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Abstract

Routes to mixed-chalcogen diplatinum complexes Hazeen explored using Electrospray
lonisation Mass Spectrometry (ESI-MS) as a powegahnique to probe reaction solutions
on the microscale. Exchange reactions of binugkdinum(ll) complexes [B{u-Ex(PPh)4]

(E = S,1; Se,2) with each other, or reactions with the elemealeicogens\iz. complex1
with Se, and compleR with ] all had limited success in forming the mixed spe¢Pb(u-
S)(u-Se)(PPB)4]. Reactions of complek with PhSe and2 with PhS, resulted in the ESI
MS detection of novel arylated mixed-chalcogenidenplexes [P{u-S)(u-SePh)(PRh]*
and [Pz(u-Se)(u-SPh)(PRp]*, respectively. The analogous reactiong ahd2 with diaryl
ditellurides RTex (R = Ph,p-EtOGsHa4) resulted in the ESI MS detection of the trinuclea
aggregates [{Pt(PRJ}s(us-E)(1-TeR}]" and the mixed-chalcogenide complexes;([Rt
E)(U-TeR)(PPH4]™ (E = S,Se; R = Pip-EtOGsHa4). The compound [{Pt(PRJ} 3(pz-Se)(u-
TePh}]PFs was synthesised on the macroscopic scale, andaatkased by elemental

analysis and a single-crystal X-ray diffractiondstu

Keywords: Platinum complexes; ESI mass spectrometry; Chaludeg ligands; Diaryl

dichalcogenides



1. Introduction

The binuclear platinum(ll) sulfide complex §Rt-Sy(PPh)4] 1 has been known for
a long time,[1] and has a well-established, extensind diverse chemistry, primarily as a
result of the high nucleophilicity of the bridgisglfido ligands. This can be exemplified by
the reactivity of complexes containing $Bt} corestowards even very weak alkylating
agents such as dichloromethane.[2,3] Closely-rélatelogues, with alternative phosphine
ligands in place of PRhare also well-known.[4,5] The related selenidenplex [Pk(u-
Se)y(PPh)4] 2 has been less-intensively studied,[6] but hasndiste reactivity differences
compared to its sulfide counterpart.[7,8,9] Theniséry of these complexes, which has been
reviewed on a number of occasions,[10,11,12,13Joslinated by their alkylation and
arylation reactions with suitable electrophiles] éimeir reactivity as metalloligands, forming
sulfide-bridged multi-metallic complexes. Despiteit extensive chemistry, new pathways
of reactivity continue to be developed, such athereactivity towards a chloropyridinium

salt and NH, resulting in the formation of the novel binuclgdatinump-amido complex

[Pto(u-S) (-NH2) (PPh)4] *.[14]
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There are only two reported complexes in the litemthat contain the {Ri{S)(u-
Se)Pt} mixed-chalcogenide core, these being theidéar complex [(L)CIP{(-SBu)(u-
SeCHPh)PtCI(L)] (L = PPk) 3 [15] and the trinucleans-selenido complex [(PtPBB(LL.-
SMe)(us-Se)” 4.[16] Accordingly, we were interested in exploringutes to unknown,

mixed-chalcogenide complexes of the general typgFE1)(U-E2)(PPh)4] where B # Ez =
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S, Se, Te and typified by [Rpu-S)u-Se)(PPB)4] 5a The methodology used exploits the
efficacy of electrospray ionisation mass spectroyn@SI| MS) [17] as a rapid, efficient and
informative technique for exploring the chemistfitltese metal chalcogenide systems,[11]
and in this contribution we describe a detailed BS investigation of such mixed-

chalcogenide systems.

PhsP Se PPhs
NSNS
Pt Pt
Ph,P S PPh;

5a

2. Results and discussion

2.1 Exchange reaction of [1-S»(PPhs)4] and [Pt2(1-Se)(PPhs)4] in ethanol

Initially, exchange of the chalcogenide ligandsametn complexes [Riu-Shr(PPh)4]
1 and [Pi(u-Se)(PPh)s] 2 was explored as a potential route to the compR(-S)(u-
Se)(PPh)4] 5a. A suspension of and2 in ethanol was stirred at room temperature foh,12
with the initially cloudy brown suspension changimglour to orange, which was
subsequently analysed by ESI MS. The mass specwuamins two main peaks, with the base
peak of the spectrum at/z1503.24 assigned as combination of the protorfdtedH]" and
oxidised [l]* ions, as detailed in the literature.[11] An isaqgpattern comparison of the
[M]*/[M + H]" ions of1, involving a calculated pattern (generated udirggsoftware mMass
[18]) was consistent with a 1:1 combination of [Mhd [M + HJ ions. The second peak at
m/z1598.12 is assigned as the oxidis&d [on, with no evidence of the protonat&d H]*
ion. The observation of these ions is consistettt amn incomplete reaction, possibly due in
part to the limited solubility of both and2 in alcohols.

An ion observed atn/z 1550.18 is assigned as the desired mixed-chalwmbgeon
[Pto(u-S)(1-Se)(PPHu]* (5a") observed in its oxidised form (calculatedz 1550.18). The

apparent proclivity for oxidation observed in thergnt selenid2 and mixed-chalcogenid®
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complexes suggests that the oxidation of the pnideligand may be preferred over
protonation of the p-sulfide in [Ru-S)(u-Se)(PPu] 5a. [Pb(u-S)(u-OH)(PPH)4]*
(calculatedm/z 1487.27) was observed as a low intensity ion. Thtsydroxo species has
been identified previously, but not structurallyachcterised.[14] There are also several minor
but noteworthy lower-mass ions; an ionnafz 719.15 is assigned as a combination of the
known cyclometallated ion [(BR)Pt(PAPGH4)]™ [ 19 ] and the known hydride
[(PhsP)2PtH]",[20] combined in a ratio of 2:3 respectively basedcomparison with an
isotope pattern modelled using mMass software [A8]ion atm/z751.13 has an isotope
pattern indicating an overlay of [Mand [2MF* ions, and is assigned as a combination of
[Pt(PPRh)2S]* and the doubly-oxidised]?* with a calculated isotope pattern agreeing closely
with the experimentally-observed pattern. The plasetenide comple® is responsible for
an analogous peak @'z799.07, with a combination of [Pt(PfiSe] and P]?* ions making
up an experimentally observed pattern that alseesgclosely with the calculated pattern.
The remaining low-mass ions are all related tontlomonuclear ion [(P#P):PtSe]*,
which is observed ah/z877.98 (calculateth/z877.98) and has a distinctive isotope pattern
agreeing closely with its calculated pattern. Télated ions are (for [M] = [(RR):PtSe))
[M + OH]" atm/z894.98 (calculateth/z894.98), [M + ONa] atm/z916.97 (calculatech/z
916.97), and [M + SNaJat m/z932.94 (calculatech/z932.94). Of the several higher mass
(ca. m/z2000) ions, three are all related asHutrimetallic aggregates with a [PtH(PHh
fragment, tentatively assigned asz[R$-Sy(PPh)sPtH(PPRB)]* at m/z 1961.29 (calculated
m/z1961.30), [P{us-S)(z-Se)(PPR)4PtH(PPR)]" atm/z2008.24 (calculatedh/z2008.25),
and [Pi(us-Sep(PPh)sPtH(PPR)]" at m/z 2055.18 (calculatedm/z 2055.19). The
coordination ofl as a metalloligand towards a platinum(ll) hydridegment has been
described in the literature,[21] with the compléXi(us-S)(PPh)sPtH(PPh)|PFs being

structurally characterised BYP{*H} NMR and single-crystal X-ray diffraction.



2.2 Reactivity of [R(1+E)2(PPlg)4] towards elemental chalcogens

In the hope of obtaining a cleaner synthetic rdatthe mixed chalcogenide species
[Pto(u-S)(1-Se)(PPu] 5a, the reactions o with S, and ofl with grey selenium were
attempted. The behaviour of & a mild oxidising agent is known in organic tears [22]
and has been found to be more oxidising than el&ahsalenium, with §having a more
positive standard redox potential.[23] Therefohe, teaction of Se with [Ki1-Sy(PPh)4] 1
was not expected to proceed readily.

[Pt(u-Se}(PPh)4] 2 was reacted with a molar equivalent @fis a mixed toluene-
methanol solvent mixture. The initially cloudy bnewuspension transformed to a clear dark
red-brown solution after 2 h of mixing at room tesrgture, at which point the mass spectrum
was acquired, and found to show two dominant ionsna 1551.22 and 1503.28. The
generation of the mixed-chalcogenideF$e} specieSais immediately evident by the ion
atm/z1551.22 with a moderate relative intensity. Exation of the isotope pattern indicated
a combination of protonatedbd + H]® and mono-oxidised5@]* ions in a ratio of
approximately 1:1, modelled using mMass softwaB3.[Ihe protonated parent selenide
complex R + H]", observed ain/z1599.16 (calculatenh/z1599.14), and sulfide complex [

+ HJ*, observed ain/z1503.28 (calculatenh/z1503.25), displayed isotope patterns absent of
any contribution from their respective oxidised [Nfjns. A grouping of high massa. m/z
2100) monocations is tentatively assigned as tathetderivatives of the structure Hiiiz-
E)}(PPh)sEH]" 6 (n = 1-3; E = S, Se) whose observed and calculatemvalues are
summarised in Table 1. The location of the chaloags cannot be ascertained by ESI MS,
so the @-E ligands and FH ligand are interchangeable for E with many isangrssible.

In contrast, the reaction of ft-Sy(PPh)s] with a large excess of Se in ethanol for
48 h, followed by filtration of the reaction soloi and analysis by ESI MS showed little
reaction. This was not unexpected since elemealtah&im is a poorer oxidant compared to

Ss. Absent from the spectrum were any ions relatefPtgu-Se}(PPh)4] 2 in the form of



[2]", [2 + H]*, or [2]*. A prominent base peak a/z1503.07 was assigned as a combination
of oxidised [I]* and protonatedl[+ H]* ions in an approximate 1:1 ratio. Of medium refati
intensity is a peak ah/z1519.06, also assigned as a combinatorial isqiatiern, containing
the ions [P{u-S)(u-SO)(PP#4]* and its protonated [M + Hhnalogue in a 1:1 ratio. The
calculated isotope pattern of this combination edrelosely with the observed pattern. At
low relative intensities are ioms/z1535.05, assigned as the known [24] S-O-H-O-Sgledd
di-oxidised species [Hu-SO02H)(PPh)4]" (calculated m/z 1535.24), andm/z 1551.03
assigned as the protonated mixed-chalcogenideésmh H]* (calculatedn/z1551.19). Other
noteworthy ions aren/z579.12 (assigned as the triphenylphosphine oxodiusn adduct
[(PhsPOYNaJ*, calculatedn/z579.16, and formed by aerial oxidation of dispthB&h), m/z
806.01 (assigned as the mononuclear speciesH#PhS]Na*, calculatedn/z806.08), and

m/z853.97 (assigned as the analogousJPPRtSeS]Ng, calculatedn/z854.03).

2.3 Reactivity of [P(u-E)(PPle)4] (E = S, Se) towards diphenyl dichalcogenidesBIiE

=S, Se)

As the preceding reactions had limited succesgmeting the mixed-core {eS}
species, microscale reactions of complexes([iP5y(PPh)4] 1 and [P(u-Se}(PPh)4] 2
with diaryl dichalcogenides, PBe and PhS;, respectively, were carried out with the
intention of synthesising a phenylated mixed-chgérade species with the {f:E>Ph} core.
Previously, we have reported that the reactiorPef|i-Sy(PPh)4] with PhS; results in the
formation of the mixed sulfide-thiophenolate comlet(u-S)(u-SPh)(PPk4] " [25] and the
commercial availability of Pise (and PbTe, vide infrg suggested that this could be a more
promising route.

Reaction of [P{u-Sh(PPh)4] with PhhSe was carried out in methanol suspension at
room temperature for 24 h before filtering to remonsoluble matter, resulting in a clear
yellow solution. Reaction progress was monitoreith\wositive-ion ESI MS and a time series
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of spectra can be seen in Fig. 1. After 30 min.rtfess spectrum showed two significant
peaks. The main peakmiz1503.39 is assigned t][ and [L + H]", and a lesser peakraiz
1659.35 assigned to the phenylselenium addition [B(u-S)(u-SSePh)(PRR]* 7
(calculatedn/z1659.20) which had an isotope pattern in closeegent with the calculated
pattern. The proposed structure of this speciesssimed to retain the g3} core, as the
alternative phenylsulfur complex pBt-Se)(u-SSPh)(PBh]™ (indistinguishable by isotope
pattern) would require the dissociation of a rekly strong C-S bond. In theoretical
examinations, diphenyl dichalcogenides were founlgiatve stronger C-E bonds (C-S 291.83
kJ molt, C-Se 269.62 kJ md) than E-E bonds (S-S 191 kJ mpBe-Se 182.55 kJ mb)
attributed torn-n overlap between the orbital of the chalcogen atom and adjacent phenyl
carbon, resulting in a strengthened C-E bond.[2§]dEmental observations agree with the
calculated bond strengths, with C-S bonds (300J.4nklY) found to be stronger than S-S
bonds (192 kJ md) which in turn are stronger than Se-Se bonds (@F2nolY); no
experimental data could be located in the litemfior C-Se bond dissociation of diphenyl

diselenide.[27,28]

B Teph 7+
PhgP. S PPhs
\Pt/ N
N
Ph3P/ \s/ PPh,
7

The spectrum included various ions at very lowtnetaintensities ¢a. 2.5%) which
were tentatively assigned by their isotope patgicim/zvalue. Of note are mononuclear ions
at m/z 718.22, assigned to the known cyclometallated ispefPt(PPk)(PPhCsH4)]*
(calculatedm/z 718.14),[19]m/z 784.18, assigned as an overlapping of the oxidiead
[Pt(PPh).S;]* (calculatedm/z 783.09) and the protonated ion [Pt(BPBSH] (calculated
m/z 784.10), andm/z 876.19 assigned as the previously-observed phelayislate ion

[Pt(PPh).SePh] (calculatedn/z876.10). A common fragment ion observed when eyipip



a moderate capillary exit voltage involves lossaafeutral triphenylphosphine; a fragment
ion of this type is observed at/z1397.23, and is assigned as(ftS)(u-SSePh)(PRh]*
(calculatedm/z 1397.10). A low intensity ion an/z 1627.37 was assigned to the mixed
chalcogenide arylated cation {ft-S)(u-SePh)(PRj]* (8, calculatedn/z 1627.22) which
has an isotope pattern agreeing closely with thieutzied pattern. Similar to the
phenylselenium addition iory the structure is assumed based on the diffi@fltissociating
the Se-Gnbond; [Pt(u-Se)(u-SPh)(PRR]* 9 would be indistinguishable by ESI MS as it is
isobaric. The presence in the spectrum of the maclear phenylselenolate ion
[Pt(SePh)(PP§).]" (m/z876.10), possibly from the fragmentation&fand absence of the
phenylthiolate analogue [Pt(SPh)(RRH, strongly suggests the presence of a bridging

phenylselenolate ligandz. [Pt(u-S)(u-SePh)(PRJx] " 8.

— Ph 1+
Ph + Ph + |
PhsP Se PPh
P 3
PhsP. Se PPhs PhsP. S PPhs \Pt\ /\Pt/
NS N\ NSNS | s
/Pt\ /Pt\ /Pt\ /Pt\ Se_ | se
N
PhsP s PPhs PhsP Se  PPhs o’ Plt “ph
PPhs
8 9 - -
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Re-analysis of the reaction mixture after 24 h pomdl a spectrum (Figure 1b) with
some notable changes. The base peak was now tletiqn-S)(u-SSePh)(PRR]* 7 atm/z
1659.19, while a peak of moderate intensityné 1517.25 was assigned as the methylated
species [P{u-S)(u-SMe)(PPf)4]" (calculatedm/z 1517.26) which has been observed
previously when [B{u-Sp(PPh)4] 1 is reacted in methanol.[25] A low intensity ionnatz
1873.00 had an isotope pattern indicating a mommtaif multiple polyisotopic elements;
this ion was subsequently assigned as the trinetadigregatel O, following investigations

of the reactivity of [P{u-E)2(PPh)4] (E = S, Se) with diaryl ditelluridevide infra).



After 72 h some significant changes in occurretheénESI mass spectrum (Figure 1c):
the methylated complex [Rf-S)(u-SMe)(PPHs]™ (m/z 1517.28) increased in relative
intensity, becoming the base peak of the spectwiie the protonated parent compléx{

H]* was no longer present. The relative intensityhef peaks amn/z 1627.25 8) andm/z
1873.03 increased significantly, while a new peak/a2117.27 was observed and assigned
as the trinuclear aggregate §Re-Sy(PPh)s(SePh)] (calculatedm/z 2117.25) with a
proposed structure shown in Scheme la. After tweka/ethe ESI mass spectrum (Figure 1d)
showed a base peak @i’z 579.18 due to [(PRPO)RNa]". lons pertaining to the mixed-
chalcogenide arylated speckatm/z1627.28 and the phenylselenium addition 7cat m/z
1659.26 were observed at very low relative intéesitA low intensity ion ain/z1645.13 was
assigned as a tri-phenylselenolate, fibplaced complex [Riu-SePhyPPh)3(SePh)]
(calculatedn/z1645.07) with a proposed structure displayed imeSwe 1b.

The corresponding microscale reaction of(PiSe}(PPh)4] 2 and diphenyl disulfide
(PhS) in methanol for 24 h gave a cloudy dark-red sosjmm. Filtration to remove insoluble
matter gave a clear dark-red filtrate which waslys®al by positive-ion ESI MS. The base
peak at m/z 1627.19 is assigned to the mixed-chalcogenide ispefPb(u-Se)(u-
SPh)(PPH4]" (9, calculated m/z 1627.22) which is tentatively assigned as the u-
phenylthiolato complex and is thus an isomer of finphenylselenolato complex (vide
suprg.

An ion atm/z 1613.12 is assigned as the methylselenolate canjple(u-Se)(u-
SeMe)(PPHK)4]* (calculatedn/z1613.15) and mirrors the previous reaction Witind PhSe
(vide supra in which methanol promoted methylation. Some piey differences from the
analogous reaction of [Bu-Sp(PPh)s] 1 and PbSe in methanol are: (i) the prominence of
high-mass peaks ah/z 2164.14 andn/z 2243.06, attributed to the trimetallic aggregate
species [P{u-Se}(PPh)4Pt(PPh)(R)]" where R = SPh (calculated/z 2164.20) and R =

SeSPh (calculatenh/z2243.11), with proposed structures as shown ire®eh2; (ii) a very
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weak ion am/z1707.10 for the phenylsulfur addition complex {&tively assigned as [Rf1-
Se)(u-SeSPh)(PRR]* 11, calculatedn/z1707.14), and (iii) no ion observed for eithettud
mononuclear species [Pt(SePh)(BRh (calculated m/z 875.10) or [Pt(SPh)(PRh]*

(calculatedn/z828.16).

B SPh I+
PhsP. Se PPhs
NSNS
/Pt\ /Pt\
PhsP Se PPhs
11

In order to avoid alkylation by methanol, the mgxale reaction of [Biu-
Se)(PPh)4] 2 and PBS; was repeated in ethanol and the brown suspensaigsad by ESI
MS after 24 and 48 h (Fig. 2). After 24 h the mgmsctrum (Fig. 2a) showed similar features
to the analogous reaction in methanshns the methylated selenide ion jRt-Se)(u-
SeMe)(PPK4]* at m/z 1613 and also no evidence of the ethylated ion(JP$e)(u-
SeEt)(PPH4]". The ion of highest intensity is the mixed-chalkenige species [Rj1-Se)(u-
SPh)(PPK4]" 9. Ethanol appears to be poorer than methanol atbdising the parent
selenide complex [Riu-Se)(PPh)s4] 2, with a peak of moderate intensity observednét
1598.13 assigned ag]{. At a similar intensity to the oxidise@][ ion is the phenylsulfur
addition ion [Pi(u-Se)(u-SeSPh)(PBA " (11, m/z1707.15); notably this species was almost
undetectable in the previous reaction in methandl% relative intensity). After 48 h (Fig.
2b) the base peak is the phenylthiolato com@exm/z 1627.29) as before, with the
disappearance of iong][ atm/z1598 andl1 atm/z1707. Significant ions ah/z2163.28
andm/z2243.20 indicate the formation of trinuclear agateg (Scheme 2) with the resulting
displacement and oxidation of PRiffecting the observation of the adduct ion fRB)Na]*
(m/z 579.20). When the microscale reaction of(PiSp(PPh)s] 1 and PhSe was also
carried out replacing the methanol solvent by eth#re outcome was largely the same, bar

the absence of the methylated specieg|iP8)(u-SMe)(PP)4]".
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The reaction of Pise and 1 (reaction A) proceeds more slowly than the
corresponding reaction of B and 2 (reactionB), reflected in the longevity of starting
complex1 and quickly disappearing (detected as protonated [M +Hjr oxidised [M]
cations) in the ESI mass spectra. This differeageesumably related to the greater oxidising
ability of PhS; compared to Pi$e. Another observable difference was the longevitthie
reaction solution of the phenylselenium additiom ifPb(u-S)(U-SSePh)(PRR]™ 7 in
reactionA cf. the relatively short-lived phenylsulfur analoglRb(u-Se)(u-SeSPh)(PBa*

11in reactionB.

2.4 Reactivity of [P(w-E)2(PPhe)4] (E = S, Se) towards diaryl ditelluridesRe>

The success in identifying mixed-chalcogenide caxgbs [Pi(u-S)(u-
SePh)(PP§)4]* 8 and [Pt(u-Se)(u-SPh)(PRJ]™ 9 using diphenyl dichalcogenideside
suprg suggested that the extension to tellurium chegnstould also be productive in the
generation of complexes with mixed {Bfe} and {PtSeTe} cores.

The reaction of [B{u-Se}(PPh)4] 2 and PhTe; in ethanol was initially carried out
on a microscale with the light-brown suspensiomestiat room temperature for 48 h, resulting
in a dark-red solution. The progress of the reactias monitoredia ESI MS at 12, 24, and
48 h, and a time series of mass spectra is showigir8. The ESI mass spectrum after 12 h
(Fig. 3a) has three main peaks with the dominasé lpgeak ain/z1002.99 assigned as the
mononuclear ion [Pt(PBaSeTePh] (calculatedm/z 1003.1), with an observed isotope
pattern agreeing closely with the calculated patt&f the two lower intensity ions, that at
m/z 1803.03 was identified as the phenyltellurium #ddi ion [Pg(u-Se)(u-
SeTePh)(PPHu]™ (12, calculatedn/z1803.07). The other ion ai/z2065.87 was identified
as a large cation with an isotope pattern indican1+ charge and a composition of
polyisotopic elements. Following a series of otbgperiments \(ide infrg), this ion was

assigned as the trinuclear complex [{Pt(BPifus-Se)(u-TePh]* 13b (see Scheme 3). A
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comparison of the calculated and experimental motpatterns of [{Pt(PR} 3(uz-Se)(u-
TePh}]™ 13b is shown in Fig. 4. Although related complexeshwitthiolate ligands have

been reportedv(de infrg,[16] analogues witlp-tellurolates are hitherto unknown.

B TePh 7 B Ph 7]
PhsP Se PPh; PhsP Te PPh,
NSNS NSNS
/Pt\ /Pt\ /Pt\ /Pt\

PhsP Se PPh; PhsP Se PPh;
12 14

An ion of low intensity aim/z 1540.95, assigned as jft-Se)(u-SeTePh)(PBH*
(calculatedn/z1540.98), appears to be a product of fragmentateoRPh loss from12. The
mono-oxidised iond]* appears at low relative intensityifz 1598.09) as does the arylated
mixed-chalcogenide core {f8eTe} ion [Pi(u-Se)(u-TePh)(PRjy]" 14 at m/z 1723.12
(calculatedm/z 1723.16). It must again be noted that the isomet2iviz. [Pb(u-Te)(u-
SeSePh)(PRM]* atm/z1803, and the isomer G#, viz. [Pto(u-Te)(u-SePh)(PRh]" atm/z
1723, cannot be structurally dismissed, but woetglire the transfer of a phenyl group. The
Te-C bond, although shown to be weaker than E-Gldaf the lighter chalcogenides,[29]
would still be of significant strength due to thaepyl-tellurium n orbital interaction
decreasing the likelihood of dissociation.

The micro-scale reaction was re-examined by ESBEMES 24 hours, revealing a much
cleaner spectrum (Fig. 3b) with the trinuclear aaf{Pt(PPh)}s(us-Se)(u-TePh)]* 13b at
m/z2065.93 being the base peak. The ion [Pt§BBTePh] atm/z1003.01 had significantly
decreased in intensity. After 48 h the reactiontorx was analysed by ESI MS for a final
time (Fig. 3c) and found to consist of only [{Pt(RP 3(1u3-Se)(u-TePh]™ 13b. This ion
shows appreciable stability towards fragmentatigth a sample analysed using a (very high)

capillary exit voltage of 300 V still showin3b as the base peak.
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Evidence for the constitution of the trinuclearieat[{Pt(PPh)} 3(us-Se)(u-TePhj]*
13b was obtained by additional mass spectrometry éxjeats, in addition to unequivocal
characterisation by X-ray crystallographyide infrg. When [Pi(u-Se}(PPh)s 2 was
reacted in ethanol with a substituted derivativeliphenyl ditellurideviz. (p-EtOGsH4)2Tey,

a dark-red solution was obtained, which was exathineESI MS. The mass spectrum (Fig.
5) was very similar in appearance to spectra obtbfrom the reaction of [Rj1-Se}(PPh)4]

2 and PhTexin ethanol. The monocationic base peak of thetsppmcatm/z2197.94, assigned
as13¢ was sandwiched by two peaks of low relative istigratm/z2154.92 anth/z2275.86,
the latter peak displaying an isotope pattern cpest with an overlapping of [Mpand [2MF*
ions. An ion atm/z 1047.01 was assigned (by isotope pattern compgriss
[Pt(PPh)2SeTeGH4OELt]" (calculatedn/z1047.04), analogous to the ion [Pt(RRPBeTePh]
observed with PiTe.. Comparing this spectrum (Fig. 5) with spectréhef previous reaction
betweer? and PhTe: (Fig. 3), the mass difference (132 Da) betweert#ti®ns amn/z2197.9
andm/z2065.9 is 3 times the mass difference (of 44 BH)vbenp-EtOCGH4 (127.07 Da)
and phenyl (77.04 Da) groups. Considering alsgtiable greater dissociation energy of
the Te-Gn bondcf. the relatively weak Te-Te bond (138 kJ mg28] inferred from the
known E-Gn bond dissociation energy order (Se-C < S-C, w05, 269.6 kJ mot and S-
Crh 291.8 kJ moh)[26] and phenyl-chalcogenorbital interaction in the E-C bond, it can be
concluded that the complex#8 contain three Te-Ar moieties

For additional structural identification, the raans of the sulfide analogue pRi-
Sk(PPh)4] 1 with both PhTe; and p-EtOCsH4)-Te> were carried out. [Biu-Sh(PPh)4] 1
and PhTe> were reacted in methanol for 48 h; reaction pregreas monitored by ESI MS
after 30 min., 24 h and 48 h as seen in a timesefispectra in Fig. 6. Upon mixing, the red-
orange suspension transformed to a clear darkaletian after 30 min. and was promptly
analysed by ESI MS (Fig. 6a). An iomatz1709.13 assigned as the phenyl-tellurium addition

ion [Pe(u-S)(u-STePh)(PRR]™ (15a calculatedm/z 1709.18) was preponderant with an
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isotope pattern agreeing closely with the calcdlage low intensity peak (< 5% relative
intensity) atm/z 1677.15 was identified as the phenyltellurolatenptex [Pb(u-S)(u-
TePh)(PPE)4]" (163 calculatedn/z1677.21). After 24 h the mass spectrum (Fig. Bbyed
significant changes. The base peak assigné&aatm/z1709.19 was now accompanied by
two medium intensity peaks. The firstatz1677.22, was identified in the previous spectrum
asl6a The second an/z2018.98 was assigned as the trinuclear speciatPPR)} 3(s-
S)(u-TePhy" (13a Scheme 3, calculated/z2018.97). An ion of low intensity at/z719.16

is assigned as a combination of the known cyclollagea species [(PR)Pt(PAPGsH4)]*;
and the hydride ion [(RR)XPtH]" in approximately a 2:3 ratio respectively. Additadly, a
low relative intensity monocation at/z2037.34 can be tentatively assigned as the trihteta
aggregate [Bfus-Sk(PPh)sPh]" (calculatedn/z2037.33), indicating a likely dissociation of
the Te-C bond, though the location of the phengligr which could be on platinum or sulfur,
is not known. Diphenyl ditelluride is known to umge C-Te bond rupture, such as in the
isolation of the complex [REl.Tes(TePh}(PPh)e]- Y2CH.Cl> from the reaction of Pd(PB)a
with PhTex in CHCI2,[30] and indeed C-Te bond cleavage is quite a-lredwn process in
general, with a number of examples in the lite{Bd,32,33] including reactions leading to

the formation of Pt-C bonds.[ 34,35]

B TeR 7 + B R T +
PhsP. S PPh PhsP. Te PPh
NN NN
/Pt\ /Pt\ Pt Pt
PhsP S PPhs PhsP S PPh,
15a; R = Ph 16a; R = Ph
15b; R = p-CgH4OFEt 16b; R = p-CgH4OFEt

Comparison of the ion ah/z2066 (observed in the reaction 2fvith PhTey) with
the ion atm/z 2019 observed in the analogous reactiod @fith PhTe, provided a mass

difference of 47 Da, equivalent to the mass difieeebetween Se (78.96 Da) and S (32.07

15



Da), indicating that the ions contain either onkersde (3b) or one sulfide 13a). The
structures of the trinuclear catioh3a-d are shown in Scheme 3. All experimentally-observed
isotope patterns of these proposed trinuclear gagtgeions agree closely with their
respectively calculated isotope patterns.

Examination of the literature provides structuraflimilar chalcogen-containing
trinuclear aggregates of Pt [16] and Pd [36] widpming t-chalcogenides and three u-
chalcogenide ligands in a trigonal pyramidal areangnt. An investigation of platinum(ll)
trimetallic aggregates [{Pt(PBRs(us-E)(U-SR)]" (E,R S,Bn; S,Me; Se,Me) showed that out
of a number of disulfides reacted with the startimgnonuclear platinum(ll) compound, only
dibenzyl disulfide produced the trinuclear aggreda6] Diphenyl disulfide was found to
produce a binuclear [Rf1-SPh)(PPh)2Cl2] species, while dialkyl disulfides quantitatively
produced planar trinuclear clusters of the typet(PPh)}s(u-SR})]*. Oxidation of these
planar triplatinum clusters with chalcogens (E =S8) was found to be an alternative route
to the trimetallic aggregates.[16] The palladiungrinuclear aggregate [{Pd(PBhs(us-
Se)(u-SePh)" has a close structural resemblance to the platilumggregates, and is
suggested to formia condensation reactions of mononuclear palladiumptexes,[36] a
known behaviour of palladium in the synthesis ghhnuclearity complexes.[37]

On further analysis of the mass spectrum of([REe}(PPh)4] 2 with PhTe: a low
intensity peak am/z 2144.8 can be tentatively assigned &3b[+ Se[ (calculatedm/z
2144.84). The addition of Se could be either*Se place of S&, or the incorporation of Se
with a Te-Ph moiety as a p-SeTePh ligand, thusniathan overall charge of +1 on the
aggregate. The isotope pattern of this peak displag properties consistent with an overlay
of [M]* and [2MF* ions {ide suprd, suggesting the formation of a dimet3p.Se]?*. The
experimentally-observed peakratz2144.80 and calculated peak modelled with a 2id ra
of [M]* to [2M]?" are displayed in Figure 7 (where [M]1:3b + Se). Revisiting the mass

spectrum acquired from the reaction2oWwith (p-EtOGsH4)2Te, the assignment of a low-
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intensity peak ain/z2276.8 displaying an analogous overlay of {iihd [2MFf* ions can be
tentatively assigned in a similar fashion with [M][13c+ SeJ (calculatedn/z2276.91).

Finally, the reaction of [Rfu-Sp(PPh)s 1 with the substituted ditelluridep{
EtOGsH4)2Tex in methanol gave a cloudy orange suspension whiahreacted for 24 h at
room temperature. After 1 h, the dark-red solutias examined by ESI MS producing a
clean mass spectrum with the base peak/at753.25 assigned as the cationic aryl-tellurium
addition ion [Pi(u-S){u-STeGH4OEt}(PPh)4]* (15b, calculatedm/z 1753.21). A lower
intensity ion atm/z 1721.28 was assigned as the mixed ring§Pe} cation [Pi(u-S)(u-
TeGH4OEt)(PPh)4]* (16b, calculatedn/z1721.24). The clear red solution was re-analysed
by ESI MS after 24 h at room temperature with #&siclean mass spectrum displaying a
base peak an/z1753.19 assigned as the fRtS){u-STeGH4OEt}(PPh)4]" addition ion
15b. The specie46b increased in intensity an/z1721.22, with many lower intensity ions
present. The parent compléxwas observed an/z 751.12 as the doubly oxidised [#]
(calculatedm/z751.12) and again at/z1503.23 as a combination of its mono-oxidised and
protonated forms. The expected trimetallic aggedf®t(PPh)}s(us-S)(U-TeGH4OEg]"
13d, analogous to the aggregafida-g is detected an/z2151.03 (calculateth/z2151.05)
at a low relative intensity.

Confirmation of the identity of the products frohetabove reactions was achieved by
a macroscopic reaction between (RiSe}(PPh)sj and PhTe> in ethanol solvent. The
product cation was isolated from the reaction nrixtioy addition of excess NHAFs, giving
[{Pt(PPh)}3(us-Se)(u-TePh)PFs as a dark-brown solid in 47% isolated yield. Thenplex
gave satisfactory microelemental analytical and B&% data, and was able to be
unequivocally characterised by means of an X-reyctire determination.

Crystals of the complex [{Pt(PBhs(us-Se)(u-TePh]PFs were obtained by
recrystallisation from an acetone-hexane solutidre molecular structure of the cation is

shown in Fig. 8 and selected geometric parametersdalected in the figure caption. The
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structure comprises a cation and two independemtnan with each species having
crystallographically imposed symmetry. The monaetais located on a crystallographic 3-
fold axis in the trigonal space grougR3, with the selenium atom lying on the axis. One PF
anion is also located on a 3-fold axis while theosel is located on a site of symmetsy,
Thus, the 3 x 2/3charge of the cation is balanced by the 3 xdr8 6 x 1/6charges residing
on the anions.

The selenium atom bridges three platinum(ll) atdotsited at the vertices of an
equilateral triangle with Pt separations of 3.3565(5) A. fe-bridging TePh ligand
symmetrically spans each edge of the triangle Wi¢hresulting cyclic [PtTe]arrangement
having the form of a flattened chair. Each of thee¢ platinum(ll) atoms lies -0.0694(2) A
above and each of the tellurium(ll) atoms the sdmtance below the least-squares plane;
the selenium(ll) atom lies at the apex of a $gBtramid and 1.5988(9) A above the
aforementioned least-squares plane. The four-coateli geometry for platinum(ll) is
completed by a PRHigand with the resulting PSed donor set defining a distorted square
planar geometry. This distortion is quantified bg respective deviations of the Tel, Tel
Sel and P1 atoms of 0.1896(4), 0.1973(4), -0.2068{4.800(4) A from their least-squares-
plane with the Pt atom lying 0.1975(5) A out of filane. Arguably, the most closely related
structure in the literature is the all-sulphur agale, where the selenium and tellurium atoms
of 13bare substituted by sulfur atoms, which was isdlatethe chloride, acetone solvate.[16]
The molecular structure of the cation resemblesetjothat in13b but, lacks the strict
crystallographic symmetry of the latter. ThePt separations within the approximately
equilateral triangle span a narrow range, i.e. 8008) to 30609(9) A, and are considerably
shorter than irl3b due, in part, to the formation of shorter-Bipicas bond lengths, i.eca.
2.39 A.

A view of the unit cell contents fdr3b-PFs is given in Fig. 8b. The ions comprising

the structure are aligned in columns parallel eéouhique axis, the c-axis, and are surrounded
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by the organic residues. Except for some weak gh@akl---F interactions °f], the

constituents are separated by van der Waals centact

2.5 Discussion and conclusion

The well-known affinity of platinum for chalcogemtaining ligands is exemplified
by this study of the reactivity of the binucleamuaexes [Piu-E)(PPh)4 (E = S, Se)
towards elemental chalcogens and diaryl dichalcdgsnRE>. This study has utilised the
technique of ESI mass spectrometry for the conveéreed data-rich exploration of the
chemistry of the platinum sulfido and selenide ctaxes [Pi(u-E)(PPh)4] towards a variety
of chalcogen sources. ESI MS has been shown to p@wverful technique for exploring
reaction chemistry, since it directly analysessbkition phase, miniscule amounts of sample
are required, and there is generally a very goorklation between the ions observed in the
MS analysis and the species present in solutiohlfilfhe chemistry of the [Riu-E)2(PPh)4]
metalloligands, reaction products are often charged are thus ideally suited towards study
by ESI MS. Using ESI MS we have been able to idigmatiwide range of interesting species
in these reactions.

The facile reactions df and2 with diaryl dichalcogenides P, result in the initial
detection of an aryl-chalcogen addutt{EPh] or [2+ EPh] (E = S, Se, Te). The reaction
of diphenyl disulfide with [RP(u-Sy(PPh)s 1, which ultimately resulted in the mono-
derivatised phenylthiolato complex pRt-S)(u-SPh)(PPJu]*, identified the analogous
intermediate [P{u-S)(u-SSPh)(PRR]*.[25] Similarities with the reaction of [Rfi-
Sk(PPh)s with 12 were noticed, with P being compared to a mildly oxidising
pseudohalogen.[39]

After comparing reactions of diphenyl ditelluridegh the parent sulfide and selenide
complexesl and2, a proposed structure for a different trimetadiggregate was elucidated

in complexesl3ad. A complex of this type was also observed in tbaction ofl with
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diphenyl diselenide. Initially unassigned, the aserved ain/z1873 with an isotope pattern
indicating a mono-cation and a composition of npldti polyisotopic elements, can be
assigned as the trimetallic aggregate [{Pt@EPRtus-S)(u-SePh]™ (10, calculatedm/z
1873.01). Interestingly, no such trimetallic aggegwas observed in the reactior2afith
diphenyl disulfide; instead trimetallic aggregapéshe form [Pi(us-Sey(PPh)sEPh] (E =

S, SeS) were observed.

The strength of the chalcogen-phenyl bond compéwethe chalcogen-chalcogen
bond in PhE> has been reviewed in the literature [26,27] primdor S and Se, with little
data available for Te. Trends in bond dissociaéinargy (S-S > Se-Se > Te-Te; S-C > Se-C
> Te-C) would suggest any Te-Te or TerBonds to be much weaker than the corresponding
bonds of the lighter chalcogens. This was spedificeticed with the assignment of the Ph-
displaced species [Rus-Sk(PPh)sPh]’, observed only in the reaction bfwith diphenyl
ditelluride.

We are currently exploring the reactivity of j@tE)(PPh)4] towards a range of

other Te sources, and results will be reportedesguently.

4. Experimental

4.1 Instrumentation

High-resolution ESI mass spectra were recorded gusin Bruker MicrOTOF
instrument. Calibration was periodically carried aging a methanolic solution of sodium
formate. Spectra were recorded using either metr@nethanol as the solvent; typically a
drop of the reaction solution was dilutedct. 1.5 mL with the solvent, and centrifuged to
remove any insoluble matter prior to analysis. Tgpiparameters used Gapillary Exit
voltage of 150 V and &kimmer 1lvoltage of 50 V. Assignment of ions was assistgd b

comparison of experimental and theoretical isotpgierns, the latter calculated using an

20



internet-based program, or proprietary instrumeagel software. Data were further analysed

and prepared for presentation with the open-somass spectrometry tool mMass.[18]

4.2 Materials

The complexes [Riu-S)k(PPh)4] 1[40] and [P#(u-Sex(PPh)4] 2 [6] were prepared
by the literature procedures. The following compdsinvere used as supplied from
commercial sources: diphenyl diselenide (Aldrictiphenyl ditelluride (Aldrich), grey
powdered selenium (BDH)p{EtOGsH4)2Tex was synthesised by the literature procedure.[41]
Solvents used were of laboratory reagent grade.

Diphenyl disulfide was prepared by oxidation obfienol (BDH, 0.5 mL, 5 mmol)
in MeOH (5 mL) with 27% HO. (1 mL, 10 mmol). After 1 h the white crystallinelisl was

filtered, washed with MeOH (2 x 10 mL), and drietler vacuum (540 mg, 99%).

4.3 Attempted reaction of [Rf1-S»(PPhs)4] 1 with [Ptz(p-Se)(PPlg)4] 2 in methanol
[Pto(U-Sp(PPh)4] (31 mg, 0.021 mmol) and [Rt-Se}(PPh)4] (29 mg, 0.018 mmol)
were suspended in ethanol (20 mL), the mixtureestiat room temperature for 12 h, and

analysed by positive-ion ESI MS.

4.4 Reaction of [B{u-Se)(PPhs)4] 2 with S in methanol

A mixture of [Pe(u-SeX(PPh)s] (30 mg, 0.019 mmol) ands$5 mg, 0.020 mmol) in
toluene (10 mL) and methanol (15 mL) was stirretbatm temperature for 2 h resulting in a
dark red-brown solution with a trace amount of lnbte matter. The solution was analysed

by positive-ion ESI MS.
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4.5 Reaction of [B{u-Sp(PPhs)s] 1 with elemental Se in ethanol
[Pto(u-Sp(PPh)4] (40 mg, 0.027 mmol) and Se (100 mg, 1.27 mmobeverispended
in methanol (25 mL) and the mixture was stirredoaim temperature for 48 h resulting in a

black suspension. Centrifugation gave a light-yekwolution which was analysed by ESI MS.

4.6 Reaction of [B{u-S»(PPhs)4] 1 with PhhSe

[Pto(u-Sp(PPh)4] (25 mg, 0.017 mmol) and P®e (15.5 mg, 0.05 mmol) were
suspended in methanol (20 mL) and the resultingurexstirred at room temperature for 24
h. The cloudy yellow mixture was filtered to remoamy insoluble matter and the filtrate
analysed by ESI MS. The reaction in ethanol wasezhout in analogous fashion, using

[Pt2(1-Sy(PPh)4] (30 mg, 0.020 mmol) and PBe (19 mg, 0.061 mmol).

4.7 Reaction of [BSe(PPhs)4] 2 with PhS in methanol

[Pto(u-Se}(PPh)4] (25 mg, 0.016 mmol) and P& (8.72 mg, 0.040 mmol) were
suspended in methanol (20 mL) and the resultingurexwas stirred for 24 h. The cloudy
dark-red mixture was filtered to remove any instdulmatter and the clear dark-red filtrate
was examined by ESI MS. The reaction in ethanoleaased out in analogous fashion, using

[Pto(u-Se}(PPh)4] (50 mg, 0.031 mmol) and P& (13 mg, 0.060 mmol).

4.8 Reaction of [B{u-Se)(PPhg)4] 2 with PhTe in ethanol
[Pto(u-SeX(PPh)4] (102 mg, 0.064 mmol) and Phe> (51.5 mg, 0.126 mmol) were
suspended in ethanol (20 mL) and the mixture wagdtat room temperature for 48 h, giving

a clear dark-red solution. The solution was analysepositive-ion ESI MS.
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4.9 Reaction of [B{u-Se)(PPhs)4] 2 with (p-EtOGHa)2Te: in ethanol
[Pt(u-Se}(PPh)4] (98 mg, 0.061 mmol) ang{EtOCsH4)2Tez (62 mg, 0.125 mmol)
were suspended in ethanol (20 mL) and the mixtae stirred at room temperature for 24 h,

giving a clear dark-red solution. The solution \magalysed by positive-ion ESI MS.

4.10 Reaction of [B{u-S»(PPhe)4] 1 with diphenyl ditelluride in methanol
[Pto(u-Sk(PPh)4] (51 mg, 0.034 mmol) and Phe> (27 mg, 0.066 mmol) were
suspended in methanol (20 mL) and the mixture viagd at room temperature for 48 h,

giving a clear red-brown solution. The solution aasilysed by positive-ion ESI MS.

4.11 Reaction of [B(u-S»(PPhs)s] 1 with (p-EtOGH4)2Te: in methanol
[Pto(u-Sy(PPh)4] (49 mg, 0.033 mmol) and{EtOCGH4)2Te: (33 mg, 0.066 mmol)
were suspended in methanol (20 mL) and the mixta® stirred at room temperature for 24

h, giving a clear dark-red solution. The solutiomsvanalysed by positive-ion ESI MS.

4.12 Synthesis of [{Pt(PRJ}s(Hz-Se)(u-TePh)PFs 13b-PFs

[Pto(u-Sey(PPh)s] 2 (102 mg, 0.064 mmol) and Pfre> (51.5 mg, 0.126 mmol) were
suspended in ethanol (20 mL) and the mixture wagdtat room temperature for 48 h, giving
a clear dark-red solution. After filtration to rew®trace amounts of insoluble matter, excess
NH4PFs (160 mg, 1 mmol) was added to the stirred filtiai@ducing a red-brown precipitate
which was collected by vacuum filtration, washedcassively with distilled water (2 x 10
mL) and diethyl ether (5 mL), before drying undecuum to givel3b- PFks as a dark-brown
solid (43.3 mg, 47%). ESI MS (positive-ion)/z 2065.98, 100%. Found: C 39.82, H 3.16.
C72HeoFePsPSeTe requires C 39.13, H 2.74%. Crystals suitable forXaray diffraction

study were grown from an acetone/hexane solution.
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4.13 X-ray crystallography

The diffraction data (19529 reflection®max = 74.0°) for a diamond-like sample of
[{Pt(PPhs)} s(us-Se)(u-TePhjPFs 13b-PFK (0.16 x 0.17 0.28 mm) were measured using a
SuperNova CCD diffractometer with CueKradiation j = 1.54184 A) ando scans. The
intensity data were processed with the CrysAlis $boftware suite [42]; 4509 independent
data Rint = 0.040) and 4072 with> o(l). The structure was solved by direct methods [43]
and full-matrix least-squares refinement Bhwas performed using SHELXL-2014/7 [44]
integrated in WinGX [45]. The C-bound H atoms welaced on stereochemical grounds and
refined in the riding model approximation withso = 1.2Jeq(carrier atom). A weighting
scheme of the forrw = 1/[c%(F%) + (0.059%)? + 92.59P] whereP = (Fo* + 2Fc%)/3 was
employed in the final cycles of refinement. NinBaetions were omitted from the final cycles
of refinement as detailed in the CIF deposited wWithCCDC (deposition number: 1520632).
The maximum and minimum residual electron densiyks of 1.51 and 1.65 e A
respectively, were located 1.27 and 0.52 A from Tl and P3 atoms, respectively.
Crystallographic diagrams were drawn with ORTERBWindows [45] and DIAMOND
[46]; PLATON [47] was also used in the study. Cajlstgraphic data and refinement details
for 13b- PF: formula = GadH120F18PoPtsSeTes, formula weight = 2282.59, crystal system =
trigonal, space group R3 (hexagonal settingp = 14.6495(4) Ac = 54.5424(17) AV =
10137.0(6) & Z = 3,Dc = 2.243 g crii, u = 23.596 mrit, R (obs. data) = 0.03&R, (all data)

=0.093.
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Appendix A. Supplementary material
CCDC 1520632 contains the supplementary crystajgyc data forl3b- PF. These data
can be obtained free of charge from The Cambridygst@llographic Data Centre via www.

ccdc.cam.ac.uk/data request/cif.
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Table 1

n

chalcogen composition

{SeS}
{Se:S}
{Ses}

{SeS}

{SeS)}
{SesS}
{Se}

{SeSs}
{S&esS}

PhsP

Phsp\y

//E\
Pt Pt...,
N 'PPh,

PPh;,

6;E=S, Se

m/z
observed
2040.25
2088.18
2135.13

2072.21
2120.15
2167.11
2214.05

2152.12
2199.08

calculated
2040.22
2088.17
2135.11

2072.19
2120.14
2167.08
2214.03

2152.11
2199.05
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Scheme 1Proposed structures of (a) the trinuclear aggeefat(us-Sh(PPh)s(SePh)]

(calculated m/z 2117.25) and (b) the diarylated binuclear #f&bplaced [P{u-

SePh)(PPh)3(SePh)j ion (calculatedn/z1645.07)
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Scheme 2The proposed structure of trimetallic aggregals({i-Se)(PPh)sPt(PPhB)(R)]*

where (a) R = SPh (calculatedz2164.20) and (b) R = SeSPh (calculat®d2243.11)

28



Scheme 3A comparison of (a) complexes [{Pt(PPh(us-E)(L-SR}]* reported in the

literature [16]; (b) proposed structures of compeKPt(PPB)}3(us-E)(u-TeR}]" 13ad

Ph3P\Pt/S\Pt/PPh3 PhBP\Pt/Te\Pt/PPhS
N~ N~
N N,
e (<]
S S
PPh; PPh,
a b
R
13a S Ph
13b Se Ph
13c Se p-CsH4OEt
13d S p-CoH4OEt
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Figure 1 A time series of mass spectra for the reactigPb{u-Sp(PPh)s] 1 and PbhSe in

methanol after (a) 30 min, (b) 24 h, (c) 72 h, &hdwo weeks.
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Figure 2 The positive-ion ESI mass spectra of a mixturfPaf(u-Se}(PPh)4] 2 and PbS,

in ethanol after (a) 24 h and (b) 48 h.
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Figure 3 Time series of positive-ion ESI mass spectra o{PSe}(PPh).] 2 and PhTe; in
ethanol with spectra acquired after (a) 12 h, @h2and (c) 48 h. (* = residual ion from

preceding analyte).
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Figure 4 An isotope pattern comparison for the trimetadiggregate [{Pt(PPI} 3(1s-Se)(u-

TePh}]* 13b; (a) experimentalni/z2065.93) and (b) calculatenh(z2065.92).
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Figure 5 The positive-ion ESI mass spectrum ob(RtSe}(PPh)4] 2 and p-EtOGsHa4)-Te>

in ethanol after 24 h.
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Figure 6 A time series of positive-ion ESI mass spectréhefreaction of [B{p-Sk(PPh)4]
1 and PhTe in methanol after (a) 30 min, (b) 24 h, and (ch4&he insert in (a) is an isotope
pattern comparison of (al) the experimentally ole=gm/z1709.13 and (a2) the calculated
m/z 1709.18 for [P{u-Sh(PPh)sTePh] 15a The insert in (b) is an isotope pattern
comparison of (bl) the experimentally observe 1677.22 and (b2) the calculatedz

1677.21 for [P{u-S)(u-TePh)(PPd] " 16a
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Figure 7 (a) Experimentally-observed ionmatfz2144.80 and (b) calculated isotope pattern,
modelled by combining isotope patterns of [Mhd [2MF* in a ratio of 2:1 [M]:[2M]?* for

[M] = [{Pt(PPhg)}3(us-Se)(u-TePhy)+ Sel.
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Figure 8 (a) Molecular structure of the cationiBb: Pk showing atom labelling and 50 %
probability displacement ellipsoids. The cation tagstallographic 3-fold axis and the
unlabelled atoms are related by the symmetry ojpasat(i) -x+y, -X, z or (i) -y, x-y, z.

Selected geometric parameters: Pt-Tel = 2.6128(4Jel= 2.6063(4), Pt-Se = 2.4687(6),
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Pt-P1 = 2.2501(13) A; Tel-Pt-Te1158.917(13), Tel-Pt—Sel = 83.938(10), Tel-P&P1
98.58(4), Tel-Pt—Sel = 84.076(10), TedPt-P1 = 93.34(4), Sel-Pt-P1 = 177.41(3)°. (b)

A view in projection down the c-axis of the molesmupacking inL3b- PFs.
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