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Ahhct: A did reagent cormktirtg of LydrosiLnc functions inmwbilizcd on tbe surfra of silia gel WM used io 
conjuodion with acetic rcid rnd te~Lir(tripbenylpbospbi~)~l~diun(0) ahlyst to e5kt tbe reduction of akyncs 
to Z-~lcfi~~. Simpk filtntioa pravidcs I convenient mea118 for the rudion workup and isotrtion of products. 

Surface-supported or otherwise immobilized reagents are gaining increasing importance in organic 

chemistry hecause of a variety of advantagea that they have to offer over their homogeneous counterpark 

Hydridea of tin, boron, and aluminum immohilixed on solid Polymeric supports are well known and their 

synthetic utility has been quite welt expl0ited.l By contrast, corresponding immobiked hydrosilaae functions 

am relatively unknown and their application in synthetic methodologies is scan~..~ The use of hydrosilanes as 

versatile reducing agents has been we11 established under homogeneous conditions both in the presence or 

absence of catalysts? We now wish to report that hydmsilane functions immobiked on silica gel may he used 

in conjunction with acetic acid and a Pd(0) catalyst system4 for the facile and selective reduction of acetylenes 

to the arreaPonding cis-olefins (eq 1). 
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In a typical reaction a solution of 0.25 mmol of an acetylenic compound in 15 mL of CH2Cl2 was treated 

with a suspension of 2 mmol of the silica gel-immobillxed hydrosilane functions5 in the presence of 5 mol % of 

Pd(PPh3)4 and 2 mm01 of acetic acid. The heterogeneous reaction mixture was stirred at room temperature for 

the indicated time, then filtered through a short pad of silica gel. The filtrate contained only the pure product 

and any remaining unchanged starting material. No further purification other than simple distillaEion or 
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recrystallization was Ilecaay. 6 The reactioma were extremely clean, gave high yieldq and de.monstrated good 

ckselectivity to the corresponding alkenes. The results are shown in the table. 

Table. Reduction of Alkynes to Alkenes Using Silica Gel-Immobilized SiH Functions. 

Entry SUbStrate Reaction Product, z:Et, 
Time, h % yiew 

2 98 

16 85c 

16 97 

3 96 

16 84f 

16 83f 

4 96 

16 _h 

24:l 

8.53 

11.5:ld 

>99:le 

10:lB 

9:l 

aAll products were characterized usin 400-MHz 1H and 10144Hz 13~ NMR spectroscopy and/or 
GUMS. Unless otherwise stated, yields were determined by GC analysis using dodecane as an internal 
standard. bIsomer ratios were found from 40044Hz lH NMR spectra and GC analysis. cB~benzyl also 
obtained in 5% yield. dRef. 7. eNo E isomer detected. fIsolated yield. gRef. 8. hstarting substrate 
re~vered in 98% yield. 

Overreduction to completely saturated product was not a problem except in the case of dipknylacetylene 

substrate (entry 2). In contrast to the effects produced by the L.indIar catalyst where azides undergo reductions 

at approximately the same rates as do alkynes. competitive reduction of an e&molar mixture of dodecyl azide9 

and dimethyl acetylenedicarboxylate @MAD) using this reducing system produced a quantitative conversion of 
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the alkyne to the alkene with a Z& ratio of %:4 (entry 1). The azide was recovered unchaaged. Additional 

attempts to reduce the pure azide using these reaction conditions did not yield the amine but gave a nearly 

qusntitstive recovery of dodecyl snide (97%). 

Competitive reduction of sn equimolar mixture of l-dodeceue sad DMAD gave the reduction product of 

the aU;yne (principally dimethyl maleate) along with a quantitative recovery of unchanfl l-dodecene. This 

reducing system was also fouod to be aelective for the partial reduction of an alkyne in the pre~nce of an 

aromatic aitro group. This was shown by the selective reduction of DMAD to the corresponding alkene ( ZX 

= %:4) in the vnce of nr-aitroacetopheaoae, which remsiaed uachettged. 

No reaction wss observed when I-trimethylsilyl-l-hexyne wss subjected to this reducing systea~ in the 

same atsaner ss used for the other su&nrstes iadiited in the table (entry 8). In contrast to this, the use of 

triethylsilane in pkacc of the silica gel-immobilizd hydmsilanc did result in the reduction of l-trimethylsilyl-l- 

hexyae to a mixture of the corresponding alkenes in 84% yield 6 Other alkyaes bearing an adjacent terminal 

trimethylsilyl fuactioasl group have been reported to be reduced to the corresponding olefins by using aoetic 

acid, 1,1,3,3-tetramethyldisiloxane (TMDS) and a Pd(0) catalyst. 4a For example, phenyltrimethylsilylscetylene 

resets very rapidly aad the carbon-carbon triple bond may be reduced cmapletely.4a Although the reason for 

the inability of the hydrosilsae functioas immobilized on the surface of silica gel to reduce l-trimetbylsilyl-l- 

hexyae hss not been demonstrated in our case, one can imagine thst there is a substaatial dimensional steric 

difference between the immobilized hydrosilane functions and the mobile hydrosilanes such as TMDS and 

triethylsilaae. Further investigations of the chemical nature of these immobilized hydmsilaae functions are ia 

progress. 
In conclusion, the present method is a convenient one for reducing alkynes to ci.+alkenes.~~f We have 

demonstrated the effectiveness of hydrosilaues immobilized oa the surface of silica gel as an attractive 

alternative reagent to mobile counterparts such as triethylsilaue. The reactions are clean and the workup is 

extremely simple. Any silylated byproducts formed during the course of the reaction are apparently 

immobilized oa the surf&= of the silica gel where they can be separated from the desired products by simpIe 

filtration. This work also demonstrates the use of a homogenous catalyst [Pd(PPh2)4] in a heterogeneous 

reaction system. 
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