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Metal coordination of phosphoniocarbynes

Chee S. Onn, Anthony F. Hill** and Angus Olding

Heterobi- and tetrametallic phosphoniocarbyne bridged complexes [WAu(u-CPMe2Ph)CI(CO)(Tp*)]* (Tp* = hydrotris(3,5-
dimethylpyrazol-1-yl)borate), [W2Cuaz(p-CPMezPh)a(pi-Cl)2(CO)a(Tp*)2]%* and [WPt(p-CPMe2Ph)(COD)(CO)(Tp*)]* (COD = 1,5-
cyclo-octadiene) arise from the reactions of the mononuclear terminal phosphoniocarbyne [W(=CPMe2Ph)(CO)(Tp*)]PFs
with [AuCI(THT)] (THT = tetrahydrothiophene), [CuCI(SMez)] and [Pt(nbe)s] (nbe = norbornene) in the presence of COD. The
COD ligand in [WPt(u-CPMe2Ph)(COD)(CO)2(Tp*)]* is labile and readily replaced by isonitriles to provide [WPt(p-
CPMe2zPh)(CNR)2(CO)2(Tp*)]* (R = Bu, CsH2Mes-2,4,6) with retention of the tungstaplatinacyclopropene core, the bonding
within which was computationally interrogated.

Introduction

Terminal phosphoniocarbyne complexes [LnM=CPR3] remain
somewhat rare due to the lack of general synthetic routes. The
first example, [W2(=CPMes),Cls(PMes)s][AICI4]2 (Chart 1), was
observed by Schrock to arise from the reaction of
[W(=CH)CI(PMes)s] with C,Clg/AlxCle.r Hillhouse subsequently
observed a novel cleavage of carbon suboxide C30, or
PhsP=C=C=0 by [WCIy(PMePhy)s] to afford, respectively,
[WCl,(=CPMePh,)Cl(CO)(PMePh,)2] or [WCl,(=CPPh;)Cl,(CO)-
(PMePh2)2].2
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Chart 1. Exemplary (a) mononuclear and (b) binuclear phosphoniocarbynes.

An approach that promises some degree of general
applicability was developed by Sundermeyer and Li,3 being
based on earlier observations by Schmidbauer4 and involves the
reactions of high-valent transition-metal chlorides with
phosphorus methylides, in which the methylide serves as both
nucleophile and dehydrohalogenation agent. None of these
reports have been followed by studies of the ligand-based
reactivity, however Templeton has demonstrated that
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phosphoniocarbynes have considerable synthetic versatility.>
The salts [W(=CPR3)(CO),(Tp*)]PFs (PR3 = PMes, PEts, PPhs, PCys,
PMe,Ph [1a]PFs; Tp* = hydrotris(dimethylpyrazolyl)borate)
arise from the reactions of [W(=CX)(CO)2(Tp*)] (X = Cl,52 SMe5b)
and the phosphine of choice or methylation of the
phosphinocarbyne [W(=CPPh)(CO)2(Tp*)] (PR3 = PMePh®) and
they react with a range of nucleophiles either at the metal, a
carbonyl co-ligand or ultimately at the phosphoniocarbyne
carbon.> Binuclear phosphoniocarbynes are far rarer and until
recently were limited to Schrock’s halide bridged dimer,?!
Schmidbauer’s carbyne bridged dimer [Ti,{u-CP(NMey)s}>Cla]
(from TiCl; and H;CP(NMe;)s)* and the heterobimetallic
complex [WNi(u-CPEt3)CI(CO),(PEt3)(Tp*)] (2) which is formed
upon rearrangement of the p-carbido complex [WNi(p-
C)CICO),(PEt3)(Tp*)].” Very recently, phosphoniocarbynes have
assumed some practical relevance when the complexes
[WPd(p1-CPPh3)Br(CO)2(PPh3)n(Tp*)] (n =0,1) were identified® as
non-productive tangents to the catalytic cycle for palladium
mediated cross coupling reactions involving the bromocarbyne
complex [W(=CBr)(CO),(Tp*)] (3).2

Given the dearth of bimetallic phosphoniocabyne
complexes® we have therefore addressed their strategic
synthesis, employing Stone’s bridge-assisted metal-metal bond
construction approach.’? Herein we report the first
heterobimetallic examples involving tungsten and copper, gold
or platinum.

Results and Discussion

Templeton’s salt [1a]PFs was chosen for proof of concept for
two reasons. Firstly, the PMe,Ph group has a comparatively
small cone angle (122°),12 which is likely to ameliorate steric
interference. Secondly, the PMe, group presents further
structural information in the event that subsequent reactions
lower the molecular symmetry rendering the ‘reporter’ methyl
groups magnetically inequivalent and diastereotopic. It
transpired, however, that all the compounds described herein
had either ground-state or thermally accessible C,-symmetric



conformers. The salt [1a]PFs was prepared from 3, PMe,Ph and
NaPFg in acetonitrile in essentially quantitative yield via a minor
modification (Scheme 1) of Templeton’s reported synthesis
from [W(=CCI)(CO),(Tp*)].> This does not represent an
improvement but simply reflects the local availability of 3 from
our other studies.
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Scheme 1. Synthesis of bi- and tetrametallic phosphoniocarbyne complexes.

The frontier orbitals of interest (DFT: ®B97X-D/6-
31G*/LanL2D{/Gas-phase) for the simplified model complex
[W(=CPMes)(CO)2(Tp)]* (WP, Tp = hydrotris(pyrazolyl)borate)
are illustrated in Figure 1, alongside those for the isoelectronic
analogues [W(=CAMes)(CO),(Tp)]* (A = Si WSi, CWC, N* WN) for
comparative purposes. The Tp* complex with A = C is plausible
and for A = Si is known,132b and whilst no ammoniocarbynes
have been reported (A = N*), the known iminium carbyne
[Mo(=C-DMAP)(CO)2(Tp*)]* (DMAP = N,N-
dimethylaminopyridine)3¢ would imply that such ligands were
plausible. One might entertain a canonical description involving
W=C and P=C double bonds, thereby placing a positive charge
on tungsten (consistent with the high vco frequencies), however
this is not borne out by computational interrogation, with none
of the 20 highest molecular orbitals involving appreciable Cr-Pnt
overlap. This delivers Léwdin bond orders of 2.50 and 1.09 for
the W=C and C—P bonds, respectively, and a natural charge on
tungsten of +1.17, values that are not dissimilar to those for the
ammoniocarbyne (A = N*: 2.52, 1.04 and +1.09) or indeed the
simple neopentylidyne (A = C: 2.46, 1.05 and +0.96) or
silylcarbyne (A = C: 2.59, 0.92 and +0.99) analogues.
Accordingly, it is best to consider the positive charge to be
primarily located at phosphorus (+1.63). The W—C bond lengths
are rather similar across the series (1.799 - 1.809 A) with the
variance being less than the typical limits of crystallographic
precision. The trans influence of carbyne ligands in complexes
of the form [M(=CR)(CO)z(L)] (L = Tp, Tp*) has been quantified
with the singular parameter TR which is the ratio of the M—N
bond length trans to the carbyne ligand vs the mean of the
remaining two M—N bonds.1* For all members of the series, a
pronounced trans influence is noted (TR =1.043 WC, 1.068 WSi,

1.025 WN, 1.041 WP) and in each case replacement of the 2p
element by the heavier more electropositive 3p element from
the same group results in a marginal increase in this influence.
The frequencies of the carbonyl-associated infrared data for the
series (1994, 1927 WC, 2002, 1936 WSi, 2036, 1971 WN; 2041,
1979 cm™1 WP) are impacted most by the overall charge of the
complex (cationic WN and WP cf. neutral WC and WSi), whilst
the modes associated predominantly with W=C stretching
(1108 WC, 1158 WSi, 1180 WN, 1192 cm™1 WP) also appear to
higher frequencies for the charged complexes with the
expected increase in relative intensity due to C—N and C-P
oscillator polarity (cf. C—C and C-Si).
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Figure 1. Frontier orbitals of interest (DFT: ®B97X-D/B3LYP/LANL2D() for the
isoelectronic complexes [W(=CAR3)(CO),(Tp*)]* (A = C WC, Si WSi, N* WN, P+ WP;
isovalue = 0.032; W—C as z-axis).
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In the context of coordination of the W=C bond to
extraneous metal centres,!! the isolobal analogy!!t with alkynes
allows a simple Dewar-Chatt-Duncanson description of bonding
within the resulting dimetalla-cyclopropenes.1> Accordingly, the
frontier orbitals of interest are the occupied W=Cr (HOMO-1,2)
and empty W=Cz* (LUMO, LUMO+1) orbitals associated with
the W=C bond (Figure 1).16 The latter differ little across the
series, whilst for the onium examples (A = N*, P*) the W=Cr
orbitals are significantly stabilised such that upon coordination
as a ‘ligand’ the W=CPMes unit will be a comparable w-acceptor
but far poorer donor to the appended metal centre than are
conventional carbynes (A = C, Si).

Aurous halides have a demonstrated proclivity for addition
to metal-carbon multiple bonds,1” and accordingly the reaction
of [1]PFs with [AuCI(THT)] (THT = tetrahydrothiophene) was
investigated and found to rapidly provide the bimetallic salt
[WAuU(u-CPMe,Ph)CI(CO),(Tp*)] [4]PFs (Scheme 1, Table 1,
Figure 2) in excellent yield. Purification by chromatography was
required, after which the product was found to form an air-
stable, red solid. The complex however rapidly degrades in
solution, decomposing within four hours even with the
exclusion of oxygen and light.
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Table 1. Selected spectroscopic data for phosphoniocarbyne complexes
[W(CPMe,Ph)(CO),(Tp*)ML,]*.

ML 8¢ Upc" Uwe S HUwe Bpt Veo?

ppm Hz Hz ppm Hz ppm cm?

[1a]* == 246.9 nrr. 205 133 165 - 2022,1935
[4]* AuCl 2339 32 ni.  29.0 96 - 2037, 1961
[5]2+CucCld e e n.i. 26.1 = 2024, 1947
[6]* Pt(COD) 272.8 10 194 14.2 71 -3587 2037, 1960
[7]* Pt(CN®Bu)2  269.6/ 14 n.i 17.4 69 —3953 1934, 18469
[8]* Pt(CNMes), 270.8 14 n.i. 187 62 -3863 1941, 1853"

aMeasured in CDCl3. PMeasured in CH2Cla. Data from reference Sb. @Chloride-
bridged dimer. eNot unequivocally identified. fJptc = 801 Hz. 9ven = 190, 2157 cm'L.
hven = 2164, 2126 cm. Abbreviations: COD = 1,5-cyclooctadiene, Mes = CsH2Mes-
2,4,6.

The NMR data for [4]* indicate that the cation possesses
time-averaged C;symmetry, but do not distinguish between the
‘AuCl’ unit adding syn or anti to the Tp* ligand (vide infra). The
datum of most interest is the carbyne carbon resonance at 8¢ =
233.9 which is only shifted slightly to higher field from that for
[1a]* (8¢ = 246.95b). In contrast to [1a]* for which Y is not
resolved, this increases to 32 Hz in [4]*. This is contrary to simple
hybridization arguments (sp —sp?) but is a recurrent though less
pronounced feature for the complexes to follow.

A similar reaction ensues between [1a]PF¢ and [CuCl(SMe3)]
with the distinction that a tetrametallic complex [W>Cuy(p-
CPMEZPh)z(u-cl)z(CO)4(Tp*)2] ([5][PF6]2, Figure 3) is formed
bridged by a quadrilateral Cu,Cl; unit as previously observed for
the aminocarbyne complex [W,Cu,(pn-CNMeEt),(p-
Cl)2(CO)4(Cp)2] (Cp = cyclopentadienyl),’® reflecting the
propensity for increased coordination by copper(l) relative to
gold(l). As for [4]* the metal halide is appended syn to the Tp*
ligand and geometric features within the two
dimetallacyclopropene units once again indicate a lengthening
of the WC bond upon coordination to copper with each copper
positioned essentially orthogonal (W1-C1-Cul 89.9(7)°, W1A-
C1A-CulA 89.1(5)°) to the respective WC bonds. The W—Cu
(2.685(2), 2.669(2) A) and WC bond lengths (1.892(16),
1.874(12) A) are not significantly different to those found for
the neutral and less sterically encumbered aminocarbyne
complex [W,Cu,(pu-CNMekEt),(p-Cl),(CO)4(Cp)2] (2.610(1) and
1.89(1) A, respectively), whilst the Cu—C distances (1.909(15),
1.932(15) A) are marginally contracted cf. that found for the
amino derivative (2.01(1) A).18

Figure 2. Molecular structure of [4]* in a crystal of [4]PFs (50% displacement ellipsoids,
pyrazolyl groups simplified and hydrogen atoms and counter-anion omitted for clarity).
Selected distances [A] and angles [*]: Aul-W1 2.7553(7), Aul-Cl1 2.276(4), Aul-C1
2.072(12), W1-C1 1.908(13), P1-C1 1.768(14), C3-W1-Aul 110.5(4), Cl1-Aul-w1l
139.95(11), C1-Aul-W1 43.8(4), C1-Aul-Cl1 176.3(4), C1-W1-Aul 48.7(4).

Figure 3. Molecular structure of [5]%* in a crystal of [5](PF¢), (50% displacement ellipsoids,
pyrazolyl and phenyl and COD groups simplified, hydrogen atoms and counter-anion
omitted for clarity). Selected bond lengths (A) and angles (°): W1-Cul 2.685(2), W1A—
CulA 2.669(2), W1-C1 1.892(16), W1A-C1A 1.874(12), Cul-CI1 2.292(3), CulA-Cl1
2.302(4), CulA—CI1A 2.275(4), Cul-C1 1.909(15) CulA-C1A 1.932(13), P1-C1 1.777(17),
P1A-C1A 1.790(12), ClA-W1A-CulA 46.4(4), C1-W1-Cul 45.3(4), W1-C1-Cul
89.9(7), W1A-C1A-CulA 89.1(5), P1-C1-W1 146.1(8), W1A-C1A-CulA 89.1(5), P1A-C1A-
W1A 153.1(8).

The molecular structure of the cation [4]* is depicted in
Figure 2 from which it is clear that the phosphoniocarbyne
assumes a semi-bridging coordination mode, such that the W1—
C1-P1 angle (152.8(7)°) is considerably larger than found in the
small number of symmetrical homobimetallic examples (128.0-
136.9°).34 The Cl1-Aul-C1l angle of 176.3(4)° is however
essentially linear and the AuCl unit is shown to have added syn
to the Tp* ligand, nestling within the cleft provided by two
pyrazolyl groups. Bonding within the tungsta-auracyclopropene
ring is discussed in more detail below.

A plethora of tungsten-platinum bridging carbyne
complexes is known from the studies of Stone,® who employed
the reagent [Pt(COD),] (COD = 1,5-cyclo-octadiene) to great
effect in the construction of polymetallic ‘bow-ties’,19 chains19¢
and rings.1%d These all involve simple aryl or alkyl carbyne
substituents although recently the parent bis(methylidyne)
bow-tie [W,Pt(1-CH)(CO)4(Tp*).] was isolated,2° in addition to
complexes in which platinum is coordinated by W=C—C=W and
W=CC=CC=CC=W sub-units.2! The reaction of [1]PFs with
[Pt(nbe)s] (nbe = norbornene) in the presence of COD does not
proceed to the formation of a bow-tie trimetallic complex, but
rather stops at the 1:1 adduct stage, presumably on steric
grounds, with the formation of the salt [WPt(u-
CPMe,Ph)(CO),(COD)(Tp*)][PFe] ([6]PFs, Figure 4).
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COMMUNICATION

Figure 4. Molecular structure of [6]* in a crystal of [6](PFs) (50% displacement ellipsoids,
pyrazolyl, phenyl and COD groups simplified, hydrogen atoms and counter-anion
omitted for clarity, one of two independent molecules shown, See also Table 2). Selected
bond lengths (A) and angles (°): W1-Pt1 2.7284(7), W1-C1 1.976(10), Pt1-C1 1.998(12),
Pt1-C2 2.460(12), P1-C1 1.750(11), C1-W1-Pt1 47.0(4), C1-Pt1-W1 46.3(3), W1-C1-Pt1
86.7(4), P1-C1-W1 143.5(7), P1-C1-Pt1 128.8(6).
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Chart 2. Tp*-ligated Tungstaplatinacyclopropenes.20:2t

Table 2. Geometric features of Tp*-ligands tungstametallacyclopropenes. [W] =
W(CO),(Tp*), [Pt] = Pt(COD), M = Pt, Au, Cu.

Although the carbonyl associated infrared data are very
similar to those for [4]*, the molecular structure (Figure 4)
indicates that in the solid state one carbonyl ligand adopts a
degree of semi-bridging character (Pt1-C2 = 2.460(12)A),
although this is not apparently retained in solution, with only a
single carbonyl environment being observed in the 13C{1H} NMR
spectrum consistent with time-averaged Cs local symmetry. The
carbyne resonance (272.8 ppm) is shifted considerably
downfield relative to both [4]* and the precursor [1a]*. In the
31p{1H} NMR spectrum, the phosphonium resonance is
straddled by satellites due to tungsten-183 (Zwp = 71.3 Hz) and
platinum-195 (2Jpp = 193.4 Hz) isotopomers. The most directly
comparable structural data for comparison with those for [6]*
are the ‘carbon-wire’ adducts [W,Pt(i-C;)(COD)(CO)a(Tp*)2]222
and [W,Pt,(p-Ce)(COD)«(CO)a(Tp*)2] (x = 1, 2,210 Chart 2). These
each feature a tungstaplatina-cyclopropene moiety that
includes a semi-bridging carbonyl ligand, as is often observed
for heterobimetallic metal-metal bonded species with disparate
(‘early-late’) metal centres.22 Geometrical parameters for the
dimetallacyclopropene (Table 2) are essentially similar within
precision limits (6 e.s.d.) to those described for other
examples2021 sych that the bridging carbyne can be described
as demonstrating semi-bridging character with a large W—C-P
angle (143.5°). Consistent with C—P prn-pmt overlap not being
significant coordination of the ‘Pt(COD)’ unit does not
significantly alter the C1-P1 bond length (1.750(11)A) from that
found for [1a]* (1.79(1) A) however the W—C bond length
increases significantly (1.998(12), 1.976(10) A) from that of the
terminal carbyne ligand in [1a]* (1.821(9)A). We will return to
the nature of the bonding within the dimetallacyclopropene
following the discussion of further examples (vide infra).

Complex wc MC wM WcM WCR
[A] [A] [A] [’] [’]
14} 1.908(13) 2.072(12) 2.7553(7) 87.5(5) 152.8(7)
[5]2 1.892(16) 1.909(15) 2.685(2)  89.9(7) 146.1(8)
1.874(2)  1.932(15) 2.669(2)  89.1(5) 153.1(8)
[6]+¢ 1.998(12) 1.981(10) 2.7375(6) 87.8(4) 143.5(6)
1.976(10) 1.998(12) 2.7284(7) 86.7(4) 143.5(7)
7 1.970(6)  1.965(5)  2.7592(3) 89.0(2) 138.1(3)
18] 1.968(5) 1.982(5)  2.7528(3) 88.4(2) 139.6(3)
[Wl(u-CH)LPt®  1.929(8)  2.046(7)  2.7277(4) 86.6(3) 136.7
1.910(8)  2.001(7)  2.7518(5) 89.4(3) 135.3
[Wh(n-Co)22c  1.89(2)  2.11(1)  2.740(1)  86.3(4) 157.6(9)
1.982(5)  2.031(5) 2.6965(3) 84.4(2) 152.2(4)
[Wl(n-Co)[P]2  1.972(5)  2.014(6)  2.7351(4) 86.6(2) 146.2(5)
[Wl(1 -Co)[Pt] 2% 1.976(7)  2.021(7)  2.7148(4) 85.6(3) 150.7(5)
1.951(7) 2.018(7)  2.7260(4) 86.8(3) 148.9(6)
[10]+¢ 1.937 1.980 2.789 90.8 139.1
[11]+¢ 1.885 2.065 2.866 92.9 151.5

aTwo crystallographically unique molecules. PHydrogen substituent located but not
refined. <Structural model involves disorder, more precise data for nbd derivative
given in parentheses. dCalculated geometry (Gas phase, ®B97X-D/6-
31G*/LANL2DC).

The COD ligand in [6]* is potentially labile and could be
replaced by slender isonitrile ligands without disrupting the
central dimetallacyclopropene core. Thus treating [6]PFs with
CNR results in the formation of the salts [WPt(u-
CPMEZPh)(CO)z(CNR)z(Tp*)]PFG (R =1tBu [7]PF6, Mes = CeH,;Mes-
2,4,6 [8]PFs), both of which were structurally characterized
(Figures 5 and 6).
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Figure 5. Molecular structure of (a) [7]* in a crystal of [7]PFs.CHCl; (50% displacement
ellipsoids, pyrazolyl groups simplified, hydrogen atoms and counter-anion omitted for
clarity). Selected distances [A] and angles [°]: (a) W1-Pt1 2.7592(3), W1-C1 1.970(6),
Pt1-C1 1.965(5), Pt1-C27 1.990(6), Pt1-C32 1.952(7), P1-C1 1.749(6), C1-W1-Ptl
45.42(16), C1-Pt1-C27 157.8(2), C27-Pt1-W1 112.26(17), C32-Pt1-W1 152.29(18), C32-
Pt1-C1 106.7(2), C32-Pt1-C27 95.4(2). Inset = space-filling representation with docking of
the ‘Pt(CNtBu),” unit shown in green.
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Chart 3. Isolobal relationship between coordination of an alkyne or carbyne to a metal.

Dewar-Chatt-Duncanson  perspective of (a) Complexed carbyne and (b)

Dimetallacyclopropene.

In both cases, the ‘Pt(CNR),’unit adopts a position antito the
Tp* ligand, as with [6]* but in contrast to [4]* and [5]%* where
the metals and Tp* ligands are mutually syn disposed.
Accordingly, one methyl of the PMe,Ph unit is cradled by two
pyrazolyl groups, although free rotation about the C—-PMe,Ph
bond occurs in solution on the 1H and 13C NMR timescales.

Figure 6. Molecular structure of (a) [8]* in a crystal of [8]PFs.CHCl; (50% displacement
ellipsoids, pyrazolyl groups simplified, hydrogen atoms and counter-anion omitted for
clarity). Selected distances [A] and angles [°]: Pt1 W1 2.7528(3), Pt1-C1 1.982(5), Pt1—
€37 1.930(5), Pt1-C27 1.963(6), W1-C1 1.968(5), P1-C1 1.746(5), C1-Pt1-W1 45.60(14),
C37-Pt1-W1 152.88(16), C37-Pt1-C1 107.9(2), C37-Pt1-C27 93.6(2), C27-Pt1-w1l
113.25(15), C27-Pt1-C1 158.3(2), W1-C1-Ptl 88.4(2), P1-C1-Pt1 132.0(3), P1-C1-W1
139.6(3). Inset = view along the platinum coordination plane.

With the two isonitriles adopting essentially orthogonal
coordination sites (C—Pt—C = 95.4(2)° [7]*; 93.6(2)° [8]*), the
coordination at platinum might be described as distorted
square planar d8Pt MX,;L, (dimetallacyclopropene) or
alternatively trigonal planar d0-Pt ML; (complexed carbyne,
Chart 3). Accordingly, the bonding within the
dimetallacyclopropenes was explored with recourse to DFT

(wB97X-D/6-31G*/LANL2DC, gas phase) analysis of the simpler
analogue [WPt(u-CPMes)(CO),(CNMe)x(Tp)l* ([10]*: Tp =
hydrotris(pyrazolyl)borate). The tungstaplatinacyclopropenes
[WPt(u-CR)(CO),{P(OMe)s:}.](Tp)] (R = Me, Ce¢HisMe-4) and
[W,Pt(u-CR)2(CO)4(Tp).] ligated by the more sterically compact
Tp ligand have been described previously?? and [W,Pt(u-
CMe)2(CO)4(Tp)2] has been structurally authenticated,
suggesting the Tp/Tp* approximation is reasonable. The
optimised geometry for [10]* is sufficiently close to those
experimentally determined for [7]* and [8]* and is presented in
Figure 7 which also depicts the molecular orbitals of interest.
For the complex [W;Pt(u-CMe);(CO)4(Tp),], the W—Pt bond
lengths (2.713(1), 2.720(1) A) are somewhat shorter than those
for the Tp* derivatives in Table 2 however Pt—C (2.034(8),
2.045(9)A) are longer with more pronounced semi-bridging
character (W—C-C: 153.9(7), 155.9(7)°), i.e., some geometric
response to the disparate steric profiles of Tp and Tp* ligands is
to be expected. In electronic terms, the Tp* ligand is marginally
more electron releasing than the Tp ligand.?425 In the context of
isolobal considerations that map the coordination of M=C and
C=C bonds to extraneous metals,122> from a Dewar-Chatt-
Duncanson perspective, the molecular orbitals presented in
Figure 1 for the neopentylidyne complex WC and the
phosphoniocarbyne complex WP would appear to suggest that
both are comparable m-acceptors but that the latter is a
significantly weaker o-donor. In valence bond terms this would
be described as greater contribution from the
dimetallacycloropene canonical form (Chart 3b) than the
description as a complexed carbyne (Chart 3a).

The optimised geometry and molecular orbitals of interest
are depicted in Figure 7. As in the experimentally determined
structures for [7]* and [8]*, the WCP unit is essentially co-planar
with the Pt(CNMe); unit and minor variations may be attributed
to the different steric profiles of the Tp/Tp*, PMes/PMe,Ph and
CNMe/CNtBu replacements. The W—C, Pt—C and W-Pt Wiberg
bond orders calculated within the Lowdin basis?® are 1.690,
1.066 and 0.811, respectively, consistent with the
dimetallacyclopropene description, while that for the C—P bond
(1.058) is close to unity, apparently discounting any significant
p7m-pm overlap. The bridging carbyne carbon carries a negative
natural charge (—1.286) whilst the tungsten (+0.916), platinum
(+1.130) and phosphorus (+1.663) carry positive charges.
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Figure 7. Optimised geometry and molecular orbitals of interest for the cationic complex
[WPt(p-CPMe3)(CO),(CNMe),(Tp)]* [10]* (0B97X-D/6-31G*/LANL2DC, gas phase).

The HOMO of [10]* remains the orbital primarily associated
with tungsten carbonyl binding while the HOMO-1 corresponds
to the W-C nt-bond orthogonal to the WPtC ring but includes a
sizeable contribution from a platinum m-orbital with Pt-C and Pt-
W antibonding character. This is reminiscent of the destabilising
nature of ‘4-electron alkyne’ coordination to metals with high
d-occupancies.?’ For ‘4-electron carbyne’ coordination to mid-
transition metals (e.g., d®-‘Fe(CO)s’ and dé-‘Mo(CO),’ units) this
is a stabilising interaction.1528 The HOMO-2 corresponds
primarily to W-Pt o-bonding, HOMO-12 is both W—C and Pt-C
o-bonding, while HOMO-13 is completely WCPt n-bonding and
HOMO-18/19 are responsible for Pt-isonitrile retrodonation.
The LUMO is of note in being substantially derived from Crn-Pxt
overlap but with a m-antibonding interaction between carbon
and tungsten such that nucleophilic attack at the bridging
carbyne carbon is both favoured and likely to reduce the W—C
multiple bonding.

The hypothetical complex [WAu(u-CPMes)CI(CO),(Tp)l*
([11]*) was also considered as a pruned model for [4]* (Figure
8). While the two canonical descriptions in Chart 3 are both
useful in describing the platinum adducts, in the case of gold,
the dimetallacyclopropene formalism invokes trivalent gold(lll),
which is less plausible. The HOMO and LUMO are similar in
topology and composition as those for [10]* but are separated
by a slightly larger energy gap (ca 7.3 eV c¢f. 6.8 eV for [10]+).
The HOMO-1 and HOMO-4 are both WC p-bonding with the
former including Au—-C and Au-W m-antibonding components,
but with substantial Au—Cl t-antibonding character. The Léwdin
bond orders for the W—C (1.896), Au—C (0.803) and W-Au
(0.641) bonds point towards weaker coordination of the AuCl
unit cf. Pt(CNMe); with natural charges on tungsten (1.069) and
the carbyne carbon (—1.245) indicating comparable transfer of
electron density from tungsten to gold (+1.044) as for platinum
in [10]*. This is contrary to expectations based on calculated and
experimental vco frequencies (calcd 2042, 1983 ([4]*: 2037,
1961] for [11]* cf. 1982, 1928 ([8]*: 1941, 1853) cm-! for [10]*)
which may be explained by the synergic nature of the WCO
bonding.
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Figure 8. Optimised geometry and molecular orbitals of interest for the cationic complex
[WAu(u-CPMe3)CI(CO),(Tp)]* [11]* (0B97X-D/6-31G*/LANL2DC, gas phase).

Conclusions

In conclusion, phosphoniocarbynes are shown to serve as
building blocks for the strategic bridge-assisted synthesis of
heterobimetallic assemblies in much the same way as more
conventional The positive charge on the
phosphonium substituent has a rather modest impact on the -

carbynes.

acidity of the WC unit towards an extraneous metal but
decreases its basicity, resulting in less effective transfer of
electron density to the metal. Nevertheless, the resulting
dimetallacyclopropene core of, e.g., [WPt(p-
CPMe,Ph)(COD)(CO)2(Tp*)]* [6]* is robust and endures during
co-ligand substitutions (COD replacement).

Experimental

General

Experimental work was performed using standard Schlenk
techniques with dried and pre-purified nitrogen or in an inert
atmosphere glove-box charged with an argon atmosphere
unless specified otherwise. Reactions employed dried and
degassed solvents distilled over sodium and benzophenone
(ethers, arenes and paraffins) or calcium hydride (CH,Cl). The
compounds [W(=CPMe,Ph)(CO)2(Tp*)]PFs  [1a]PFs  was
prepared via a minor modification of the method reported by
Templeton (vide infra).> The compounds [Pt(nbe)s],2®
[AuCI(THT)]30 and [CuCl(SMe3)]3! were prepared according to
published procedures. All other reagents were used as received
from commercial suppliers.

NMR spectra were obtained on a Bruker Avance 400 (1H at
400.1, 13C{H} at 100.6, 19F{H} at 376.5, 31P{lH} at 162.0,
195pt{1H} at 85.7 MHz), a Bruker Avance 600 (1H at 600.0, 13C{*H}
at 150.9 MHz) or a Bruker Avance 700 (H at 700.0, 13C{1H} at
176.1, 31P{1H} at 283.4 MHz) spectrometers at the temperatures
indicated. Chemical shifts (3) are reported in ppm with coupling
constants given in Hz and are referenced to the solvent
resonance or external references {CFCls for 1°F{1H}, 85% H3PO,
in H,0O for 31P{1H}, 1.2 M NayPtClg for 195Pt}. The multiplicities of



NMR resonances are denoted by the abbreviations s (singlet), d
(doublet), t (triplet), m (multiplet), br (broad) and combinations
thereof for more highly coupled systems. Where applicable, the
stated multiplicity refers to that of the primary resonance
exclusive of 183W or 195Pt satellites. In select cases, distinct peaks
were observed in the H and 13C{1H} NMR spectra, but to the
level of accuracy that is reportable (i.e., 2 decimal places for *H
NMR, 1 decimal place for 133C{tH} NMR) they are reported as
having the same chemical shift.

Spectra provided in the electronic supporting information
generally correspond to samples obtained directly from
chromatography and may contain residual solvent as
recrystallised samples often display reduced solubility. The BH
protons give rise to very broad signals around 4-5 ppm in the
IH NMR spectra due to coupling to the quadrupolar boron
nuclei. These are not listed in the experimental NMR data in all
cases as their chemical shifts and associated integrals are not
determined accurately. The BH unit, being remote from the
metal centre of interest is not particularly responsive to
variations and accordingly 11B{lH} NMR spectra were not
recorded.

Infrared spectra were obtained using a Shimadzu FTIR-8400
spectrometer (liquid) or Perkin Elmer FTIR Spectrum 2 (Solid
State ATR, diamond anvil). Signals are denoted according to
their absorption strength such as very sharp (vs), strong (s),
medium (m), weak (w) or broad (br). Elemental microanalytical
data were provided by the London Metropolitan University.
Solvates evident from data were confirmed where possible by
NMR spectroscopy. High-resolution electrospray ionisation
mass spectrometry (ESI-MS) was performed by the ANU
Research School of Chemistry mass spectrometry service with
acetonitrile or dichloromethane as the matrix.

Data for X-ray crystallography were collected with Agilent
Xcalibur or SuperNova CCD diffractometers using Mo-Ka
radiation (A = 0.71073 A) or Cu-Ka radiation (A = 1.54184 A)
employing the CrysAlis PRO software.32 The structures were
solved by direct or Patterson methods and refined by full-matrix
least-squares on F2 using the SHELXS or SHELXT and SHELXL
programs.33 Hydrogen atoms were located geometrically and
refined using a riding model. Diagrams were produced using the
CCDC visualisation program Mercury.34

Computational studies were performed by using the
SPARTAN18 suite of programs.35> Geometry optimisation (gas
phase) was performed at the DFT level of theory using the
®B97X-D functional of Head-Gordon3® for WC, WSi, WN, WP
and [10]*and [11]*. The Los Alamos effective core potential type
basis set (LANL2DC) of Hay and Wadt37 was used for Pt and W
while Pople 6-31G* basis sets38 were used for all other atoms.
Frequency calculations were performed to confirm that the

optimized structures were minima and also to identify
vibrational modes of interest (vwc). Cartesian atomic
coordinates are provided in the electronic supporting

information.

Synthesis of [W(=CPPhMe;)(CO)x(Tp*)][PFs] [la]PFs. A
modified version of Templeton’s synthesis was adopted.> The
changes include, using [W(=CBr)(CO),(Tp*)] instead of
[W(=CCI)(CO)2(Tp*)], replacing KPFs with NaPFs and using

acetonitrile in place of dichloromethane as solvent. Following
the same work-up procedure, [W(=CPPhMe;)(CO),(Tp*)][PFs]
[1a]PFs was obtained in essentially quantitative yield and the
spectroscopic features match those reported previously.>
Previous IR data were acquired from THF solution, and NMR
data were measured in CD,Cl,.5 IR (CH,Cl,, cm1): 2022s, 1935s
Vco. TH NMR (7Fse00 MHz, CDCls, 298 K): o4 = 2.14 (s.br, 6 H,
PCHs3, HSQC with o¢c = 11.0), 2.22, 2.23, 2.24 (s x 3, 3 H x 3,
pzCHs), 2.31 (s, 9 H, pzCHs), 5.83 (s, 1 H, pzCH), 5.92 (s, 2 H,
pzCH), 7.57 [td, 3 = 7.7, 3.3, 2 H, H26(CeHs)], 7.66 [t, 3 = 7.4,
1 H, H4CeHs)], 7.78 [dd, Jun = 7.7, 13.3 Hz, 2 H, H35(CeHs)].
13C{1H} NMR (151 MHz, CDCls, 298 K): 8¢ = 10.9 (d, Upc = 57.8,
PCHs), 12.9, 13.0, 15.6, 17.3 (pzCHs), 107.8, 108.3 (pzCH), 122.1
[d, Yep = 88.2, CL(CeHs)], 130.6 [d, Ucp = 12.9, C26(CgHs)], 131.1
[d, 3Jcp = 10.6, C35(CeHs)], 134.7 [d, 4Jcp = 2.9, C4(CeHs)], 146.4,
147.2,151.4, 153.4 [C35(pz)], 228.8 (CO, Ywc = 158.6, 3Jcp = 2.9),
246.9 (W=C, Uwc = 205.4 Hz). 31P{2H} NMR (162 MHz, CDCls, 298
K): 8p = —144.3 (PFg), 13.3 (WCP, 2Jwp = 162 Hz).

Synthesis of [WAu(p-CPPhMe;)CI(CO),(Tp*)]1[PFs] [4]PFs.
To a mixture of [1a]PFes (0.200 g, 0.240 mmol) and [AuCI(THT)]
(0.100 g, 0.312 mmol) was added CH,Cl; (10 mL). The mixture
was stirred in the absence of light for 2 hours and then loaded
directly onto a silica gel column. This was eluted first with DCM,
gradually increasing to 2:1 v/v acetonitrile/CH,Cl, to elute a red-
purple band. The solvent was removed under reduced pressure
and the residue was dried in vacuo to give [4]PFs as a
microcrystalline red-purple solid (0.247 g, 0.232 mmol, 97%).
The compound is unstable in solution, even with the exclusion
of oxygen and light, decomposing with gradual deposition of a
gold mirror over 18 hours. The identities of the decomposition
products were not investigated however ‘AuCl’ adducts of
tungsten carbyne complexes have been previously found to
involve oxidative chlorination of the tungsten centre.l’a IR
(CHClz, cm1): 2037s, 1961s vco. 1H NMR (700 MHz, CDCls, 298
K): 84 = 2.19 (s, 6 H, pzCHs), 2.33 (s, 3 H, pzCHs), 2.39 (s, 6 H,
pzCHs), 2.45 (s, 3 H, pzCH3), 2.56 (d, py = 13.3, 6 H, PCH3), 6.01
(s, 2 H, pzCH), 6.02 (s, 1 H, pzCH), 7.70 [t, 3Juy = 6.7, 2 H,
H26(CgHs)], 7.78 [t, 3Jun = 7.4, 1 H, H4(CeHs)], 7.99 [dd, 3/ = 13.3,
7.8 Hz, 2 H, H35(C¢Hs)]. 13C{'H} NMR (176 MHz, CDCls, 298 K): 8¢
=10.9 (d, Ypc=58.5, PCH3), 12.7,13.3,16.1, 17.4 (pzCHs), 108.7,
109.7 (pzCH), 120.6 [d, Lcp = 88.4, C}(CeHs)], 130.7 [d, e = 13.0,
C25(CgHs)], 131.3 [d, 3Jcp = 10.6 Hz, C3.5(CgHs)], 135.4 [C4(CeH5s)],
147.3, 148.1, 152.4, 154.5 (pzC35CH3), 214.0 (CO, Uwc = 152.2),
233.9(d, Yep =31.8 Hz, W=C). 31P{IH} NMR (162 MHz, CDCl3, 298
K): 8p = —144.3 (PF¢), 29.0 (2Jwp = 96.4 Hz, WCP). MS (ESI, m/z):
Found: 919.1324. Calcd for C6H33AU1B3>CINgO,P184W [M—PFg]*:
919.1358. Anal. Found: C, 29.44; H, 3.04; N, 7.75%. Calcd for
C26H33AUBCIFgNgO2PoW: C, 29.33; H, 3.12; N, 7.89%. Single
crystals suitable for X-ray structure diffraction were grown by
slow evaporation of a dichloromethane/hexane mixture. Crystal
data for C26H33AUBC|F5N602P2W (MW =1064.60 ngl'l)Z
orthorhombic, space group Pbca (no. 61), a = 12.2679(5) A, b =
24.0778(19) A, c= 24.2183(8)A, V= 7153.7(7)A3,Zz= 8,T=
150.0(1) K, w(Mo Ka) = 7.539 mm-L, Deaic = 1.977 Mgm3, 17300
reflections measured (6.93° < 20 < 56.83°), 7351 unique (Rint =
0.0534, Rsigma = 0.0771) which were used in all calculations. The



final Ry was 0.0669 (/ > 20(/)) and wR, was 0.1760 (all data) for
415 refined parameters with 12 restraints.

Synthesis of [W,Cu;(p-CPPhMe;)(u-Cl)2(CO)a(Tp*)2]1[PFel2
[5][PFsl2. To a mixture of [1a]PFs (0.050 g, 0.060 mmol) and
[CuCl(SMe;)] (0.010 g, 0.062 mmol) was added CH,Cl; (10 mL).
The mixture was stirred in the absence of light for 2 hours and
then loaded directly onto a silica gel chromatography column
and eluted initially with DCM, gradually increasing to 2:1 v/v
acetonitrile/CH,Cl,. Volatiles were removed under reduced
pressure and the residue was dried in vacuo to give [5][PFs]; as
a microcrystalline red solid (0.054 g, 0.058 mmol, 97%). IR
(CHClz, cm1): 2024s, 1947s vco. 1H NMR (700 MHz, CDCls, 298
K): 8u = 2.22 (s.br, 6 H, PMesPh), 2.29 (s, 9 H, pzCHs), 2.31 (s, 3
H, pzCHs), 2.38 (s, 6 H, pzCHs), 5.90 (s, 1 H, pzCH), 5.99 (s, 2 H,
pzCH), 7.64 [td, 3y = 7.8, 3.2, 2 H, H26(CeHs)], 7.73 [t, ¥un = 7.3,
1 H, H4(CgHs)], 7.84 [dd, 3Juy = 13.1, 8.0 Hz, 2 H, H35(CeHs)].
13C{1H} NMR (176 MHz, CDCls, 298 K): 8¢ = 11.1 (d, 1JPC = 57.8,
PCHs), 12.7, 13.0, 13.1, 15.56, 15.63, 17.4, 17.5 (pzCH3), 108.1
(br, pzCH), 122.8 [d, Yep = 75.6 Hz, C1(CeHs)], 130.0 — 130.6 [m,
C26(CgHs)], 131.2 — 131.8 [m, C35(CeHs)], 134.8 [d, 4Jcp = 13.9 Hz,
C4(CgHs)], 146.2 [1 C, C35(pz)], 147.4 [v.br, 2 C, C35(pz)], 151.3 [1
C, C35(pz)], 153.5 [v.br, 2 C, C35(pz)], 218.1 (br, WCO) (bm, CO).
The carbyne resonance was not unambiguously identified.
Pyrazolyl ring resonances displayed an unusual set of
resonances in that while those for the C% carbon nuclei appear
as an unresolved broad multiplet, those for the C3> carbons
comprise one sharp pair of resonances corresponding to a single
pyrazolyl while those for the remaining two pyrazolyls are broad
multiplets with apparent but unresolved fine-structure. We
attribute this to ion pairing involving nestling of each PFg~
counter anions between two pyrazolyls, a situation favoured by
the compound being a 1:2 electrolyte. 31P{*H} NMR (162 MHz,
CDCls, 298 K): 8, = —144.2 (PFe), 26.1 (WCP). MS (ESI, m/z):
Found: 785.1058. Calcd for CyeH3311B35CI63CuNgO,P184W [M—
PFg]*: 785.0980. Anal. Found: C, 33.57; H, 3.48; N, 8.97%. Calcd
for CszHesB2ClaCuzF12N1204P4W,: C, 33.54; H, 3.57; N, 9.03%.
Single crystals suitable for X-ray structure diffraction were
grown by slow evaporation of a dichloromethane/hexane
mixture. Crystal data for Cz6H33BCICUFgNgO2P,W (M =931.17
gmol-1): triclinic, space group P-1 (no. 2), a = 13.3582(8) A, b =
16.9977(10) A, ¢ = 17.9256(11) A, a = 111.350(6)°, 8 =
100.699(5)°, y=  90.294(5)°, V= 3713.2(4)A3,Z= 4,T=
150.0(1) K, p(Cu Ka) = 8.381 mm-, Deac = 1.666 Mgm-3, 20370
reflections measured (7.76° < 20 < 141.12°), 13639 unique
(Rint= 0.0582, Rsigma= 0.0928) which were used in all
calculations. The final R; was 0.0797 (/I > 20(/)) and wR; was
0.2025 (all data) for 847 refined parameters with 142 restraints.
A solvent mask was calculated and 120 electrons were found in
a volume of 547 A3 in 2 voids per unit cell. This is consistent with
the presence of 2[CHCI3] per asymmetric unit which account for
464 electrons per unit cell.

Synthesis of [WPt(u-CPPhMe;)(n4-COD)(CO),(Tp*)1[PFel
[6][PFs]. To a mixture of [1a]PFs (0.100 g, 0.120 mmol) and
[Pt(nbe)s] (0.080 g, 0.168 mmol) was added CH,Cl; (5 mL) and
1,5-cyclo-octadiene (2 drops, in excess). The solution rapidly
darkened and was stirred for three hours after which more
[Pt(nbe)s] (0.020 mg, 0.042 mmol) was added. Stirring was

continued for a further two hours. The reaction mixture was
loaded directly onto a silica gel column and eluted in DCM,
gradually increasing to 5:1 v/v acetonitrile/CH,Cl,. A yellow
band was collected and solvent was removed under reduced
pressure. The residue was further dried in vacuo to give [6][PFs]
as a yellow-brown solid (0.064 mg, 0.056 mmol, 47%). IR
(CHClz, cm1): 2037s, 1960s vco. 1H NMR (700 MHz, CDCls, 298
K): 84 = 1.46 (d, 6 H, 2Jpy = 12.6, PCHs), 1.47 (s, 3 H, PMe,Ph),
1.94 (s, 6 H, pzCHs), 2.29 (s, 3 H, pzCHs), 2.33 (m, 2 H, COD CH,),
2.46 (m, 2 H, COD CHa), 2.50 (s, 6 H, pzCHs), 2.54 (s, 3 H, pzCHs),
2.57 (m, 2 H, COD CH>), 2.68 (m, 2 H, COD CH,), 5.06 (m, 2 H,
COD CH), 5.54 (m, 2 H, COD CH), 5.80 (s, 1 H, pzCH), 5.89 (s, 2 H,
pzCH), 7.31 [ddd, 3Jun = 12.5, 8.2, 1.3, 2 H, H35(CeHs)], 7.45 [td,
3)un = 7.8, 3.0, 2 H, H28(CgHs)], 7.56 [td, J = 7.5, 1.6 Hz, 1 H,
H4(CgHs)]. 13C{*H} NMR (176 MHz, CDCl3, 298 K): 8¢ = 11.8 (d, Upc
= 57.6, PCHs), 13.0, 13.2, 15.4, 18.3 (pzCHs), 29.1, 32.2 (COD
CH,), 89.5 (COD CH, Ycp: = 126.7), 108.1, 108.2 [C4(pz), 109.0
(COD CH, Ycpe = 96.8), 126.0 [d, Ycp = 81.0 Hz, C(CeHs)], 129.9
[d, Zep = 11.6, C26(CgHs)], 130.6 [d, 3Jcp = 10.0, C35(CeHs)], 133.3
[d, 4cp = 3.1, C¥CeHs)], 146.2, 146.4, 152.2, 154.4 [C35(pz)],
227.5 (CO, YUwc=146.1),272.8 (d, Ucp = 6.0 Hz, Uwc =135.1, Ucpt
=942.2 Hz, W=C). 31P NMR (162 MHz, CDCls, 298 K): dp = —144.4
(m, PFg), 14.2 (2Jwp = 71.3 Hz, Upwp = 193.4 2Jpy = 12.1 Hz, WCP).
195pt NMR (86 MHz, CDCls, 298 K): 8p; = —3587. MS (ESI, m/z):
Found: 989.2566. Calcd for C34Has1'BNgO,P194Pt184W [M—PFg]*:
989.2582. Anal. Found: C, 35.86; H, 4.05; N, 7.31%. Calcd for
C34H45BFgNgO2P2PtW: C, 35.97; H, 3.99; N, 7.40%. Single crystals
suitable for X-ray diffractometry were grown by slow
evaporation of a dichloromethane/hexane mixture. Crystal
data for C34H45BF5N602P2PtW (Mw =1135.45 ngl'l)Z
monoclinic, space group P2:/c (no. 14), a = 15.0989(4) A b=
23.4132(6) A, c = 24.3451(8) A, 8 = 101.691(3)°, V =
8427.8(4) A3, Zz= 8, T= 150.0(1)K, w(Mo Ka)= 6.183 mm-
1, Dcaic = 1.790 Mgm-3, 35063 reflections measured (6.53° <20 <
58.62°), 19108 unique (Rint = 0.0502, Rsigma = 0.1054) which were
used in all calculations. The final Ry was 0.0598 (/ > 2a(/))
and wR; was 0.1258 (all data) for 917 refined parameters
without restraints. The solvent masking procedure as
implemented in Olex2 was used to remove the electronic
contribution of solvent molecules from the refinement. As the
exact solvent content cannot be modelled, only the atoms used
in the refinement model are reported in the formula here. Total
solvent accessible volume / cell = 1007.2 A3 [12.0%]. Total
electron count / cell = 178.2.

Synthesis of [WPt(p-CPPhMe;)(CNBu)(CO)»(Tp*)][PFs]
[7]PFs. To a mixture of [6]PFs (0.020 g, 0.018 mmol) and CNtBu
(2-3 drops, excess) was added CHCl; (5 mL). The solution was
stirred for three hours, after which time the solvent was
removed under reduced pressure. The residue was loaded onto
a silica gel column and eluted in DCM, gradually increasing to
1:4 v/v acetonitrile/CH,Cl,. A yellow band was collected and
solvent was removed under reduced pressure to give [7]PFs as
a yellow-brown solid (0.017 mg, 0.014 mmol, 81%). IR (CHxCl;,
cm1): 2190s, 2157s ven. 1934vs, 1846vs veo. TH NMR (700 MHz,
CDCls, 298 K): 8 = 1.33 (d, 6 H, Upy = 12.6, PCHs), 1.35 (s, 9 H,
CCHs), 1.72 (s, 9 H, CCHs), 1.75 (s, 6 H, pzCHs), 2.31 (s, 3 H,
pzCHs), 2.49 (s, 6 H, pzCHs), 2.60 (s, 3 H, pzCHs), 5.79 (s, 1 H,



pzCH), 5.82 (s, 2 H, pzCH), 7.45 [td, 3y = 7.8, 2.9, 2 H,
HZ'G(CsHs)], 7.53 [d, SJHH = 8.6, 1 H, H4(C6H5)], 7.66 [dd, 3-IHH =
12.0, 7.4 Hz, 2 H, H35(CeHs)]. 13C{H} NMR (176 MHz, CDCls, 298
K): 8¢ = 12.5 (d, %Jpc = 58.3, PCH3), 12.8, 13.0, 15.2, 17.7 (pzCHs),
30.0, 30.8 (CMes), 58.3, 58.6 (CMes), 107.5, 107.9 [C4(pz)], 125.4
[d, 1.Icp = 81.1, Cl(CGHs)], 129.2 [d, ZJCP =11.8 HZ, CZ'G(CsHs)],
131.4 [d, 3Jcp = 9.4, CS'S(CsHs)], 132.6 [d, 4.Icp = 3.4, C4(C6H5)],
137.9, 138.4 (PtCN), 145.5, 145.9, 152.0, 154.2 [C35(pz)], 227.8
(CO, 2Jcpr = 38.4, Ywc = 148.7 Hz), 269.3 (d, YUcp = 14.2, Ycpt =
800.9 Hz, W=C). 31P NMR (283 MHz, CDCls, 298 K): 8p = —144.4
(hept., PFe), 17.4 (2Jwp = 68.7, 2Jpp = 164.1 Hz, WCP). 195Pt NMR
(150 MHz, CDCls, 298 K): 8pc = —3953. MS (ESI, m/z): Found:
1047.3125. Calcd for CsgHs111BNgO,P194Pt184W  [M—PFg]*:
1047.3113. Anal. Found: C, 36.37; H, 4.37; N, 9.26%. Calcd for
C36Hs1BFgNsO2P2PtW: C, 36.23; H, 4.31; N, 9.39%. Single crystals
suitable for X-ray structure diffraction were grown by slow
evaporation of a dichloromethane/hexane mixture. Crystal
data for C35H51BF5N302P2PtW (Mw =1193.53 ngl'l)Z
monoclinic, space group P2i/c (no. 14),a = 14.6038(3) A, b =
14.0280(3) A, c = 23.5934(5) A, 8 = 97.914(2)°, V =
4787.36(18) A3, Z= 4, T= 150.0(1) K, p(MoKa)= 5.448 mm-
1 Dcaic = 1.656 Mgm-3, 21286 reflections measured (6.59° <20 <
58.56°), 10954 unique (Rint = 0.0270, Rsigma = 0.0460) which were
used in all calculations. The final Ry was 0.0301 (/ > 2a(/))
and wR; was 0.0621 (all data) for 532 refined parameters
without restraints. A solvent mask was calculated and 124
electrons were found in a volume of 622 A3in 1 void per unit
cell. This is consistent with the presence of one ethanol per
asymmetric unit which account for 104 electrons per unit cell.
Synthesis of [W{Pt(CNMes),}{(u-CPPhMe;)(CO):(Tp*)1[PFs]
[8]PFs. To a mixture of [6]PFs (0.020 g, 0.018 mmol) and 2,4,6-
trimethylphenyl isocyanide (0.004 g, 0.028 mmol) was added
CH,Cl; (5 mL). The solution was stirred for three hours, after
which the solvent was removed under reduced pressure. The
residue was loaded onto a silica gel column and eluted in DCM,
gradually increasing to 1:4 v/v acetonitrile/CH,Cl,. A yellow
band was collected and solvent was removed under reduced
pressure to give [8]PFs as a yellow-brown solid (0.016 mg, 0.012
mmol, 69%). IR (CH,Cl;, cm1): 2164s, 2126s vcn, 1941vs, 1853vs
Vco. TH NMR (700 MHz, CDCls, 298 K): 04 = 1.39 (d, 6 H, 2/ip =
12.8 Hz, PMe,Ph), 1.81 (s, 6 H, pzCHs), 2.21 (s, 6 H, mesityl o-
CHs), 2.29 (s, 3 H, mesityl p-CHs), 2.33 (s, 3 H, pzCHs), 2.35 (s, 3
H, mesityl p-CHs), 2.52 (s, 6 H, pzCHs), 2.56 (s, 6 H, mesityl o-
CHs), 2.61 (s, 3 H, pzCHs), 5.82 (s, 1 H, pzCH), 5.84 (s, 2 H, pzCH),
6.90 (s, 2 H, mesityl CH), 7.00 (s, 2 H, mesityl m-CH), 7.38 (t, 3Jun
= 6.6 Hz, 2 H, H26(CgHs)), 7.45 (d, 3Jun = 7.3 Hz, 1 H, H4(CgHs)),
7.70 (t, 3Juy = 8.4 Hz, 2 H, H35(CeHs)). 13C{*tH} NMR (176 MHz,
CDCl3, 298 K): 8¢ = 12.7 (d, WUpc = 57.9, PCH3), 13.0, 13.3, 15.5,
17.9 (pzCHs), 19.1, 19.3 (2,6-mesityl CH3), 21.6, 21.7 (4-mesityl
CH3), 107.8, 108.2 [C4(pz)], 124.8 (CgH2), 125.1 [CL(CsHs)], 125.6,
128.6, 129.2, 129.4 (CgH,), 129.5 [C>5(CeHs)], 131.6 [d, J = 9.3,
C35(CgHs)], 132.8 [CA(CeHs)], 134.7, 135.3, 138.2, 140.2 (CgH2),
146.1, 146.3 [C35(pz)], 150.5 (s.br, PtCN), 152.3, 154.5 [35(pz)],
227.5 (CO, Zcpt = 43.5, Lwc = 150.3), 271.0 (d, Yep = 14.1 Hz,
W=C). 31P NMR (162 MHz, CDCls, 298 K): 8p = —144.4 (m, PFs),
18.7 (YJwp = 61.9, 2ppp = 160.0 Hz, WCP). 195Pt NMR (86 MHz,
CDCls, 298 K): dpt = —3862.6. MS (ESI, m/z): Found: 1172.3408.

Calcd for CaeHss11BNgO,P195P1184W [M—PFg]*: 1172.3447. Anal.
Found: C, 40.55; H, 3.14; N, 7.90%. Calcd for
Ca6Hs5BFgNsO2P2PtW.CH,Cly: C, 40.25; H, 4.10; N, 7.99%. Single
crystals suitable for X-ray crystallography were grown by slow
evaporation of a chloroform/hexane mixture. Crystal data for
Ca6Hs5BFgNsO2P2PtW.CHCl3 (M, =1437.03 gmol1): monoclinic,
space group P2i/c (no. 14),a= 16.5808(4)A, b=
14.4490(4) A, c = 22.7627(6) A, 8 = 93.001(2)°, V =
5445.9(2) A3, Z= 4,T= 150.0(1) K, w(Mo Ka)= 4.948 mm-
1, Dcaic = 1.753 Mgm-3, 24477 reflections measured (6.66° <20 <
58.53°), 12383 unique (Rint = 0.0478, Rsigma = 0.0884) which were
used in all calculations. The final Ry was 0.0402 (/ > 2a(/))
and wR; was 0.0699 (all data) for 646 refined parameters
without restraints.
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