), 0.88 (9 H, s, CH3), 0.04 (6 H, s, Si(CH&); mass  

spectrum (el) 381((M+1)+, 100); And. Calcd. for C15H290Sil: C, 47.36; H, 7.68. 

Found: C, 47.58; H, 7.60. 

1.6.1 Attempted syntheses of I-lodo- 7 (3-afkenes. 

Transformations of the foflowing 1-iodo-I-aikynes tc the corresponding 

vinyl iodides were attempted under conditions (0.3 equiv. EM3-DNS/2 hr; 

propionic acicYreRux 4 hr) described for the preparation of vinyl iodide, 26, 



fa] Reaction of alkynyl iodide, 40, (1.0 g, 2.8 rnmot) under these 

conditions gave a 1 :l mixture of 9-tetrahydropyranyloxy-1 -nonene and 

presumably the Z isomer of 1 -iodo-9-tetrahydropyranyloxy-1 -nonene (identified 

by GCIMS). In addition, approximately 10 % each of alkynes, 39 and 40, was 

obtained. 

[b] Treatment of atkynyi iodide, 41, (0.35 g, 1.3 n?mol) with BH3. DM S 

(0.09 mL, 0.9 mmol = 2 x 0.3 equiv.) resulted in the consumption of starting 

material and formation of fow boiling compounds. 

[c] Atkynyl iodide, 43, (0.50 g, 1.3 mmol) was consumed under these 

conditions. Gas chromatographic analysis of the worked up mixture revealed a 

complex mixture of low boiling compounds. 

1.7 Synthesis of the Termite Trail Marker Pheromone, (32,62)- 

4-TetrahydropyranyIoxy-t -butyne (44). f his compound was 

prepared as described for the synthesis of alkyne, 14, starting with 3-butyn-1-01 

(5.0 g, 71.4 mmol). Work-up and purification yielded 44 (9.5 g, 92 %) as a 

eofourfess liquid: d = 0.973; IR (neat) 3292(s), 2942(s), 2874(s), 2121(w), 

1441(m), 1353(m), 1260(m), 1201 (m). 1123(m), 1071 (m), 1034(m) cm-1; 1H 

NMR 6 4.62-4.59 (1 H, m, CH (THP)), 3.90-3.75 (2 H, m, CH20THP), 3.59-3.44 

(2 H, m, C& (THP)), 2.48 (2 H, dt, J=  7 Hz; 2.5 Hz, HC=CC&), 1.96 (1 H, t, J = 

2.5 Hz, K G R ) ,  1-87-1-63 (2 H, m, C& (THP)), 1.62-1 -43 (4 H, rn, CH2 (THP)); 

mass spectrum (El) 153(M+ -H, 13), 125(7), 1 Is@), 101 (7), 99(12), 96(9), 

85(lW), 83(8), ?9(7), 67(12), 53(9); Anal. Calcd. for C9Hl4O2: C, 70.13; H, 

9-09, Found: C, 70.18; H, 9-24, 



I -lodo-4-tetrahydropyranyloxy-1 -butyne (45). This compound 

was prepared as described for the synthesis of afkynyl iodide, 25, starting with 

alkyne, 44 (5.0 mL, 32 mmol). Work-up and purification yielded 45 (8.2 g, 92 Ok) 

as a colourless oil: d = 1.543; IR (neat) 2939(s), 2872(s), 21 89(w), 1440(m), 

1352(m), 1201 (m), 1 121 (m), 1 O7O(m), 1 O32(m) cm-1; 1H NMR 6 4.62-4.59 (1 H, 

rn, CH (THP)), 3.90-3.75 (2 H, m, CH20THP), 3.59-3.46 (2 HI m, CH2 (THP)), 

2.66 (2 H, t, J =  7 Hz, IC=CC&), 1-88-1 -38 (6 H, m, CH2 (THP)); mass spectrum 

(El) 279(M+ -H, < I ) ,  225(9), 224(21), 179(30), 178(50), 115(13), 85(100), 

67(12), 52(10); Anal. Calcd. for C9Hl3O2I: C, 38.57; H, 4.64. Found: C, 38.68; H, 

4.67. 

1-iodo-4-tetrahydropyranyloxy-I (2)-butene (46). To a round 

bottom flask containing disiamylborane (5 mmol) [prepared by adding 

BHgDMS (0.47 mL, 5 mmol) to 2-methyl-2-butene (1.1 mL, 10 mmol) at 0 O C f 2  

hr]*3?*4 was added THF (4 mL) followed by alkynyl iodide, 45, (0.91 mL, 5.0 

mmol) and the homogeneous solution stirred at room temperature for 2 hr. The 

mixture was then treated with glacial acetic acid (1 mL) and poured into a 

solution of NaOH (2 M, 50 mL) after 2 hr. The solution was extracted with 

hexanes (3 x 10 mL) and the combined organic extracts dried (MgS04) and 

concentrated under reduced pressure. The resulting crude oil was purified by 

flash chromatography (Si02, 5 % EtOAc in hexanes) to afford 46 (0.80 g, 56 O h )  

as a colourless liquid: IR (neat) 3067(w), 2940(s), 2869(s), 1 61 O(w), 144O(m), 

1352(m), 1284(m), 1258(m), 1201 (m), 1135(m), 1 O8O(m), 1 O33(rn) cm-1; 'H 

NMR 6 6.33-6.26 (2 H, m, IHC=CHFi), 4.63-4.58 (1 H, m, CH (THP)), 3.89-3.76 (2 

H, m, CH20THP), 3.54-3.45 (2 H, m, Ctf2 (THP)), 2.51 -2.39 (2 H, rn, C=CHCH2), 

1 -88-1 -77 (1 H, m, CHH (THP)), 1.75-1.66 (1 H, m, CH H (TXP)), 1 -63- 1 -43 (4 H, 

m, C& (THP)); mass spectrum (El) 281 (M+ -H < I) ,  l98(lOO), 183(61), 



182(24), 181 (go), 180(80), 168(78), 167(40), 127(28), 11 5(12), 85(76), 84(16), 

71(21); Anal. Calcd. for C9HI5O21: C, 38.30; H, 5.32. Found: C, 38.61 ; H, 5.36. 

[a] To a solution of vinyl iodide, 46, (0.28 g, 1 mmol) in diethyi ether (2 

mL) was added at -70 OC t-BuLi (1.18 mL, 1 mmol) resulting in the immediate 

formation of a white suspension. The solution was stirred at -70 OC for 30 min 

and then at -30 OC for an additional 30 min. The slurry was diluted with THF (2 

mL) and gave rise to a clear solution. Allylic chloride, 6, (0.4 mL, 1 mmol) and 

Pd(PPh3)4 (0.1 g, 0.1 mmol) were added successively, the mixture stirred at 

-30 OC for 30 min and the warmed to room temperature over 30 min. The yellow 

solution was quenched with aqueous NH&I (100 mL) and extracted with 

hexanes (3 x 10 mL). The organic layers were combined, dried (MgS04) and 

concentrated under reduced pressure. The resulting crude oil was purified by 

flash chromatography (Si02, 3 % EtOAc in hexanes) to afford 47 (0.21 g, 38 %) 

as a faint yellow oil. 

[b] To a solution of the vinyl anion (1 mmol) prepared as described in [a] 

was added at -30 "C Et2AICI (0.13 mt, 1 mmol) which resulted in the formation 

of a white precipitate (LiCl) within several minutes. After 15 min allylic chloride, 

6, (0.4 mL, 1 rnmol) was added followed by Pd(PPh& (0.1 g, 0.1 mmol) and the 

mixture warmed to 50 OC for 2 hr. The mixture was worked-up and purified as 

described in [q to afford 47 in A 5  % isomeric purity (0.28 g, 51 %) as a faint 

yellow oil: IR (neat) 301 1(w), 2955(s), 2922(s), 2871(s), 2853(s), 1600(w), 

1464(m), 1377(w), 1352(w), 1138(m), 1121 (m), 1073(m), 1034(m) cm-1; 'H 

NMR S 5.49-5.37 (3 H, m, 3JSn-H = 70 Hz), 4.63-4.58 (I H, m, C H (THP)), 3.92- 



3.83 (1 H, m, CHH (THP)), 3.75 (1 HI dt, J= 9.5 Hz; 7 Hz, CHHOTHP), 3.54-3.47 

(1 Y, m, CHH (THP)), 3.42 (1 H, dt, J =  9.5 Hz; 7 Hz, CHKITHP), 2.89 (2 H, dt, J 

= 6.5 HZ, C=CHC&HC=C), 2.38 (2 HI q, J = 6.7 HZ, C=CHCH2), 2.24 (2 H, t, J = 

7 HZ; 3,'Sn-H = 60 HZ, C=CSnBu3CH2), 1.88-1.78 (1 H, m, Cff2), 1.75-1.67 (1 H, 

m, CH2), 1.63-1.38 (10 H, rn, CH2), 1.34-1.23 (12 H, rn, CH2), 0.94-0.81 (18 W, 

m, CH2, CH3); '3C NMR 6 144.7 (=C), 138.0 (=C), 130.4 (=C), 125.7 (=C), 98.8, 

67.1, 62.2, 33.2, 31.9, 30.8, 30.0, 29.1, 28.1, 27.4, 27.0, 25.5, 22.6, 19.6, 14.0, 

13.6, 9.7; mass spectrum (El) 499(M+ -Bu, 42), 497(33), 495(7), 415(37), 

413(30), 41 1 (16), 235(5), 233(5), 179(12), 177(17), 175(12), 121 (14), 119(10), 

85(100), 67(30), 57(36); Anal. Calcd. for C29H5602Sn: C, 62.59; H, 10.07. 

Found: C, 62.87; H, 10.11. 

(3Z,GZ)-Dodeca-3,6-dien-1-01 (48). To a solution of diene, 47, (0.2 

g, 0.36 mmol) in THF/MeOH (1:1, 4 mL) was added at room temperature an 

excess of ptoluenesulfonic acid (ca. 0.1 g). The mixture was stirred at room 

temperature for for 30 min and then concentrated to ca.1 mL under slightly 

reduced pressure (product is volatile). The suspension was flash 

chromatographed (Si02, 15 % EtOAc in hexanes) and yielded 48 (0.50 g, 77 

%) as a colourless liquid: IR (neat) 3328(s), 301 1 (w), 2957(s), 2927(s) 2872(s), 

1654(w), 1458(rn), 1048(m) cm-1; 1H NMR 6 5.58-5.49 (1 HI m, RHC4=C3HR), 

5.44-5.28 (3 H, m, RHC4=C3HR, Rm7=C6m), 3.65 (2 H, t, J= 6.5 HZ, CN;?OH), 

2.82 (2 H, t, J =  7 HZ, C=CHCH2HC=C), 2.36 (2 HI q, J=  7 HZ, CH2), 2.05 (2 HI 

q, J =  7 Hz, CH2), 1.50 (1 H, s, OH), 1.40-1.22(6 H, m, CH2), 0.88 (3 HI t, J = 7 

HZ, CI.4); l3C NMR 6 13:.5 (=C), 130.6 (=C), 127.4 (=C), 125.3 (=C), 62.3 

(CH20HJ, 31.5, 30.9,29.3, 27.2, 25.8, 22.5, 14.0; mass spectrum (El) 182(M+, 

I), 135(5), 121(11), 107(15), 93(45), 91(26), 81(46), 79(100), 77(26), 67(65), 

55(30); Anal. Wed. for C12H220: C, 79.05; H, 12.16. Found: C, 78.77: HI 12.02. 



41Tetrahydropyranyf oxy-1 -tri-n-buty istannyl-l(Z)-butene (49). 

An authentic sample was prepared by reaction of a diethyl ether/lHF solution 

(1:1, 4 mL) of the vinyl anion derived from 46 (0.94 mmol) [prepared as 

described in the synthesis of 471 with n-Bu3SnCi (0.33 mL, 1.2 mmol) at -50 OC. 

The solution was stirred at room temperature for 15 min during which time a 

white precipitate was formed. The mixture was diluted with brine (100 mL), 

extracted with hexanes (3 x 10 mL) and the combined organic fractions dried 

(MgS04) and concentrated under reduced pressure. The crude liquid was 

purified by flash chromatography (Si02, 5 % EtOAc in hexanes) to afford 49 

(0.29 g, 93 O/O) as a colourless liquid: IR (neat) 2956(s), 2923(s), 2870(s), 

2853(s), 1600(m), 1464(m), 1456(m), 1137(m), 1121(m), 1080(m), 1033(m) 

Cm-' ; ' H NMR 6 6.53 (I H, dt, J = 12.5 HZ; 7 HZ; 3J 19Sn-H = 141 HZ; 3J 17Sn-H = 

135 HZ, R3SnHC=CHR), 5.91 (1 H, d, J =  12.5 HZ; 3J('9Sn.H = 71 HZ; 3J117Sn-H 

= 69 Hz, R3SnHC=CHR), 4.63-4.52 (1 H, m, CH (THP)), 3.91-3.82 (1 H, m, CHH 

(THP)), 3.76 (1 H, dt, J =  9.6 Hz; 7 Hz, CHHOTHP), 3.55-3.46 (1 H, m, CHH 

(THP)), 3.42 ( I  H, dt, J = 9.6 Hz; 7 Hz, CHHOTHP), 1.89-1.78 (1 H, m, CHH 

(THP)), 1.75-1 -66 (1 H, m, CHH (THP)), 1.63-1 -44 (1 0 H, m, CH2), 1.30 (6 H, 

sext, J = 7.3 Hz, CH2), 1.10-0.82 (15 H, m, CH2, CH3); mass spectrum (El) 

389(M+ -Bu, 7), 387(5), 385(3), 3O5(l OO), 303(72), 301 (@), 121 (1 O), 119(7), 

85(37), 57(12), 55(12); Anal. Calcd. for C21H4202Sn: C, 56.50; H, 9.42. Found: 

C, 56.73; H, 9.46. 

1.8 Synthesis of the Sex Pheromone !?hibitor, (9ZJ2b)- 

Tetradeca-9,12-dienyl Acetate (58b). 

3-Tri-n-butylstannyl-2(E)-buten-llol (50). This compound was 

prepared as described for the synthesis of allyiic alcohol, 5, starting with 



2-butyn-1-01 (1.8 mL, 24 mmol). Work-up and purification by flash 

chromatography (Si02, 5 % EtOAc in hexanes) yielded 50 (3.89 g, 47 %) as a 

colourless oil: I R (neat) 3300(s), 2956(s), 2925(s), 2871 (s), 2853(s), l464(m), 

1367(m), 1340(w), 1292(w), 1059(m), 1004(m) cm-I; H NMR (C6D6) 8 5.96- 

5.91 (1 H, m, 3JSn-H = 69 HZ, R3SnMeC=CHR), 4.15 (2 H, dl J = 5.5 Hz, 

CH20H), 1.89-1.87 (3 H, m, 3&n.H = 46 Hz, CH3), 1.73-1.53 (6 H, m, CH2), 

1.47-1.36 (6 H, m, CH2), 1.1 1-0.90 (15 H, m, CH2, CH3); mass spectrum (El) 

305(M+ -Bu, 76), 303(66), 301(46), 249(63), 247(57), 245(44), 193(82), 

191 (71), 189(60), 179(45), 177(58), 175(39), 137(100), 135(83), 133(57), 

121 (W), 1 l9(7 l ) ,  1 l8(5l) ,  1 l7(42], 71 (26), 57(96); Anal. Cakd. for 

C16H340Sn: C, 53.04; H, 9.39. Found: C, 53.33; H, 9.35. 

3-Tri-n-butylstannyl-2(E)-butenyl acetate (51). To a solution of 

alcohol, 50, (2.0 g, 5.5 mmol) in acetic anhydride (5 mL) at room temperature 

was added pyridine (2 mL). After 45 min the mixture was diluted with diethyl 

ether and washed with brine (3 x 50 ml). The pooled aqueous layers were 

back-extracted with hexanes (10 n?L) and the combined organic fractions 

concentrated under reduced pressure. The residual crude oil was purified by 

flash chromatography (S102, 5 %. in hexanes) to afford 51 (2.1 g, 94 %) as a 

colourless liquid: IR (neat) 2955(s), 2871 (s), 1744(s), l464(s), 1376(s), 1229(s), 

1071(m), 1024(m) cm-1; 1H NMR 6: 5.66 (1 H, m, 3JSn-H = 65 Hz, 

R3SnMeC=CHR), 4.68 (2 H, d, J = 6 Hz, CH20Ac), 2.06 (3 H, s, C(0)CH3), 1 .go 

(3 H, t, 3JS,.H = 45 Hz, R3SnCH3C=C), 1.50-1.44 (6 H, m, CY) ,  1.39-1 -26 (6 H, 

m, CH2), 0.97-0.85 (15 H, m, C 4 ,  Ctf3); Anal. Calcd. for C18H3602Sn: C, 

53.47; H, 8.91. Found: C, 53.30; H, 8.80. 

1-Chloro-3-tri-n-butylstannyl-2(E)-butene (52). This compound 

was prepared according to a literature procedure starting with alcohol, 50, (6.28 
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g, 17.4 mmol).l~ Work-up and purification by flash chromatography (SiOp, 

hexanes) yielded 52 (5.5 g, 85 %) as a colourless liquid: d = 1.152; H NMR 

(C6Ds) 6 5.91 (1 H, tq, J =  7 Hz; 2 Hz; 3JSn-H = 64 Hz, R3SnMeC=CHR), 3.90 (2 

H, d, J =  7 HZ, CH2CI), 1.82 (3 H, d, J =  2 HZ; 3JSn.H = 45 HZ, R3SnCH3C=C), 

1.67-1.47 (6 H, m, CH2), 1.43-1.33 (6 H, m, CH2), 1.05-0.87 (15 H, m, CH2, 

CH3); mass spectrum (El) 325(M+ -Bu, 34), 323(95), 321 (69), 31 9(3l), 271 (23), 

269(55), 267(l OO), 265(72), 263(32), 235(17), 233(15), 21 3(33), 21 1 (55), 

209(41), 177(26), 175(18); Anal. Calcd. for C16H33C/Sn: C, 50.53; H, 8.68. 

Found: C, 50.80; H, 8.83. 

2-Decyn-1-01 (53). This compound was prepared as described for 

propargylic alcohol, 2, starting with 1 -nonyne (1 8.6 g, 150 mmol). Purification by 

distillation yielded 53 (20.8 g, 90 %) as a colourless liquid: bp 69 *C / 1.8 

mmHg; IR (neat) 331 2(s), 2930(s), 2858(s), 1462(m), 1434(m), 1 O55(m) cm-1; 

'H NMR 64.25 (2 H, dt, J = 7  HZ; 2 HZ, CH20H), 2.20 (2 H,tt, 2 =  7 H z ; ~  HZ, 

CYC=C), 1.67 (1 H, t, J = 7 Hz, CH2), 1.50 (2 H, quint, J = 7 Hz, CH2), 1.41- 

1.25 (8 H, m, CH2), 0.88 (3 H, t, J = 7 Hz, CH2, C b ) ;  mass spectrum (El) 

9-Decyn-4-01 (54). This compound was prepared according to a 

literature procedure77 starting with propargylic alcohol, 53, (20.0 g, 130 mmol). 

Purification of the crude oil by flash chromatography (Si02, 10 % EtOAc in 

hexanes) yielded 54 (17.8 g, 89 %) as a colourless oil: IR (neat) 3306(s), 

2920(s), 2856(s), 21 17(w), 1464(m), l432(m), 1 O57(m) cm-1; 1 H NMR 5 3.62 (2 

H, t, J= 7 HZ, CYOH), 2.17 (2 H, dt, J=  7 Hz; 3 HZ, CYDC) ,  1.93 (1 H, t, J= 3 



79(100), 67(69), 55(46); Anal. Calcd. for CloH180: C, 77.92; H, 11.69. Found: 

C, 77.61 ; H, 11.87. 

10-Tetrahydropyranyloxy-I -decyne (55). This compound was 

prepared as described for the synthesis of alkyne, 14, starting with alcohol, 54, 

(5.0 g, 33 mmol). Work-up and purification yielded 55 (7.0 g, 91 %) as a 

colourless liquid: d = 0.916; If? (neat) 3310(s), 2930(s), 2855(s), 21 18(w), 

1465(m), 1441 (m), 1352(m), 1200(m), 1136(s), 1120(s), 1078(s), 1032(s) cm-1; 

AH NMR 64.58-4.55 (1 H, m, CH (THP)), 3.90-3.83 (1 H, rn, CHH (THP)), 3.72 (1 

H, dt, J =  9.5 Hz; 7 Hz, CHHOTHP), 3.53-3.46 (1 H, m, CHH (THP)), 3.37 (1 H, 

dt, J= 9.5 HZ; 7 HZ, CHHOTHP), 2.17 (2 H, dt, J =  7 HZ; 2.6 HZ, CH2CsC), 1.93 

(1 H, t, J =  2.6 Hz, HC=C), 1.89-1.78 (1 H, m, CHH (THP)), 1.75-1.67 (1 H, m, 

CHH (THP)), 1.63-1.47 (8 H, m, CH2), 1.43-1.26 (8 H, rn, CH2, CH3); mass 

spectrum (El) 238(M+, 2), 237(10), 101 (34), 95(12), 85(lOO), 81 (1 5), 67(13), 

55(10); Anal. Calcd. for C15H2602: C, 75.58; Hj 10.92. Found: C, 75.30; 

11.19. 

I-lodo-l 0-tetrahydropyranyloxy-1-decyne (56). This compound 

was prepared as described for the synthesis of alkynyl iodide, 25, starting with 

alkyne, 55, (3.0 g, 13 mmol). Work-up and purification by flash chromatography 

(SO2, 5 % EtOAc in hexanes) yielded 56 (4.33 g, 94 %) as a colourless oil: d = 

1.290; IR (neat) 2937(s), 2853(s), 21 86(w), 1453(m), l352(m), 1200(m), 

1136(m), 11 19(m), 1077(m), 1028(m) em-1; 1H NMR 6 4.59-4.54 (1 H, m, CH 

(THP)), 3.90-3.82 (1 H, m, CHH (THP)), 3.72 (1 H, dt, J = 9.6 Hz; 6.9 Hz, 

CHHOTHP), 3.53-3.46 (1 H, m, CHH(THP)), 3.37 (1 H, dt, J =  9.5 Hz; 6.7 Hz, 

CHHOTHP), 2.34 (2 H, t, J = '7 Hz, CH2C=C), 1.87-1.77 (1 H, rn, CHH (THP)), 

1.75-1.66 (1 H, m, CHH (THP)), 1.62-1.45 (8 H, m, CH2), 1.41-1.24 (8 H, rn, 

C 4  C 4 ) ;  mass spectrum (El) 363(M+ -H, < I), 165(8), 101(24), 93(l I), 
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85(100), 81(9), @0(9), 79(13), 67(14), 56(10), 55(15); Anal. Calcd. for 

C15H25021: C, 49.45; H, 6.89. Found: C, 49.61 ; H, 6.87. 

1 - lodo-1 0-tetrah ydropyranyloxy-1 (Z)-decene (57). This 

compound was prepared as described for the synthesis of vinyl iodide, 46, 

starting with alkynyi iodide, 56, (1.4 mL, 5.0 mmol). Work-up and purification 

yielded 57 (1.67 g, 64 %) as a colourless liquid: IR (neat) 3067(w), 2930(s), 

2854(s), 161 O(w), 1464(m), l352(m), 1283(m), 1200(m), 1 l36(m), 1 120(m), 

1078(m), 1032(m) cm-1; 1H NMR 6 6.19-6.12 (2 H, m, IHC=Ck(R), 4.59-4.54 (1 

H, m, CH (THP)), 3.90-3.83 (1 H, m, CHH (THP)), 3.73 (1 H, m, CHH (THP)), 

3.58-3.46 (1 H, m, CHHOTHP), 3.38 ( I  H, dt, J = 9.5 Hz; 6.7 Hz, CHHOTHP), 

2.16-2.08 (2 H, m, C=CHCH2), 1.90-1.77 (1 H, m, CH H (THP)), 1.75-1.66 (1 H, 

m, CHH (THP)), 1.63-1.47 (6 H, m, CH2), 1.46-1.26 (10 H, m, CfJ2, CH3); mass 

spectrum (El) 366(M+, < I) ,  365(3), 239(13), l8O(l OO), 167(51), 154(10), 

1O-Tetrahydropyranyloxy-l-tri-n-butylstannyf-l(Z)-decene 

(58). This compound was isolated as the main product in the coupling reaction 

of allylic chloride, 52, (0.33 mL, 1 rnmol) and the Zvinyllithiurn reagent (1 mmol) 

derived from 57 under conditions described in the preparation of diene, 47, 

method [a]. Work-up and purification yielded 58 (0.48 g, 91 %) as a colourless 

oil: IR (neat) 2955(s), 2924(s), 2870(s), 2853(s), l5948(w), l464(m), 1 376(w), 

1352(w), 1136(m), 1121(m), 1079(m), 1034(m) cm-1; 1H NMR 6 6.50 (1 H, dt, J = 

12 HZ; 7 HZ; 'JSn-fi = 142 HZ), 5.76 ( I  H, dt, J = 12 HZ; I HZ; Jsn.H = 73 HZ), 

4.59-4.54 (1 H, m, CH (THP)), 3.91 -3.82 (1 H, m, CHH (THP)), 3.73 (1 H, dt, J = 

9.5 Hz; 7 Hz, CHHDTHP), 3.53-3.46 (1 H, m, CHH (THP)), 3.38 (1 H, dt, J =  9.5 

Hz; 6.5 Hz, CHHOTHP), 2.0 (2 H, q, J = 7 Hz, C=CHCH2), 1.88-1.78 (1 H, m, 

CHH (THP)), 1-63-1.43 (20 H, m, C b ) ,  1.40-1.22 (15 H, m, C h ,  CH3); mass 



spectrum (El) 473(4), 471 (3), 443(4), 441 (3), 389(40), 387(30), 385(18), 1 79(7), 

1779), 175(7), 121 (lo), 1 f9(8), 85(100), 67(21); Anal. Calcd. for C27H5402Sn: 

C, 61.13; H, 10.19. Found: C, 61.38; H, 10.25. 

CHAPTER 11 

11.1 2H and 1% NMR Investigations of Stannyleupration of 

1 -A1 kynes. 

I- lodo-1 (E)-decene (59). To a solution of 1-decyne (0.72 mL, 4.0 

mmol) in anhydrous hexanes (20 mL) was added at room temperature DlE3AH 

(4.0 mL, 1 M, 4.0 mmot).78 The solution was heated to 50 OC for 2.5 hr, cooled to 

room temperature and the bulk of solvent removed under reduced pressure. 

The remaining white slurry was dissolved in pre-cooled (-40 OC) THF (20 mL) 

and a solution of i2 (1.1 g, 4.3 mmol) in THF (5 mL) added. The red mixture was 

warmed to room temperature, diluted with a solution of NitCfl?4a2S208, acidified 

with HCI (2 M) and extracted with hexanes (2 x 20 mL). 'The combined organic 

fractions were dried (MgSQ) and concentrated under reduced pressure to 

afford a crude red oil which, after Kugelrohr distillation, yieided 59 (0.60 g, 57 

%) as a faint pink liquid: bp: 56 OC/1 mmHg; 1H NMR cti 6.51 (1 H, dt, J = 14 Hz; 7 

HZ, IXC=CHR), 5.96 (1 H, dt, J =  14 Hz; 1.5 Hz, IHC=CHR), 2.04 (2 H, dq, J =  7 

Hz; 1.5 Hz, C=CHCH2), 1.44-1 -3-4 (2 H, m, CW, 1.34-1 .I 8 (10 H, bs, C 4 ) ,  0.88 

(3 H, t, J = 7 Hz, CH3; mass spectrum (El} 266(M+, 55), l76(53), l54(2l), 

127(10), 97(38), 83(10, 69(71), 67(25), 57(46), 55(95). 

[12H]-I-lodo-1 ( W e c e n e  (60). This compound was prepared as 

described for the synthesis of vinyt iodide, 59, starting with alkyne, 61, (0.72 

mL, 4.0 mmof). Workup and purification by Kugelrohr distillation yielded 60 



(0.60 g, 55 %): bp: 54 %I1 mrnHg; NMR 6 6.47 (1 H, at, J = 7 Hz; 2 HZ, 

f2HC=CHRj, 2.04 (2 H, q, J = 7 tiz, C=CHCH2), 1.44-5.34 (2 H, m, C b ) ,  1.34- 

1-18 (10 H, bs, C4 ) ,  0.88 (3 H, t, J = 7 Hz, CH3); mass spectrum (El) 267(M+, 

861, 168(74), 155(30), 12?(15), 98(34), 97(19), 84(86), 83(52), 70962), 69(54), 

55fl 00). 

[1-2H]-l-Decyne (61). To a solution of 1 -decyne (3.0 g, 22 mmol) in 

THF (20 mL) at -78 "C was added rtiBuLi (8.7 mL, 2.5 M, 22 mmol) The solution 

was warmed to 0 OC after 1 hr, quenched with D20 and diluted with brine (20 

mL). The mixture was extracted with hexanes and the combined organic layers 

dried (MgS04) and concentrated under reduced pressure. The remaining crude 

liquid was subjected to flash chromatography (SO2, hexanes) to give 61 (2.5 g, 

84 %) as a colourless liquid: fR (neat) 3314(w), 2925(s), 2856(s), 2597(s), 

14fi5(m) em-I; AH NMR 6 2-18 (2 H, t, J = 7 Hz, GCCH2), 1.52 (2 H, quint, J= 7 

Hz, C h ) ,  1.43-1.33 (2 H, rn. CH2), 1.28 (8 H, bs, CH2), 0.88 (3 H, t, J =  7 Hz, 

C H3); mass spectrum (E t) 1 10(M+ 'C2H5, 9), 96(3?), 83(26), 82(l MI), 8 1 (34), 

80(22), 69(26),68(52), 67(52), 57(23), 56(21), 55(55), 54(18). 

1-Bromo-8-te~ahybr6pyranyloxyoctane (62). This compound was 

prepared by treating 8-&orno-I -actanof (3.0 g, 14 mmol) with 3,4-dihydro-2H- 

p p n  according to the procedure outtined for the synthesis of dkyne, 14. Work- 

up and purification yielded 62 (3.6 g, 86 %) as a miourless oil: d = 1.160; IR 

(neat) 2935(sj, 2856(s), 1454(w), 1440(w), l352(w), 1200(w), 1 135(m), 

11 20(w), 1078(rn), t034(m), 987(w) cm-1; I H  NMR 6 4.88-4.45 (1 H, m, CH 

fFffP)), 3-90-3.83 ft H, rn, CHN (THP)), 3.37 (1 H, dt, J = 9.5 Hz; 7 Hz, 

CXliOiHF), 3.53-3.46 jt 'ti, m. CHH {TtiP)), 3.42-3.34(3 ii, m, CHHOTHP, 

C&&), 1-75-1.67 (1 H, m, CHH (THP)), 1.63-1.48 (ti H, m, C&), 1.46-1.28 (8 

w, m, C h ) ;  mss speGhum (El) 293(5), 291 (53, 221 (I), 219(1), 164(1), 162(1), 



f 5O(2), l48(2), 1 W(2), l35(2), 101 (91, 85(lOO), 69(23), 56(16); Anal, Calcd. ,or 

C13H2502Br: Ct 53.24; H, 8.53. Found: C, 52.89; H, 8.45. 

[I ,2-I%]-10-Tetrahydropyranyloxy-1 -lecy;-e (63). A solution of 

11 ,2-1%]-ethyne was prepared by transferring the gas fiom an ampule (0.1 0 L, 

4.1 rnrnol) via cannula to a cooled flask containing THF (20 mL, -78" C). The tip 

of the cannula was submerged into the rapidly stirred solvent and the gas 

injected slowly over 10 min. To the solution was then added at -78" C n BuLi79 

(1.64 ml ,  2.5 Nf, 4.1 mmof) followed after 30 min by a solution of alkyl bromide, 

62, (1.2 g, 4.1 mmol) in THF (2 mL) and HMPA (5 mL). The mixture was slowly 

warmed to room temperature and allowed to stand ovwnight, extracted with 

brine (3 x 100 mL) and the pouted aqueous fractions back-extracted w'  I diethyi 

ether (2 x 50 mL)- The organic layers were combined, dried (MgS04) and 

concwtrated under reduced pressure to yield a crude oil consisting of 8n 

inseparable mixture of 63 and unreacted 62. final purification was 

accompiished by conversion of 62 to its corresponding phosphonium salt 

(PBu3/acetone, reflux/4 hr) which was easily removed by flash chromatography 

(Si02, 5 % EtOAc in hexanes) to yield 63 (0.98 g, 76 %) as a  lourl less oil: IR 

(neat) 32!38(rn), 2937(s), 2856(s), 2044(w), l465(rn), l464(rn), 144 1 (m), 

1352(rn), 1201(rn), 1136(s), 1120(s), 1078(s), 1032(s) cm-1; 1H NMR 6 4.59- 

4.54 (1 H, m, CH (THP)), 390-3.82 (4 H, m, CHH (THP)), 3.72 (1 H, dt, J =  9.5 

Hz; 7 Hz, CHHOfFiP), 3.53-3.45 (1 H, m, CHH (THPf), 3.37 (1 H, dt, . J =  9.5 Hz; 

7 Hz, CHHOTHP), 2.19-2.12 (2 H, m, C=CCH2), 1.92 (1 H, dt, J = 298 tiz; 2.5 

Hz, HC=CJ, ! -87-3 -73 (1 Hz m), 1.744 -46 (9 H, m, CH2), 1 -43- 1 -26 (8 W, m, 

Ck@; f 3C NMR 6 98.&4,&4.73 {d, JC_(: = 170.1 Hz, HCrCR), 68.07,67.96 (d, JC- 

c = 170.1 Hz, HGCR), 67-62, 30.79, 29.72, 29.30, 29.01, 28.74, 28.40, 26.18, 

25.52, 39-69; mass spshirn (Et): 240(M*, 4 1 ,  239(6), 1 15(3), 101 (38), W(l2), 



85(1 OO), 83(18), 81 (lo), 69(8), 6?(l O), 57(6), 56(12), S ( l 2 ) ;  Anal. Calcd. for 

15C2C13tt5602: C, 75.00; H, 10.83. Found: C, 75.34; H, 10.90. 

n-Bu3SnCu(CN)Li-2LiCl (64) 10.15 M THF]. To a solution of 

n-Bu3SnLi*0 (3.05 mmol) in THF (15 mL) at -30 OC was added a solution of 

CuCN (0.273 g, 3.05 mmol) and LiCf (0.256 g, 6.10 mmol) in THF (3 mL + 2 mL 

rinse). An orange solution formed immediately turning burgundy red after 1 hr. 

C6Ds (0.05 mL, 0.56 mmol) was added for 2H NMR experiments. 

( f f - B ~ ~ s n ) ~ C u ( C N ) L i ~  (65) f0.15 M THq. To a solution of 

n-Bu3SnLi20 (6.1 mmol) in THF (20 mL) was added.at -30 OC CuCN (0.27 g, 
- 

3.05 mmol). The suspension that formed turned yellow immediately and 

became homogeneous after 30 min. Stirring was continued for aii additional 30 

min. C6D6 (0-05 mL, 0.56 mmol) was added for 2H NMR experiments. 

I I - 1 *H NMR Studies. 

Sample Preparation. To a dry 10 mm NMR tube immersed in a -78 OC 

bath and fitted with a septum was transferred a 3 mL aliquot (0.46 mmol) of 

stannyicuprate solutions. Reagents (afkynes and MeOH) were subsequently 

added as neat liquids by allowing them to flow down the inside wall of the 

cooled NMR tube. NMR sarrpfes were then vortexed briefly at room temperature 

to ensure solution homogeneity. Spectra were recorded at -35 OC. 

1. Addition of n-Bu3SnCu(CN)Li-2LiCI (64) to [ImHJ-1 -Decyne 

(W- 

[a] To an NMR tube containing stannylcuprate, 64, (3 mL, 0.46 mmol) at 

-78 OC was added aIkyne, 61, (0.8 mt, 0.44 mmol) followed by MeOH (0.02 mL, 



0.49 mmol) and the 2f-i NMR spectrum recorded within 15 min. 

p] To an NMR tube containing stannylcuprate, 64, (3 mL, 0.46 mmol) at 

-30 "C was added alkyne, 61, (0.8 mL, 0.44 mmol). The solution was allowed io 

stand at 0 OC for 15 min prior to *ti NMR analysis. 

[el To NMR tube 1 [to] was added at -35 "C MeOH (0.02 mL, 0.49 mmol) 

and the 2H NMR spectrum recorded within 15 min. 

2. Addition of ( ~ - B U ~ S ~ ) ~ C U ( C N ) L ~  (65) to [I-*HI-I-Decyne 

(61) and 1-Decyne. 

[a] The same procedure was followed as described in 1 [a]. 

[b] The same procedure was followed as described in 1 [b]. 

[c] The same procedure was foliowed as described in 1 fc]. 

[df To an NMR hibe containing stannylcuprate, 65, (3 mL, 0.46 mmol) at 

-30 OC was added 1-decyne (0.8 ml, 0.44 mmol). The solution was warmed to 

0 OC over 15 min followed by addition of CD30D (0.02 mL, 0.49 mmol). The 2H 

NMR spectrum recorded within 15 mine 

To a solution of vinyl iodide, 60, (0.2 g, 0.75 mmol) in THF (5 mL) at 

-30 OC was added n-BuLi (0.3 mL, 2.5 M, 0.75 mrnol) and the solution stirred for 

30 min. Transfer of the vinyl anion at -30 OC to a alutisn of CuCN (0,067 g, 0.75 

rnrnof) and LiCI (0-063 g, 1.5 mmol) in THF (5 mL) resulted in the immediate 

formation of a deep violet solution. The mixture was stirred at -30 OC for I hr 

prior to 2H NMR analysis. 



11.1 -2 73C NMR Studies. 

Sample Preparation. '3C NMR samples were prepared in a manner 

analogous to the procedure described for 2H NMR experiments. 

1. Addition sf n-Bu3SnCu(CN)Li.2LiCi (64) to 1-Decyne. 

[a] To an NMR tube containing stannylcuprate, 64, (3 mL, 0.46 mmol) at 

-30 "€2 was added I-decyne (0.08 mL, 0.44 mmol). The solution was allowed to 

stand at 0 OC for 15 min prior to 1% NMR analysis. 

[b] To NMR tube I [a] at -35 OC was added MeOH (0.02 mL, 0.49 mmol) 

and the 13C NMR spectrum recorded within 15 min. 

2. 1 (E)-1 -Decenylcyanocuprate (67). This compound was 

prepared in an analogous fashion described for vinyl cuprate, 66, from vinyl 

iodide, 59, (0.2 g, 0.75 mmol). 

3. Addition of ( ~ - B u ~ S ~ ) ~ C U ( C N ) L ~ ~  (65) to [1,2-13C]-10- 

Tetrahydropyranytoxy-I-decyne (63). 

[a] To an NMR tube containing stannylcuprate, 65, (3 mL, 0.46 mmol) at 

-78 OC was added alkyne, 63, (0.11 mL, 0.44 mmol) iotlowed by MeOH (0.02 

mt, 0.49 mmol). The 1% NMR spectrum was recorded within 15 min. 

p] To an NMR tube containing stannylcuprate, 65, (3 mL, 0.46 mmol) at 

-30 "C was added akyne, 63, (0.1 1 mL, 0.44 mmol). The solution was warmed 

to 0 "E: over 15 rnin prior to 7% NMR analysis fat -20 OC). 

[c] To an NMR tube containing the sample in experiment 3 [b] at -20 "C 

was added MeOH (a. 0.1 mL). The 73C NMR spectrum was recorded at that 



temperature after approximately 15 rnin. 

fl92-13C]-1 O-Tetrahyropyranyloxy-2-tri-n-butylstannyl-i- 

decene (68). Quenched solutions from experiments 3 [a-cJ were pooled, 

extracted with hexanes and the concentrated organic fractions purified by flash 

chromatography (SQ, 5 % EtOAc in hexanes). 1R and 1H NMR analysis 

revealed a 76:24 mixture of 68 and 69: IR (neat) 3017(w), 2923(s), 2862(s), 

1545(w), 1464(m), 1200(m), 11 36(m), 1 120(m), 1079(m), 1 Q34(m), 988(rn); 'H 

NMR (relative number of hydrogens): 6 5.64 (1 H, d, JC-H = 151 HZ, 

Ht,,,HCi,C=CRSnBu3), 4.93 (1 H, d, JC+ = 151 HZ, Htrans HcisC=C RSnBu3), 

4.59-4.54 (m, C H  (THP)), 3.91-3.83 (m, CHH (THP)), 3.72 (dt, J =  9.5 Hz; 7 Hz, 

CHHOTHP), 3.53-3.46 (m, CHH (THP)), 3.37 (dt, J = 9.5 Hz; 7 Hz, CHHOTHP), 

2.22 (2 H, t, J =  7 Hz, C=CHCH2), 1.88-1.77 (m, CHH (THP)), 1.75-1.66 (m, CHH 

(THP)), 1.63-1.42 (m, CH2), 1.39-1 -23 (m, CH2), 0.91-0.84 (m, CH2, CH3); 1% 

NMR (ThF): 6 156.2 (C2, d, JC-c = 60.4 HZ; 'J1 ''Sn-C = 381 -5 HZ; 'J l'Sn.C = 

365.5 Hz, H2C=CRSnBu3), 125.8 (C1, d, JC-~  = 60.4 Hz, H2C=CRSnBu3); mass 

spectrum (El): 475(M+ -Bus 68), 473(49), 471 (32), 446(6), 41 7(19), 391 (48), 

389(39), 387(19), 333(5), 179(8), 177(14), l75(12), 137(5), 135(5), 133(5), 

121(13), 119(8), 85(100), 67(13), 55(25). 

11,2-13CJ-10-Tetrahydropyranyloxy-1 -tri-n-butylstannyl-1 (E)-  

decene (69). This compound was isolated as described above as a 76:24 

mixture of 68 and 69 : IR (neat): see 68; 1H NMR (relative number of 

hydrogens): 6 6.16-5.98 (1 H, rn, R3SnHC=CHR), 5.79-5.61 (1 H, m, 

R3SnHC=CHR); 4.59-4.54 (m, CH (THP)), 3-91 -3.53 (m, CHH [THP)), 3.72 (dt, J 

= 9.5 Hz; 7 Hz, CHHUTHP), 3.53-3.46 (m, CHH (THP)), 3.37 (dt, J = 9.5 Hz; 7 

Hz, CHmmP), 2.10 (m, C=CHCH2), 1.88-1.77 (m, CHH (THP)), 1.75-7.66 (m, 

CHHWP)), 1.63-1.42 fm, CH2), 1-39-1-23 (rn, W2), 0.91-0.84 (m, CHz, C 4 ) ;  



1% NMR (THF): 6 150.9 (d, J C - ~  = 60.4 Hz, R3SnHC=CEiR), 127.7 (d, JC-C = 

60.4 Hz; 19s,-C = 404.0 Hz; 1J117S,-C = 386.6 Hz, R3SnHC=CHR); mass 

spectrum (El): 475(M+ -Bu, 19), 473(l5), 446(35), 391 (354, 389(29), 387(25), 

235(4), 233(5), 179(8), 177(13), 175(12), 135(9), 133(9), 121(15), 119(13), 

85(l OO), 69(27), 67(22), 57(37), 55(67). 

11.2 Crossover Experiments with CuCN Derived Reagents. 

6-Tetrahydropytanyioxy-l-hexyne (70). This compound was 

prepared as described for the synthesis of alkyne, 14, starting with 5-hexyn-1-01 

(5.0 g, 51 mmol),. Work-up and purification yielded 70 (8.1 g, 87 %) as a 

cotourless oil: IR (neat) 3295(s), 2942(s), 2869(s), 21 17(v;), 1453(m), l44O(m), 

1352(m), 1200(m), 1 137(m), 1 120(m), 1 O76(s), 1024(s), 1022(s) cm-1; 1 H NMR 

64.59-4.55 (1 H, m, CHVHP)), 3.88-3.81 ( I  H, m, CHH(THP)), 3.75 (1 H, dt, J -  

9.5 Hz; 6.5 Hz, CHhOTHP), 3.53-3.46 (1 H, m, CHH (THP)), 3.40 (1 H, dt, J= 9.5 

HZ; 6.5 HZ, CHHOTHP), 2.22 (2 H, dt, J= 7 Hz; 2.5 Hz, CH2C=C), 1.94 (1 H, t, J 

=2.5Hz, HCrC), 1.86-1.76 (1 H, m, CHH(THP)), 1.75-1.67 (1 H, m, CHH 

(THP)), 1.75-1.46 (9 H, m, CH2); mass spectrum (El) 182(M+, <I), 181(<1), 

154(<1), 140(<1), 126(2), 101 (15), 85(100), 81 (211, 79(30), 67(19), 57(1 O), 

56(31), 55(17); Anal. Catcd. for c11H1802: C, 72.53; H, 9.89. Found: C, 72.30; 

H, 9.96. 

1O-TetrahydropyranyIoxy-l,2-bis(tri-n-butylstannyl)-l(Z)- 

decene (71). To a solution of ( ~ - B u ~ S ~ ) ~ C U ( C N ) L ~ ~  (65) (3.8 mmol) in THF 

(20 mi) was added alkyne, 48, (1.8 mL, 3.8 mmol) at -30" C. After stirring the 

reaction mixture at O0 C for 1 hr the solution was -ooled to -50•‹ C and 

mBu3SnC1 (1.36 mL, 5 mmolf added. The temperature was maintained at -50" 



C for 30 rnin and then raised to room temperature for 15 min before quenching 

with brine (100 mL). The mixture was extracted with diethyl ether (3 x 50 mL) 

and the combined organic fractions dried (MgS04) and concentrated under 

reduced pressure. Purification of the crude oil by flash chromatography (Si02, 5 

% EtQAc in hexanes) afforded 71 (2.6 g, 81 %) as a cotourless oil: I k  (neat) 

2923(s), 2870(s), 2863(s), 1542(w), 1463(m), 1376(rn), 1200(m), 1164(m), 

1120(m), 1078(m), 1034(m); 'H NMR 6 6.55 (1 H, s, 3J119Sn,.H = 192 Hz; 

2f119Sn.H = 78 HZ; 3J17Sn.H = 183 Hz; 2$17Sn-H = 75 HZ, R3SnHC=C), 4.60- 

4.55 (1 H, my CN (THP)), 3.90-3.83 (1 H, m, CHH (THP)), 3.72 (1 H, dt, J =  9.5 

Hz; 7 Hz, CHHOTHP), 3.53-3.46 (1 H, m, CHH (THP)), 3.37 (1 H, dt, J = 9.5 Hz; 

7 HZ, CHWTHP), 2.27 (2 H, t, J = 7 HZ; 3JSn-H = 43 HZ, C=CSnBu3CH,), 1 -88- 

1.77 (1 H, rn, CHH (THP)), 1.75-1.67 (1 H, mi CHH (THP)), 1.53-1.40 (20 1-1, m, 

CH2), 1.40-1 -30 (20 H, m, CH2), 0.97-0.78 (30 H, m, CH2? CH3) mass spectrum 

(El) 758-761 (M+ -Bu, <I), 672-681 (I), 51 9-526(1), 469-477(31), 441 -445(2), 

41 3-41 7(5), 393f 16), 393 (1 53, 390(18), 389(l OO), 388(34), 387(76), 386(31), 

385(45), 291 (1 2), ZW(f  0), 235(15), 233(l3), 1 7(3(28), 1 77(33), 1 75(22), 

121(16); Anal. Caicd. fsr C39H8t02Sn2: C, 57.14; W, 9.89. Found: C, 57.30; H, 

9.76. 

t 12.1 Crossover Experiments with Tfi-n-butylstannylcuprates. 

Product yields are based on available tri-n-butyitin. Percent recovery is 

based on the sum of starting materials. 

[a] To stannylcuprate, 64, (1 mmoi) in THF (20 mL) at -30 "C was added 

one equivatent of atkyne, 48, (0.24 g, 1.0 mmoL) and the sofution warmed with 



stirring to 0 "C. After 1.5 hr one equivalent of a second alkyne, 38, (0.23 g, 1 .O 

mmol) was added and stirring continued for an additional 1.5 hr. The black 

solution was subsequently poured into a saturated solution of NH&I (1 00 mL), 

extracted with diethyi ether (3 x 50 mL). The combined organic layers were 

dried (MgS04) and concentrated under reduced pressure to give a crude oil. 

Purification by flash chromatography (SO2, 5 % EtOAc in hexanes) yielded 

starting alkynes, 48 and 38, (4852, 0.31 g, 68 % recovered) and products 75, 

76,77 and 78 (27:24:26:23, 0.30 g, 58 %). 

[b] A solution of stannyicuprate, 64, (1 mmoi) and alkyne, 48, (0.24 g, 

1 .O mmoL) (prepared as in 1 [a]) was stirred at room temperature for 1.5 hr, 

coofed to -78 OC and one one equivalent of alkyne, 38, (0.23 g, 1 .O mmol) in 

THF (2 mL) added slowly. The mixture was quenched after stirring for 1.5 hr at 

-78 OC by pouring the contents of the flask into a rapidly stirred solution of 

NH&I (200 mL). Work-up and purification yielded starting aikynes, 48 and 38, 

(26:74; 0.31 g, 69 % recovered) and products 75, 76, 77 and 78 (61:28:9:2; 

0.32 g, 60 %). 

2. With (n-Bu3Sn)~Cu(CN)Li2 (65). 

[a] To stannylcuprate, 65, (0.5 mmol) in THF (10 mL) at 0 OC were added 

two equivalents of atkyne, 48, (0.26 mL, 1 -0 mmol). After 1 -5 hr, two equivalents 

of a second alkyne, 70, (0.19 mL, 1-0 mmoi) were added and the sofution 

stined for an additional 1.5 hr. Addition of MeOH to the yellow solution followed 

by work-up and purification yieided starting aikynes, 4 3  and 70, (23:77, 9-22 g, 

57 % recovered) and products 75,76,79 and 80 (10:85:1:4, 0.42 g, 81 %). 

[b] A crossover experiment was carried out as described in 2 [a] with the 

exception that the solution was stirred at room temperature for 12 hr following 
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addition of the second alkyne. Work-up and purification yielded stsrting alkynes, 

48 and 70, (3961, 0.21 g, 53 % recovered) and products 75,76, 79 and 80 

(31:27:17:25, 0.41 g, 82 %). 

11.2.2 Crossover Experiments with Vinyl Cuprate Intermediates. 

Product yields are based on available tri-n-butyltin. Percent recovery is 

based on the sum of starting materials. 

n-Bu3SnCu(CN)Li (72) The following procedure is representative: To 

a solution of n-Bu3SnLi** (3.05 mmol) in THF (20 mL) at -30 "C was added 

CuCN (0.273 g, 3.05 mmol). The initial yellow suspension was stirred at -10 OC 

for 1 hr and eventually yielded a red slurry. 

1. 1O-Tetrahydropyranyloxy-2-tri-n-butylstannyI-1(Z)-decenyl 

cyanocuprate (73). 

[a] To distannane, 71, (C.49 g, 0.6 mmol) in THF (5 mL) at -78 "C was 

added n-BuLi (0.26 mL, 2.5 M, 0.6 mmol) and the solution warmed to -30 OC 

over 1 hr. The mixture was transferred to a cooled (-30 OC) solution of CuCN 

(0.054 g, 0.6 mmol) and tiCi (0.85 g, 1.2 mmol) in THF (5 mL) and stirred for 1 

hr during which time a red solution formed. The mixture was quenched with 

MeOH, diluted with brine (100 mL) and extracted with hexanes (3 x 50 mL). The 

combined organic exctracts were dried (MgS04) and concentrated under 

reduced pressure. The crude oil was purified by flash chromatography (Si02, 

5% EtOAc in hexanes) to yield products, 75 and 76 (86:14, 0.24 g, 75 O h ) .  A 

trace amount of alkyne, 48, was formed (< 1 % by GC). 



[b] To a solution of vinyl cuprate, 73, (0.5 mmol) was added at -30 OC a 

solution of alkyne, 38, (0.112 g, 0.5 mmol) in THF (2 mL). The solution was 

stirred at 0 "C for 1.5 hr and the black mixture quenched with a saturated 

solution of NH4CI. Work-up and purification yielded starting alkynes, 48 and 

38, (4753, 0.15 g, 65 % recovered) and products 75, 76, 77 and 7 8  

(33:19:27:21, 0.15 g, 59 %). 

2. 10-Tetrahydropyranyloxy-2-tri-n-butylstannl- (2)-decenyl 

tri-n-butylstannylcyanocuprate (74). 

[a] To distannane, 71, (0.41g, 0.5 mmol) in THF (5 mL) at -78 OC was 

added n-BuLi (0.2 mL, 2.5 M, 0.5 mmol) and the solution warmed to -30 OC over 

1 hr. The mixture was transferred to a cooled (-30 OC) solution of stannylcuprate, 

72, (0.5 mmol) in THF (5 mL) and the solution stirred for 1.5 hr at 0 OC. The 

yellow solution was quenched with MeOH, worked-up and purification as 

described in experiment I[a] yielded products, 75 and 76 (87:13, 0.23 g, 88 %). 

A trace amount of alkyne, 48, was formed (C 1 % by GC). 

[b] To an unquenched solution of vinyl cuprate, 74, prepared as 

described in 2 [a] at -30 OC, was added one equivalent of alkyne, 48, (0.13 mL, 

0.5 mmol), the mixture warmed to room temperature and two equivalents of 

alkyne, 70, (0.19 mL, 1 mmol) added after 30 min. The solution was stirred at 

room temperature for 12 hr and then quenched with MeOH. Work-up and 

purification in the usual manner yielded starting alkynes, 48 and 70, (40:60, 

0.21 g, 53 % recovered) and products 75,76, 79 and 88 (38:N:I 4:24, 0.47 g, 

33 %). 

10-Tetrahyropyranyioxy-2-tri-n-butylstannyl-1 -decene (75). 

The following data was obtained for a 955 mixture of 75 and 76: IR (neat) 
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3031 (w), 2926(~), 2853(~), 1596(w), 1463(m), 1200(m), 1136(s), 11 21 (m), 

1079(m), 1034(m), 91 1 (m) cm-l; 'H NMR 6 5.65 (1 H, dt, J = 2.9 Hz; 1.4 Hz; 

3JSn.H = 140 Hz, HtransHcisC=CRSnBu3), 5.08 (1 H, d, J = 2.9 HZ; 3JSn.~ = 65 

HZ, HtransHcisC=CRSnBu3), 4.59-4.55 (1 H, m, CH (THP), 3.90-3.83 (1 H, m, 

CH2 (THP)), 3.72 (1 H, dt, J =  9.5 Hz; 7 Hz, ChOTHP), 3.53-3.46 ( 1  H, m, CH2 

(THP)), 3.37 (1 H, dt, J = 9.5 HZ; 7 HZ, CH20THP), 2.22 (2 H, t, J = 7 Hz, 

C=CSnBu3CH2), 1.87-1.78 (1 H, m, CH2 (THP)), 1.75-1.66 (1 H, m, CH2 (THP)), 

1.63-1.43 (14 H, m, CH2), 1.39-1.24 (14 H, m, CH2), 0.91-0.76 (15 H, m, CH2, 

CH3); mass spectrum (El): 473(M+ -Bu, 7), 471 (5), 469(3), 389(1 OO), 387(76), 

385(44), 179(25), 177(33), 175(22), 137(13)! 135(13), 121(23), 119(17). 

10-Tetrahydropyranyloxy-1 -tri-n-butylstannyl-1 (E)-decene 

(76). The following data was obtained for a l k 9 0  mixture of 75 and 76: IR 

(neat) 2922(s), 2853(s), 1598(w), 1464(m), 1200(m), 1136(m), 1121(m), 

1079(m), 1034(m), 989(m) cm-l; H NMR 6 5.94 (1 H, dt, J = 19 Hz; 6 Hz, 

R3SnHC=CHR), 5.84 (1 H, d, J =  19 Hz, R3SnHC=CHR), 4.95-4.55 (1 H, m, CH 

(THP)), 3.90-3.83 (1 H, m, CHH (THP)), 3.72 (1 H, dt, J = 9.5 Hz; 7 Hz, 

CHHOTHP), 3.53-3.46 (1 H, m, CHH (THP)), 3.37 (1 H, dt, J = 9.5 Hz; 7 Hz, 

CHHOTHP), 2.11 (2 H, q, J = 7  Hz, C=CHCH2), 1.87-1.78 (1 H, m, CHH (THP)), 

1.75-1.67 (1 H, m, CHH (THP)), 1.63-1.43 (14 H, m, CH2), 1.43-1.25 (14 H, rn, 

CH2), 0.92-0.76 (15 H, m, CH2, CH3); mass spectrum (El) 473(M+ -Bu, 5), 

471 (3), 469(2), 389(76), 387(54), 385(34), 3O7(lOO), 305(86), 303(45), 179(74), 

177(72), 175(49), 137(56), 135(45), 133(.31), 121(52). 

authentic sample was prepared as follows: To a solution of stannylcuprate, 65, 

(1 mmol) in THF (10 mL) at -78 OC was added I-alkyne, 38, (0.24 mL, 1 mmol) 

followed by anhydrous methanol (excess). The solution was warmed to 0 O C  
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over several hours and the black mixture worked-up and purified as usual to 

yield 77 and 78 as a colourless liquid (891 1, 0.428 g, 83 %): IR (neat) 

3031 (w), 2924(s), 2854(s), 1598(w), 1464(m), 1200(m), 11 36(m), 11 20(m), 

1 O78(m), 1035(m), 91 1 (m) em-'; 'H NMR 8 5.67-5.62 (1 H, m, 3JSn-H = 139 Hz, 

H C=CHSnBu3), 5.08 (1 H, d, J = 2  H z ; 3 J S n - ~  = 63 HZ, Htrans cis 

HtransHcisC=CHSnB~3), 4.59-4.55 (1 H, m, CH (THP)), 3.90-3.83 (1 H, m, CHH 

(THP)), 3.72 (1 H, dt, J = 9.5 Hz; 6.9 Hz, CHHOTH P), 3.53-3.46 (1 H, m, CH H 

(THP)), 3.38 (1 H, dt, J = 9.4 Hz; 7.2 Hz, CH HOTH P), 2.22 (2 H, t, J = 6.9 Hz; 

3JSn-H = 47 HZ, C=CSnBu3C H2), 1.88-1.77 (1 H, m, CHH (THP)), 1.75-1.66 (1 

H, m, CHH (THP)), 1.64-1.42 (12 H, m, CH2), 1.39-1.22 (14 H, m, CH2), 0.91- 

0.84 (15 H, m, CH2, CH3); mass spectrum (El) 459(M+ -Bu, 3), 457(3), 375(56), 

373(48), 371 (25), 179(15), 177(23), 175(17), 121 (18), 119(12), 11 7(7), 85(100), 

67(19), 57(15), 56(13), 55(19); Anal. Calcd. for C26H5202Sn: C, 60.47; H, 

10.08. Found: C, 60.59; H, 10.20. 

10-Tetrahydropyranyloxy-1-tri-n-butylstannyl-l (E)-nonene 

(78).The following data was obtained for a 89:11 mixture of 77 and 78: IR 

(neat) see 77; 'H NMR (relative number of hydrogens) 6 5.94 (1 H, dt, J = 19 

Hz; 7 Hz, R3SnHC=CM?), 5.84 (1 H, d, J =  19 Hz, R3SnHC=CHR), 4.59-4.55 (my 

CH (THP)), 3.90-3.83 (m, CHH (THP)), 3.72 (dt, J = 9.5 Hz; 6.9 Hz, CHHOTHP), 

3.53-3.46 (m, CHH (THP)), 3.38 (dt, J= 9.4 Hz; 7.2 Hz, CHHOTHP), 2.1 1 (2 H, 

q, J = 7 Hz, C=CHCH2), 1.88-1 -77 (m, CHH (THP)), 1.75-1.66 (my CH H (THP)), 

1.64-1.42 (m, CH2), 1.39-1.22 (m, CH2), 0.91-0.84 (my CH2, CH3); mass 

spectrum (El) 459(M+ -Bu, 6), 457(4), 375(43), 373(37), 371(21), 179(12), 

177(19), 175(16), 121(18), 119(13), 117(9), 67(23), 57(18), 56(16), 55(31). 

6-Tetrahyropyranyfoxy-2-tri-n-butylstannyl-I-hexene (79). The 

following data was obtained for a 91 :9 mixture of 79 and 80: IR (neat) 3031 (w), 
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2026(s), 2853(s), 1598(w), l464(m), l456(m), 120O(m), 1 136(m), 1 120(m), 

1077(m), 1034(m), 1021(m), 910(m) em-'; 'H NMR 6 5.68-5.65 (1 H, m, 3&&-H = 

140 HZ, Htra~sHcisC=CRSnB~3)y 5.11-5.08 (1 H, m, 3 J S , - ~  = 65 Hz, 

Hwa,,HcisC=CRSnB~3), 4.61-4.57 (1 H, my CH (THP)), 3.90-3.82 (1 H, m, ZHH 

(THP)), 3.71 (1 H, dt, J =  9.5 Hz; 7 Hz, CHHOTHP), 3.51-3.45 (1 H, m, CHH 

(THP)), 3.37 (1 H, dt, J = 9.5 Hz; 7 Hz, CHHOTHP), 2.26 (2 H, t, J = 7 Hz, 

C=CSnBu3C Hz) 1.87-1 -78 (1 H, m, CH2 (THP)), 1.75-1.66 (1 H, m, CHH (THP)), 

1.63-1.38 (12 H, m, CH2), 1.36-1.24 (8 H, m , CH2), 0.91-0.84 (15 H, m, CH2, 

CH3); 1% NMR 6 155.37 (H2C=CRSnBu3), 124.85 (H2C=CRSnBu3), 98-71, 

67-36, 62.13, 41.14, 30.76, 29.41, 29.22, 29.13, 27.38, 26.27, 25.54, 19.56, 

13.66, 9.58, 9.40; mass spectrum (El) 417(M+ -Buy 2), 415(2), 333(100), 

331(73), 329(44), 179(17), 177(24), 175(17), 137(1l), 135(9), 121(14), 119(1), 

85(51); Anal. Calcd. for C23H4602Sn: C, 58.35; H, 9.73. Found: C, 58.21; H, 

9.66. 

6-Tettahydropyranyfoxy-l-tri-n-butylstannyl-1(E)-hexene (80). 

The following data was obtained for a 2:98 mixture of 79 and 80: IR (neat) 

2922(s), 2853(s), 1598(w), 1464(m), l465(m), 1200(m), 1 137(m), 1 120(m), 

1077(m), 989(m) cm-1; 1H NMR 6 5.95 (1 H, dt, J =  19 Hz; 6 Hz, R3SnHC=CHR), 

5.86 (1 H, d, J= 19 Hz, R3SnFEC=CHR), 4.59-4.55 (1 H, m, CH (THP)), 3.90-3.83 

(1 Hy m, CHHVHP)), 3.72 (1 H, dt, J= 9.5 Hz; 7 Hz, CHmTHP), 3.53-3.46 (1 H, 

m, CHH (THP)), 3.38 (1 H, dt, J =  9.5 Hz; 7 Hz, CHHOTHP), 2.15 (2 H, q, J =  7 

Hz, C=CHCH'), 1.87-1 -78 (1 H, rn, CHH (THP)), 1.75-1 -66 (1 H, m, CHH (THP)), 

1.65-1.37 f12 H, in, CH2). 1-35-124 (8 H, m, CH2), 0.92-0.76 (15 H, m, CH2, 

G h ) ;  I3C NMR 6 149.34 (R3SnHC=CHR), 127.43 (R$nHC=CHRf, 99.82, 

67.48, 62.29, 37.63, 30.78, 29.41, 29.22, 29.12, 27.26, 27.00, 25.58, 25.53, 

19-67, 13-70, 9-57, 9.40; mass spectrum (El) 417(M+ -Bu, loo), 51 5(7l), 



413(42), 333(48), 331 (Xi), 277(18), 275(15j, 235(l El, 233(15), 203(14), 

201(12), 179(47), 177(59). 175(43), 137(30), 135(24), 121(26), 119(19), 85(52); 

Anaf. Caicd. for C23H4602Sn: C, 58.35; H, 9.73. Found: C, 57.96; H, 9.53. 

11.3 Chemical tnvestigations of Stannylcupratiorr of 1-Alkynes. 

lf.3.1 Variation of Reagent and Temperature. 

General Procedure. Alkynes, 48 or 70, were added to solutions of 

stannylcuprates, 64 and 65, in THF (10 mL) under reaction conditions 

described below. Purification of products and starting materials was achieved 

by flash chromatography (SiU2, 5 % EK)Ac in hexanes) after standard work-up. 

[a] Aikyne, 70, (0.10 mL, 0.5 mrnol) was added at -78 OC to solutions of 

stannylcuprates, 64 and 65, (0.5 mmol). The mixtures were quenched after 1.5 

hr by pouring them into well-stirred solutions of NH4C1. Yield from 64: 70 (0.074 

g, 81 % recovered), 79:80 (90:10, 0.012 g, 5 O h ) ;  from 65: 70 (0.071 g, 78 % 

recovered), 79:80 (33:67, 0.019 g, 8 %). 

ZbJ Alkyne, 48, (0.13 mL, 13.5 rnrnol) was added at -78 "C to sollitions of 

stannyfcuprates, 64 and 65, (0.5 mmol) followed by MeOH (2 mL, 49 mmsl). 

Solutions were allowed to warm to O "C over 12 hr; they turned red to black at 

approximately -30 " C. Yield from 64: 7576 (89:11, 0.16 g, 61 %j; from 65: 

75:76 (91 :9, 0.23 g, 85 %). 

[el To sol&%ons ef slartnyiciiprates, 64, (1 mrnoi) and, 65, (0.5 rnrnoi) at 

-30 "C. was added 0.19 ml (1 rr?moil) and 0.1 mL (0.5 mmo!) of alkyne, 70, 

respectively. The mixtures were warmed to 0 OC over 1 hr and quenched with 

MeOH- Yield from 64: 79:80 (61:39, 0.30 g, 62 %); from 65: 79:80 (I 5:85. 0.21 



[dl Alkynes, 48, (0.13 mL, 0.5 mmol) and, 70, (0.1 mt, 0.5 mmol) were 

added at -30 OC to soiutions of stannylcuprates, 64 and 65. (0.5 mmol), 

respectively. The solution containing 64 was stirred at 0 "C for 12 hr and the 

sofution containing 65 was stirred at room temperature over 12 hr before 

quenching with MeOH. The yield from 64: 7576 (54:46, 0.1 8 g, 66 %); from 65: 

7980 (5644, 0.1 9 g, 80 %). 

if .3.2 Variation of Sobent and Temperature. 

General Procedure. Solutions of stannylcuprate, 65, (1 mmol) in THF 

(10 mL) were diluted with a solvent (10 mL) and THF removed under high 

vacuum. Alkyne, 70, (0.19 mL, 1 mmol) was added to the yellow solutions 

under the described reaction conditions. Purification was accomplished by flash 

chromatography (Si02, 5 % EtOAc in hexanes) after work-up. 

[a] Alkyne, 70, and MeOX ( I  mL) at -50 "C were added sequentially and 

the solution warmed to room temperature overnight. The black suspension was 

difuted with brine (200 mL) and extracted with diethyf ether (3 x 50 mL). The 

combined organic layers were dried (MgS04), concentrated under reduced 

pressure and the resultant crude oil purified to yield 79 and 80 (90:10, 0.41 g, 

86 24)- 

fb] Atkyne, 70, a$ -30 "C was added, the srjtution warned to 0 "C over 1 

hr and then quenched with MeOH, Work-up and purification yielded 79 and 80 

f70:30,0.40 g, 85 Obo). 



2. Stannyfcupration in Bis(2-methoxyethyf) ether. 

[a] The same procedure was followed as described in 1 [a]. Work-up and 

purification of the black suspension yielded 79 and 80 (87:17, 0.41 g, 86 %). 

[bj The same procedure was followed as described in 1 [b]. Work-up and 

purification yielded 79 and 80 (79:21, 0.37 g, 78 %). 

3. Stannyleupration in Hexamethylphosphoramide. 

[a] Alkyne, 70, at -10 OC was added to a slurry and the mixture warmed 

to 0 OC over I hr. The pate yellow solution was quenched with MeOH and the 

resulting black suspension worked-up and purified to yield 79 and 80 (26:74, 

0.26 g, 54 %). 

4. Stannyleupration in Dimethyi Sulfide. Sofvent was removed 

from a solution of stannyicuprate at 0 OC in THF under high vacuum and the 

resulting yellow paste clissofved in DMS to give a yellow solution. 

[a] The same procedure was follwed as described in 1 [a]. Work-up and 

purification of the black suspension yielded 79 and 80 (91 :9, 0.38 g, 81 %). 

p] The same procedure was followed as described in 1 fb]. Work-up and 

purification yielded 79 and 80 (54:46, 0-39 g, 83 %). 

If -3-3 Variation of Sn : Cu Ratios in Stannylcupra fion of I -Alkyne 70. 

General Pracedure. Solutions of stannyicuprates in THF (10 mi)  were 

prepared as descibed below. Preparation of n-B u3SnLi stock solution is 

described in section itl .?. Purification of products and starting materials was 



achieved by flash chromatography (Si02, 5 % EtOAc in hexanes) after standard 

work-up. 

[a] [I:l]. To a solution of stannylcuprate, 72, (0.5 rnmol) in TWF (10 mL) 

at -30 OC was added alkyne, 48, (0.13 mL, 0.5 mmol). The mixture was warmed 

to 0 OC and quenched with MeOH. Yield: 7576 (7525, 0.15 g, 56 %), 

[b] [1.5:lf. To a suspension of CuCN (0.045 g, 0.5 mmol) in THF (8.5 mL) 

at -30 OC was added n-Bu3SnLi (1.5 mL, 0.5 M, 0.75 rnmoi) giving rise to an 

orange solution within 30 min. Alkyne, 70, (0.1 mt, 0.5 mmol) was added, the 

mixture warmed to 0 OC over 1 hr and quenched with MeOH. Yield: 79:80 

(84:16, 0.19 g, 79 %). 

[c] [2:13. See experiment 11.3.1 [c]. 

[dl [8:l 1- To a suspension of CuCN (0.045 g, 0.5 mmoi) in THF (2 mL) at 

-30 OC was added n-Bu3SnLi (8.0 mL, 0.50 M, 4.0 mmot) giving rise to a yellow 

solution within several minutes. Afkyne, 70, (0.1 mi ,  0.5 rnmoi) was added after 

30 min, the mixture warmed to 0 OC over 1 hr and quenched with MeOH. Yield: 

79:80 (1 9:81, 0.16 g, 67 %). 

11.4 Spectroscopic Investigations of Solutions of Me3Sn C u(CN)Li 

(I 00) and (B~le~sn)~Cu(CN) L i 2  (81). 

11.4.1 I3C NMR Studies of Solutions of (Me$n),Cu(CfU)Li, (81) in various 

Softients. 

Sample Preparation. Solutions were analyzed by transferring an 

aliquot (ca. 0.3 mLf via cannula, under argon, to cooled (-30 "Cf 5 mm NMR 



tubes fitted with a rubber stopper. Cannulae were coated on the outside with a 

thin film of mineral oil in order to facilitate penetration and withdrawal through 

the rubber septum. The solutions were stirred at -30 "(2 for 30 min prior to '3C 

NMR analysis f3C NMR spectra were recorded at -30 OC. 

1. EtherITHF (1:4, 0.3 M). To a solution of (2 g, 6.1 rnmol) in 

THF (16 mL) at -40 OC was added MeLi (4.36 mL, 1.4 M, 6.1 mmoi) and stirring 

continued between -40 "C and -30 OC for one hour. The solution was then 

transferred to a separate flask containing CuCN (0.27 g, 3 mmot) (no solvent) at 

-30 OC. A red suspension that was formed initially dissolved to a yellow solution 

after several minutes. 

2. EtherIMeOH (3:2, 0.2 M). To a solution of (Me3Sn)* (0.42 mL, 2 

mmol) in diethyl ether (I mL) at -30 "C was added MeLi (2.1 mL, 0.93 M, 2 

mmol). After 1 hr CuCN (0.09 g, 1 mmol) was added and stirring continued for 1 

hr. The yellow solution was cooled to -40 OC and anhydrous MeOH (2 mL) 

added. An immediate coiour change from yellow to red was noted. 

3. EtherfHMPA (3~2, 0.2 M). This solution was prepared as described in 

2 with the exception that HMPA (2 mL) was added to the solution instead of 

MeOH. Addition of HMPA caused the solution to turn amber. 

Sample Preparation. Solutions were prepared as described in 

section 11.4.1. I3C NMR spectra were recorded at 0 "G. 



Preparation of Cu13CN (82). Prepared according to a literature 

procedure80 from K13CN/H20 (2.00 g, 30.7 rnmolf/6 mL; CuSO4/H20 (8.00 g. 

32.0 rnmol)/25 mL and NaSO41H20 (1.7 g, 16.3 mmoI)/6 mL. Cu13CN was 

obtained as a fine, tan cotoured powder (2.29 g, 82 %). 

Preparation of Me3SnLi stock solution [0.5 M THF/Ether]. The 

foltowing procedure is representative: To a test tube containing a nlagnstic 

stirbar were added exactly 8.0 mL of THF and the bottom of the rneniscus 

marked by etching tfie side of the glass. The calibrated test tube/stirbar 

assembly was oven dried, fitted with a rubber stopper and cooled wder a 

stream of argon. The test tube was charged with THF (2 mL) and then ( M E ~ S ~ ) ~  

(0.84 mL, 4.0 mmol) added. MeLi (4.26 mL, 0.94 MI 4.0 mmol) was added at -40 

"C and the solution subsequently diluted (THF) to the 8.0 mL mark. The light 

green solution wzs stirred for I hr between -40 OC and -30 "C. 

Me3SnCu(*3C~)Li  (100) (0.13 M THFfHMPAIEther). To a 

suspension of Cu'SCN (0.09 g, 1 rnrnol) in THF (4 mLj at -10 "C was added 

Me3SnLi (2 mL, 0.5 M THWEther, 1 rnrnol). This gave rise to a red s lwy within 

30 min. HMPA (2 mL) was added causing the mixture to become 

homogeneous. 

(Me3Sn)2C~(%~)~i2 (81) (0.1 M THFiHMPNEtherj. To a solution 

of 100 (above) at -10 % was added Me3SnLi (2 mL, 0.5 M THFIEther, 1 mmol) 

to give rise to a yellow solution. 



ii.4.3 Infrared Studies of Sohiions of Me3SnCufCNfLi (1 Oil) and 

(Me3Sn)2Cu(CNjii2 (8 I). 

Sample Preparation and AnaZyses. Infrared spectra of solutions 

were recorded on a Perkin-Efmer Model 1605 FT-IR spectrometer at 0 OC by 

using an infrared cell (pathlength = 1 mm) fitted with CaF2 windows. The 

temperature of sofutions was controlled by a CU2/acetone bath inside a "cold 

finger" which formed an integral part of the fR cell assembly. A pair of inlet and 

outlet canufae enabled transfer of solutions from the cooled reaction flask (ca. 

-20 OC) to a receiver flask via the IR cell under an inert atmosphere. Typically, 

the fR cell was washed with anhydrous solvent for approximately 1 min and 

then the solution introduced until it dould be seen dripping into the receiver 

flask. The temperature was allowed to equilibrate for 1 min before acquiring the 

spectrum. This cycle was repeated for each experiment. The absorption 

spectrum of each sofvent system was recorded independently and 

electronically subtraded from IR spectra of samples. Unless indicated 

otherwise, 64 scans were taken for each run at a resoiution of 4 cm-1. 

Me3SnCu(CN)Li (1 00) (0.1 M THF/HMPA/Ether). This solution was 

prepared by adding Me3SnLi (2 mt, 0.5 M THFIEther, I mmof) to a suspension 

of CuCN (0.09 g, 1 mmol) in THF (6 mL), HMPA (2 ml) was added after 30 min 

and caused a sfight darkening of the solution. 

(Ue3Sn)2Cu(CN)Li2 (81) (0.1 M T HWHMPNEther). This solution was 

prepared by adding Me3SnLi (4 mL, 0.5 A4 THFIEther, 2 mmol) to a suspension 

af CirCN (0.09 g, 1 rnmol) in THF (4 mlj. HMPA (2 mL) was added after 30 min 

and caused a slight darkening of the solution. 



6-Tetrahyropyranyloxy-2-trimethyistannyl-l-hexene (83). The 

following data was obtained for a 98:2 mixture of 83 and 84: iR (neat) 3033(w), 

2938(s), 2870(s), 1597(w), 1454(m), l44O(m), 1352(m), 1200(rn), 1 136(m), 

11 1!3(m), 1078(m), 1035fm), 91 1 (m) cm-I; 1H NMR 6 5.64 (1 H, di, J = 2.8 Hz; 

1.4 HZ; 3JSn-H = 154 HZ, HtransHcisC=CRSnMe3), 5.14 (1 H, dt, J = 2.8 HZ; 1.6 

HZ; 3JSn-* = 72 HZ, Htran&&=CRSnMe3), 4.60-4.55 (1 H, rn, CH (THP)), 3.90- 

3.82 (1 H, m, CH2 (IHP)), 3.73 (1 H, dt, J = 9.6 Hz; 6.6 Hz, CH20THP), 3.53- 

3.46 (1 H, my CH2 (THP)), 3.37 (1 H, dt, J=  9.6 Hz; 6.5 Hz, CH20THP), 2.30 (2 

H, t, J = 7.5 Hz; 3JSneH = 52 Hz, C=CSnMe3CH2), 1.87-1.77 (1 H, m, CH2 

(THF)), 1.74-1.66 (1 H, m, CH2 (THP)), 1.63-1.40 (8 H, m, CH2), 0.12 (9 H, s, 

2&n-H = 53 Hz, Sn(CH3)3); mass spectrum (El) 333(M+ -Me, 8), 331 (6), 329(3), 

249(l OO), 247(73), 245(44), 231 (1 0), 229(8), 1 65(40), 1 63(29), 1 61 (1 6), 1 51 (9), 

150(8), 149(9), 135(17), l33(13), 85(64), 67(13); Anal. Calcd. for C, 4H2802sn: 

C, 48.45; H, 8.13. Found: C, 48.90; H, 8.27. 

6-Tetrahydropyrany toxy-1 -trirnethylstannyl-1 (E)-hexene (84). 

The following data was obtained for a 14186 mixture of 83 and 84: IR (neat) 

2938(s), 2869(s), 1600(m), 1453(m), 1440(m), 1352(m), 1201(m), 1136(m), 

1120(m), f O7?(m), 1035(m), 989(m) cm-1; 1H NMR 6 5.98-5.93 (2 H, m, 3JSn,.F = 

85 Hz, Me3SnHC=CHR), 4.60-4.54 (1 H, m, CH (THP)), 3.91-3.82 (I H, m, CHH 

(THP)), 3.74 (1 H, dt, J =  9.6 Hz; 6.5 Hz, CHHOTHP), 3.53-3.46 (1 H, rn, CHH 

(THP)), 3.39 (1 H, dt, J = 9-6 Hz; 6.5 Hz, CHHOTHP), 2.19-2.21 (2 H, rn, 

C=CSnMe3CH2), 1.88-1-78 (1 H, m, CHH (THP)), 1.75-1.66 (1 H, rn, CHH 

VHP)), 1.64-1-43 (8 H, rn, G&), 0.09 (9 H, s, 2Jsn-14 = 53 Hz, Sn(CH&j; mass 

specirum (Ei) 333(M+ -Me, 1 OO), 331 (71), 329(3), 249(66), 247(46), 245(28), 

23.1 (V), 229(63), 167(12), 165(24), l63(16), 151 (l4), 149(12); Anal. Calcd, for 

CS4H2&Sn: C, 48-45; H: 8.1 3. Found: C, 48,48; H, 8.10. 



6-Tetrahydropyranyfy-I ,2-bis(trinethy!stacinyl)-l(Z)- kexene 

(85). IR (neat) 2938(s), 2869(s), l548(w), 1453(m), lMO(m), l352(m), 

1200(m), 1 186(rn), 1 137(m), 1 120(m), 1 O77(rn), 1 O34(m), 1022(m) cm-1; 1 H 

NMR 6 6.61 ( I  H, t, J = 1.2 HZ; 3Jsn-H  = 197 HZ; 2JSn-H = 87 HZ, 

Me3SnHC=CSnMe3R), 4.604.50 (1 H, m, CH (THP)), 3.90-3.82 ( I  H, m, CHH 

(THP)), 3.37 (1 H, dt, J = 9.5 Hz; 7 Hz, CHHOTHP), 3.53-3.46 (1 H, m, CHH 

(THP)), 3.57 (1 H, dt, J =  9.5 HZ; 7 HZ, CHHOTHP), 2.36 (2 H, dt, J =  7 Hz; 1.2 

Hz, C=CSnMe3CH2), 1.89-1.78 (1 H, m, CHH (THP)), 1.75-1 -67 ( I  H, my CHH 

(THP)), 1.62-1.48 (6 H, m, Ckf& 1.47-1.38 (2 H, my Ch) ,  0.16 (9 H, s, 3JSn-H = 

52 Hz, Sn(CH3)3), 0.15 (9 H, s, JS,-* = 52 Hz, Sn(CH3j3); 1% NMR 6 168.8 

(Me3SnHC=CSnMe3R), 143.0 (Me3SnHC=CSnMe3R), 98.8, 67.4, 62.2, 47.3, 

30.8, 29.2, 26.4,25.5, 19.6, -7.5, -7.7; mass spectrum (El) 347(M+ -SnMeg, <I), 

31 5(2), 31 3(2), 31 1(2), 263(9), 261 (8), 259(4), 249(4), 247(1 O), 245(8), 243(4), 

231(3), 229(2), 135(20), 133(16), 85(96); Anal. Calcd. for C17H3602Sn2: C, 

40.0; H, 7.06. Found: C, 40.57; H, 6.77. 

CHAPTER Ill 

Ilf.1 Chemical investigations of CuCN and Cul Derived Mixed 

Higher Order and Lower Order Trialkylstannylcuprales. 

Preparation cf n-Bu3SnLi stock solution I0.5 M THFf. This solution 

was prepared by treating a solution of f n - B ~ ~ S n ) ~  (2.53 rnL, 5.0 mmof) in THF 

(4 mL) with n-BuLi (2 mt, 2.5 M, 5 rnmoi) following the same procedure as 

described for the preparation of Me3Snli stock sotution2o (see Chapter I!). The 

mixture was diluted with THF to a final volume 10 mL. 



Preparation of CeH17-C=CLi stock soiution jl.O M THF]. The 

following procedure is representative: To an oven dried test tube equipped with 

a magnetic stirbar and calibrated to 7 mL (see above) was added THF (2 mL) 

foilowed by 1-decyne (1.27 rnt, 7.0 mrnol). The solution was cooled to -78 OC 

and n-BuLi (2.86 mL, 2.45 M, 7.0 mmoi) added dropw~se. The mixture was 

diluted with THF to the 7 mL mark of a calibrated reaction vessel and stirring 

continued at -78 "C for 30 min to afford an olive green sofution. 

Preparation of Ph-&CLi stock solution [I .0 M THFJ. This solution 

was prepared by treating a solution of phenylacetylene (0.55 mL. 5 mmol) in 

THF (2 mL) with n-BuLi (2 mL, 2.5 My 5 mmof) following the same procedure as 

described for the preparation of C8HI7-CSLi stock solution (see above). The 

mixture was diluted with THF to a final volume 5 mL. 

I I I I - 1 Stannytcupratiun of Organic Substrates with Me3SnfMe) Cuf CN) t i2 (86). 

Preparation of (Me3Sn)(Me)Cu(CN)Li2 (86). To a suspension of 

CuCN (0.09 g, I mmol) in THF (20 mL) at -30 "6 was added MeLi (1 -8 mL, 1 M, 

2 mmol). A tan coloured solution formed within several minutes to which 

(SnMe& (0.27 mL, 1 mrnol) was added after 30 min- The yellow solution was 

stirred for 1 hr at -30 "C prior to addition of substrate. 

3-Trimethylstannyl-3-buten-1-01.(87). An authentic sarnpie was 

prepared as folfows: To a solution of (Me3Sn)2Cu(CN)bi2 (1 mrnol) in THF (20 

mt) -78 "C was added 3-butyn-1 -of t0.08 mL, 1 mrnot) followed by MeOH 

(excess). The mixture was warmed to 0 OC over several hours and subsequently 

worked up and purified as described for 88 to yield 87 and 88 (90:10, 0.19 g, 

80 %): IR (neat) 3338(s), 3035(w), 297E(s), 291 4(s), f7OU(w), l6Ol (w), 

169 



1423(m), 11 89(m), 1046(m), 989(w), 91 9(w) cm-3; 1H NMR 6 5.78 (1 H, dt, J = 3 

HZ; 1 -5Hz; ~JS*+.J = 147 HZ, ~ra,,HcisC=CSnMe3R), 5.33 (1 H, dt, J = 3 Hz; 1 

HZ* 3JSn.H = 69 Hz, H,,,,Hci,C=CSnMe3R), 3.G5 (2 H, q, J = 6 Hz, ChOH), 

2.55 (2 H, t, J = 7 HZ; 36 19Sn-H = 56 HZ; 351 ITSn+ = 53 HZ, C=CSnMe3C Hz), 

1.38 (1 H, t, J = 6 Hz, OH), 0.16 (9 ti, s, 2JSn-* = 51 Hz, Sn(CH&); mass 

spectrum (CI) 237(Mi1, 26), 235(20), 233(10), 221(51), 219(42), 217(25), 

l65(l  OU), l63(68), 161 (44); Anal. Calcd. for C7H160Sn: C, 35.74; H, 6.81. 

F~und: C, 35.91 ; H, 6.57. 

4-Tr imethy ls tann y Ibut-3(E)-en-1-01.(88). To a solution of 

stannylcuprate, 86, (1 mmol) was added at -78 OC 3-butyn-1-01 (0.08 mL, 1 

mmol), the mixture warmed to 0 OC over several hours and quenched with 

Me(3H. The soiuticn was difuted with brine (50 mL) extracted with diethyl ether 

(3 x 20 mL) and the combined organic layers dried (hAgS04) and concentrated. 

The crude liquid was flash chromatographed (Si02, 10 % EtOAc in hexanes; 

silica was pretreated with a solution of Et3N (2 %-hexanes) to afford 87 and 88 

( 3 7 ,  0.18 g, 4 %) as a colourless fiquid. Stannylcupration above -30 OC 

resulted in the formation of isomers 87 and 88 with varied regioselectivity: IR 

(neat) 3334(s), 3035(w), 2967(s), 291 4(s), 1 708(w), 1601 (m), l422(m), 

1189(m), lO.QFj(m), 990(rn), 919(m) em-1; 1H NMR 6 6.11 (1 ti, dt, J=  19 Hz; 1.5 

Hz; 2$19Sn-H = 68 HZ; 2J(17Sn-H = 64 HZ, Me3SnHC=CHR), 5.93 (1 H, dt, J = 

19 k; 6.5 Hz; 3$19Sn.H= 74 HZ; 3J17Sn.H = 70 HZ, Me3SnHC=CHR), 3.68 (2 

H, q, J = 6 HZ, CbOH), 2.40 (2 H, dq, J = 6 HZ; 1.5 Hz, C=CHCH2), 1.45 (1 H, t, 

J = 6 Hz, OH), 0.12 (9 H, s, *JSn-H = 51 Hz, Sn(Ck!&); mass spectrum (CI) 

237((Afl+l I*, 35),235(25), 233(17), 195(5), 193(5), 165(100), 163(72), 161 (46); 

And. Caicid. for C7HI6OSn: C, 35.74; ti, 6.81. Found: C, 35.47; H, 6.68. 



2-Trimethylstannyl-l-decene (89). To stannyicuprate, 86, (1 mmol) 

was added at -30 "C 1-decyne (0.18 mL, 1 mmol), the mixture warmed to room 

temperature overnight and quenched with MeBH (excess). The solution was 

diluted with brine (50 mL), extracted with hexanes (3 x 20 mL) and the 

combined organic earacts dried (MgS04) and concentrated under reduced 

pressure. The crude liquid was purified by Kugelrohr distillation to yield 89 and 

90 (84:16, 0.20 g, 67 %). Prolonged reaction times at room temperature 

resulted in the formation of increasing amounts of distannane, 91. In a modified 

procedure 1-decyne (1 mmol) and MeOH (excess) were added to a solution of 

stannylcuprate,86, (2 mmol) at -78 "C and the mixture warmed to 0 "C over 

several hours. Work-up and purification yielded 89 and 90 (98:2, 0.26 g, 87 %): 

7 H NMR 6 5.65 (1 H, dt, J = 3 HZ; 1.5 HZ; 3 J S n - ~  = 165 HZ, 

HtranflcisC=CSnMe3R)p 5.13 (1 H, dt, J = 3 HZ; 1 HZ; 3JSn-H = 73 Hz, 

Ht,,,Hci,C=CSnFAe3R), 2.28 (2 H, t, J = 7 Hz, C=CSnMe3CH2), 1.43-1.19 (1 2 

H, m, CH2), 0.90 (3 H, t, J= 7 HZ, CH3), 0.13 (9 H, S, 2JSn-H = 51 HZ, sf~(C&)~); 

mass spectrum (El) 289(M+ -Me, 1 OO), 287(72), 285(45), l65(26), 1 63(l8), 

161 (121, 151 (Z'), 149(22), 147(14), l35(16), l33(l3); Anal, Calcd. for 

Cf3H28Sn: C, 51.49; H, 9.24. Found: C, 51.67; H, 9.37. 

1 -TrimethylsZannyl-1 (Q-decene (90). The following data was 

obtained for a 84~16 mixture of 89 and 90: H NMR (relative number of protons) 

6 6.45 (1 H, dt, J =  12.5 HZ; 7 tfr; 34n-H = 154 Hz, Me3SnHC=CHR), 5.77 (1 H, 

dt, '= 12.5 k; I k; 2&n-H = 82 HZ, Me3SnHC=CHR), 2.02 (2 H, dq, J =  7 HZ; 

1 HZ, C=CSnM%CH& ? -38-1 -20 (m, C&), 0.14 (s, 2JSn-H = 51 HZ, SnfCH3)gj; 

mass spectrum (El) 289 (Mi- -Me, IOOj, 287(79), 285(48), l65(25), ?63(18), 

t6lf12f, l 5 I  (621, 149(52), 147(30), 135(36), 133(27), 131(15), 121(11), 119(9). 



1,2-Bis(trimethy1stann yl)-1 (2)-decene (91). Isolated as tne main 

product in the stannylcupration of I-decyne with stannylcuprate, 86, after 

prolonged reaction time: NMR 6 6.58 (1 H, t, J =  1.5 Hz; 3 s  19Sn-H = 196 Hz; 

2J119Sn-H = 87 HZ; 3 J 1 ' 7 s n - ~  = 187 HZ; 2 J ' 1 7 S n - ~  = 83 Hz, 

Me3SnHC=CSnMe3R), 2.30 (2 H, dt, J = 7 Hz; 1.5 Hz, C=CSnMe3CH2), 1.35- 

1.20 (12 H, m, CH2), 0.86 (3 H, t, J =  7 Hz, Ch) ,  0.15 (9 H, s, 2JSneH = 51 Hz, 

Sn(CH3)$, 0.1 3 (9 3, s, 2JS,+ = 51 Hz, Sn(CU3j3); mass spectrum (El) 462- 

468(M+, I) ,  445-457(4), 324-334(23), 308-31 9(25), 303(13), 301 (1 O), 299(6), 

165(100), 163(69), 161 (42), 135(10), 133(8), 121(1), 119(1). 

3-Trimethylstannyicyclohexanone (92). To a solution of 

stannylcuprate 86 (1.1 mmol) at -78 OC was added 2-cycbhexen-1-one (0.1 

mL, 1 mrnol). A.tter 30 rnin the mixture was warmed to room temperature, 

quenched with MeOH and diluted with brine (50 mL). The solution was 

extracted with diethyl ether (3 x 20 mL) and the combined organic layers dried 

(MgS04) and concentrated under reduced pressure. The remaining crude 

liquid was purified by flash chromatography (Si02, 10 % EtOAc in hexanes; 

silica was pretreated with a solution of Et3N (2 %-hexanes) to afford 92 (0.18 g, 

70 %) as a colourless liquid: tR (neat) 2923(s), 2859(s), 1708(s), 1444(m), 

141 8(m), 1341 (m), 131 0(m), f225(rn) em-1 ; 1 H NM R 6 2-48-2.27 (4 H, rn, CH2), 

2.17-2.09 (1 H, m, C 4 ,  1.97-1.88 (1 H, m, CH2), 1.82-1 -53 (3 H, m, CH2, 

CHSnMe,), 0.07 (9 H, s, 2J19Sn.H = 53 Hz; 26'7s,.H = 52 Hz, S~I(CH,)~); 

mass spectrum (Cf) 263((M+1)+, 31), 261(25), 259(15), 247(100), 245(81), 

243(4-8), !83(f0), 181(9), !79(5), 155(33), 163(23), 161(16). HRMS Calcd. for 

C9H&n [-Me): 247.014. Found: 247,Ql34. 

1-Trimethyktstnnyioctan-2-of (93). To a solution of stannylcuprate, 

86, (1.2 mmd) a2 -78 "C was added a sofution of 1,2-epoxyoctane (0.13 g, I 



mmof) in THF (2 ml), the mixture warmed to room temperature over sweral 

hours and quenched with MeOH. Extraction with diethyt ether (3 x 20 mL) 

followed by drying (MgS04) and concentration of the combined organic layers 

gave a crude liquid which was flash chromatographed (Si02, 10 % EtOAc in 

hexanes) to afford 93 (0.13 g, 44 %) as a colourless liquid. In a second 

experiment, 94 was also M a t e d  in addition to 93 (0.1 1 g, 38 5%): IR (neat) 

3362(s), 2956(s), 2926(s), 2856(s), 1466(m), 984(m) cm-I ; H NMR 6 3.93-3.83 

(1 H, my R2CHOH), 1.47-1.38 (2 H, m, RCHOHCH*), 1.35-1 -23 (8 H, m, CH2), 

1.18 (1 H, dd, J= 13 Hz; 6.5 Hz, RCHHSnMe3), 1.08 (1 H, dd, J =  13 Hz; 6.5 Hz, 

RCHHSnMe3), 0.88 (3 H, t, J = 7 Hz, W3), 0.09 (9 H, 2JSn.H = 52 Hz, 

Sn(CH3)3); mass spectrum (Elf 277(M+ -OH, 27), 275(19), 273(10), 261 (24)' 

259(1 I) ,  257(6), 183(26), 181(21), 179(4), 165(100), 163(70), 161 (42). 

3-Nonanot (94). Isolated fmm stannylcupration of 1,2-epoxyoctane 

with stannylcuprate, 86, (1.2 m m f )  as a colourless liquid (0.043 g, 30 %): iR 

(neat) 3331 (s), 2926(s), 1454(m), 1349 (m), 1 l36(m) 1 O73(m), 101 2(m) cm-1 ; 

l H  NMR 6 3.52 (1 H, s, R&kOH), -57-1.2 (12 H, m, Ch) ,  0.95 (3 H, t, J= 7 Hz, 

C h ) ,  0.89 (3 H, t, J=  5 Hz, C h ) ;  mass spectrum (CI) 127f(M+1)+, -HzO). 

l t 1.1 2 Stmnykupratiun of Organic Substrates with n- Bu3Sn (n-Bu) Cu(CN)&. 

Preparation of (n-Bu3Sn){ t?-B~)Cu(Ch'j ti2 (95). This reagent 

was prepared foilowing the procedure described for stannylcuprate, 86, from 

*Bull and ( ~ B u ~ s n ) ~  reagents. 

3-Tri-n-butyifst%itirzpii3-b'uiiei.i-1-+I (96). An zrithe~tie sample was 

prepared by adding 3butyn-1-01 (0.15 mL, 2 mmol) at -78 "C to a s~lution of 

( ~ - B U ~ S R ) ~ C U ( C N ) L ~  (65) (2 mmol) in THF (20 mL) followed by methanol 



(exctvss) and warming this mixture to room temperature over several hours. 

Work-up and purification as described for 97 yielded 96 and 97 (99:1, 0.40 g, 

55 %) as a colourless tiquid: IR (neat) 3320(s), 3034fw), 2956(s), 2925(s), 

2871(s), 2858(s), 1464(m), 1376(m), 1047(m), 917(m) cm-1; 1H NMR 6 5.81 (I 

H, m, 3JSn.H = 133 HZ, hxnsHcisC=CSnB~3R), 5.30-5.27 (1 H, m, 3JSn.* = 61 

HZ, HtransHCisC=CSnBu3R), 3.63 (2 H, q, J = 5.9 HZ, CH20H), 2.52 (2 H I  t, J = 

6.2 HZ; 3$'gSn-H = 47 HZ; 3J'7Sn.H = 45 HZ, C=CSnBu3CH2), 1.53-1.43 (6 H, 

m, CH2), 1.31 (6 H, sext, J =  7.3 Hz, CH2), 0.94-0.85 (15 H, in, CH2, CH3); mass 

spectrum (El) 305(M+ -Bu, 1 OO), 303(72), 301 (43), 249(32), 247(24), 245(13), 

179(13), 177(29), 1751231, 137(55), 135(42), 133(28), 121(27), 119(20), 

117(13); Anal. Calcd. for C16H340Sn: C, 53.04; H, 9.39. Found: C, 53.21; HI 

9.55. 

4-Tri-n-butyfstannyf-3(E)-buten-1-01 (97). To a solution of 

stannylcuprate, 95, (2.4 mmol) in THF (20 mL) at -78 OC was added 3-butyn-l- 

of (0.15 mL, 2 mmoi), the mixture warmed to 0 *C over 1 hr and quenched with 

MeOH. The solution was diluted with brine (100 mL), extracted with diethyl ether 

(3 x 20 mL) and the combined organic layers dried (MgS04) and concentrated 

under reduced pressure to afford a crude liquid. Purification by flash 

chromatography (SO2, EtOAc 10 % in hexanes) yielded 96 and 97 (4:96, 0.61 

g, 84 %) as a colourless liquid: IR (neat) 3330(s), 2956(s), 2926(s), 2871(s), 

1599(m), iU(rn),  1376(rn), 1046(m), 990(m) cm-l; 1H NMR 6 6.07 (1 W, dt, J =  

19 HZ; 1.5 HZ; 2J119Sn-H = 76 HZ; 2J117Sn-H = 72 HZ, Bu3SnHC=CHR), 5.93 (1 

ti, dt, J = 19 HZ; 6 HZ; 3$ iSSn-H = 64 HZ; 17sn-H = 61 HZ, Bu3SnHC=CHR), 

3.68 (2 H, q, J= 6 Hz, C%OH), 2.43 (2 H, dq, J = 6 Hz: 1.5 Hz, C=CSnBu3CY), 

1.58-1.38 (6 H, m, CH2), 1.35-1.25 (6 H, m, C b ) ,  0.93-0.87 (15 H, m, CH2, 

CH3); mass spectrum (El) 305(M* -Bu, 241, 303(19), 301 (lo), 291(100), 



289(78), 287(45); Anal. Calcd. for C16H340Sn: C, 53.04; H, 9.39. Found: C, 

52.99; H, 9.38. 

I-Tri-n-butylstannyi-2-octanol (98). To a solution of stannyicuprate 

95 (2.4 mmol) in THF (20 mL) at -78 "C was added a sol~ltion of 1,2- 

epoxyoctane (0.26 g, 2 mmol) in THF (2 mL) and the solutior, warmed to room 

temperature overnight. The mixture was quenched with MeOH, diluted .with 

brine (100 mL) and extracted with diethyl ether (3 x 20 mL). The organic extracts 

were combined, dried (MgS04) and concentrated to give a crude liquid which 

yielded, after flash chromatography (Si02, 10 % EtOAc in hexanes), 98 (0.26 g, 

37 %) as a colourless iiquid: IR (neat) 3346jm), 2957(s), 2925(s), 2871(s), 

2834(s), 1464(m), 1376(m), 1071 (m), 1001 (m) cm-I; NMR 6 3.91 -3.83 (1 H, 

m, R2ChOH), 1.52-1.40 (10 H, m, CH2), 1.38-1.23 (14 H, m, CH2), 1 .I5 (1 H, dd, 

J = 13 Hz; 7 Hz, RCHHSnBu3), 1 .U7 (1 H, dd, J = 13 Hz; 7 Hz, RCHHSnBu3), 

0-91-0.83 (28 H. my CH2, CH?); mass spectrum (El) 313(l), 291(3), 289(2), 

269(l OO), 267(69), 265(37), 21 3(4l), 21 1 (37), 2O9(2lO, 177(37), l75(26), 

173(15), 155(55), 153(42), 151 (20), 121 (20), 119(16), 117(10), 7(36); Anal. 

Caicd. for C20H440Sn: C, 57.29; H, 10.58. Found: C, 57.49; H, 10.79. 

6-Dodecanol (991. This compound was isolated from reaction of 1,2- 

epoxyoctane with stannykuprate, 95, (2.4 mmol) as a colourless liquid (0.107 

g, 29 %): IR (neat) 3332(s), 2925 (s), 1454 (m), l378(m), 1 137(m), 1 O73(m), 

101 2(m) cm-I; H NMR 6 3.59 (1 H, s, R2CHOH), 1.50-1.22 (1 8 H, m, CH2), 

0.93-0.83 (6 H, m, CH3); mass spectrum (El) 185(M+, el), 168(9), 115(37), 

101(46), 97(100), 83(91), 69(17), 55(61). 

Stannylcupration of I-Afkyne (48) [l equivalent]. To a solution 

of stannylcuprate 95 (1 mmol) in THF (10 mL) at -30 OC was added alkyne, 48, 



(0.26 mL, 1 mmolf. the mixture warmed to 0 "C over 1 hr and quenched with 

MeOH. The solution was concentrated under reduced pressure and the 

resulting slurry suspended in hexanes (ca. 5 mL) and subjected to flash 

chromatography (SiU2, 5 % EtOAc in hexanes). A colourtess oil consisting of 

75 and 76 (5545, 0.30 g, 57 %) was obtained. 

Stannylcupration of 1-Alkyne (48) 12 equivalents]. Thi5 reaction 

was carried out as described above using 1-aikyne, 48, (0.26 mL, 1 mmol) and 

stannylcuprate, 95, (0.5 mmol). Work-up and purification yieded 75 and 76 

(17233, 0.21 3 g, 80 % [based on available n-0u3Snj) as a colourless oil. 

l t I .  1.3 Stannykupration of 3-Butyn- l -01 and Lithium 3-Butyn- 1 -oxide. 

[a] To a THF solution of n-Bu3Sn(n-Bu)Cu (CN)Lj2 (95) (2.4 mmol) was 

added 3-butyn-1-of as described in ff1.1.2. Work-up and purification yielded 96 

and 97 (496, 0.61 g, 84 %). 

[b] To a suspension of n-Bu3SnCu(CN)Li (72) (2.4 mmol) in THF (20 

mL) at -78 "C was added 3-butyn-1-01 (0.15 mL, 2 mmol), the mixture warmed to 

0 "C over 1 hr and quenched with MeOH. Work-up and purification yielded 96 

and 97 (69:31, 0.56 g, 78 %). 

[c] To a suspension of n-Bu3SnCu(CN)Li (72) (2.4 mmol) in THF (10 

mL) at -78 "C was transferred a solution of lithium 3-butyn-I-oxide (2 mmol) in 

THF (10 mL) [prepared by treating a THF solution of 3-butyn-1-01 (0.15 mL, 2 

mmol) with n-BuLi (0.8 mL, 2.5 M, 2 mmol) at -30 OC/15 min]. The mixture was 

warmed to 0 OC over 1 hr during which time a yetlow solution was formed. 

Quenching with MeOH folfowed by work-up and purification yielded 96 and 97 



[dl To a THF solution of Me3Sn(Me)Cu(CN)Li2 (86) was added 3-butyn- 

I -of as described in 111.1 .I. Work-up and purification yielded 87 and 88 (397, 

0.18 g* 77 %) 

[el To a suspension of Me3SnCu(CN)Li (100) (1 .l mmol) in THF (20 mL) 

at -78 "C was added 3-butyn-1-01 (0.08 mL, 1 mmol), the mixture warmed to 

0 "C over I hr and quenched with MeOH. Work-up and purification yielded 87 

and 88 (81 :I 9, 0.175 g, 74 %). 

[i] A solution of lithium 3-butyn-1-oxide (2 mmol) in THF (iO mt)  was 

added to a suspension of Me3SnCu(CN)Li (100) (2.4 mmol) in THF (10 mL) as 

described in [cJ. Work-up and purification yielded 87 and 88 (35:65, 0.32 g, 

69 %). 

111.1 -4 Stannykupration of I-Alkynes with n-Bu3Sn(X)CuLi-Lil. 

General Procedure. Solutions were worked-up by addition of a 

saturated solution of NH4CI (100 mL) to reaction mixtures followed by extraction 

with hexanes (3 x 20 mu. The combined organic layers were dried (MgS04) 

and concentrated under reduced pressure. The resulting crude oils were 

purified by flash chromatography (Si02, 5 % EtOAc in hexanes). 

Vinylstannanes were obtained as coiourless liquids. Anions of MeOH,43 

Et2NH,43 Ph2PH,43 n-5upSeal and R-C&-H63 were prepared following 

fiterature procedures. 

[a] X = MeO. To a mixture of Cul (0.1 9 g, 1 mmol) and MeOLi (0.038 g, 

1 mrnol) was added THF (8 rnL) and the suspension stirred at room temperature 



for 1 hr. The resuiting yellow solution was cooled to -50 "C and n-Bu3SnLi (2 

rnL, 0.5 Ail, 1 mmol) added causing the mixture to turn black immediately. 

Alkyne,?O, (0.19 mL, I mmol) was added at -30 OC, the solution warmed to 0 OC 

over 1 hr and quenched with MeOH. Work-up and purification yielded 79 and 

80 (69:31, 0.093 g, 39 %). 

[b] X = Et2N. To a solution of Et2NH (0.10 mL, 1 mmol) in THF (8 mL) at 

-30 OC was added R-Buti (0.40 ml, 2.5 M, 1 mmol) and stirring continued 

between -30 OC and -20 "C for 45 rnin before adding Cui (0.19 g, 1 mmol). After 

30 rnin the red-brown solution was cooled to -30 OC and n-BusSnLi (3 mL, 0.5 

M, I mmol) added giving rise to a turbid, yellow mixture after 30 min. Alkyne, 

70, (0.19 mL, 1 mmol) was added, the solution warmed to 0 OC over 1 hr and 

quenched with MeOH. Work-up and purification yielded 79 and 80 (50:50, 

0.057 g, 24 %). 

[cj X = Ph2P. To a solution of n-Bu2PH (0.17 mL, 1 mmol) in THF (8 

mL) was added at -30 "C n-Buti (0.40 mL, 2.5 M, 1 rnrnoi). The amber solution 

was stirred at room temperature for 10 min, cooied to -30 OC and Cut (0.19 g, 1 

mmol) added giving rise to a black suspension. n-Bu3SnLi (2 mL, 0.5 M, 1 

mmol) was added followed by atkyno, 70, (0.19 mL, 1 mmol) after 30 rnin (no 

colour change). The slurry was warmed to 0 OC over 1 hr, quenched with MeOH 

and diluted with NH&f (100 mL). Work-up of the acidified mixture (2 M HCI) 

followed by purification yielded 79 and 80 (17:83, 0.081 g, 17 %). 

Id] X = n-BUS.  To a suspension of finely granuiated selenium (0.079 

g, 1 mmol) in THF (8 ml) a4 -20 "C was added rrSuLi (0.40 mL, 1 mmo!). ''he 

cofourless solution was cooled to -30 OC and Cul (0.19 g, 1 mmof) added after 

30 min. The dark brown suspension was stirred for 30 rnin and then n-Bu3SnLi 



(2 mL, 0.5 M, 1 mmof) added, followed by alkyne, 70, (0.19 mL, f mmol) after an 

additional 30 min. Work-up of the acidified mixture (2 M HCI) followed by 

purification yielded : 79 and 80 (81 :I 9, 0.1 7 g, 70 %). 

re] X = C8HIrC=C. To a suspension of Cut (0.19 g, 1 mmol) in THF (3 

mL) at room temperature was added C8HI7-C&Li (1 mL, 1 My 1 mrnol). Atter 

15 min the yellow slurry was cooled to -10 OC and n-Bu3SnLi (2 mL, 0.5 M, 1 

mmol) added giving rise to a pale green solution within 10 min. After 30 min the 

solution was cooled to -30 OC, alkyne, 70, (0.1 mL, 0.5 mmol) added and the 

mixture warmed to 0 OC over 1 hr. The solution was quenched with MeOH, 

worked up and purified to yield 79 and 80 (65:35, 0.18 g, 77 %). 

M X = Ph-CS. To a suspension of Cul (0.10 g, 0.5 mmol) in THF (3 

mb) at room temperature was added Ph-C=CLi (0.5 mL, 1 M, 0.5 mmol). The 

yellow slurry was cooled to -10 OC after 30 min and n-Bu3SnLi (1 mL, 0.5 M, 0.5 

rnmol) added giving rise to a red-brown suspension. Stirring was continued for 

30 rnin before adding alkyne, 70, (8.1 mL, 0.5 mmol) at -30 OC. The mixture was 

warmed to 0 OC over 1 hr, quenched with MeOH and worked up and purified to 

yield 79 and 80 (65:35, 0.056 g, 21 %). 

Ill. 1 -5 Stannylcupration of I-Alkynes wifh n - B ~ ~ s n ( X ) ~ C u L i ~  

Ea] X = UleO. A mixture of Cuf (0.19 g, 1 mmol) and MeOLi (0.78 g, 2 

mmol) was stirred in THF (8 mi) for 1 hr at room temperature to give a yellow, 

heterogeneous solution. The mixture was cooled to -50 OC and n-BusSnLi (2 

mi, 0.5 M, f mmof) added causing a gradual blackening of the solution. Alkyne, 

70, (0.19 mL, 1 riimol) was added at -30 OC, the solution warmed to 0 "C over 1 

hr and quenched with MeOH. Work-up and purification afforded 79 and 80 



[bl X = Et2N. To a solution of Et2NLi (2 mmol) in THF (8 mL) at -20 OC 

[prepared as described above] was added Cul (0.19 g, 1 mmol) and the 

suspension stirred for 30 min to give a colourless solution. The mixture was 

cooled to -30 OC, n-Bu3SnLi (2 mL, 0.5 M, 1 mmol) added and stirring continued 

for 30 min (no colour change). Alkyne, 48, (0.26 ml, 1 mmol) was added at 

-30 OC, causing the solution to turn yellow, and this mixture warmed to 0 OC over 

1 hr. Quenching with MeOH followed by work-up and purification yielded 75 

and 76 (>99:1, 0.192 g, 36 %). 

[c] X = Ph2P. To a solution of n-Bu2PLi (2 mmol) in THF at -30 OC (7 

mL) [prepared as described above] was added Cul (0.19 g, 1 mmol) giving rise 

to a black suspension. n-Bu3Snli (2 mL, 0.5 My 1 mmol) was added after 30 min 

followed by alkyrre, 70, (0.19 mL, 1 mmol). The solution was warmed to 0 OC 

over 1 hr and quenched with MeOH. Work-up of the acidified mixture (2 N HCI) 

followed by and purification yielded 79 and 80 (1 090, 0.169 g, 36 %). 

[dl X = n-BuSe. To a solution of n-BuSeLi (2 mrnol) in THF (7 m l )  at 

-30 OC [prepared as described above] was added Cul (0.19 g , 1 mmtrl) giving 

rise to a yellow soiution. After 30 rnin n-Bu3SnLi (2 ml, 0.5 M, 1 mmol) was 

added acd stirring continued for 30 min (no coiour change) before adding 

dkyne, 70, (0.19 mL, 1 mmol). The solution was warmed to 0 OC over 1 hr and 

quenched with MeOH. Work-up of the acidified mixture (2 M HCI) followed by 

purification yielded 79 and 80 (29:71, 0.23 g, 48 %). 

[el X = C8Hj7-C=C. To a suspension of Cuil (0.1 9 g, 1 mmol) in THF (2 

mL) at room temperature was added C8HI7-GCLi (2 mL, 1 M, 2 mmol) forming 

a colourless solution within several minutes. The mixture was cooled to -3 0 OC, 

1 80 



n-5u3SnLi (2 mL, 0.5 M, 1 mrnol) added and the yellow solution stirred for 15 

rnin. Afkyne, 70, (0.1 mL, 0.5 mmoi) was added at -30 OC and the mixture 

warmed to 0 OC over 1 hr. The solution was quenched with MeOH, worked up 

and purified to yield 79 and 80 (4:96, 0.17 g, 71 %). A lower yield was obtained 

using only one equivalent of reagent per substrate (2:98, 0.079 g, 33 %). 

[fj X = Ph-C=C To a suspension of Cul (0.19 g, 1 mrnol) in THF (2 mL) 

was added Ph-C4Li (2 mL, 1 M, 2 mmol) and the mixture stirred at room 

temperature until a yellow solution was formed (ca. 30 min). The solution was 

cooled to -10 *C and n-Bu3SnLi (2 mL, 0.5 M, 1 mmol) added giving rise to a 

rust-red suspension. Alkyne, 70, (0.1 mL, 0.5 mmol) was added at -30 OC after 

30 min and the mixture warmed to 0 O C  over 1 hr. Quenching with MeOH, work- 

up and purification yielded 79 and 80 (3:97, 0.19 g, 79 %). A lower yield was 

obtained when only one equivalent of reagent per substrate was used (3:97, 

0.057 g, 24 %). 

Il l .  1.6 Stannylcupation of I -Alkyne 70 with n-Bu3Sn(X)Cu(CN) Li,. 

[a] X = MeO= A I :I mixture of CuCN (0.09 g, 1 mmol) and FJleOLi (0.039 

g, 1 mmol) in THF (8 mt) was stirred at room temperature for 1 hr to give an 

insoluble, green semi-liquid substance. The flask was cooled to -30 OC, 

n-Bu3SnLi (2 mL, 0.5 M, 1 mmoi) added and the mixture stirred at room 

temperature for 15 rnin to yield a pale green solution. Alkyne, 70, (0.1 9 mL, 1 

mmol) was added at -30 "C and the mixture warmed to 0 OC over 1 hr. 

Quenching with MeOH faitowed by work-up and purification yielded 79 and 80 

(55:45,0.06 g, 25 %). 



[bJ X = Et2N. To a solution of Et2NLi (1 mmol) in THF (8 mL) at -10 "C 

[prepared as described above] was added CuCN (0.09 g, 1 mmol) yielding a 

white coloured suspension after 30 min. The mixture was cooled to -30 @C and 

n-Bu3SnLi (2 mL, 0.5 M, 1 rnmot) added which caused the solution to become 

yellow and dear. Afkyne, 48, (0.26 mL, 1 mmot) was added to the solution after 

30 min and the mixture warmed to 0 "C over 1 hr. Quenching with MeOH 

followed by work-up and purification yielded 75 and 76 (58:42, 0.28 g,  53 %). 

[c] X = Ph2P. To a solution of n-P h2PLi (1 mmol) in THF (8 mL) 

[prepared as described above] was added at -30 OC CuCN (0.09 g, 1 mmol) 

giving rise to a yeflow suspension after 30 min. To this mixture was added 

n-Bu3SnLi (2 mL, 0.5 M, 1 mmot) followed by alkyne, 48, (0.26 mL, 1 mmol) 

after 30 min. The slurry was warmed to 0 OC over 1 hr and quenched with 

MeOH. Work-up of the acidified mixture (2 M HCI) followed by purification 

afforded 75 and 76 (13:87,0.28 g, 52 %). 

[dl X = n-BuSe. To a solution of n-BuSeLi (1 mmol) in THF (8 mL) at 

-30 "C [prepared as described above] was added CuCN (0.09 g, 1 mmol) to 

give a yellow suspension after 30 rnin. To this mixture was added n-Bu3SnLi (2 

mL, 0.5 M, 1 mmol) giving rise to a yellow solution to which dkyne, 76, (0A9 

mL, 1 mmol) was added after 30 min. The solution was warmed to 0 "C over 1 

hr and quenched with MeOH. Work-up of the acidified mixture (2 M HCI) 

followed by purification yielded 79 and 80 (71 :29, 0.349 g, 74 74). 

[el X = To a suspension of CuCN (8.09 g, 1 mmol) in THF 

(2 mL) at room temperature was added C8H17-CzCLi (1 m l ,  1 M, 1 mmol) 

giving rise to a pale green solution within several minutes. The mixture was 

cooled to -10 OC, n-Bu3Snli (2 mt, 0.5 M, 1 mmol) added and stirring continued 



for 15 min. The yellow solution was cooled to -30 OC, alkyne, 70, (0.1 ml, 0.5 

rnrnol) added and the mixture warmed to 0 "C over 1 hr. The solution was 

quenched with MeOH, worked up and purified to yield 79 and 80 (14:86, 0.161 

g, 68 %). 

[fl X = Ph-CS. To a suspension of CuCN (0.09 g, 1 mmoi) in THF (3 

mL) at room temperature was added Ph-C=CLi (1 mL, 1 M, 1 mmol). The yellow 

slurry was cooled to -10 "C after 30 min, n-Bu3SnLi (2 mL, 0.5 M, 1 mmol) 

added and stirred for 30 min. The burgundy solution was cooled to -30 OC, 

alkyne, 70, (0.1 mL, 0.5 rnmol) added and the mixture warmed to 0 OC over 1 hr. 

The solution was quenched with MeOH, worked up and purified to yield 79 and 

80 (9:91, 0.1 5 g, 62 %). 

111.2 Synthesis of the Leafminer Moth Sex Attractant, (4E,7Z)- 

Trideca-4,7-dienyl Acetate (1 06). 

4-pentyn-1-of (1 01). This compound was prepared by analogy to the 

synthesis of alcohol, 38, by using 3-pentyn-1-01 (6 mL, 65 mmol) as the starting 

n1aterial.~7 The crude liquid obtained after work-up was purified by distillation 

(19 mmHg, 70 OC) to yield 101 as a colourless liquid (4.25 g, 78 %): IR (neat) 

3299(s), 2950(s), 288 1 (s), 21 17(w), 1434(s), 1 1 75(w), 1 O58(s), 944(m), 905(m) 

~ 1 - l ;  lH  NMR 6 3.77 (2 H, t, J=  5.8 Hz, CYOH), 2.32 (2 H, dt, J =  7 Hz; 2.7 Hz, 

HC=CCH2), 1.97 (1 H, t, J = 2.7 Hz, HC=C), 1.78 (2 H, quint, J = 7 Hz, GH2) ; 

mass spectrum (El) 84(M+, I), 69(7), 67(5), 56(21), 55(15), 53(16), 51 (15), 

50(13), 42(63), 41(100); Anal. Calcd. for C5H80: C, 71.33; H, 9.51. Found: C, 

70.99; H, 9.79. 



5-Tetrahydropyranyloxy-1 -pentyne (1 02). This compound was 

prepared in the same manner described for the synthesis of alkyne, 14, starting 

with alcohol, 101 (0.75 g, 8.9 mmot). Work-up and purificsition yielded 102 (1.4 

g, 94 %) as a cofourless liquid: fR (neat) 3295(m), 2942(s), 2871 (s), 21 18(w), 

1441 (m), 1354(m), 1200(rn), 1137(m), 1 120(m), 1 O76(rn), 1 O35(m), 934(rn) 

ern-?; I H  NMR 6 4.61-4.58 (1 H, m, CH (THP)), 3.91-3.78 (2 H, m, CHH (THP), 

CHHOTHP), 3.54-3.44 (2 H, m, CHH (THP), CHHOTHP), 2.31 (2 H, dt, J =  7 Hz; 

2.5 Hz, C&CH2), 1.94 (1 H, t, J =  2.5 Hz, He&), 1.86-1.76 (3 H, m, CHH 

(THP), C H2), 1.75- 1 -65 (1 H, m, CHH (THP)) , 1.62- 1 -46 (4 H, m, C H2); mass 

spectrum (El) 167(M+ -H, 51, 125(6), 11 1 (8), 101 (8), 85(100), 84(16), 79(13), 

67(45), 65(23), 55(23); Anal. Calcd. for CloH1602: C, 71.43; H, 9.52. Found: C, 

71.47; H, 9.37. 

5-Tetrahydropyranyloxy-1 -tri-n-butyJstannyl-1 (E)-pentene 

(103). To a stirred solution of phenylacetylene (2.64 mL, 24 mmol) in THF (10 

mL) at -30 OC was added n-BuLi. After 15 min Cul (2.29 g, 12 mmol) was added 

and the mixture stirred at 0 OC for 30 min. The resu!ting cotourless solution was 

transferred to a solution of n-Bu3SnLi (12 mmol) in THF (5 mL) [prepared in the 

reaction of n-Bu3SnH with lithium dii~opropylamidej2~ at -30 'C. The yellow 

solution was stirred for 30 min, a THF (2 mL) solution of alkyne, 102, (1.0 g, 6 

mmol) added and the mixture warmed to 0 OC over 1 hr. The solution was 

quenched with methanol, diluted with brine (200 mL) and extracted with 

hexanes (3 x 50 mL). The combined organic extracts were dried (MgS04), and 

concentrated to afford a crude oil which, after purification by flash 

chromatography (SO2* 5 % EtOAc in hexanes), yielded 103 (2.15 g, 78 %) in 

96 % isomeric purity: IR (neat) 2923(s), 2870(s), 2852(s), 1599(m), 1484(m), 

1 W6(w), 1353(w), 1 136(m), 1 120(m), 1 W7(m), 1 035(m), 1022(m), 989(m) cm-1; 



1H EMR 6 5.97 (1 H, dt, J = 19 Hz; 5.5 Hz, Bu3SnHC=CHR), 5.89 (1 H, d, J = 19 

Hz, Bu3SnHC=CHR), 4.59-4.54 (1 H, m, CH (THP)), 3.91-3.82 (1 H, m, CHH 

(THPf), 3.74 (1 H, dt, J = 9.6 Hz; 6.6 Hz, CHHOTHP), 3.53-3.45 (1 H, m, CHH 

(THP)), 3.39 (1 H, dt, J = 9.6 Hz; 6.7 Hz, CHHOTHP), 2.25-2.17 (2 H, m, 

C=CHCH2), 1.88-1.78 (1 H, m, CHH (THP)), 1.75-1-65 (3 H, m, CHH (THP)), 

1.62-1.37 (10 H, m, CH'), 1.29 (6 H, sext, J =  7.6 Hz, CH2), 0.95-0.82 (15 H, m, 

CH2, GH3); mass spectrum (El) 403(M+ -Bu, 13), 401(10), 399(6), 319(3), 

317(3), 263(3), 261 (31, 235(4), 233(4), 231 (3), 207(4), 205(5) 203(4), 179(20), 

177(29), 175(25), 137(18), 135(15), 133(11), 121(25), 119(20), 117(11), 

85(100), 67(25), 56647); Anal. Calcd. for C22H4402Sn: C, 57.39; H, 9.56. Found: 

C, 58.13; H, 9.32. 

[a] To a solution of vinylstannane, 103, (0.51 g, 1.1 mmol) in THF (2 mL) 

at -70 *C was added nBuU (0.44 mt, 2.5 M, 1.1 mmot). The solution was stirred 

at -30 "C for 30 min, diluted with diethyl ether (2 mL) and then allylic chloride, 6, 

(0.4 mL, 1 mmol) added followed by Pd(PPh3)4 (0.12 g, 0.1 mmol). The mixture 

was stirred at -30 "C for 30 min, warmed to room temperature over 1 hr and 

subsequently quenched with aqueous NH4C1 (100 mt). The solution was 

extracted with hexanes (3 x 10 mL) and the combined organic layers dried 

(MgSU4) and concentrated to give a crude oil. Flash chromatography (Si02, 3 

% EtOAc in hexanes) yielded 104 in > 99 % isomeric purity (0.12 g, 21 %) as a 

colourless oil. 

To a stirred solution of vinylstannane, 103, (0.46 g, 1 mmol) in THF (2 

mt) at -70 *C was added n-BuLi (0.4 nL, 1 mmol) and stirring continued at 



-30 "C for 30 min. The solution was diluted with diethyi ether (2 mL) and Et2AICI 

(0.13 mL, 1 mmol) added. After 15 min aliylic chloride, 6. (0.4 mt, 1 mmof) was 

added to the clear sofution followed by Pd(PPh3)4 (0.12 g, 0.1 mmol) and the 

mixture warmed to 50 "C for 2 hr. Work-up and purification as described in [a] 

afforded 104 in > 95 % isomeric purity (0.418 g, 73 %) as a coiouriess oil: IR 

(neat) 2955(s), 2923(s), 2853(sf, 1600(w), l464(m), 1 3?6(w), 1 352(w), 1200(w), 

1138(m), 1121 (m), 1078(rn), 1035(m) cm-1; 1H NMR 6 5.52-5.34 (3 H, m, 

Bu3SnRC=CHCH2HC=CHR), 4.61-4.55 (1 H, m, C H  (THP)), 3.92-3.82 (1 H, m, 

CHH (THP)), 3.73 ( I  H, dt, J =  9.5 Hz; 6.7 Hz, CHNOTHP), 3.54-3.45 (1 H, m, 

CHH (THP)), 3.38 (1 H, dt, J = 9.6 Hz; 6.6 Hz, CHNOTHP), 2.84-2.76 (2 H, rn, 

C=CHCH2HC=C), 2.26-2.18 (2 H, m, 343n-H = 61 HZ, C=CSnBu3Ch), 2.16- 

1.99 (2 H, m, C=CHCH2), 1.88-1 -41 (14 H, m, W2), 1.37-1 -22 (12 H, m, CH2), 

0.95-1.2I (1 8 H, rn, C h ,  C h ) ;  1% NMR 6 144.7 (Bu3SnRC=CHR), 138.1 

(Bu3SnRC=CHR), 129.9 (=C), 129.2 (=C), 98.8, 67.0, 62.2, 33.1, 31.9, 31.6, 

30.8,30.0,29.7,29.2,27.4,25.5,22.6, 19.6, 14.0, 13.6, 9.7; mass spectrum (El) 

51 3(M+ -Bu, 23), 51 l( l4),  509(8), 429(6), 427(5), 425(3), 319(18), 31 7(l3), 

315(7), 293(33), 291 (29), 289(19), 279(30), 277(25), 275(15), 233(18), 231 (12), 

f79(26), 177(36), 175(25), l f 3 ( I  I), 137(14), 135(12), 133(9), 121 (22), 119(16), 

1 I7(1O), 101 (101, 85(100), 6?(20); Anal. Calcd. for C30HS802Sn: C, 63.1 6; H, 

10.17. Found: C, 63.45; H, 10.19, 

Kc) To a solution of lithium 2-lhienylcyanocuprate (2.8 mL, 0.25 M, 0.7 

mmol) in T H F  (5 mL) at -10 "C was added MeLi (0.5 mL, 1.4 M, 0.7 mmol) 

ioilowed after 10 rnin by a sotution of vinyfstannane, 103, (0.32 g, 0.7 mmol) in 

THF (2 mL)- The soiutiorr was stined at room temperature fur 1.5 hr, cooied to 

-78 "C and then alfylic chioride, 6, (0.2 mL, 0.5 rnrnol) added. The solution was 

stcrwty warmed to room temperature and allowed to stand overnight. GC 



analysis of the colour!ess oil obtained after flash chromatography revealed this 

material to consist of 104 and two closely eluting peaks, presumed to be 

isomers of 109 (1 0 % by GC). Combined yield: 0.16 g, 55 %. 

(4E,7Z)-Trideca-4,7-dien-l-ot (105). To a solution of diene, 104, 

(0.36 g, 0.61 mmoi) in THFfMeOH (1 :I, 5 mL) was added ptoluenesulfonic acid 

(excess) and the mixture stirred for 30 min at room temperature. The solution 

was concentrated to approximately 1 mL and subjected to flash 

chromatography (SiO*, 10 % EtOAc in hexanes) to yield 105 (0.1 1 g, 89 %) as 

a colourless fiquid: IR (neat) 3342(m) 3010(w), 2957(s), 2927(s), 2857(s), 

1780(w), 1457(m), 1158(w), 1058(rn), 967(m) ern-'; I H  NMR 6 5.50-5.32 (4 H, 

m, RHC=CHR), 3.65 (2 H, t, J = 6.5 Hz, CH20H), 2.79-2.67 (2 H, m, 

C=CHCH2HC=C), 2.12-2.05 (2 H, m, C=CHCH2), 2.02 (2 H, q, J = 7 Hz, 

C=CHCH2), 1-63 (2 H, quint, J= 7.5 Hz, CH2), 1.56 (1 H, s, OH), 1-39-1.21 (6 H, 

m, CH2), 0.88 (3 H, J =  7 Hz, C b ) ;  '3C NMR 6 131.5 (=C), 130.6 (=C), 127.4 

(=C), 125.3 (=C), 62.3 (CH20H), 31.5, 30-9, 29.3, 27.2, 27.2, 25.8, 22.5, 14.0; 

mass spectrum (El) 19fj(Mi, 2), 178(3), 150(2), 149(3), 135(6),121(14), 107(14), 

98(14), 93(38), 81(54), 79(100), 67(59), 55(29); HRMS Calcd. for C13H240: 

3 96.1 81 7. Found: 396.1 822. 

(4 E,7Z)-Trideca-4,7-dienyI acetate (3 06). To a solution of diene, 

105, (0.1 0 g, 0.50 mmof) in pyridine (1 mL) at room temperature was added 

acetic= anhydride (0.5 mL). After 45 min the mixture was diluted with hexanes 

(10 mL), washed with brine (3 x 50 mL) and the pooled aqueous layers back- 

extracted with hexanes (2 x 10 mL). The organic extracts were combined, 

concentrated and the resufting crude liquid purified by ffash chromatography 

(Si02, 1 O %, EKlAc in hexmesf to afford 106 (0.1 1 g, 86 %) as a cdouriess 

tiquid: tR [neat) 303 O(;w), 2958(s), 2929(s), 2857(s), 1743(sf, 1458(w), 1366(m), 

387 



1240(m), 1041 (mf, 968(m) cm-I; I H  NMR 6 5.46-5.32 (4 H, m, RHC=CHR), 4.05 

(2 H, t, f = 7 Hz, CH20Ac), 2.76-2.70 (2 H, rn, C=CHCH2iiC=C), 2.16 (3 H, s, 

C(0)CH3), 2.10-1.98 (4 H, m, C=CHCH2), 1.68 (2 H, quint, J =  7 Hz, W2), 1.38- 

1-21 (6 H, m, Ch) ,  0.88 (3 H, t, J = 7 Hz, CH3); 1% NMR 6 171.0 (C(0)CH3), 

130.7 (=C), 129.5 (=C), 129.0 (=C), 127.3 (=C), 63.9, 31.5, 30.3, 29.3, 28.8, 

28.4, 27.1, 22.6, 22.5, 14.0; mass spectrum (El) 238(M+, <I), 178(20), 150(9), 

135(12), 121(24), 107(20), 93(53), 79(100), 67(37), 55(14); HRMS Calcd. for 

C15H2602: 238.1 932. Found: 238.1933. 

111.3 Spectroscopic Investigations of Mixed Higher Order and 

Lower Order Trialkylstannyfcuprates. 

111.3.1 2H NMR Study of Sfannylcupratiun of [ I  -%'I- 1 -Decyne (61) with 

n-8u3Sn(8u) Cu(CNt)Li,. (95). 

Sample Preparation. To a suspension of CuCN (0.27 g, 3 mmol) in 

THF (4 mL) at -30 "C was added a sotution of n-Bu3SnLi (14 mL, 0.21 M THF, 3 

mmol) and the mixture stirred at -1 0 "C for 30 min. n-BoLi was added to the 

orange slurry after 30 min which resulted in the formation of a yellow solution 

within several minutes. Then 3 rnt aliquots were transferred to 10 mm NMR 

tubes and mixed with reagents prior to 2H NMR analysis (see 11.1 '1). The *H 

NMR spectra were recorded al -35 "C. 

[a] To an NMR tube containing a solution of stannylcuprate, 95, (3 mL, 

0.46 mmol) at -78 OC was added alkyne, 61, (0.8 mL, 0.44 mmol) followed by 

MeOH (0.1 mL, 2.5 mmol). 



[b] To an NMR tube containing a solution of stannylcuprate, 95, (3 mb, 

0.46 mmol) at -35 "C was added alkyne, 61, (0.8 mL, 0.44 mmoij aced the 

mixture warmed to 0 "C over 30 min. 

[c] MeOH (excess) was added at 0 OC to the NMR tube in experiment [b] 

(above). 

111.3.2 13C NMR Study of Solutions of (Me3SnLi), : (C8tfITCdLi), : 

C U ( ~ ~ C ~ C ~ ~ - C ~ H ~ ~ - O T H P ) .  

Sample Preparation. These were prepared as described in 11.4.1. 

Spectra were recorded at 0 "C. 

[a] Solution n = 0. To a solution of 1% labeled alkyne, 63, (0.26 mL, 1 

mmol) in THF (9 mL) at -50 OC was added n-BuLi (0.4 mL, 2.5 M, 1 mmol). After 

the mixture was stirred at -50 OC for 30 min, Cul was added and the reaction 

vessel warmed to 0 "C for 30 min during which time a yellow solution formed. 

[b] Soiutions n = 1-4. To solution 1 [a] was added at -10 OC 

C8HI7-C=CLi (1 mL, 1 M THF, 1 mmol). The initial pale green in colour 

dissipated over ca. 1 min to afford a colourless solution from which a sample 

was taken after 30 rnin for 1% NMR analysis. This process was repeated three 

times. All solutions were colourless and appeared homogeneous. 

[a] Solution n = 0. To a freshly prepared solution of 1 [a] (1 mmol) in 



THF (7.5 mL) at -10 "C was added Me3SnLi (2 mL, 0.5 M THFlether, 1 mmol). 

The resultant burgundy solution was stirred at -10 "C for 36 min and then a 

sample withdrawn for 1% NMR analysis. 

[b] Solutions n = 1-3. To solution 2 [a] at -10 O C  was added 

C8HI7-C&Li (1 mL, 1 M THF, 1 mmol). The solution immediately turned bright 

yellow and was stirred for 30 min prior to removal of an aliquot for 1% NMR 

analysis. Solutions of subsequent additions of G8HIT-C&Li (1 mmol) were 

prepared and analyzed in the same manner. 

3. (MesSnLi). : (C8H ,-C-CLi) : C U ( ~ ~ C = C ~ ~ - C ~ H ~  6 - O T ~  P) 

[0.1-0.07 M THFlether]. 

Solutions n = 2-4. To a freshly prepared solution of 2 [a] at -10 *C was 

added a 2 mL aliquot of Me3SnLi (0.5 M THFlether, 1 mmol). The yellow 

solution was stirred for 30 min before taking a sample for 13G NMR analysis. 

This procedure was repeated three times. 

111.3.3 Infrared Study of Solutions of ( W n L i ) ,  : (CBHITC~CLi)n : Cul. 

Sample Preparation. Infrared spectra of solutions were recorded at 

0 "C with use of a Perkin-Elmer Model 1605 FT-IR spectrometer as described in 

11.4.3. 

1. (C8Hl7-CrCLi), : Cul 10.1 M THF]. 

fa] Solution n =I. To a suspension of Cul (0.19 g, 1 .0 mmol) in THF (9 

mt) at 0 OC was added C8H17-CdXi (1 mL, 1 M THF, 1 mmol). The mixture 

was warmed to room temperature and stirred for 30 min during which time a fine 



yellow suspension formed. This compound is stable to water and air and was 

isolated as a thermally stable yellow solid.63 

[b] Solutions n = 2-5. Prepared as described in 1 [a] starting with Cul 

in TXF (10-n mL) followed by addition of C8H17-C&Li (n mL, 1 M THF, n 

mmol). These solutions were cotourless and appeared homogeneous. 

2. (Me3SnLi) : (C8Hj7-CsCLi), : Cul CO.1 M THF]. 

[a] Solution n = 1. To a suspension of 1 [a] (1 mmol) in THF (8 mL) at 

-10 OC was added Me3SnLi (2 mL, 0.5 M THFlether, 1 mmol). A clear solution 

was obtained after 30 minl-10 OC. 

[b] Solutions n = 2,3. To individual flasks containing a solution of 2 [a] 

(1 mmol) in THF (11-n mL) at -10 OC was added C8H17-C&Li (n-1 mL, 1 M 

THF, n-1 mmol) and solutions stirred for 30 min. Solutions were yellow. 

3. (Me3SnLi), : (GHlipC=CLi) : Cui f0.1 M THFJ. 

Solutions n = 2-3. Prepared in a similar manner described in 2 [a] by 

adding Me3SnLi (2n mL, 0.5 M THFlether, n rnmol) to separate flasks containing 

a suspension of 1 [a] (1 mmol) in THF (10-2n mL). Solutions were yellow. 

1 I1  -3.4 lnfrared Study of Disproportionation Reactions between Solutions of 

flwe,SnLi), (CBH I ~ C I L ~ ) ~  CuLi,.Lil. 

Sample Preparation- Reagents were prepared as described in 

section 111.3.3. Infrared spectra of combined solutions were recorded at 0 OC 

using a Perkin-Elmer Model 1605 FT-IR spectrometer as described in 11.4.3. 



fa] (C8H lT-C&)2C~Li.Lil -+ Me3Sn(C8H 7-C=C)2C~ Liz-Lil. TO 

a solution of (C8HlTC=C)2CuLi-Lil (0.5 mmol) in THF (9 mL) at 0 OC was added 

Me3SnLi (1 mL, 05 M THF/Ether, 0.5 mmol). The yellow solution was stirred for 

30 min. 

[b] Me3Sn(C8H 17-C=C)CuLi.Li I  -+ M e 3 S n ( C 8 H  ,7-  

C = C ) ~ C U ~ ~ . L ~ ~ .  To a solution comprised of a 1:1:1 mixture of Me3SnLi, 

C8H17-C&Li and Cul (0.5 mmol each) in THF (9.5 mL) at 0 OC was added 

C8HI7-C&Li (0.5 mL, 1 M THF, 0.5 mmol). The yellow solution was stirred for 

30 min. 

[c] (C8H1 7-C=C)3CuLi2-LiI 

of (C8H1 7-C=C)C~ (1 mmol) in THF 

solution of (C8H17-C~C)3C~Li2.Lil (1 

slurry 

(10 mL) at 0 "C was added a THF (10 mL) 

mmol). The mixture was stirred for 30 min 

during which time a faint green solution formed. 

[dl (CsH17-C=C)3C~Li2-Lil + Me3Sn(C8H17-C=C)2C~ Liz-Li I .  

To a solution of (CsH17-CrC)3CuLi2.Lil (1 mmol) in THF (10 mL) was 

transferred a solution (THF, 10 mL) comprised of a 2:1 :I mixture of Me3SnLi, 

C8Hq7-C&Li and CuI, *(Me3Sn)2C8H1 7-C=CCu Li2-Lilm (1 mmol). The 

combined reagents were stirred for 30 min at 0 OC to yield a yellow solution. 

[el ( M e 3 S n ) 2 ( C 8 H , 7 - C ~ C ) C ~ L i 2 - L i l  + Me3Sn(C8H 17- 

C=C)2CuLi2-Lil. THF (1 0 mL) solutions of (C8H 7-CrC)3CuLi2-LiI (1 mmol) 

and *(Me3Sn)2C8H17-CmcCuti22Liim (1 mmol) reagents were combined as 

described in [b] with the exception that addition was carried out in reverse order. 
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