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Abstract: Immobilization of a platinum catalyst was carried out or \I“/\OJ‘H

o]
the basis of the polymer incarcerated (Pl) method. The PI platinu 4
catalyst thus prepared showed high activity in hydrosilylation, an 0.83 0.11 0.06
recovery and reuse of the catalyst were attained without loss of PH{PPhy)s coacenvation
tivity. Application of this catalyst to hydrogenation is also reportec
Y
2 o]
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I . . PIPt (1)
Hydrosilylation of alkenes and alkynes is not only an im 1) fitration No solvent 1) filtration

portant industrial process, but also provides very usef 2) wash (hexane) 120C, 2h 2) wash (THF)
synthetic tools in laboratoriésWhile metal catalysts > “” 8 dvy

based on Rh and Mn are known in this prodésBf Figurel Polymer-incarcerated method

complexes are the catalyst of choice since the Speier's

pioneering discover§indeed, Pt catalysts work well with )

alkyl and alkoxysilanes as well as chlorosilanes witholtd pPrepared fron2 and Pd(PPj), contained no phos-
deactivation. On the other hand, immobilization of pphine® This difference might be ascribed to higher stabil-

catalysts on either inorganic or organic supports haf® of the Pt-P bond¥. SR-MAS *P NMR analysis
been investigatett? suggested that the P atom remained as triphenylphosphine

oxide in the Pl Pt).12 Although it was difficult to re-
Sve the P components from Pl B) Eompletely, we
tliglied this P1 Pt to hydrosilylatiddInitially, hydrosily-
dn of 4-phenyl-1-butene3) with pentamethyldisilox-

Whereas some active heterogeneous Pt catalysts h
been developed, their activity and selectivity are ofte
decreased with repeated use, presumably because mo

catalysts currently used are sensitive to air oxidation. e @) in several solvents was tested using Pl (

address this issue, Pt catalysts have been immobilizedl_cg}iching of Pt was measured by fluorocene X-ray (XRF)

polymer-supported phosphines and amines, etc.; ho%alysié“ and Inductively Coupled Plasma (ICP)

ever, applicability of these catalysts is limited due to thg, ) uias after separation of the catalyst (Table 1). It was
presence of ligands’ In the meanwhile, we have recentlyﬂ; und that leaching of Pt was observed when THF,& H
devEIoged a newbwethod, thle poI)I/mer mcarcerlatr%(i (s used as the sole solvent, while hexane suppressed the
method, to immobilize metal catalysts onto polymersye, hing to afford hydrosilylated produgin high yield

;I.—hs me;hold is b_ased on m:;:rg))gncaplsulétgnggross— &entries 1-3). However, reactivity was decreased signifi-
Inking. Polymer incarcerate catalyst ( ) Was €zt in the second run (entry 2). On the other hand, the

fectively synthesized from Pd(Phh and remarkably oacfion in hexane—® (1:2) proceeded quantitatively

high activity of PI Pd has been demonstrated. Along thig, ot leaching of Pt, and the catalyst was recovered by

Iing, we report herein immobiliz_ation of Pt onto a IOOIyme§imple filtration quantitatively and could be reused five
using the Pl method. Some different properties betweﬁpnes without loss of activity (entry 4).

PI Pt and PI Pd are also described. Then. th talytic activity of PI PIY d with
en, the catalytic activity o was compared wi
Pl Pt () was prepared from co-polym2rand Pt(PP}), that of common heterogenous or homogenous catalysts.

(Figure 1). A solution o and Pt(PPJ), in THF was co- g effect of additives on reactivity was also investigated
acervated by addition of hexane (microencapsulation,pa 2). The reaction was found to proceed using PI Pt

The resulting precipitate was washed, dried, and hea n within 30 minutes (entry 1). Pt on C, which was

(cross-linked) to give PI Pt. known to be an effective catalyst for hydrosilylation of
It was revealed by elemental analysis that the P atom egkynel® showed almost the same activity, whereas the
mained in Pl Pt (P/Pt = 0.88), while it was reported that FPéaction did not proceed well when Pt(RH was used

as a catalyst (entries 2 and 3). In addition ,Ptdich was

SYNLETT 2005, No. 5, pp 0813-0816 recently found to be an effective catalyst for hydrosilyl-
Advanced online publication: 09.03.2005 ation!8 gave an inferior result under the conditions (entry
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Tablel Effect of Solvents

PI Pt H
I
NPh + HSiMe,0SiMes 4>(1 mol) R3Si\/K/\
(2.0 equiv) Solvent - Ph
40C, 17 h R3 = Me,0OSiMe3

3 4 5

Yield (%)? leaching (%)
Entry Solvent First Second Third Fourth Fifth
1 THF Quant. (27.4) - - - -
2 Hexane 90 (nd) 42 (nd) 49 (nd) - -
3 H,O 95 (nd) 99 (9.7) 99 (2.3) - -
4 H,O-hexane (2:1) Quant. (nd) Quant. (nd) Quant. (nd) Quant. (nd) Quant. (nd)

@ Determined byH NMR analysis using durene as an internal standard.
b Measured by XRF analysis; nd = not detected (<2.6%).

Table2 Comparison of Catalytic Activity Table3 Hydrosilylation of Several Substrates Using PIEt (

"Pt" H Entry Substrate TimBroduct Yield
1 mol%
" Npp + HSIMe,0SiMe; MO8 R3si\)\/\ (h) (%)°
2.0 equi H,O/hexane Ph
(2.0 equiv) 1) Rs = Me,0SiMes 1 /\M/\ﬂ/o\ 3 H D
4 40T, 05h 5 ! o Resi \)\Mﬁ(o\
Entry ‘Pt Additive (1 mol%) Yield (%} leaching (% ©
2 OBn 17 H SiR3 Quant.
1 PI Pt - 99 (nd) ph—— —
Ph OBn
2 PtC - 99 ¥ ph—=—ph 1 u  sRr Quant.
3 Pt(PP - 7 =
(PPh), PN Ph
4 PtO, - 87 4 17 Rresi 81
5 Pl Pt PPh 0 Ph Ph j\><
Ph Ph
6 Pl Pt PhP=0 Quant. 5 | 17 | 83
inR3
Ph/N\/\ Ph/N\/\/S'R

a Determined byH NMR analysis using durene as an internal
standard. g°d n-CgHy,——H 16 n-CsHyy H n-CsHyy H 82
b Measured by XRF analysis; nd = not detected (<2.6%). +
H SiR® R3Si H
6 7

the reaction, triphenylphosphine oxide {PH0O) did not 2All reactions were carried out with pentamethyldisiloxane (2 equiv)
affect the reactivity (entries 5 and 6). These results algging 1 mol% ofl (the loading level of platinum = 0.768 mmol/g) in

support that the P atom in Pl B) (emains as RR=0. hexane—HO (2:1) under Ar at 40 °C. The leaching of platinum was
measured by XRF and ICP analyses. No peaks of the platinum were

Next, we surveyed the substrate scope of PILPtdta- detected in all entries.

lyzed hydrosilylation (Table 3). The reactions proceededetermined byH NMR analysis using durene as an internal
smoothly to afford the desired products in good to higiandard. _

yields in the presence of ester, ether, and amine functiqrge"fit:g’%’?;'fnges_(ffq“"’) was used.

alities (entries 1, 2 and 5). It is noteworthy that the reagyy|,ieq yie&j_ o

tion was successfully carried out even with an

alkenylamine, though hydrosilylation of aminated alkenes

is generally thought to be difficul®® The hydrosilyla- Pl Pt ) was then applied to hydrogenation. Hydrogena-
tion of a symmetrical, internal alkyne gave only tie tion of benzalaceton@X was conducted smoothly to af-
isomer in high yield® while reactions of terminal alkynes ford reduced productand10in high yield, and recovery
afforded a mixture of two regioisomefsadducté anda- and reuse of the catalyst were attained without loss of ac-
adduct? (entries 3 and 6} A sterically hindered alkene tivity even after the fifth use (Table 4). No leaching of Pt
also worked well (entry 4). In all cases, no leaching of ®{as detected by XRF analysis in all runs (entry 1). While
was detected by XRF and ICP analy¥€§and PI Pt]) PtC gave a better yield in the 1st run than PIIRt (
could be recovered quantitatively and reused. Pt(PPR), was completely ineffective (entries 2 and 3).
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Table4 Hydrogenation of Benzalacetone Using PIB? (
1) "Pt" (5 mol%)

H (1 atm) o oH
Ph/\)J\ THF, rt, 2 h Ph/\)J\ v Ph/\)\
8 9 10
Yield (%)° (Ratio 0f9:10)
Entry ‘Pt First Second Third Fourth Fifth
1 PI Pt 84 (95:5) Quant. (95:5) Quant. (94:6) Quant. (94:6) Quant. (94:6)
2 Pt/C Quant. - - - -
3 Pt(PPh), 0 - - - -

aAll reactions were carried out using 5 mol%ildthe loading level of platinum = 0.768 mmol/g) in THF under atmospherrétsure attr.
The leaching of Platinum was measured by XRF and ICP analysis. No peh&ptHtinum were detected in all entries.
b Determined byH NMR analysis using durene as an internal standard.

Selective hydrogenation of the C-C triple bond of benzy, -ﬁ?r';ai)Procedurefor the Hydrosilylation of 3 (Table 2,

oxyalkyne 11 was achieved by using PI Pt to gi#8 p pt ¢, 6.5 mg, 0.005 mmol), 4-phenyl-1-butene (7pL1. 0.50
quantitatively (Scheme 1), whereas Pt/C gave several bymol) and pentamethyldisiloxane (186, 1.0 mmol) were com-
products. It is noteworthy that cleavage of the benzylned in hexane—® (1:2) co-solvent (3 mL) under argon atmo-
group of11 did not proceed at all, while other Pt and Pdphere. The mixture was stirred for 30 min at 40 °C. The catalyst
catalysts generally catalyze debenzylation. was filtered and washed with THF, and the solvents of the filtrate
were removed under reduced pressure. The yield of hydrosilylated
product5 was estimated b{H NMR analysis using 1,2,4,5-tetra-

OBn (52:075/) methylbenzene as an internal standard. Recovered R) Riaé
Ph—= + H, ———> Ph”""oBn dried under reduced pressure and reud¢dNMR (300 MHz,
11 1 aim THF, r.t. ua%tz(nd) CDCly): 6 =7.24-7.08 (m, 5 H), 2.55 @,= 7.8 Hz, 1 H), 1.59 (ap-
(tam)  15h d parent quintJ = 7.7 Hz, 2 H), 1.30-1.23 (m, 2 H), 0.01 (s, 9 H),
oB Pt/C 0.00 (s, 6 H)*C NMR (75 MHz, CDC)): § = 142.9, 128.4, 128.2,
n 5 mol% . . . . .2,2.0,04.
ph—=—" + 4 (5 mol%) 125.5, 35.7, 35.2, 23.0, 18.2, 2.0, 0.4
1 THF, rt.
(1 atm) 15 h
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Schemel Selective hydrogenation using PI B} (
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