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The reductive carbonylation under 1 atm of CO and in the presence of surface basicity of silica-

supported N#PtClg], K,[PtCly], [Pt(CH;CN),Cl;], or [Pt(COD)C}] (COD = cis,cis1,5-cyclooctadiene)
leads to the formation in high yields of platinum carbonyl dianionic clusteg@Ptg].>~ (n = 6, 5, 4,

3). Remarkably the silica surface playkey rolein these reductive carbonylations since no carbonyl
cluster is obtained by reductive carbonylation of solig[R&Cl¢] in the absence of silica. The selectivity

of the reaction can be easily tuned by controlling the surface metal loading, the basicity of the surface,
and the nature of the platinum precursor (platinum oxidation state and nature of the coordination sphere).

In particular, the one-step silica-mediated synthesis af({B0)s¢|?~ from K;[PtCls] (90% yield) is very

convenient when compared to the traditional synthesis in methanol solution (67% yield), which requires

two steps: (i) formation of [R§(CO)4)?~ and (ii) addition of Na[PtCls] drop by drop (molar ratio [R$-
(CO)%4)? :Na[PtCls] = 1:1) under a flow of CO.

Introduction

or organometallic precursor adsorbed on the surface of the oxide,
chemical properties of the surface, nature of the gas atmosphere,

In the last 15 years surface-mediated synthesis of metaltemperature, and pressure. The reaction products are easily
carbonyl clusters, whereby the surface of an inorganic oxide jsojated by solvent extraction or sublimation. Very often,
plays the role of the solvent in conventional syntheses, hasyie|ds and selectivities are so high and reaction conditions

grown as an attractive preparative metfot. The variables

so mild that surface-mediated organometallic syntheses can

that influence the yields and selectivity of surface reactions are e recommended over traditional syntheses in soldfon.
numerous, for example, loading and specificity of the metal salt gometimes surface reactions are so much more selective than
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those carried out in solution that it was possible to obtain
products that in solution have never been isolated, for example,
[Ruz(CO)Cly).°

As a general trend, a strongly basic surface, such as MgO,
favors the formation of anionic metal carbonyl clustér§ while
neutral carbonyl clusters are obtained on the surface of a rather
neutral oxide such as siligg:1°In the last years some of us
reported the syntheses of various neutral and anionic os-
mium,814ruthenium? iridium,' and rhodiur® clusters in high
yields and with excellent selectivity by controlled reduction, in
the presence of alkali carbonates on the surface, of silica-
supported metallic salts or organometallic precursors. Addition
of a relatively weak base not only favors removal of chloro
ligands but produces an unexpected very high basicity of the
silica surface, allowing the synthesis of anionic metal carbonyl
clusters, which usually require in solution the use of hyperbasic
conditions!3 In this work we extended this new method of
syntheses to platinum carbonyl clustersz(€0)].2~ (n = 6,
5, 4, 3) working at room temperature and under 1 atm of CO
and starting from NgPtClg], K;[PtCly], [Pt(CH3CN).Cl;], or
[Pt(COD)CL] supported on a silica surface of different basicity
by addition of CHCO,Na, NaOH, or KkCOs. This family of
carbonyl clusters, first synthesized in solution and fully char-
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Table 1. Synthesis of [P§CO)¢].2~ (n = 6, 5, 4, 3) by Controlled Reduction of Silica-Supported NgPtCl¢], K,[PtCly],
[Pt(CH3CN).Cl;], or [Pt(COD)CI ] in the Presence of Various Bases

metal loading molar ratio
starting material Pt/silica base Pt:Na or K product yield
Nay[PtClg] no silica CHCONa 1:10-30 no carbonyl
species
Nao[PtCle] 3% Pt/silica CHCO:Na 1:30 [P1A(COY4 2 63%
Nag[PtClg] 3% Pt/silica CHCO;Na 1:40 [P{A(CO)4%~ 70%
Nag[PtClg] 3% Pt/silica NaOH 1:10 [RH(CO)4> 63%
Nay[PtClg] 3% Pt/silica NaOH 1:20 [RHCO)4)> 18%
Na[PtCle] 30% Pt/silica CHCO:Na 1:20 [Pts(CO)q]2 72%
Nag[PtClg] 30% Pt/silica CHCO:Na 1:40 [Pts(CO)sq]>~ 73%
K[PtCly] 3% Pt/silica CHCO:Na 1:3 [Pig(CO)e]?~ 90%
Ko[PtCly] 3% Pt/silica CHCO,Na? 1:10 [Pis(CO)q]2 74%
K[PtCly] 3% Pt/silica CHCO;Na 1:40 [Pts(CO)sq]>~ 74%
[Pt(CHsCN),Cl7] 3% Pt/silica NaOH 1:10 [RECO)gl> 20—-25%
[Pt(CHsCN),Cl3] 3% Pt/silica KCOs 1.40 [PH(CONel? 20—25%
[Pt(COD)Cb)] 3% Pt/silica NaOH 1:10 [RHCO)4? 95%
[Pt(COD)Ch] 3% Pt/silica KCO;3 1.40 [P5(CO)gl> 60%
aUse of NaOH instead of C}O,Na affords a mixture of [R§(CO)4]2~ and [P§(CO)gl? (ca 14% and 6% yields, respectively).
acterized by Longoni and Chini in the late 1970ds of Remarkably, when a solution of H&tCls] and CHCO,Na

particular interest. For example, they can generate small (molar ratio Pt:Na= 1:10-1:30) in water, without added silica,
platinum particles supported on inorganic oxides acting as is stirred overnight, evaporated to dryness, and then exposed to

precursors of catalysts with increased propertfe’ CO at atmospheric pressure and room temperature in the closed
reaction vessel as described abowe,carbonyl compound is
Results and Discussion formed as evidenced by infrared spectroscopy. An increase of

the temperature to 108C leads to the formation of metallic
platinum. This observation shows clearly tkdica plays a key

Nag[PtCl] (3 wt % Pt with respect to silica), and GHONa role during the reductive carbonylation of platinum salts into
(molar ratio Pt:Na= 1:5 or 1:10), dissolved in the proper carbonyl clusters.

amount of water, is stirred overnight at room temperature, ~Working in methanol solution, [P{CO).4*~ was obtained
evaporated to dryness, and exposed to CO at atmosphericstarting from Ng[PtClg] and NaOH (molar ratio Pt:Na 1:6),
pressure for 48 h in a closed reaction cylindrical Pyrex vessel, stirring the resulting solution under:agorous flowof CO for
originally described for the reductive carbonylation of silica- 24 h (80% yield}> An advantage of our silica-mediated
supported rhodium and iridium chloridés, mixture of anionic synthesis is that it requires a much lower CO amount (only the
platinum carbonyl clusters is generated. Extraction of the silica vessel volume) to reach similar yields.

powder with degassed methanol, followed by addition of [PPN]-  pure [Pi(CO)4]?~ has never been obtained on the highly
Cl (bis(triphenylphosphoranylidene)ammomium chloride) to the pasic MgO surface. It was obtained along withg{BO) 52~
solution, leads to the precipitation of [PRft1(CO),4] along by treatment of [Pf3-C3Hs),] supported on MgO with a stream
with small amounts of [PPN[Pts(CO)q, as confirmed by IR of equimolar CO+ H,.2! Yields were not reported, while the
spectroscopy (THF solutionico = 2043 (vs), 1862 (s) cnt synthesis of the starting material diallylplatinum precursor is
and vco = 2055 (vs), 1873 (s) cnt for [PtiCO)4*~ and not simple?? [Pt;(CO)4]2~ has also been generated inside the
[Ptis(CO)sc*", respectively). By working under the same c4qes of zeolites, where it is entrapped (ship-in-a-bottle) and
conditions but using a higher amount of &EONa (molarratio 4ot he recovered. For instance, when [PJRF-exchanged
.Pt:Nazl 1:30 or 1:40), only the pure cluster [PRMt12(CO)4| NaY zeolite (Si/Al molar ratic= 5.6) is calcinated (& 300°C,

is obtained (63-70% yields; see Table 1 and Scheme 1). 2 h) and then heated under CO at 1T, [PtACOpq?" is
Therefore, an increase of the surface basicity leads to a decreas%rmed, whereas, without calcination, the clustes(©0)2]2-

\?Jotrrll?n C?;bgaﬁ[[iglﬁlitztg;d?Sa[gy’eiserrztpeogfgv\}gr?&%f;g#en is generated. Unexpectedly, under similar conditions but using
9 ) P 9 Y a more basic zeolite NaX (Si/Al molar ratie 2.3), the cluster

platinum carbonyl cluster by working under the same reaction . . o
conditions but in the presence of a stronger base such as naorPT higher nuclearity [RE(CO)sg]*~ was reported to be formeéd.

failed, since the [PPNJPt(CO)4] cluster was always obtained When working on the silica surface, it is known .that the metal
(63% and 18% yield by using a molar ratio Pt:Na1:10 and loading may be an important parameter that influences the
1:20, respectively). It appears that a too high surface basicity Selectivity of the reductive carbonylation of various metal Jalts.
affords only relatively low yields of carbonyl clusters, as Inthe presentwork we found that the selectivity of the reductive
previously observed for the reductive carbonylation of other carbonylation of NgPtCle] supported on silica in the presence
metal (e.g., Ir and Os) salts on a silica surface added with a of CHsCOONa can also be tuned by changing the metal loading.

Reductive Carbonylation of Silica-Supported Na[PtClg]
in the Presence of Various BasesWhen a slurry of silica,

strong base such as NaOH. In fact with a 30 wt % of platinum as NEPtClg] on silica
(instead of 3%), working in the presence of §&HD,Na (molar
(15) Longoni, G.; Chini, PJ. Am. Chem. Sod.97§ 7225. ratio Pt:Na= 1:20 or 1:40) and under similar temperature and

(16) Lamb, H. H.; Wolfer, M.; Gates, B. CJ. Chem. Soc., Chem.
Commun199Q 1296.
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J. Phys. Chem1991, 95, 9406. 1991, 30, 2479.

(18) Chang, J. R.; Koningsberger, D. C.; Gates, BJ.GAm. Chem. Soc. (22) Becconsall, J. K.; Job, B. E.; O'Brien, $. Chem. Soc. A967,
1992 114, 6460. 423.
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Scheme 1. Reductive Carbonylation (1 atm CO) at Room Temperature of Various Platinum Salts

Naz[PtCIG]

No silica 30% P1/SiO;
CH3;COONa CH3;COONa
m.r. Pt:Na=1:10-1:30 m.r. Pt:Na=1:20-1:40
No Pt carbonyl 2
3%P1/SiO [Ptis(CO)so]
cluster 22001 (72-74%)
' 3
CH3;COONa NaOH
m.r. Pt:Na=1:5-1:10 m.r. Pt:Na=1:10
or
CH3;COONa
m.r. Pt:Na=1:30-1:40
v v
[Pti2(CO)2]* + [Ptis(COYs0l* [Pti2(CO)”
(small amount) (63-70%)
2. 3% PySiO; . 3% P/SiO;
[Ptls(gcog)ssl CH>COONa K;[PtCLi]/SiO, CH?’CP?I(\)IN_al o
(90%) m.r. Pt:Na=1:3 39% PUSIO, m.r. Pt:Na=1:
NaOH
m.r. Pt:Na=1:10
[Pt;2(CO)l* + [Pto(CO)is]*
(ca. 6%) (ca. 14%)
3% Pu/SiO 3 -
[IPUCHLCN),CLI1Si0; |——-———>{Pt(COI" + [Ptia(CORaf
m.r. Pt:Na=1:10  (ca. 20-25%) (traces)
K>COs
m.r.Pt:K=1:40
NaOH 2
. ) ;’m T PeNa=1-10 [Pt12(CO)24]
| [Pt(COD)CL,]/SiO; |L’/S’OZ B (95%)
= [Pto(CO)is]*
—— o > P 18
m.r. Pt:K=1:40 (60%)

CO pressure, the cluster [PRfRt5(CO)q] is obtained (72
73% vyield, see Table 1 and Scheme 1) instead of [P}

(COdl.

The synthesis of the cluster fRICO)s0]2~ was reported to

solvent (MeOH), which is necessary to allow the reaction. The

reductive carbonylation of [Ptg]f~ on the high
surface since a lower local surface basicity

Dragonetti et al.

ly basic MgO
is caused by the

formation of MgCl acidic sites during the reduction, as proposed
for the reductive carbonylation of RhgahH,O supported on
occur on the MgO surface in 73% yield by reductive carbony- MgO, which unexpectedly affords the neutral cluster ¢Rh
lation of Na[PtClg], but working in the presence of traces of a  (CO)g.2*

Reductive Carbonylation of Silica-Supported K[PtCl,] in

authors explained that the solvent protects the platinum complexthe Presence of Various Base#n order to study the influence
by providing resistance to mass transfer of oxyéfen.
Working in methanol solution, [P{CO)g?~ was obtained
starting from Na[PtCls] added with various base amounts such as starting material of a Pt(ll) salt, such agmCly].2>
as NaOH (molar ratio Pt:N& 1:5.5) or CHCOONa (molar

ratio Pt:Na= 1:10) and stirring the resulting solution under a silica), and CHCO,Na (molar ratio Pt:Na= 1:3) dissolved in

vigorous flowof CO for 24 h (yield 65-80%)1°
The formation of [Pis(CO)q)2~ instead of [Pi(CO)4]2~ by

(24) Dossi, C.; Psaro, R.; Ugo, B.Organomet. Cheni989 359, 105.

of the oxidation state and the number of chlori

de ligands of the

coordination sphere on the selectivity, we investigated the use

When a slurry of silica, K[PtCls] (3 wt % Pt with respect to

the proper amount of water is stirred overnight at room
temperature, evaporated to dryness, and exposed to CO at
increasing the metal loading from 3 to 30 wt % Pt with respect atmospheric pressure and room temperature for 48 h in the
to silica can be attributed to a lower local surface basicity, closed reaction cylindrical Pyrex vessel as abbthee anionic
although working with the same ratio Pt:@EO,Na, due to the

cluster [Ptg(CO)g]?~ is obtained. Extraction of the silica powder
partial neutralization of the local basicity by the HCI evolved with degassed methanol, followed by addition of [PPN]CI to
in the reductive carbonylation. This is a known eff&iyhich
can also explain the unexpected formation of§f0)sg]2~ by

the methanolic solution, leads to the precipitat

ion of the cluster

(25) Brauer, GHandbook of Preparatie Inorganic ChemistryAcademic

Press: New York, 1965; Vol. Il, p 1572.
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[PPNL[Pt1s(CO)¢] (90% yield, see Table 1 and Scheme 1), as
confirmed by IR spectroscopy (THF solutiorso = 2065(vs),
1875(s) cmib). To our knowledge [RE(CO)g)2~ has never been
synthesized on MgO, probably due to the high basicity of the
surface, which does not allow the formation of this Pt cluster

Organometallics, Vol. 26, No. 2, 2037

in a closed reaction cylindrical Pyrex vessel as above,
[Pt(CO)g)?~ is obtained, along with traces of fRXCO)4]%~
although still in low yield. Extraction of the silica powder with
degassed methanol, followed by addition of JRICI to the
solution, leads to the precipitation of [EM][Pto(CO)g],

even if some local acidic MgCl sites are generated during the contaminated by traces of JtCO)4]?~ (ca 20—25% vyield,

reaction.

Working in methanol solution, pure [RB(CO)¢?2~ was
obtained only starting from [B{CO)4]2~ and adding N4PtClg]
drop by drop (molar ratio [R#(CO)4)?:NaPtClk = 1:1) under
a flow of CO (67% yield)t> When a major amount of base is

see Table 1 and Scheme 1), as confirmed by IR spectroscopy
(THF solution,vco = 2030 (vs), 1840 (s) crm). A similar result

is obtained by using a large amount 0@0O; (molar ratio

Pt:K = 1:40) instead of NaOH. Such low yields would suggest
a negative effect of the rather polar @EN basic ligand

added to the silica surface, as expected a lower nuclearity clustemprobably interacting with the silica surface and thus introducing

is obtained. In fact, when a slurry of silicagRtCly] (3 wt %
Pt with respect to silica), and GBO;Na (molar ratio Pt:Na=
1:10 or 1:40), dissolved in the proper amount of water, is stirred

another effect that produces a shield to the surface basicity.
In order to increase the yield of PEO)1g]%~, we investigated
the use of a less polar ligand suchciscis1,5-cyclooctadiene

overnight at room temperature, evaporated to dryness, and ther{COD). Thus we studied the reductive carbonylation of [Pt-
exposed to CO at atmospheric pressure and room temperatur¢dCOD)ChL]. When a slurry of silica, [Pt(COD)G] (3 wt % Pt

for 72 h in a closed reaction cylindrical Pyrex vessel as alSove,
only [Ptis(CO)]?~ is obtained, which can be easily extracted
from the silica powder with degassed methanol. By addition of
[PPNICI to the solution, precipitation of the cluster [PRIR}:s-
(CO)q] occurs (74% yield; see Table 1 and Scheme 1), as
confirmed by IR spectroscopy (THF solutiarso = 2055 (vs),
1873 (s) cmb).

with respect to silica) dissolved in GBN, and KCO; (molar

ratio Pt:K = 1:40) dissolved in MeOH is stirred overnight at
room temperature, evaporated to dryness under vacuum, and
then exposed to CO at atmospheric pressure and room temper-
ature for 72 h in a closed reaction cylindrical Pyrex vessel as
above3 only [P(CO)g]?~ is obtained. Extraction of the silica
powder with degassed methanol, followed by addition of;{gu

A further increase of the surface basicity (using NaOH instead CI to the solution, leads to the precipitation in good yields of

of CH3;CO:Na) leads to the formation of anionic carbonyl
clusters of even lower nuclearity. However yields become
relatively low, as usually occurs when working with a very high

[BusN]2[Pty(CO)g] (60% yield; see Table 1 and Scheme 1), as
confirmed by IR spectroscopy (THF solutiarso = 2030 (vs),
1840 (s) cmt). Remarkably, the use of a strong base such as

surface basicity generated by addition of NaOH. Thus use of NaOH (molar ratio Pt:Na= 1:10) instead of KCO;s affords,

NaOH (molar ratio Pt:Na= 1:10), under the same reaction
conditions, affords in ca. 20% yield a mixture of {R€O)4]2~
and [P§(CO)g)>~ (ca. 70:30 molar ratio; see Scheme 1), as
confirmed by IR spectroscopy (THF solutianso = 2043 (vs),
1862 (s) cmit for [Pt;2(CO)4)?~, and 2030 (vs), 1840(s) cth

for [Pt(CO)gl?").

The formation of [P{CO)g?2~ was reported on the MgO
surface. When [P¥-C3Hs),] is supported on MgO and the
resulting powder exposed to a stream of CO, somgQRx) ¢]2~
is obtainec?! but no yield has been reported. Moreover, as
mentioned above, the synthesis mpi-diallylplatinum is not
simple?2 The cluster [R{CO)g]>~ can also be prepared with
yields of ca 50% starting from [Pt(acag)supported on MgO
but under high pressure (CO, 100 at).

Working in solution, pure [R{CO)g]?>~ was obtained by
stirring N&PtCk and NaOH (molar ratio Pt:N= 1:9) dissolved
in methanol under aigorous flow of COfor 24 h (65-80%
yields)1®

Reductive Carbonylation of Silica-Supported [Pt-
(CH3CN).Cl;] or [Pt(COD)CI ] in the Presence of Various
BasesAs described above, reductive carbonylation on the silica
surface of K[PtCly] in the presence of a large amount of NaOH
can lead to the nonselective synthesis in low yield of the low-
nuclearity cluster [B{CO)g]2~. Such low yield and selectivity

working under the same conditions, only {R€EO)4]%~ in very

high yield (95%). This latter is an unexpected result since usually
the high basicity of the silica surface obtained by addition of
NaOH produces with lower yield a cluster of lower nuclearity

(see above).

Conclusion

This work is another example of the flexibility of the use of
the silica surface in the presence of bases for high-yield and
selective syntheses of a series of metal carbonyl clusters starting
from easily available materials. We have reported in fact the
selective syntheses in a very simple way of the various platinum
carbonyl dianion [R(CO)].2~ (n = 6, 5, 4, 3) clusters, first
synthesized in solution by Longoni and ChifiYields and
selectivities are usually comparable or even higher than those
in solution, but reaction conditions are simpler and require a
much lower CO amount (only the vessel volume). In particular,
the one-step silica-mediated synthesis ofidfftO)¢?~ from
K,[PtCly] (90% vyield) is very convenient when compared to
the traditional synthesis in methanol solution, which requires
two steps: (i) formation of [R§(CO)4]2~ and (ii) addition of
Nag[PtClg] drop by drop (molar ratio [R§(CO)p4]%:Nap[PtClg]
= 1:1) under a flow of CO (67% yield). Similarly, the silica-

could be due to a local increase of acidity due to the release of Mediated synthesis of [B(CO)4* from [Pt(COD)CE] (95%

HCI during the reduction. Therefore we investigated the
reductive carbonylation starting with [Pt(GEN).Cl;], a Pt-

(I1) compound with a lower amount of chloride ligands. When
a slurry of silica, [Pt(CHCN),CI,] (3 wt % Pt with respect to
silica) dissolved in CHCN, and NaOH (molar ratio Pt:Na
1:10) dissolved in MeOH is stirred overnight at room temper-

yield) is appealing with respect to the synthesis in solution (80%
yield), which involves reduction underagorousflow of CO

of Na[PtClg] in the presence of NaOH (molar ratio Pt:Na
1:6). In this work we have clearly shown that the selectivity
and yields of the silica-mediated reductive carbonylation reaction
are tuned by controlling not only the surface loading and the

ature, evaporated to dryness under vacuum, and then exposeHaSiCity of the surface but also the amount of HCI evolved in

to CO at atmospheric pressure and room temperature for 72

(26) Xu, Z.; Rheingold, A. L.; Gates, B. Q. Phys. Chem1993 97,
9465.

pthe reductive carbonylation, which may strongly influence the

local basicity or the polarity of neutral ligands of the coordina-
tion sphere of platinum. We have also confirmed that the role
of the silica surface is not only that of a reaction medium but
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is fundamental in these reductive carbonylations since
carbonyl cluster is formed, in the absence of silica, by treatment
of a Pt salt, such as M&tClg], under similar reaction conditions.
Thus, the deposition of Pt salts on the silica surface or even
their simple interaction with a silica support produces a high
and selective reactivity toward reductive carbonylation.

Dragonetti et al.

vacuum (102 Torr) using a water bath at 8CC. The final light
yellow powder was stored underN

Synthesis of [PPN}[Pt1g(CQO)s¢]. A slurry of silica (4.00 g),
K[PtCly] (0.255 g, 0.614 mmol; 3 wt % Pt/Si) anhydrous Cht
CO;Na (0.151 g, 1.84 mmol, molar ratio Pt:Na1:3), and degassed
H,0 (150 mL) was stirred in a 250 mL two-necked flask under N

In conclusion once again we have shown that the silica surfacefor 24 h at room temperature, affording a yellow mixture. The
can be an unusual and useful reaction medium to producesolventwas evaporated at rt under vacuunt{I®rr) using a water

carbonyl clusters with yields and selectivity not only easily

tunable but also in some cases higher than those obtained by?

using traditional techniques in solutié.

Experimental Section

General Comments.SiO, (Aerosil 200 Degussa, with a nominal
surface area of 200%y) was used after treatment in vacuum{2.0
Torr) at 25°C for 3 h. Ng[PtClg] was purchased from Strem
Chemicals, [Pt(CBCN).Cl,] and [Pt(COD)C}] were purchased
from Sigma Aldrich, while K[PtCl,] was prepared according to
the literature?> All reaction products were identified, after extraction
from silica, by infrared spectroscopy, their spectra being compared
to those of pure samplé&Elemental analyses were carried out in
the Dipartimento di Chimica Inorganica, Metallorganica e Analitica
of the Milan University.

Preparation of Silica-Supported Ng[PtClg] (3 wt % Pt/SiO )
Added with Bases.A slurry of silica (4.63 g), NgPtClg]-6H,0O
(0.4 g, 0.712 mmol, 3 wt % Pt/Sip degassed $D (ca 150 mL),
and CHCO;Na or NaOH (correct amount to have the desired molar
ratio Na:Pt) was stirred overnight in a 250 mL two-necked flask
under N at 25°C. The solvent was evaporated under vacuum{10
Torr) using a water bath at 8. The final yellow powder was
stored under M

Preparation of Silica-Supported Ng[PtClg] (30 wt % Pt/SiO,)
Added with Bases.A slurry of silica (4.50 g), NgPtClg]-6H,O
(3.9 g, 6.94 mmol, 30 wt % Pt/Si) degassed $D (ca 150 mL),
and CHCO,Na (correct amount to have the desired molar ratio
Na:Pt) was stirred overnight in a 250 mL two-necked flask under
N, at 25°C. The solvent was evaporated under vacuum{Torr)
using a water bath at 8TC. The final yellow powder was stored
under N.

Preparation of Silica-Supported K;[PtCl,] (3 wt % Pt/SiO )
Added with Bases.A slurry of silica (4.00 g), K[PtCl,] (0.255 g,
0.615 mmol, 3 wt % Pt/Sig), degassed $D (ca 150 mL), and
CH3CO;Na or NaOH (correct amount to have the desired molar
ratio Na:Pt) was stirred overnight in a 250 mL two-necked flask
under N at 25°C. The solvent was evaporated under vacuum{10
Torr) using a water bath at 8€. The final gray powder was stored
under N.

Preparation of Silica-Supported [Pt(CH3;CN),Cl;] (3 wt %
PY/SiO;) Added with Bases[Pt(CH;CN),Cl,] (0.25 g, 0.718 mmol,

3 wt % Pt/SiQ) was dissolved in degassed gEN (ca 100 mL),
NaOH or K;CO; (correct amount to have the desired molar ratio
Pt:Na or Pt:K) was dissolved in degassed MeOH &xmL), and
then the two above-mentioned solutions were joined in a 250 mL
two-necked flask with silica (4.68 g). The resulting slurry was stirred
overnight under K at 25 °C and evaporated to dryness under
vacuum (102 Torr) using a water bath at 8GC. The final light
yellow powder was stored underN

Preparation of Silica-Supported [Pt(COD)Cl] (3 wt % Pt/
SiO;) Added with Bases.[Pt(COD)C}] (0.250 g, 0.67 mmol, 3
wt % Pt/SiQ) was dissolved in degassed gEOCH; (ca 100 mL),
NaOH or K;CO; (correct amount to have the desired molar ratio
Pt:Na or Pt:K) was dissolved in degassed MeOH &xmL), and
then the two above-mentioned solutions were joined in a 250 mL
two-necked flask with silica (4.35 g). The resulting slurry was stirred
overnight under K at 25 °C and evaporated to dryness under

bath at 80°C, and the resulting gray powder was transferred into
cylindrical Pyrex vessel (diameter 40 mm, length 350 mm) under
a N, flow. The powder was treated under vacuum-@0orr), then
exposed to CO (1 atm) for 48 h at rt. Extraction of the resulting
very dark green powder undep Nnto a porous septum with MeOH
(ca 150 mL) afforded a green solutiondp in MeOH: 2066 cnt

(s), 1880 cm? (m)). Concentration of the solution up to 50 mL,
followed by addition of bis(triphenylphosphoranylidene)ammonium
chloride (PPNCI ca0.3 g), led to precipitation of pure green [PRN]
[Pt16(CO)¢] (vco in THF: 2065 (vs), 1875 (s) Crﬁ) with a 90%
yield (0.172 g). Anal. Found (calcd): C 23.19 (23.16), H 1.08
(1.07), N 0.50 (0.50).

Synthesis of [PPN}[Pt15(CO)3]. (a) From Nay[PtClg]. A slurry
of silica (4.50 g), NgPtClg]-6H,0 (3.9 g, 6.94 mmol, 30 wt % Pt
with respect to Si¢), anhydrous CECO:Na (11.3 g, 0.138 mol,
molar ratio Pt:Na= 1:20), and degassed.@ (150 mL) was stirred
in a 250 mL two-necked flask under,Nor 24 h at room
temperature, affording a yellow mixture. The solvent was evapo-
rated at rt under vacuum (1®Torr) using a water bath at 8,
and the resulting yellow powder was transferred into a cylindrical
Pyrex vessel (diameter 40 mm, length 350 mm) undeg, #dw.
The powder was treated under vacuum-@Uorr), then exposed
to CO (1 atm) for 48 h at rt. Extraction of the resulting dark green
powder under Blonto a porous septum with MeOH (cE50 mL)
afforded a brilliant green solution§o 2062 cnt? (s), 1881 cm!
(m)). Concentration of the solution to 50 mL, followed by addition
of PPNCI (ca0.3 g), led to the precipitation of pure green [PRN]
[Pti5(CO)q] (2055 cn1? (s), 1874 cm! (m)) with a 72% vyield
(1.613 g). Anal. Found (calcd): C 25.36 (25.27), H 1.25 (1.24), N
0.59 (0.58).

(b) From K [PtCly]. A slurry of silica (4.00 g), K[PtCl,] (0.255
g, 0.615 mmol; 3 wt % Pt with respect to S)Qanhydrous Chkt
CO:Na (0.504 g, 6.15 mmol, molar ratio Pt:Na 1:10), and
degassed D (150 mL) was stirred in a 250 mL two-necked flask
under N for 24 h at room temperature, affording a yellow mixture.
The solvent was evaporated at rt under vacuum{T@rr) using
a water bath at 80C, and the resulting gray powder was transferred
into a cylindrical Pyrex vessel (diameter 40 mm, length 350 mm)
under a N flow. The powder was treated under vacuum-@&0orr),
then exposed to CO (1 atm) for 48 h at rt. Extraction of the resulting
very dark green powder undep Nnto a porous septum with MeOH
(ca 150 mL) afforded a green solutiomdp 2062 cnt? (s), 1881
cm~1 (m)). Concentration of the solution up to 50 mL, followed
by addition of [PPN]CI (ca0.3 g), afforded pure green [PPN]
[Pt;5(CO)s0], Which precipitated (2055 cm (s), 1874 cm? (m))
with a 74% yield (0.147 g). Anal. Found (calcd): C 25.32 (25.27),
H 1.25 (1.24), N 0.58 (0.58).

Synthesis of [PPN}[Pt12(CO).4]. (&) From Nay[PtClg]. A slurry
of silica (4.63 g), NgPtClg].6H.O (0.4 g, 0.712 mmol; 3 wt % Pt
with respect to Si¢), anhydrous CHCO,Na (2.33 g, 28.4 mmol,
molar ratio Pt:Na= 1:40), and degassed.@ (150 mL) was stirred
in a 250 mL two-necked flask under,Nor 24 h at room
temperature, affording a yellow mixture. The solvent was evapo-
rated at rt under vacuum (1®Torr) using a water bath at 8,
and the resulting yellow powder was transferred into a cylindrical
Pyrex vessel (diameter 40 mm, length 350 mm) undep ddw.
The powder was treated under vacuum-@0orr), then exposed
to CO (1 atm) for 48 h at rt. Extraction of the resulting dark green
powder under Blonto a porous septum with MeOH (cE50 mL)
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afforded a green solutiorvo 2058 cnt?! (s), 1873 cmt (m)).
Concentration of the solution up to 50 mL, followed by addition
of [PPN]CI (ca 0.3 g), afforded pure green [PPIRt;o(CO)4),
which precipitated#co in THF: 2043 cn1? (s), 1862 cmt (m))
with a 70% yield (0.170 g). Anal. Found (calcd): C 28.23 (28.16),
H 1.48 (1.47), N 0.69 (0.68).

(b) From [Pt(COD)CI]. A solution of [Pt(COD)CJ] (0.25 g,
0.67 mmol, 3 wt % Pt/Sig) in degassed C}COCH; (ca 100 mL)
and a solution of NaOH (0.268 g., 6.7 mmol, molar ratio Pt:Na
1:10) in degassed MeOH (c&0 mL) were joined in a 250 mL
two-necked flask with silica (4.35 g). The reaction mixture was
stirred overnight under Nat 25°C and then evaporated to dryness
under vacuum (1@ Torr) using a water bath at 8€. The resulting
yellow powder was transferred into a cylindrical Pyrex vessel
(diameter 40 mm, length 350 mm) under a fibw. The powder
was treated under vacuum (Z0Torr), then exposed to CO (1 atm)
for 72 h at rt. Extraction of the resulting dark green powder under
N onto a porous septum with MeOH (c&0 mL) afforded a green
solution ¢'co 2058 cmt (s), 1873 cm?! (m)). Concentration of
the solution up to 50 mL, followed by addition of [PPN]CI (ca
0.3 g), afforded pure green [PPJRt;2(CO),4], which precipitated
(vco in THF: 2043 cmi?® (s), 1862 cm? (m)) with a 95% vyield
(0.217 g). Anal. Found (calcd): C 28.10 (28.16), H 1.46 (1.47), N
0.68 (0.68).

Synthesis of [BuN],[Ptg(CO)1g. (&) From [Pt(CH 3CN))Cl3].

A solution of [Pt(CHCN).CI;] (0.25 g, 0.718 mmol, 3 wt % Pt/
SiO;) in degassed CHCN (ca 100 mL) and a solution of NaOH
(0.29 g, 7.25 mmol, molar ratio Pt:Na 1:10) in degassed MeOH
(ca 50 mL) were joined in a 250 mL two-necked flask with silica
(4.68 g). The reaction mixture was stirred overnight undgraiN

25 °C and then evaporated to dryness under vacuum?(Torr)
using a water bath at 80C. The resulting yellow powder was
transferred into a cylindrical Pyrex vessel (diameter 40 mm, length
350 mm) under a WNflow. The powder was treated under vacuum
(1072 Torr), then exposed to CO (1 atm) for 72 h at rt. Extraction
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of the resulting dark red powder undep Nnto a porous septum
with MeOH (ca 150 mL) afforded a red solution. Concentration
of the solution to 50 mL, followed by addition of [BN]CI (ca
0.3 g) dissolved in 10 mL of water, afforded dark red JR{p[Pty-
(CO)g], which precipitated co in THF: 2030 cnit (vs), 1840
cm ! (s)) contaminated by traces of [BN][Ptio(CO)4] with ca
25% vyield (0.0548 g).

(b) From [Pt(COD)CI]. A solution of [Pt(COD)CJ] (0.25 g,
0.67 mmol, 3 wt % Pt/Sig) in degassed CH#OCH; (ca 100 mL)
and a solution of KCO; (1.85 g, 26.8 mmol, molar ratio Pt:k
1:40) in degassed MeOH (c&0 mL) were joined in a 250 mL
two-necked flask with silica (4.35 g). The reaction mixture was
stirred overnight under Nat 25°C and then evaporated to dryness
under vacuum (1 Torr) using a water bath at 8€. The resulting
yellow powder was transferred into a cylindrical Pyrex vessel
(diameter 40 mm, length 350 mm) under a fiow. The powder
was treated under vacuum (Z0Torr), then exposed to CO (1 atm)
for 72 h at rt. Extraction of the resulting dark red powder undgr N
onto a porous septum with MeOH (ca50 mL) afforded a red
solution. Concentration of the solution to 50 mL, followed by
addition of [BuN]CI (ca. 0.3 g) dissolved in 10 mL of water,
afforded pure dark red [BN][Pty(CO)g], which precipitated
(veo in THF: 2030 cm? (vs), 1840 cm? (s)) with 60% yield
(0.123 g). Anal. Found (calcd): C 21.93(21.87), H 2.63 (2.62), N
1.03 (1.02).
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