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Abstract

The fluorous PtG[5,5-bis-(n-G1F23CH,OCH,)-2,2-bpy] complex 2) was prepared and
employed as recoverable catalyst for the hydraagilyh of alkynes. Pt-cataly@ with F-content
0.53 was recovered under the thermomorphic methgddésign and the catalyst was
demonstrated capable of re-usage for 8 times withags of activity. The leaching of Pt in
product mixture was monitored, with ICP-MS, to keaa low as 18 level per cycle in the
5-decyne reactions and at “l0Oevel per cycle in the (HO)CME=CH reaction. The
reaction-catalyst fulfills the principle of greermemnistry, and with its addition nature the
hydrosilylation delivers 100% atom economy. Theilggzepared polyfluorinated (2;:bpy)Pt
complex2 is the robust and thermally stable catalyst, whichsn't require specific handling for
utilization and storage in laboratory.

Introduction

Although homogeneous catalysis is a powerful tachighly active and stereoselective organic
transformations, the majority of catalytic processes in industre atill conducted under
heterogeneous conditions, because the separatitime ofatalysts from the product mixture is
easier than under homogeneous conditions. Thuddsedeveloping homogeneous catalysts that
can be used in very low concentrations (for whioh ¢atalyst quantity is below the ppm level),
efforts have been made to provide heterogeneogsiars, which need the catalysts to be fixed
to a solid support® In other words, it is important to find a recovdmcatalyst to be easily
separated from the product mixture after reaction.

One of the new approaches to solve the problensepération and catalytic efficiency is the
thermomorphic catalysi§>® with or without the fluorous solvents. Bergbreittral. used a
polymer-based thermomorphic system whose polynsenpport was not totally dissolved at high
temperaturé:® Gladyszet al. published the results of fluorinated compoundsatialyze addition
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reaction on unsaturated substrates without theofigxpensive fluorous solvermt§.Fanet al.
demonstrated the use of the thermomorphic systdm avhon-fluorous catalyst for asymmetric
hydrogenatior. Yamamotoet al. prepared recyclable fluorous catalysts by usimgidi/solid
phase separation without fluorous solvérntsProgress in our laboratory was mainly a recyclable
polyfluorinated bipyridine metal complex systemtlre application on cross-coupling C-C bond
formation reaction&’

Recovery and reuse with fluorous catalysts may htsvetrength if compared to that with the
non-fluorous ones, because additional fluorougacteons could be utilized as controlling tool.
A unique feature in ideal thermomorphic catalysishiat the reaction mixture is homogeneous at
high temperature during reaction and the produsture becomes phase separated when being
cooled after reaction, taking advantages of thembenorphic property of compounds carrying
high fluorine content’*2

The high price of platinum raw material makes regg\wf platinum-catalysts more valuable, on
top of its homogeneous catalysis that offers achgad such as high efficiency, better tuning of
chemoselectivity, regioselectivity and/or stereesgVity. Ramonet al. used impregnated Pt on
magnetite as the recyclable catalyst for the hyiytation of alkynes** The hydrosilylation of
alkynes produces olefinic silanes that are poteptiacursors of trisubstituted alkenes, i.e., the
resulting organosilicon reagents are versatiledmagl blocks in a number of synthetic processes.
The transition metal-catalyzed hydrosilylation tdyaes represents the most straightforward and
convenient route for the preparation of olefinitasés with 100% atom efficienéy. In this
research, we selected for demonstration the Plyzath reactions on hydrosilylation of alkyne
using specifically a dichloro Pt-diimine complexatitarries long fluorous-ponytails at periphery
of 2,2-bpy for recycling studies. Such Pt complexes am@wkn to be soluble in organic solvent
only at elevated temperatures, e. g. in@uyet insoluble at all at room temperature. The afs
expensive fluorinated solvents is thus avoided, Htbenogeneous catalysis achieved, and the
Pt-catalysts recovered and reused using a simpleegure. To our knowledge, this is the first
time Pt-catalyzed hydrosilylation of alkynes harbeuccessfully tested for the feasibility of
recycling usage under the thermomorphic conditions.

Results and discussion
1. Catalyst synthesis
The preparation of ligand bis-5,6-C,1F,3CH,OCH,)-2,2-bpy (1) followed a literature

proceduré?® The ligand has a high fluorine content, F% = 0.BHe reaction of fluorinated
bipyridine ligand1 with K,PtCl, in DMF, as shown in Scheme 1, resulted in the dPbpex
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PtChL[5,5-bis-(n-G1F3CH,OCH,)-2,2-bpy] (2) as red solids. Compourizl exhibits a fluorine
content at F% = 0.53 and has a slight solubilitiuaO at 120 °C. The color of solution becomes
red. Compoun@ is insoluble in BpO at 25 °C, however.

Rf\_ Rf\_ R¢
O J\N= K,PtClg O — — o~/
—>
. N\ 7/ DMF N\ N7
N 0—\ N_ N
R N_/
f Pt
Ri=Cy1Fp ¢ Cl
1 2
Scheme 1

2. General procedure for recovery and reuse of 2 in tgrosilylation reaction

The Pt complex2 was then tested for the subsequent catalytic erpats to examine the
addition of HSiE$ to (a) symmetrical internal alkyne 5-decyBa@)( (b) terminal alkyne 1-hexyne
(3b), and (c) functionalized terminal propargylic alley@c), in the hydrosilylation reactioris.

The Pt-catalyzed hydrosilylation reactions3afc with HSIEg were carried out that successfully
demonstrated the feasibility of recycling usagenwitas the catalyst using BD as the solvent
under the thermomorphic condition. The catalytacte®n was conducted ea 120 °C for about

4 h in each run. At the end of each cycle, the pcodhixtures were cooled to room temperature
then centrifuged for precipitation of the Pt casalg. After the Pt catalystvas recovered by
decantation, the collect&dwas again supplied with the same amounts gOBsolvent3a-¢ and
HSIEt to proceed to the next cycle. The products wemmntiied with GC/MS andH NMR
analysis, using NMP as internal standard.

3. Recovery and reuse of 2 in hydrosilylation reactiomf 5-decyne

_ 2 1.2 mol% SiEts
— +  HSIEt; TO> —
2

3a 4a

Scheme 2

Product analysis of the hydrosilylation reactiodioated only one product of [E}-dec5-en5-
yl]triethylsilane @a), in quantitative yields, as shown in Scheme 2hwhe (2)-form isomer
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un-observed. Thus it became a good model reacuorstudy the recovery and reuse of
polyfluorinated Pt-catalys?, using3a and HSIE§ in the hydrosilylation reaction. The products
were quantified with GC/MS antH NMR analysis, using NMP as internal standardy\@od
recycling results (Table 1), for a total of 8 timesre achieved for Pt-cataly&catalyzed
hydrosilylation without difficulty under the thermmrphic mode.

Table 1.Recycling results a2-catalyzed hydrosilylation reaction of symmetricaernal alkyne
R—=-R?

Cycle No.  Reactant  Time (h)  Temp¢C) Yield™ (%) TON
(R=)
1 n-Bu 4 120 >97 80.8
2 n-Bu 4 120 >97 80.8
3 n-Bu 4 120 >97 80.8
4 n-Bu 4 120 >97 80.8
5 n-Bu 4 120 >97 80.8
6 n-Bu 4 120 >97 80.8
7 n-Bu 4 120 >97 80.8
8 n-Bu 4 120 >97 80.8

#Reaction conditions: BO as solvent (2 mL), 5-decyr@a (1.55 mmol, 214 mg), HSIE{(2
mmol, 233 mg), 1.2 mol % Pt catalys{0.0186 mmol; 30.6 mgY.Yields mainly determined by
'H NMR area integration on product solution.

Ramonet al. studied the hydrosilylation reaction with recyd&aPtO/PtQ-Fe;0,4 catalyst in the
absence of any solvent @a and HSiE$ and yielded justia quantitatively*® Shafir and Pleixats
et al. studied tris-imidazolium salt-stabilized Pd nantipbes and reported the hydrosilylation of
3awith HSIEg resulted also in onlga, at 60% yield with a different recyclable metalin this
manuscript, the2-catalyzed hydrosilylation reaction &a with HSIEg resulted in also one
product4a quantitatively.

4. Recovery and reuse of 2 in hydrosilylation reactiomf 1-hexyne



\ _ 2 1.2 mol%
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Buz0 SiEt, Et,Si
3b 4b 5b

Scheme 3

In the second Pt-catalyzed hydrosilylation reactionsimple terminal 1-hexyne3k), the *H
NMR spectrum of hydrosilylation product mixtures eatly indicated two products
(E)-triethyl(hex-1-en-1-yl)silanedp) and triethyl(hex-1-en-2-yl)silan®l§) as shown in Scheme
3. In Table 2 the hydrosilylation reaction &b with HSIEt catalyzed by2 showed very good
recycling results for a total of 8 times. The twomeric products were obtained with >97% total
yield all the time.

Table 2.Recycling results a?-catalyzed hydrosilylation reaction of terminaHR-H?

CycleNo. Reactant  Time (h)  Temp ¢C) Yield™ (%) TON
(Ri=)
1 n-Bu 4 120 >97 80.8
2 n-Bu 4 120 >97 80.8
3 n-Bu 4 120 >97 80.8
4 n-Bu 4 120 >97 80.8
5 n-Bu 4 120 98 81.7
6 n-Bu 4 120 >97 80.8
7 n-Bu 4 120 >97 80.8
8 n-Bu 4 120 >97 80.8

#Reaction conditions: BO (2mL) as solvent, 1-hexyr8b (1.52 mmol, 125 mg), HSig({1.92
mmol, 223 mg), 1.2 mol % Pt catalyzsf0.0186 mmol, 30 mg¥.Yields determined bjH NMR
area integration on product solution.

Figure 1 details th&H NMR spectrum of the product mixture for tBle reaction, focusing on the
double bond proton region, which indicates cledHg presence ofib and 5b without the
presence of third isomeF)-triethyl(hex-1-en-1-yl)silane, nonetheless. TheNMR spectrum of
4b shows the alkenyl protons @6.96 (dt,J = 18.6, 6.2 Hz, 1 H), 5.46 (di,= 18.6, 1.2 Hz, 1 H)
with typical coupling constant of 18.6 Hz for thikemyl protons atrans positions; that obb
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shows the alkenyl protons @6.55 (dt,J = 3.1, 1.5 Hz, 1 H), 5.20 (di,= 3.1, 0.6 Hz, 1 H) with
typical coupling constant of 3.1 Hz for the gernmhinanes. Concerning the
(2)-triethyl(hex-1-en-1-yl)silane isomer, a coupliognstant of 6-12 Hz is expected, yet not seen,
in Figure 1.
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Figure 1.*H-NMR spectrum (CDG| & 5.0-6.1) of the product mixtures from Scheme 3.

The GC/MS method was employed to look into the potgl After stirring for 4 h, the product
mixtures were analyzed (see Figure 2). The GC pabkstention times of 3.2 min and 6.0 min
are the signals for reagent (HSiEslight excess) and high boiling solvent £BY, respectively.
The peak at retention time of 1.8 min Ry disappeared and two new peaks at retention tirhes o
about 12.0 and 12.3 min appeared, which were sutgedS identification (Figure 2b-c). Both
mass spectra of species at 12.0 min and 12.3 mineshweak peak atVe =198 [M'] and major
fragmentation peaks ate= 169 [M'-Et] and 141 [M-Bul], in different ratios. The MS results
clearly demonstrated that only two isomeric producesulted from the Pt-catalyzed
hydrosilylation of terminal 1-hexyne. The ratio pgak area integrations by GC is 56:44,
consistent to th&H NMR area integration ratio of the two produdtsandsb, 1:0.84.
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Figure 2. The GC/MS results for the products in Scheme Bth@ GC chromatogram, with (b)
the MS data for the peak at retention time 12.0 (i) and (c) that at 12.5 midlf).

The Tsipis’ PtCl-catalyzed version @b with HSIEg yielded4b and5b (96:4, 93% total yield).
Tsipis had noted that the magnitude of differemc&C chemical shifts for terminal alkynes is
rather large (~1520 & units) compared to that for internal alkynes<53 units)*® In our study,

the 2-catalyzed hydrosilylation of 1-hexyr8d with HSIE resulted idb and5b (56:44, >97%
total yield). A diminishing regioselectivity was sdrved in current study, likely because the
coordination sphere of (2;Bpy)PtCk remains largely unaltered, which might have caused
enough electronic difference from that of a looserdination sphere of Pt£l

5. Recovery and reuse of 2 in hydrosilylation reactiorf 2-methylbut-3-yn-2-ol

In the third Pt-catalyzed hydrosilylation reacti@®cheme 4), for more complicated terminal
alkyne (HO)CMeC=CH (3¢) with HSIE%, the propargyl alkyn8c has a hydroxyl group as well
as a sterically crowded C-atom next to the tripnd The recycling experiments using
Pt-catalyst2 proceeded without difficulty for 8 times (Table, 8jiving yields > 97 % for total
isomeric products.
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Scheme 4

The Pt-catalyzed hydrosilylation 8€ with HSIEg was noticed that reactivity was seemingly less
than that of 1-hexyn&b with HSIEg, although the rates were not strictly measurethisistudy.
The reaction was monitored with GC/MS and NMR. Figure 3 shows a typical gas
chromatogram of the product mixtures after catalySio peak could be attributed to the starting
3c (if present, it should be located at retentionetiin8 min). The HSikgtpeak (slight excess in
reaction) was observed at retention time 3.2 muh thie BuO peak (solvent) was observed at
retention time 5.9 min. Two new peaks were recomet?.3 and 12.5 min, which were assigned
to the products (see later fit NMR analysis).

Table 3.Recycling results o?-catalyzed hydrosilylation reaction of termingHR-H

Cycle No. Reactant &) Time (h) Temp €C) Yield™ (%) TON
1 HOC(Me) 4 120 >97 80.8
2 HOC(Me) 4 120 >97 80.8
3 HOC(Me) 4 120 >97 80.8
4 HOC(Me), 4 120 >97 80.8
5 HOC(Me) 4 120 >.97 80.8
6 HOC(Me), 4 120 >97 80.8
7 HOC(Me), 4 120 >97 80.8
8 HOC(Me) 4 120 >97 80.8

#Reaction conditions: BO (2 mL) as solvent,-thethylbut3-yn-2-ol 3¢ (1.52 mmol, 128 mg),
HSIEt (1.92 mmol, 223 mg), 1.2 mol% Pt catalgst0.0186 mmol, 30 mgJ.Yields determined
by *H NMR area integration on product solution.



The HSIE$ addition to (HO)CMgC=CH 3c would generate three possible product isomers, all
with  molecular mass of 200. The two isolated praslucwere found to be
(E)-2-methyl-4-(triethylsilyl)but-3-en-2-ol 4c with retention time of 12.3 min and
2-methyl-3-(triethylsilyl)but-3-en-2-obc with retention time of 12.5 min. The ratio fromear
integration fordcto 5cin the gas

(a) 5.9 12.3 (b) o 171

103 143

200

(c) 103

143

3.2 171
200

Figure 3. The GC/MS results for the products in Scheme ¥th@ GC chromatogram, with (b)
the MS data for peak at retention time 12.3 mdir) &nd (c) that at 12.5 mib¢).

chromatogram was about 67:33. Barthe MS data indicated only a small signal fof (#ve=
200) but intense signal for MEt (m/e= 171). For5c the MS data showed even less intensity for
both - M™ (mwe= 200) and M-Et (me= 171) peaks. The possible
(2)-2-methyl-4-(triethylsilyl)but-3-en-2-ol isomer wanot detected in GC/MS. Besides catalyst
2, another catalyst, Pt5b,5-bis-(n-CoF10CH,OCH,)-2,2-bpy] (2’), was also used to test the
different fluorous ponytailed Pt-catalyzed hydrgsition reaction of 2nethylbut3-yn-2-ol. The
results also gave a mixture of two hydrosilylateoimers with about the same ratio.

TheH NMR spectrum of the product solution is showrFigure 4. There are two sets of peaks
in the C=C double bond region. One set of olefpmatons shows signals a6.11 (d, J = 19 Hz,
1H), 6 5.70 (d, J = 19 Hz, 1H), assigned to thens positioned protons ofic. The second set of
vinyl protons are ab 5.69 and 5.24 with J = 1.8Hz, assigned to gernpnatons ofc. The peak
area integration ratio betweet and5c is approximately2:1, similar to the GC area integration
ratio..
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Figure 4."H-NMR of product solution of Scheme 4 (CQG 5.1-6.2).

Cooket al. found that the hydrosilylation &t and HSiE$ using PtCl and XPhos ligand limited
the products to justc (89% yield) as a colorless dil. In early Russian literature3¢ and HSiEj
catalyzed by bPtCk gave4c and5c with no reported rati®® The impregnated Pt on magnetite
PtO/PtQ-Fe;0, recyclable catalyst used by Ramon et al. in the hydrosilylation oBc with HSIEg
(neat) gavedc and5c (78:22, 99% total yield)® Tsipis in his PtGl catalyzed hydrosilylation
reaction of3c produceddc 93% andsc 7% (88% total yield}? The similar HSiEf addition to3c

in this study producedc and5c (67:33, > 97% total yield). The propargylic alcblfienctional
group may have influence in addition to steric aflattronic effectside infra).

6. Analysis of residual Pt level in product solution ly ICP-MS

As solid the Pt-catalys? was separated from the reaction mixtures aftetribegation. The
recovered catalys2 was then ready for reuse in the next cycle of bgilylation reaction. The
quantity of residual Pt metal present in the solutivas also analyzed, taking random samples
among the product solutions resulting from the rl@morphic hydrosilylation process. The
polyfluorinated (2,2bpy)PtC} complexes are robust. Only very low Pt leaching wiaserved in
solution from the comple® after the thermomorphic, homogeneous catalysisgahare (Table
4). The first three entries of Table 4-(1 1-3, 1-6) are samples taken from product mixtures
after cycles 1, 3, and 6 of the hydrosilylation3af and the Pt leaching levels by ICP-MS are
6.7x10°, 6.1x10°, and 1.&10°, respectively, averaging at 3B0°. It provided strong evidence
that the molecular cataly&tstudied in this research possesses great thefpildgtand is indeed

a robust, reliable and recoverable Pt catalyst utiteethermomorphic conditions. In the bottom
entries of Table 4 &, 3-4), the hydrosilylation of (HO)CM€=CH 3c exhibits a greater Pt
leaching level in the range of 1.4-¥x¥° The increase of the Pt leaching level for the
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hydrosilylation of3c could be attributed to the tertiary propargg®H functionality as an extra
site for coordination to the Pt metal ion centerirty the catalytic cycle. There is no sueBH
functionality in3a and3b.

Table 4. ThelCP-MSresults of Pt leaching levels

Table no-Run no® Pt (in ppb) Leaching levél Recovery (%)
Detected from ICP-MS
1-1 60.8 3.35x10 99.997
1-3 55.6 3.05¢10° 99.997
1-6 15.9 8x10° 99.999
2-2 87.8 4.85¢10° 99.995
2-4 69.3 3.80x10° 99.996
2-7 36.1 2.00<10° 99.998
3-2 2630 0.75¢10° 99.925
3-4 2570 0.70<10° 99.930

3For example, 41 stands for the entry 1 from Table®The Pt leaching level is calculated as
follows, using entry 41 as example: (60.8 ppb2 mL) / (0.0186 mmol Pt) = 60,8 (mgPt/16L)
x 2% (10°L) / (1.86x 107 x 195 mgPt) = 3.3% 10°.

In literature, the recyclable impregnated Pt on magite PtO/Pt@Fe;O,4 catalyst by Ramost al.

in the hydrosilylation reaction had been reportbdud the Pt leaching level, at 0.01% of the
initial amount of Pt (ICP-MS analysis of the reswdtproduct mixture, and 0.0008% reportedly
for Fe)!® Thus, the recycling Pt cataly®iperforms really great with the lowest leachingeleof
only 0.001% (entry 1-6) while utilizing the thermorphic method.

7. Mechanistic insights

Overall, the hydrosilylation with Pt complef is believed to follow the Chalk—Harrod
mechanism. The ESiH is oxidatively added to [Pt], followed by coardtion of the alkyne and
insertion to [PH bond. The reductive elimination results in the addition of StH onto an
alkyne triple bond?® as shown in Scheme 5. The electronic effect thatpolarization of an
alkyne in hydrosilylation reaction would direct thgdride addition to the more electropositive
C-atom, was first summarized by Tsipis in a Rt@italyzed hydrosilylatiof® This electronic
effect leaves the steric C-atom directing forcey@secondary factor to affect regioselectivity.
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Et,Si—[P{]—H

Et;Si—H R———R
/ } |:>+ |§|_
I—[Pt]—
(P 3SIi—[Pt]
__: R
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SiEts N
\ H /§/H
R R

Scheme 5. Electronic influence on Pt-catalyzed hydrosilylation.

At the molecular level, the coordination sphereafith a (2,2-bpy)PtC} core remains largely
unaltered, which might have caused enough eledralifference from that of a loose
coordination sphere of PtIConcerning the propargylic alcohgd, Ferreiraet al. had analyzed
the influences dictating regioselectivity in Ptalgked hydrosilylation reactions of internal
alkynes?*# and suggested that the impact of the propargytichal functional group on
hydrosilylation regioselectivity cannot be fully mained with simple steric and electronic
arguments, and had hypothesized thatBél functional group is participating in an intetaot
with the Pt catalytic complex, perhaps through bgén bonding.

As a summary, we have demonstrated, to our knowletle first example of Pt-catalyzed
hydrosilylation reaction of symmetric internal atley and terminal alkynes under the
thermomorphic conditions, all being with good turapnumbers on hydrosilylation catalysis and
easy recovery and re-usage for 8 cycles withow tdsreactivity. The preparation of fluorous
PtChL[5,5-bis-(n-G1F23CH,OCH,)-2,2-bpy] catalyst was simple, with built-in molecutigsigns.
The leaching level of Pt in the product mixture wa$y as low as 0.001%.

8. Experimental section

8.1. General procedures

Gas chromatographic/mass spectrometric data weesneld using an Agilent 6890 Series gas
chromatograph with a series 5973 mass selectiezibet The reaction was monitored with a HP
6890 GC using a 30 m 0.250 mm HP-1 capillary coluath a 0.25um stationary phase film
thickness. The flow rate was 1 mL/min and splitteSamples analyzed by fast atom
bombardment (FAB) mass spectroscopy were doneebgtitif of the National Central University
(Taiwan) mass spectrometry laboratory. The amoahtgsidual Pt samples were analyzed by
ICP-MS. Infra-red spectra were obtained on a Peidimer RX | FT-IR Spectrometer. NMR
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spectra were recorded on Bruker AM 500 and Joel ZM using 5 mm sample tubes. 0D,
CD.Cl,, CDCk, deuterated DMF and deuterated, 8@ were the references for bdth and**C
NMR spectra; and Freon®L (CFC}) was the reference ftF NMR spectra.

8.1.1. Starting materials
Chemicals, reagents, and solvents employed wereneoamlly available and used as received.
C11F23CH,OH were purchased from Aldrich and SynQuest.

8.2. Preparation of Pt complex 2

The reaction of KPtCl, with fluorinated bipyridine derivatives,
5,5-bis(n-C;11F23CH,OCH,)-2,2-bpy (1), resulted in PtG]5,5-bis-(n-Cy1F23CH,OCH,)-2,2-bpy]
(2), as red solids. The reaction was stirred undeogen for 4 h, and the compl@would then
precipitate from the reaction mixture. After cotiea of the precipitates, water and,Gtwere
used to wash the red solids for several timestlaagield was 87%.

8.2.1. Analytical data of 2

'H NMR (500 MHz, DMFds, at 90 °C,J ppm,J Hz; very weak sample): 8.72 (d, 2H, H6), 8.48
(s, 2H, H3), 7.32 (d, 2H, H5) , 4.88 (4H, s, bpy-EH.12 (t, 4H, GiF23-CHy); % NMR (470.5
MHz, DMF-dg, 0 ppm,J Hz; very weak sample) -81.7 (t, 6F, 45R.19.3 ~125.7 (broad peaks,
20 F, -GoF20); 13C NMR spectrum was not obtained due to the extrgmebk signals at 90 °C.
FT-IR: 1601, 1559\, W), 1197, 1148 (EF stretch, s).

HR-MS (FAB):

[M*] CagH14ClF46N,O-Pt mie calc: 1644.9346, found: 1644.9327:¢8,,°°CIP'CIF46N,0,Pt
m/e calc: 1646.9328, found: 1646.93213¢8:,° CloF4N,O,Pt m/e calc: 1648.9287, found:
1648.9280.

8.3. Recycling studies

A tube was charged with BO (2 mL) as solvent, alkyne substrate (1.52 mma§jEt; (1.92
mmol, 223 mg), and 1.2 mol% Pt catal2g0.0186 mmol, 30 mg) for heating to 12D and then
maintained stirring at 120C under N atmosphere. During the reaction the reaction méxtu
became colored (Figure 5b) and the mixture wasogmally monitored by GC/MS for
completion. After 4h, the temperature was lowered25 °C, followed by centrifugation to
precipitate the Pt cataly&t(Figure 5c). The product mixtures were withdravemg a syringe for
analysis. The Pt cataly&was rinsed with BgO for 3 times before next charging of the solvent
and reactants for catalytic study. Total numbenecfcling is 8 times.
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Over the time, the Pt-catalyzed hydrosilylation ctemn products were also isolated for
characterization. Since the producis, (4b, 4c, 5b, and5c) were known, they showed correct
GC/MS and'H NMR data, and m.p. for solidd®%°3

Homogeneous
reaction

Figure 5. (a) Graphic representation of Pt catalyst recyrider thermomorphic condition; (b)
The colored reaction mixtures during hydrosilylati@action; (c) The product mixture separated
from Pt catalys® after centrifugation.
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Highlights

Pt-catalyst 2 with F-content 0.53 was easily recoverable under the thermomorphic method.

Pt complex 2 isthe robust and thermally stable catalyst.

The leaching of Pt was monitored by ICP-MSto be aslow as 10°° level per cycle.

The reaction-catalyst fulfills the principle of green chemistry, and the hydrosilylation delivers
100% atom economy.



