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Summary

Treatment of hydrated RhCi3 and Cu(N0 3 )2 in THF and H20 with triethoxysilane

affords a highly chemo- and stereoselective catalyst system for the reduction of

alkynes to Z-alkenes while alkyl-N02, aryi-NO2, N-carbobenzyloxy, hydroxy, ester,

enoate, benzyloxy, alkyl bromide, aryl bromide, and enone moieties remain

unaffected.
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Abstract

Treatment of hydrated RhCl3 and Cu(N03)2 in THF and H20 with triethoxysilane

affords a highly chemo- and stereoselective catalyst system for the reduction of

alkynes to Z-alkenes in 6:1 to 20:1 Z:E ratios. Alkyl-N02, aryl-N02, N-carbobenzyloxy,

hydroxy, ester, enoate, benzyloxy, alkyl bromide, aryl bromide, and enone moieties

remain unaffected in the reduction process. Hydrogen is generated in situ; however,

gently bubbling hydrogen gas through the system enhances the rate of the

reduction. The material propereies (SEM, powder XRD, surface area and specific pore

volume) of the xerogel are briefly discussed.
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We previously described a method for the homogeneous dispersion of 15 A

Pd(O)-particles within sol-gel matrices by the reduction of Pd(OAc)2 with

triethoxysilane in aqueous reaction mixtures with concomitant growth of the silicon

oxide host. 1 The Pd-containing gels were excellent stereoselective hydrogenation

catalysts for the reduction of alkynes to Z-alkenes. 2  Unfortunately, the

chemoselectivity of the Pd-containing gel was similar to that obtained with other

standard Pd-catalyst systems such as the Lindlar hydrogenation catalyst. 3 -5 Here we

describe the use of a Rh/Cu mixed sol-gel system for the stereo- and highly

chemoselective reduction of alkynes to Z-alkenes.

The reduction process involves the addition of triethoxysilane to a THF and H2 0

solution of the alkyne, RhCI3 -3H 20 (0 mol%) , and Cu(N03) 2-2.5H20 (15 mol %).6 The

results of the hydrogenation reactions are summarized in Table 1. Throughout the

hydrogenations, we never observed reduction or regioisomerization of the alkene.

Moreover, these hydrogenation results were consistent with RhCi 3 obtained from

different distributors. In an effort to further investigate the remarkable

chemoselectivity, 7-dodecyn-l-ol (1) was mixed with an equimolar amount of a

second unsaturated compound. Under the standard reaction conditions, none of the

substrates shown in Figure 1 were reduced by the Rh/Cu catalyst system. In every

case, Z-7-dodecen-l-ol was obtained in 80-99% yield in a Z:E ratio of 8:1 to 20:1.12 Thus

enones, enoates, alkyl bromides, aryl bromides, organonitro compounds, alcohols, N-

cbz groups, and benzyl ethers are not reduced under the reaction conditions nor do

they adversely affect the catalytic activity of this RhlCu system. Such a broad range

of chemoselectivity in hydrogenation. reactions is remarkable. 3 -5

The functionalities that can not be tolerated under the reaction

conditions are (1) aryl iodides because they deactivate the catalyst toward reaction

with an alkyne, (2) terminal alkynes which also deactivate the catalyst, (3)
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Table I. Reduction of Alkynes to Z-Alkenes Using Rh/Cu Dispersed in a Sol-Gel Matrix'

Entry Alkyne Starting Material Z:E Alkene Ratiob % YiekdC

1 CH3(CH2)5 - (CH2)sCH3  8:1 83

2 HO(CH2)2  - (CH2)4CH3  19:1 94

3 HO(CH2)6  - (CH2)3CH3  17:1 98

0
4 CH30-C-(CH2)5  - (CH2)3CH3  >20:1

o 0
5 PhCH20-1-NHCH2-8-O(CH2)6  .(CH2)3CH3 12:1 80

6 02 N-(CH2)5 - " (CH2)3CH3  6:1 88

a The reductions used 1 mol % of RhCI3-3H2 0 and 15 mol % of Cu(NO3)2 in a sol-gel

matrix as desribed in ref 6. b Ratios determined by capillary GC and/or '3 C NMR

analysis. See ref 11. c Isolated yields of the alkene product d No exogenous H2

source used and the reaction time was 9 h.

Figure I

6o C H 3 (C H2o 7- 8r B r N O 2

1-trimethylsilyl-l-alkynes which do not reduce cleanly to the alkene, and (4)

terminal alkenes or propargylic alcohols because they undergo regioisomerization.

Several reactions conditions were studied to see the affect of using silanes in

the absence of water so that no silicon sol or gel formation would occur. When the

triethoxysilane reaction was executed on 7-tetradecyne (1 mol % RhCi3. and 15 mol %

Cu(NO3)2 in THF) in the absence of water, approximately 50% of the alkyne was

hydrosilylated and 35% was converted to 7-tetradecene (4.8:1 Z:E ratio) after 24 h.

Then, addition of water to the reaction mixture caused protodesilylation of the
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alkenyltriethoxysilane to afford a total of 71% yield of 7-tetradecene (3.5:1 Z:E ratio).

If we used triethylsilane in place of triethoxysilane (1 mol % RhCI3 , and 15 mol %

Cu(N03)2 in THF) in the absence of water, approximately 50% of the alkyne was

hydrosilylated and 30% was convened to 7-tetradecene (3.8:1 Z:E ratio) after 24 h.

Then, addition of water to tl•- reaction mixture caused protodesilylation of the

alkenyltriethylsilane to afford a total of 60% yield of 7-tetradecene (3.6:1 Z:E ratio).

In the absence of triethoxysilane, a mixture of RhCI3 and Cu(N03)2 in THF and water

does not respond as a hydrogenation catalyst with exogenous H2, thus, the silane is

essential and the use of triethoxysilane under our standard reactions conditions

proved to afford the highest yields and stereoselectivities.

We also screened other metal salts [AI(NO3)3, Ti(OEt) 4 , Zr(OEt) 4 , Zr(O)(NO 3 )2 ,

Ni(N0 3 )2, Cu(OAc) 2 , Cu(S04)21 with RhCI3 and noted that all of these metal salts

dramatically changed the activity and the stereoselectivity of the reduction process,

however, the RhCi 3 /Cu(NO3)2 combination was optimal.

It is clear from powder X-ray diffraction (XRD) analysis of the xerogel (solvent

free gel) that Cu(0) is present in the material. However, we were not able to detect

any Rh(0) species even with more concentrated Rh samples; thus, we can not

presently determine whether this catalyst system is homo- or heterogeneous.5a, 1 3 A

bimetallic system is indeed necessary since the reduction does not occur in the

absence of either one of the two metals. Scanning electron micrographs (SEM) of the

xerogel show only amorphous material. It was intriguing -that while the Pd-

containing xerogel1 had an unusually large surface area (BET using N2 adsorption at

77 K) of 852 m2 /g and a specific pore volume (N 2 pore volume filling) of 3.33 cc/g,

the Rh/Cu material had a very small surface area of only 2.8 m 2 /g and an

undetectably low specific pore volume. Moreover, when resuspended in an aqueous

THF solvent, the Rh/Cu xerogel was not an active hydrogenation catalyst in the

presence of H2.
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