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Colloidal Palladium, Easily Formed in Organic Solvents, is a
Highly Active and Stable Catalyst for Selective Hydrogenations
and Dehydrohalogenations
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Yale Chemistry Dept., 225 Prospect St., New Haven, CT 06511

Abstract: Collidal Pd formed in organic solvents from Pd(hfacac); and silane or an Si-H-
containing polymer is an active, stable and selective catalyst for hydrogenation and dehydro-
halogenation.

Metallic Pd is a uscful catalyst in organic chemistry, but it is almost always supported on a
solid (e.g. Pdl‘C).l Colloidal metals could have usefully different properties, but they are usually
aqueous and need to be stabilized with polymer additives, which seem to reduce their catalytic
activities. Lewis 28 has studied colloidal Pt catalysts and Schmid 2¢ has reviewed the area.

Pd(hfacac); (1) (hfacac = CF3C0CHC0CF3)3 is soluble in heptane, Et20, CH2Cl3, and
Me2CO, and can be reduced to a stable brown-yellow colloid (2) in these solvents upon addition
of silanes R(3.x)SiHx. For example, the n-octylsilane/1/heptane colloid is stable for weeks, can
withstand 150°C without precipitation and was found 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 polymethylhydrosiloxane (PMHS)
{TMS(OSiHMe),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 Hj, hydrogenation rates were exceptionally fast (Table I). Completion of the
reaction, usually indicated by precipitation of Pd 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 olefin could be isolated by stopping
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the reaction after 1 mol. H2 had been absorbed.

The hydrogenation of PhNO3 to PhNH2 and of PhCHO to PhCH3 indicates a
heterogeneous origin for the catalysis. In confirmation, metallic Hg, a selective poison for such
catalysts,5 gave rapid deactivation.

With a silane as the external reducing agent, both 2 and 3 gave only hydrogenation and
not hydrosilation, but more selectively than with Ha. In polyunsaturated compounds, only the
least hindered or the most activated double bond was reduced (Table 1). The rates of these
reactions are highest in dry acetone at reflux, with completion usually within 4-8 hr., and
depended strongly on the silane used. MepCISiH, PhoMeSiH, and Et3SiH were the most active.
As in the Lewis system,S in the hydrogenations with Hp, the colloid was formed in air but run
under H», and in silane hydrogenations, the reactions were run under dry air.

PhCOCl is reduced only to PhCHO with silane and 3 at room temperature.” 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 Hz and silane (Table II).

The system is highly selective. Other known palladium(0) catalyzed reactions .8 such as
reductive amination of olefins, hydroboration of olefins, the Heck reaction of Phl and styrene,
and 1,4-reduction of pyridine did not occur. The colloid detﬁonstrated litle promise as a directing
reagent for hydrogenation of terpinen-4-ol. Rhodium analogs of 2 and 3 wc‘rc also synthesized
from [Rh(COD)Cl]2,? but while equally stable, were less active.

In summary, colloids stabilized by reducing polymers such as PMHS are active, selective
and stable catalysts and may therefore be useful in synthetic chemistry.

Table 1, Hydrogenation results.*
Substrate Reagents Yield® Produci(s)®
P 3,H, >99%
3. Me,CISIHH  >99% L

e % 3, Et,SiH 39% e Ve



Ph—==

Ph—==

3, E3SiH
3, Hy

3, PhpMeSiH
3,H,
3, PrpMeSiH

3.H;
3, PhipMeSiH

3,Hy

3, MexCISiH

3,H;
3, Me;CISiH

3. Hy
3, Et3SiH
3,H;
3, Et3SiH
3, Hy
3, Et3SiH
3, Hy

3, MexCISiH

3,H;

3, EtsSiH

3,.H;

3, EtsSiH

3, H,

54%
>9%

10%
>99%
<5%

>99%
24%

>99%

>98%

>99% f
65%

>99%
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PhCHO 3H, >99% PhCH,
3, EySiH <5% PhCH,
PhCOC1 3,H, . >99% PhCHO

* Hydrogenation with Hy: PMHS (0.1 uL) was added to Pd(hfacac)z (0.5 mL, 1 mM in ether) a1 25° C

to form 3 under air. The substrate(1.31 x 10'4 mol) was then added, followed by substitution by an Hy
aimosphere. Silane reductions: PMHS (0.2 pL) was added to Pd(hfacac); (1.0 mL,1 mM in acetone)
at25° C 1o form 3 under air. Silane (2.82 x 10* mol) was then added, followed by substrate (2.62 x 10°
mol). The solution was then heated 10 reflux under dry air. RgSiz presumably formed. ® Yields from GC
data. © Products were identified by GC/MS and "HNMR. ¢ Alkene formed (>95%) if reaction halted after
1 mol Hy absorbed. ® Other isomers present in product. | ca. 1:1 ratio of isomers

Table IL_Dehvdrogalogenation Results.*
Substrate Silane X T.o.Mm”
PhX EySiH 1 11.6
Et,SiH Br 7.6
Et,SiH a 5.0
Et,SiH F (]
PhCH,X Et,SiH a 13.4
H, a 175
EySiH OH 0.04
H, OH 90

* Conditions similar to above. b Turnover = mole product per mole substrate per hour
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