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Summary: A convenient, inexpensive method for the preparation of [(Ph~P)M-&j, a versatile 
reagent for the conjugate reduction of a&unsaturated carbonyl compounds, has been developed. 
This procedure is performed on the bench-top without specialized equipment and without the 
necessity of preparing and purifying species which are difficult to handle. 

The thermally stable copper(l) hydride cluster [(PhsP)CUH]s, a red crystalline solid, is a practical 

and convenient reagent for the regiospecific and stereoselective conjugate hydride reduction of a$- 

unsaturated carbonyl compounds in high yield.1 The reaction can be carried out in the presence of 

trialkylsilyl halides to give silyl enol ethers, the product of overall reductive silylation. This reaction is 

general for a&unsaturated ketones and esters, and has been extended both to unsaturated nitriles 

and, significantly, to the regiospecific conjugate reduction of a&unsaturated aldehydes.2 

Furthermore, because the proposed copper(l) enolate intermediate in this reduction reacts with 

molecular hydrogen, this reagent holds considerable promise for the development of hydride- 

mediated reduction chemistry which is m in hydride.1 

Published procedures for the preparation of [(Ph3P)CUH]s suffer from serious economic or 

operational drawbacks. In the earliest procedures, the complex is prepared from [(PhsP)CuC1]4 by 

halide metathesis using NaB(OMe)sH (20% yield, requiring “absolutely fresh” hydride reagent)sa or 

LiAIH4 (52% yield provided the stoichiometry is carefully controlled).3b An improved procedure (71% 

yield), requiring excess Li(BEts)H (Super-Hydride@), has been developed, but remains 

unpublished.4 While the yield in this latter procedure is reasonably attractive, this route is quite 

expensive for large-scale synthesis. Caulton and Goedens have published an alternative synthesis, 
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rnvolvmg low pressure hydrogenolysts of (CuOtBu)4 In the presence of excess tnphenylphosphme 

Thus procedure obviates the need for expensive reducmg agents, but requires the rsolatron and 

punfrcatron by vacuum sublrmatron of (CuOtBu)4, an extremely arr and moisture sensrtrve complex 

Because the technology necessary to prepare and handle this matenal IS beyond that commonly 

available to synthetic organic chemists, we have developed a srmplrfred procedure based on the 

Caulton synthesis in which the copper alkoxrde IS prepared II) srtu and which does not requre the us8 

of a glovebox 

The published procedure for the synthesis of (CuOtBu)4 involves reaction of L10tBu with CuCl in 

tetrahydrofuran s Attempts to Incorporate this procedure into an m S&I synthesis were unsuccessful 

formation of the hydnde hexamer IS inhibited in the presence of lrthrum salts 7 The use of either the 

sodium or potassium alkoxlde was more promising, and has led to an expenmentally straightforward 

and inexpensive preparation of relatively large batches of [(PhsP)CUH]s as indicated in Eq 1 A 

NaO’Bu + CUCI + PPb 
1 atm H2 

ToIuene/CgHg, rt 

[(Ph3P)CuHJ6 + ‘BuOH + NaCl (W- 1) 

detailed expenmental procedure IS given below 

General All solvents were dried over the indicated reagent and distrlled and stored under 

nitrogen Acetonitnle was dned over CaH2, benzene and toluene were dned over sodium 

benzophenone ketyl Terf-butanol was dned over CaH2 and distrlled under nitrogen 

Tnphenylphosphme, copper chloride, and sodium sulfite were purchased from commercial 

vendors and used as received Copper(l) chloride was prepared by the reduction of copper(h) 

chlonde with sodium sulfite s The following procedures were performed using a standard double 

manifold vacuum line and Bchlenk techniques 

Sodium fert-butoxlde.9 Toluene (150 mL) was added via cannula to a dry, nitrogen-flushed 

500-mL Bchlenk flask equipped with a Claisen head, a condenser topped with a gas inlet, and a 50- 

mL pressure-equalizing addition funnel Under positive pressure of nitrogen, sodium (3 52 g, 0 153 

mol, cut In thm slices) was added. The toluene was heated with an 011 bath to 70-80 “C ‘0 Tert- 



3751 

butanol(45 0 mL, 35 4 g, 0 477 mol) was delrvered dropwrse The vtgorously-&red mrxture was 

heated untrl all of the sodrum had reacted (12-24 h). Under positive nitrogen flush, the condenser 

was replaced wrth a rubber septum, and for ease of subsequent cannula transfer of the resultant 

suspension, large clumps of the alkoxrde which may be present were broken up with a glass rod 

[(Ph3P)CuH]8. Tnphenylphosphrne (100 3 g, 0 3825 mol) and copper(l) chlonde (15 14 g, 

0 1529 mol) were added to a dry, septum-capped 2 L Schlenk flask and placed under nitrogen 

Benzene (approxtmately 800 mL) was added via cannula, and the resultant suspension was 

stirred 11 The NaOtBultoluene suspension was transferred via a mde-bore cannula to the reactron 

flask, washing If necessary wrth additronal toluene or benzene, and the yellow nearly homogeneous 

mixture was placed under posrtlve pressure (1 atm) of hydrogen and stmed vigorously for 15-24 h 

Dunng this penod the residual solrds drssolved. the solution turned red, typically within one hour, then 

dark red, and some gray or brown matenal precrprtated The reaction mixture was transferred under 

nitrogen pressure through a mde-bore Teflon cannula to a large Schlenk filter contaming several 

layers of sand and Celite l2 The reaction flask was nnsed wtth several portrons of benzene, whrch 

were then passed through the filter The very dark red solution was concentrated under vacuum to 

approximately one-third of its volume and acetonitnle (300 mL) was layered onto the benzene, 

promoting crystallrzatron of the product The yellow-brown supernatant was removed vra cannula, 

and the product was washed several trmes wrth acetonitnle and dned under hrgh vacuum to give 

25 O-32 5 g (50-65%) of bnght red to dark-red crystals 1s 

The degree of crystallmity and punty of the product vanes somewhat with the degree of care 

exerted in the crystallizatron procedure The major impunty present In the product IS observed in the 

‘H NMR as two broad resonances at approxrmately 6 7 6 and 6 8 ppm, and has not been identified 

Small amounts of this byproduct have no perceptrble effect on subsequent reduction chemistry 

Crystallrzatlon of the product can also be induced by addrtron of hexane or pentane with no effect on 

product punty or yield The yields obtained by this procedure are roughly comparable to those 

obtained starting directly with punfled (CuOtBu)4 and one atmosphere of hydrogen, although higher 

yields (ca 80 %) are reported under 1500 psi hydrogen pressure 5 The hydnde hexamer has 
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appreciable air stability in the solid state and can be handled briefly In the atmosphere without 

significant decomposition,a however, the material is air sensitive in solution.14 
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