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LEAVING GRODP DEPENDENT STEREOCHEMISTRY OF TRIOALLFNE FORMATION WI’lB 
PEfENYLlBIOCOPPER PROSPBINE COMPLEXES 

Alexander J. Bridges* and Robert J. Ross’ 
Department of Chemistry, Northern Illinois University, 

DeKalb, Illinois 60115, USA. 

A Chiral secondary propargylic triflate (51 reacts with phenylthiocopper phosphine com- 
plexes (1) and (2) to give propargyl and allenic snlphides with complete inversion of configu- 
ration, but the corresponding mesylate (4) reacts with both complexes to give racemic products. 

One of the most important routes to allenes involve the reaction of alkyl oaprates with 

propargylic halides, snlphonates and sulphinates. 2 These reactions generally proceed with 

complete inversion of the propargyl system and anti stereochemistry.3 However the cuprous bromide 

catalysed reactions of propargylic alcohols with BBr give clean bromoallene products, but with s 

stereochemistry. 4 In this communication we report on the stereochemistry and regiochemistry of 

the reactions of two phenylthiocopper species with two chiral propargylic snlphonate esters. 
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We have reported previously’ that phenylthiocopper trimethylphosphite complex (11 reacts 

with propargylic halides and mesylates to yield mainly propargylically inverted thioallenes. The 

corresponding triphenylphosphine complex (2) behaves similarly. In order to determine the 

stereochemistry of these reactions we examined the displacement reactions of two derivatives of 

[RI, 4-methyl-pent-1-yn-3-01 (31, sulphonate esters (4) and (51, with complexes (1) and (21. The 

alcohol derivatives were chosen because the alcohol can be obtained readily in high, known. 

enantiomeric excess by chiral synthesis. 6 By a simple SN2 reaction, or a 2.3-sigmatropic 

rearrangement, [RI-alcohol (3) can be converted into both possible regioisomeric products with 
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known configurations. The reactions of complex (1) with mesylates appear to give high 

allene:acetylene ratios under kinetic conditions, whereas the similar ratios obtained with 

propargylio halides in TYEDA, were obtained under equilibrating conditions, the allene:acetyleue 

ratio increasing with time. 

[RI, 4-methylpent-1-yn-3-01 (3) was produced by the method Midland6 in 92% enantiomeric 

excess. On treatment with phenylsulphenyl chloride and triethylamine’ (00, CR2C12) alcohol (3) 

gave the [RI-allenyl sulphoxide (61, as a 1O:l mixture of diastereoisomers at snlphur, in 80-90% 

yield. To eliminate problems involved with ohirality at sulphur* the sulphoxide was oxidised to 

corresponding [RI-sulphone (7), (mCPBA, CD2C12. O”+2So) which has only an axis as chiral element. 

An ORD spectrum taken on this showed a negative carve [~41~-14.7~. [a1300 - 106O. (92% e.e.l in 

accordance with Brewster’s rules 8,9 . (Since the salphones were generally more stable, and easier 

to purify, than the corresponding sulphides all ORLI comparisons were carried out on them as l-2 

gpl solutions in ethanol). 

As direct displacement at C3 of ynol (3) can also occur, to give sulphide (8). the reaction 

of mesylate (4) with sodium thiophenoxide was examined. Mesylate (4) proved to be very 

unreactive towards thiophenoxide ion, being recovered completely unchanged even with DMF (3h. 

2S”) as solvent. In contrast the corresponding triflate (51, generated and reacted in situ (3 

eq. NEt3. Tf20. CB2C12-780. then PhSA,-78°+25s), proved to be very reactive, giving clean ISI- 

acetylene (81. in 90% yield. Oxidation (2eq. mCPBA, 0°+25s, CR2C12) gave [Sl-sulphone (91, [al,- 

3.00, [a1300-19.70. 

The reaction of phosphite complex (1) with in situ generated mesylate (4) was examined 

initially. This is a very straightforward procedure, giving good yields, and high 

allene:acetylene ratios (-2O:l in this case), which do not alter with time, suggesting that no 

equilibration occurs under these circumstances. Under these conditions (NRt3. CR2C12. O”, HsCl. 

then PhSCu.P(OMe)3. Os, 5 min) [RI-alcohol (3) gave a 66% yield of allene (lo), which on 

oxidation (2 eq. mCPBA, CH2C12, 0w2S”) to salphone (11). proved to be completely racemic. The 

same result, racemisation, was obtained, with lower yields, on shortening the reaction time to 2 

minutes, or on adding complex (1) to the reaction mixture prior to mesylation. Previous 

experiments had suggested that the presence of halide ion can have a powerful effect on the 

course of these reactions, especially with oxygen leaving groups. Presumably ha1 ide ion 1 igands 

to the cuprous ion to produce the anionic “ate” complex [PhSCu. kPR31- (12) which is probably 

the active species in the above reactions. We therefore investigated the reactions between 

purified mesylate (4) and complexes (1) and (2). In CDC13 mesylate (4) reacted very slowly with 

complex (11, taking 2 hours to be completely consumed at 2S”. However the yield of allene (10) 

peaked at around 15% after 20 minutes, and extensive decomposition then occurred. In contrast, 

mesylate (4) reacted quite rapidly with complex (2) (15 minutes, 25O1 to give 38% of allene (10) 

and 20% of acetylene (8), but on oxidation both sulphones proved to be racemic again. Repeating 

this reaction in the presence of chloride ion increased the allene:acetylene ratio to 5:1, but 

did not show the rate enhancement, seen with complex (1). and no attempt was made to determine 

its stereochemistry. 

Complexes (1) and (2) both reacted rapidly with the in situ generated triflate (5). 
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(Tf2O.NEt3, CH2C12,-7&1°. then PhsCu.PR3.78”+0°). Complex (1) gave a 5:l ratio of 

allene:acetylene. bat the reaction mixture was rather dirty, and, allene (10 was obtained in 28% 

yield. After oxidation (2 eq. mCPBA, CH2C12, O”+200) the snlphone (11) showed a positive ORD 

curve, values within 296 of those obtained for the (-) salphone (7), ([al, + 17O, Ca13oo + 1040). 

Thus this reaction went with clean anti stereochemistry. Under the same conditions complex (2) 

gave 2M of allene (10) and 13% of allene (8). both with clean inversion of configuration. These 

reactions presumably involve dicoordinated metal complexes rather than anionic tricoordinated 

complexes, and the low yields may be due to the reactivity of the byproduct 

complexes. 
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The isolation of unracemised IS]-allene (10) strongly suggests that the results obtained 

under similar conditions with mesylate (4) are not due to copper catalysed racemisation 10 of the 

allene, since it is very improbable that cuprous mesylete would cause complete racemisation 

within two minutes whilst cuprous, triflate causes no detectable racemisation. The relative 

chemical inertness of mesylate (4) makes it very improbable that it racemised prior to reaction, 

so we conclude that it is the displacement process which occurs with racemisation. 

We believe that the different stereochemical outcomes of the reactions of (4) and (5) can be 

explained by considering their different electrophilicities. as demonstrated by their 

thiophenoxide reactions. Complexes (1) and (2) are much less reactive than normal cnprates as 

they have two stabilising ligands for the copper ion. Therefore they are not reactive enough to 

undergo oxidative addition to mesylate (4). but can do so with the much more electrophilic 

triflate (5). as shown in Scheme 1. The attack on (5) occurs with clean anti stereochemist&. 

ano the subsequent transfer of the phenylthio ligand from copper to carbon proceeds in a 2~ 
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fashion” to Cl (or C3) leading to [RI-allene end [Sl acetylene. Mesylete (4) may follow the 

pathway shown in Scheme 2. Initially e copper elkyne complex l2 (13) is formed. This can ionise 

very readily l3 to give oationic complex (14),4 which recemises. by rapid rotation about the C2-C3 

bond, more quickly then the relatively slow transfer of the good snlphnr ligend from copper to 

carbon. 

As e synthetic procedure, the reactions described in this paper allow for the conversion of 

a single enantiomer of a propargyl alcohol into either enantiomer of e chirel axis componnd with 

complete stereospecificity. 
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