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&tgg@ Colhdal Pd fcrmcd in organic solvents from Pd(hfacach and silane or an Si-H- 

containing polymer is an active, stable and selective catalyst for hydrogenation and dehydr~ 

halogenation. 

Metallic Pd is a useful catalyst in organic chemistry, but it is almost always supported on a 

solid (e.g. FY/C!).t Colloidal metals could have usefully different properdes. but they am usually 

aqueous and need to be stabilixed with polymer additives, which seem to reduce their catalytic 

activities. Lewis hb has studied colloidal Pt catalysts and Schmid a has reviewed the ama. 

Pd(hfacach (1) (hfacac = cF3tXKXCOCF3)3 is soluble in heptane. Et20, CH2Cl2, and 

Me2C0, and can be reduced to a stable brown-yellow colloid (2) in these solvents upon addition 

of silanes R~_x)SiHx. For example, the n-octylsilane/l/heptane colloid is stable for weeks, can 

withstand 1WC without precipitation and was fourid to consist of ca. 35A particles by electron 

microscopy.4 The excess silane limits the types of catalytic chemistry that can be studied, 

however, and so we have moved to the polymer polymethylbydrosiloxane (PMHS) 

(TMS(0Sie),,OTMS). This both reduces 1 and stabilizes the resulting colloid (3) even when 

present in very small amount (1 mol. PMHS / mol. Pd; PMHS calcd. as monomer) and allows us 

to generate 3 in a variety of solvents. 

Under Hz. hydrogenation rates were exceptionally fast (Table I). Completion of the 

reaction. usually indicated by ptecipitation of W metal, normally takes only minutes at 250 C. 

Reduction of all double and triple bonds was complete but carbonyls, -CO2H, -CO2R, -CHO and 

arenes were untouched. In alkyne reduction, the intermediate olet’in could be isolated by stopping 
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the reaction after 1 mol. H2 had been absorbed. 

The hydrogenation of PhN@ to PhNH2 and of PhCHO to PhCH3 indicates a 

hetetogeneous origin for the catalysis. In confirmation, metallii Hg, a selective poison for such 

catalya9 gave rapid deactivation. 

With a silane as the extemal reducmg agent, both 2 and 3 gave only hydtogenation and 

not hydtosiion. but mote selectively than with Hz. In polyunsaturated compounds, only the 

least hindered or the most activated double bond was reduced (Table 1). The rates of these 

teactions are highest in dry acetone at teflux, with completion usually within 4-8 hr., and 

depended strongly on the silane used Me$!lSiH. PhzMeSiH, and Et3SiH were the most active. 

As in the Lewis system.6 in the hydrogenations with Hz, the colloid was formed in air but run 

under Hz, and in silane hydrogenations, the reactions wete run under dry air. 

PhCOCl is reduced only to PhCHO with silane and 3 at mom temperature.7 No 

subsequent conversion to toluene was seen, even though starting with PhCHO leads to toluene 

under the same conditions. This is most likely due to partial poisoning of the catalyst by the Cl 

present in the substrate. Hydrogenolysis of aryl and benzyl halides and alcohols was also 

successful with both H2 and silane (Table II). 

The system is highly selective. Other known palladium(O) catalyzed reactions .a such as 

reductive amination of olefins, hydroboration of olefins, the Heck reaction of Phi and stytene, 

and 1,4_mduction of pytidine did not occur. The colloid demonstrated little promise as a direcdng 

reagent for hydrogenation of terpinen-4-ol. Rhodium analogs of 2 and 3 were also synthesized 

&om [Rh(COD)C!l]9,9 but while equally stable, were less active. 

In summary, colloids stabilii by ducing polymers such as PMHS ate active, selective 

and stable catalysts and may therefore be useful in synthetic chemistry. 

e 

xi91!Ib Product(slc 
3. H, >99% 
3, Me#lSiH >99% l- 
3. Et,SiH 39% 
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3. Et$iH 

3. H2 

3. Ph+ieSiH 

3. Hz 

3. Ph$kSiH 

3. Hz 

3,ll@eSiH 

3, H2 

3. MqClSiH 

3, H2 

3. Me$ZlSiH 

3. H2 

3. Et3SiH 

3. H2 

3. Et3SiH 

3. Hz 

3. Et3SiH 

3. H2 

3. Et3SiH 

0 

0” 3. Hz 

3. Et3SiH 

MO2 3. Hz >99% 

54% 

>99% 

10% 

>99% 

-5% 

>99% 

24% I 

>99% 

e 

>99% 

94% 1 

-80% 

73% 

>99% 

>99% I 
*99% 

>99% 

>99% 

e 

>99% 

>98% 

>99% 
f 

65% 

PhNH2 
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PhCHO 3. H, >99% PhCH, 
3. qsiH <5% PhCH, 

Phcca 3, H, >99% PhCHO 

’ Iiydqca&nwith~: PMHs(O.lIrL)~ddedtoW(hCruch(O.SmL,lmMinaha)rt2PC 

to fmm 3 under air. ‘Ihe rubmroa(l.31 x lo4 mol) WP( tbeo added, followul by xubstit~~tion by an Hz 

almoqke. silYaleredu&mx PMHS@.2pL)wasaddcd0Pd(hf&z~ (1.0mL.1mMinxcaone) 

at&CtoformSun&zair. SibmcQ.82xl0-kl)wxstha&kd,folbwedbysubstnue(2.62xl04 

mol). Thexolutionwastha~bmtedmtiuxutderdryair. R&pauumxblyformed. b YiifianGC 

dur.’ PmductswueidmtifMbyGC/MSmd’HNMR. d ti formed (>95%) if rcactkm halted after 

11oolH~abaabed.~ Gkriaomua prcsentinproduct. ~ca.l:lra~oofisomc~ 

PhX 

PhCH2X 

si.lalE 
Et,SiH 

Et$iH 

Et.$iH 

Et$iH 

Et.$iH 

H2 

Et,SiH 

H2 

8 Lsut.ub 
I 11.6 

Br 7.6 

cl 5.0 

F 0 

cl 13.4 

cl 175 

OH 0.04 

OH 90 

l conditiuMsimilartoabove. b Tumovcz = mole product per mole. substrate per boor 
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