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Synthetic Approaches to and Structures of Diplatinum Polyynediyl Complexes
trans, trans-[(CgF5)(R3P)2Pt(C=C),,Pt(PR3)>(CeF5)] With Odd Numbers of Triple
Bonds; Avoiding Complicating Ethynediyl Extrusions

Sourajit Dey Baksi,[?] Nancy Weisbach,[2] Nattamai Bhuvanesh,?] and John A. Gladysz*[2]

ABSTRACT: Reactions of trans-(CgFs)(p-tol3P),Pt(C=C),SiEt; (PtC,,Si; n =5, 7, 9) and ex-
cess PtCl in the presence of wet n-BuyN™* F~ (to effect protodesilylation) under Sonogashira-type
conditions (CuCl, base, other additives) afford the title compounds PtC;(Pt, PtC;4Pt, and PtCqg-
Pt in 42-32% yields. A four-fold substitution of the phosphine ligands in PtCy,Pt by PEt; affords
Pt'C,yPt' (78%), and a Sonogashira reaction of Pt'C,H and Pt'Cl affords Pt'C,Pt' (68%). The
analogous reaction with PtC,Si and PtCl is unsuccessful, presumably for steric reasons. The cryst-
al structures of PtC(Pt, PtC4Pt, Pt'C{,Pt', and Pt'C,Pt' exhibit a number of interesting trends
and features. Certain sp chain extension reactions that lead to or employ the precursors PtCy(Si,
PtC,Si, PtC4Si, and PtC,gSi sometimes give byproducts derived from C, loss, and possible
origins are discussed. Related phenomena have been reported by others in the course of synthe-

sizing extended conjugated polyynes.
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B INTRODUCTION

As illustrated in Figure 1, very long conjugated polyynes, endgroup-(C=C),,-endgroup, are
now isolable with 24-26 triple bonds, representing C45-Cs, linkages.!"#! These efforts have been
prompted by (1) an interest in modeling the properties of the sp hybridized carbon allotrope,
carbyne,®! which is believed to have the polyyne structure -(C=C)-., and (2) the sport in creating
new forms of carbon, ®! fueled in part by materials applications and attention in popular media.[’]
However, most synthetic approaches to such polyynes entail the stepwise extension of the (C=C),,
chains, as exemplified in Scheme 1 (bottom), and culminate in homocoupling reactions that double
the number of triple bonds to 2n. Hence, there is a methodological bias favoring even numbers of
C=C linkages.

However, to best model carbyne, many properties must be quantified as a function of sp
chain length. Thus, representatives with odd numbers of triple bonds have been essential for thor-
ough analyses. Also, in C=C reactivity studies, polyynes with even numbers of triple bonds will
by necessity give 1:1 adducts that are unsymmetrical. In contrast, with polyynes with odd numbers
of triple bonds, there is the potential for symmetrical 1:1 adducts, such in additions of species with
mirror planes (A—A).[3] As the sp chains are extended, the inner C=C linkages are distanced from
the frequently bulky endgroups and become sterically more accessible.

Our previous studies of polyynes have made extensive use of the platinum endgroup trans-
(CeF5)(p-tol3P),Pt (Pt).13-1 Specifically, we have reported the synthesis and isolation of diplatin-
um polyynediyl complexes trans,trans-[(CgFs)(p-tol3P),Pt(C=C), Pt(Pp-tol;),(CcF5)] (PtC,,Pt)
where 7 includes the even numbers 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, and 26 (PtC4Pt,
PtCgPt, PtC,Pt, PtC,4Pt, PtC,(Pt, PtC,4Pt, PtC,gPt, PtC3,Pt, PtC;4Pt, PtC4oPt, PtCy4Pt,
PtC4gPt, and PtCs,Pt in Figure 1). However, only a single complex of this type has heretofore
been prepared with an odd number of triple bonds, PtC6Pt.[9a710] It was synthesized as shown in
Scheme 1 (top) by what can be viewed as a Sonogashira-like coupling!!!l of PtC6H[9a] and Pt-
C1°2] (cat. CuCl, Et,NH cosolvent that neutralizes the HCI evolved). As illustrated below, the

triarylphosphine ligands significantly sterically shield the central C=C linkage.

2-
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Figure 1. The longest polyynes that are currently isolable.
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Accordingly, in this paper we report expedient syntheses of the corresponding polyynediyl
complexes with n =5, 7, and 9. The published routes to the necessary starting materials are sum-
marized in Scheme 1,1°%:12] and become important in other contexts below. With n = 5, four-fold
phosphine substitution to give the PEt; analog (Pt'Cy(Pt') is also described, and for the sake of
completeness approaches to the lowest homologs PtC,Pt and Pt'C,Pt' (n = 1) are explored. Most
of these complexes are structurally characterized. No portion of this work has been communicated,
although to avoid fragmentary treatments snippets of spectroscopic data for PtCyyPt, PtC,4Pt,

and PtC,gPt were incorporated into tables and plots in a recent full paper describing PtCs,Pt. 3]
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F@ | 'QF
5 Pp-tolz p-tolsP 5
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S Pp-tol
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Scheme 1. Syntheses of educts and other background chemistry.

B RESULTS
1. Syntheses. The chloride complex PtCl and terminal polyynyl complexes PtC,H are

required for Sonogashira-like syntheses of PtC,Pt. The building blocks PtC4H,°2] PtC4H,[%2]

4-
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and PtCsH[9C] can be isolated, but become progressively less stable. Higher homologs, at least
through n = 9 or PtCygH, can be generated from PtC,Si (Si = SiEt3) by treatment with wet n-
BuyN* F~at low temperature, as inferred by TLC and/or trapping via click azide cycloaddi-
tions.[12] Such protodesilylations are involved in every step in Scheme 1 above, and the in situ
methodology 1s often used for the isolable but still sensitive educts PtCgH and PtCgH.

As shown in Scheme 2, PtCSi and wet n-BuyN™ F~ were combined in CH,Cl, at 45 °C
to generate PtCygH. In a separate flask, PtCl (1.1 equiv), CuCl (0.9 equiv), and excess Et,NH
were combined in CH,Cl, at —45 °C. The former solution was added to the latter. A chromatogra-
phic workup gave the target complex PtC;(Pt as an air stable yellow powder in 42% yield. How-
ever, analogous procedures with PtC{4Si and PtC;gSi gave very poor yields of the corresponding

adducts PtC4Pt and PtC,gPt.

7\ Pp-tols n =5, PtCq,Si
@—Pt%(E)%SiEta 7, PtC44Si
Fo— I -4 9, PtC4sSi
5 Pp-tol;
wet n-BuyN* F~, CH,Cl,,
-45°C
/ \ Pp-tols ]
I
— Pt =— =) = =——H
5 Pp-tols
=5 PtCI, Et,NH PtCl, KPFg, -BuOK| _ 79
=31cuCl, CHLCly, CuCl, THF, MeOH | =7
-45°Ctort -45°Ctort
Y Y

Pp-tol p-tolsP Pp-tol -tol,P
X/ I e xS 4 I \X
5 Pp-tols p-tolsP 5 5 Pp-tolz p-tolsP
PtC10Pt (42%) n =7, PtC,4Pt (41%)
9, PtC4gPt (32%)
PEt;, CH,Cl,
PEt; EtsP Tp-tols
- VAR } Nl
f—
e/ | L\ F—="" bptol
5 PEts EtsP 5 3
Pt'C4oPt’ (78%) PtCI

Scheme 2. Syntheses of title complexes.

Another literature recipe for the coupling of metal halides and terminal organic alkynes
utilizes -BuOK, KPFg4, and MeOH, either with or without CuClL.[13.14] Accordingly, the CH,Cl,
solutions derived from PtC;4Si or PtC;gSi and wet n-BuyN" F~ were added to THF/MeOH solu-
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tions of PtCl, CuCl, ~-BuOK, and KPF¢. Workups gave PtCy4Pt or PtC;gPt as dark yellow powd-
ers in 41-32% yields. An analogous reaction with PtC,,Sil3! did not give detectable amounts of
the desired PtC,,Pt.

For certain reactivity studies, sterically less encumbered platinum endgroups were sought.
It has been previously established that triarylphosphine ligands of diplatinum polyynediyl com-
plexes can be thermally replaced by trialkylphosphine ligands.[”2:19] Thus, as shown in Scheme 2,
PtC,oPt and PEt; (4.6 equiv) were combined in CH,Cl,. After 16 h, workup gave Pt'C(Pt' as
an air stable yellow powder in 78% yield. The complexes Pt'C6Pt',[10] Pt'CsPt',[ga] and Pt'Cy,-
Pt'[%2] have been similarly synthesized.

Finally, we sought the lowest homolog in this series of compounds with an odd number of
triple bonds, PtC,Pt. Other complexes with PtC,Pt linkages have been of interest in our group
due to possibilities (with appropriate substitution) for atropisomerism.!'>] However, when PtC,-
H!'%] and PtCl were combined under either of the heterocoupling conditions in Scheme 2, the
PtC,H was slowly consumed but most PtCl remained (Scheme 3). Next, the less bulky building
blocks Pt'CzH[16] and Pt'Cl1[1%] were combined in the presence of KPF, -BuOK, and CuCl. After

2 d, Pt'C,Pt' could be isolated as a white solid in 68% yield.

PEt3 PEts KPFg, PEt;  EtP
720 - 7 tBuoK _ /1, [ L/ N
Pt—————H + Pt—CI ———> Pt————o~Pt
5 PEt; 5 PEt;  THF, MeOH ° PEt; EtsP 5
Pt'C,H Pt'Cl Pt'C,Pt' (68%)
Pp-tols Pp-tols two sets of condit d
/ \ Fl’t = H + / \ pIt_C| © S€%s of conditions use' no detectable PtC,Pt
F/_ I F/_ I with PtC,H in Scheme 2 (65-69% consumption
5 F’p-t0|3 5 Pp-t0|3 of PtCZH)
PtC,H PtcCl

Scheme 3. Routes to Pt'C,Pt' and PtC,Pt investigated.

All new complexes were characterized by microanalyses and NMR ('H, 13C{1H}, 3!p
{'H}, 19F{!H}) and IR spectroscopy, as summarized in the experimental section. UV-visible spec-
tra were recorded except for Pt'C,Pt', and those of PtCyPt, PtC,4Pt, and PtC,gPt are depicted
in Figure 2, together with that of previously reported PtCZOPt.[%] The 13C{H} NMR, 3!P{1H}

NMR, and UV-visible spectra exhibit a number of trends that have been carefully interpreted in a

-6-
This article is protected by copyright. All rights reserved.

978906601

- Ansiwayay:sdny wouy papeojumog ‘ef ©

oo Ko Kreaquoutjuo-adoxn.

2L 341 938 “[$20T/60/1 1] U0 AIeIqry 2uruQ AS[IA TRUMEH LI SIUIqLT AIISIAIUN) NV SeX21, K4 §THO0KTOT AH/2001°01/10p/0

N1 10y AIeIqiy aur[uQ K3[IAY UO (SUONIPUOD-PUL-SULI)/ W0 KI[IM* AIRIQI[AUT[U0//:SdNY) SUONIPUOY) PUE SULK

i

SOIILE YO $A8N JO $9)

2408 218

uowrwo)) asnear)) ajqearjdde ayy £q paux

25U §



European Journal of Inorganic Chemistry 10.1002/ejic.202400428

recent full paper dealing with PtCs,Pt.[>] Readers are referred to that work for details.
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Figure 2. UV-visible spectra of PtC, Pt (2.25 x 1076 M in CH,Cl,).

2. Crystallography. Diplatinum complexes in this series are frequently crystalline, and
single crystals of PtCy(Pt, PtC 4Pt, Pt'CyyPt', and Pt'C,Pt' could be grown as described in the
experimental section. The first was obtained as a chloroform disolvate. Their structures were solv-
ed as outlined in Table s1 and the experimental section. Thermal ellipsoid diagrams are given in
Figure 3, with the first two complexes showing the usual CqH4CH3/C¢F5/CcH4CH3 m stacking
interactions.!! 7l Key metrical parameters are summarized in Table s2, all of which compare closely
to other structurally characterized Pt(C=C),,Pt species.[*-?-12-18] The molecular structure of PtC -
Pt exhibited a C, axis and that of Pt'C(Pt' an inversion center. In both cases, this exchanged the
two PtC5 segments and ligands on opposite termini.

3. Side reactions involving ethynediyl (C,) extrusion. Throughout the synthetic studies
leading to molecules of the types in Figure 1, including lower homologs with different endgroups,
researchers have sometimes noted unexpected byproducts in coupling and cross-coupling reactions
derived from the loss of C,.[1-92:191 Qur citation list is thought to be complete, but the details are
often cached in the SI or as footnotes. Sometimes greater numbers of carbon atoms are lost, which
are always even.!!3-20] [t remains unclear as to whether these represent consecutive losses of C,
or higher C, species. There is also the question of whether such byproducts are derived from small

amounts of lower polyynes nefariously lurking in the precursors.
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The protocols provided in our synthesis of PtCs,Pt!3] avoid this bothersome issue, but it

remains important to check samples of PtC,Si and HC,Si for homogeneity by 13C NMR as they

are synthesized. A signal/noise level similar to that for PtC{,Si in Figure 4-A should be sought.

The problem seems to occur more frequently when Hay oxidative cross couplings, three examples

of which are given in Scheme 1 (CuCl/TMEDA, acetone, O,, excess HC4Si),[21] are conducted

under certain conditions. Complications with Hay oxidative homocouplings have been rare. Thus,

this full paper is used as a vehicle for reporting some well documented ethynediyl extrusions in-

volving the building blocks in Schemes 1 and 2 but different reaction conditions. These experi-

ments were conducted contemporaneously with the same sources of chemicals (e.g., CuCl, solvent

purification, etc.).
Pp-tols

O

Pp-tol;
PtCSi

Pp-tol;

———=——=——SiEt3

1. wet n-BuyN* F~, THF, -78 °C

2. Me3SiCl
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4 H—=———=——SiEt;
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Scheme 4. Oxidative heterocoupling reactions of PtC,,Si and PtC,,Si that give byproducts derived from C, loss.

9.
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Figure 4. Partial 13C {!{H} NMR spectra (CDCls, sp region) of pure PtC,Si (top panel, A, black), and the PtC4Si/Pt-
C12Si (middle panel, B, red; black arrows indicate the PtC1,Si signals), and PtC4Si/ PtC;Si mixtures (bottom panel,
C, blue; red arrows indicate the PtC4Si signals) generated in Scheme 4. Asterisks (*) denote impurity signals, and
the solvent peak (77.0 ppm) has been excised.
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Figure 5. The SiCH, "H NMR signals (CDCl3) of the PtC14Si/PtCy,Si (left) and PtC¢Si/PtC4Si (right) mixtures
generated in Scheme 4. The integrations used to assign the 77:23 and 71:29 ratios are depicted.

As depicted in Scheme 4, PtC;,Sil!2] and PtC;,Sil!2] were protodesilylated to PtC;oH

and PtC;,H at —78 °C using our standard conditions, followed by cross coupling with ca. 25 equi-

valents of HC4Sil'2] under Hay conditions. Such stoichiometries, intended in this case to maxim-
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ize the ratio of platinum cross- versus homocoupling, are typical in polyyne syntheses. Workups
gave samples of PtC;4Si and PtCy¢Si, but careful attention to the 13C{!H} NMR spectra (Figures
4-B,C) showed that they were actually PtC;4Si/PtC,Si and PtC;Si/PtC{4Si mixtures (43 and
25% total yields, respectively).[22] This was also evident from the SiCH, 'H NMR signals, illustra-
ted in Figure 5. Despite some peak overlap, analyses indicated 77:23 and 71:29 ratios. However,
all attempts to separate the components by analytical or preparative HPLC were unsuccessful.[23]

The preceding phenomena were noted with two different batches of HC4Si. Also, given
the large excesses used, only traces of HC,Si would be required to account for the C, loss products
in Scheme 4. However, oxidative heterocouplings of HC4Si are much faster than those of HC,-
Si,[24] paralleling trends well documented for PthH.B’ga] A reaction of PtCq,Si analogous to
that in Scheme 4 was also carried out with tri(isopropyl)silyl (TIPS) butadiyne, HC4Si'.[12] As
detailed in the SI, a 53:47 PtC{4Si'/PtC,Si' mixture was obtained (39% total yield). In our most
recent work,[3] where ethynediyl loss has not been a factor, care has been taken to slowly add the
blue Hay catalyst supernatant (avoiding addition of the light green precipitate), and omit the acet-
one addition step (compare step 3 in Schemes 1 and 4).

B DISCUSSION

This study has extended the Sonogashira protocol for the synthesis of complexes with Pt-
(C=C),,Pt linkages to a wider range of species with odd numbers of triple bonds (#). In the series
PtC,Pt, adducts with n = 3 through n = 9 are now available, although the prospects for higher
homologs are uncertain, given that PtC,,Si could not be successfully applied in Scheme 2. This
presumably reflects the stage at which the rate of PtC,.H decomposition becomes faster than the
rate of reaction with PtCl, a type of limit reached in most derivatizations of PtC,H.

Although steric issues appear to preclude access to PtC,Pt, when the phosphine ligands
are downsized to PEt;, Pt'C,Pt' becomes available. Interestingly, when one p-tol;P ligand on each
terminus of PtC,Pt is replaced by the smaller phosphine PhMe,P, a Sonogashira synthesis be-
comes feasible.[!>] However, the p-tol;P and PhMe,P ligands statistically scramble, affording a

multitude of products. Presumably, p-tolsP exchange also occurs in Schemes 2 and 3, but is not
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detectable in the absence of deuterium or similar labeling.

There are several other strategies for preparing conjugated polyynes with odd numbers of
triple bonds. An obvious example is the Fritsch-Buttenberg-Wiechell rearrangement[2>] of carb-
enes or carbenoids of the type (R(CEC)H)ZCZC:.[‘“"19b‘d] Tykwinski has applied this to the synthe-

1901 (and in two-fold variants, higher polyynes!!?®:dl). Also, the diiodo building

sis of pentaynes!
blocks I(C=C),,I are available with n = 1, 3, and 5. These have been combined in various coupling
recipes to prepare a number of symmetrically substituted pentaynes and heptaynes.[2°] Triynes and

pentaynes have also been systematically constructed from 3-cyclobutene-1,2-dione precursor us-

ing flash vacuum pyrolytic CO extrusion, and by photochemical cycloreversions. "]

Pt'C,Pt'

Pt'C Pt

Pt'C, Pt'

PtC, Pt

Pt'C,,Pt'

Figure 6. Space filling representations of crystallographically characterized diplatinum complexes.

-12-
This article is protected by copyright. All rights reserved.

dny) suonipuoy pue suwia ), au} 038 “[FZ0T/60/1 1] U0 AIeIqET SUIUQ AJ[IAN TRUMEH SLig] SOHBIQIT AUSIDAIUN NV SBXL, £Q §THO0FTOTAMR/Z001°01/10p/woo Ko eaqiiauriuo-adoama-£nsiwayoy/:sdny woxy papeojumod of 978906601

QM

3SURDIT Suowwo)) aanear) s[qeatidde ayy £q pauIaA0S are SANIE YO o8N Jo SN 10§ K1eIqr] aul[uQ A3[IA UO (SUOT



European Journal of Inorganic Chemistry 10.1002/ejic.202400428

Our crystallographic data fill in several "missing links" among structurally characterized
diplatinum polyynediyl complexes. Computational results identify a variety of monotonic trends
in the L, PtC,PtL, bond lengths as x is increased, 28] one of particular importance being the degree
of bond length alternation (BLA).[*P:291 However, the experimental bond lengths have error bars,
commonly expressed as esd values, and these are often greater than the differences between com-
puted distances. In Table s3, the new data for Pt'C,Pt' and Pt'CPt' are interpolated into existing
data for Pt'C¢Pt' and Pt'C,Pt'. Unfortunately, statistically meaningful trends are challenging to
discern.

Nonetheless, the crystal structures are very helpful in visualizing various steric properties.
Figure 6 shows how the new complexes PtC;¢Pt and PtC4Pt allow improved access to the sp
carbon chain relative to the previously reported PtCgPt. The (C=C); segment in the latter has
proved remarkably unreactive in a variety of attempted additions and cyclotrimerizations, some of
which have been documented with other polyynes.[3) However, it has proved possible to prepare
dicobalt adducts of the next higher homolog, PtC8Pt.[3 1]

Figure 6 also shows that the platinum endgroups of the PEt;-substituted complexes Pt'Cg-
Pt' and Pt'C,(Pt' are much less bulky than those of PtC¢Pt and PtCyPt. This decrease presum-
ably accounts for ready formation of Pt'C,Pt' in Scheme 3, as opposed to the failure to realize
PtC,Pt. There are no van der Waals contacts between the endgroups in Pt'C,Pt' (closest C-C
distance = 3.65 A), but there are conformational consequences. First, note that in Pt'C¢Pt', Pt'Cy¢-
Pt', and Pt'C{,Pt', the C4F5 groups on opposite termini are coplanar. This can be quantified by
the angle between the (P-Pt,-P)Pt,, and (P-Pt},-P)-Pt, planes, which is 0° in all three cases (Table
s3). In contrast, in Pt'C,Pt' the planes are nearly orthogonal (87.2°). This converts what would be
eclipsing P-Pt-P units to staggered moieties with attenuated steric interactions.

This poses the question as to why the remote C¢F5 groups in Pt'CgPt', Pt'C;(Pt', and
Pt'Cy,Pt' should be coplanar to begin with. DFT calculations indicate essentially no electronic

(28]

barrier to rotation about the Pt-Pt axis.!“®/ Hence, packing forces are likely at work. The same

[32]

preference is also seen in the series PtC,Pt, although secondary conformational features'°~! such
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as chain bending distort the plane/plane angles. Those for PtC;¢Pt and PtC;4Pt are 61.9° and
69.6°. Finally, it should be emphasized that there are many other complexes with L, MC=CM'L',,
linkages.[33] In some cases, rotational barriers associated with bulky termini can be quantified.[3>!

Two reviewers were curious whether so-called "even/odd effects", phenomena that are well
established in certain contexts,>*] might be manifested in any of the physical properties of
PtCPt/PtC( Pt/PtC4Pt/PtC gPt versus PtCgPt/PtCy,Pt/PtCycPt/PtC,,Pt. There are none
that we can discern in any of the spectroscopic properties. Furthermore, the computational studies
cited above reveal only trends that are monotonic in C,, (HOMO or LUMO energies, UV/visible
Amax. oscillator strengths, etc.).l28]

To our knowledge, the ethynediyl extrusion reactions documented herein (Schemes 4 and
s1) and by other research groups!!-?:19-20] have no precedent or counterpart in classical shorter-
chain polyyne chemistry. The mechanisms remain a mystery, especially as =C-C= ¢ bonds com-
monly have the highest dissociation energies.!3® An initial computational approach might involve
a series of model intermediates [X(C=C),,]*, and defining the energetics of C, extrusion as a
function of n and z (-1, 0, 1). Until there is more mechanistic insight, only empirical generali-
zations on avoiding these unwelcome side reactions will be possible.

In conclusion, this study has demonstrated the utility of Sonogashira-type heterocoupling
reactions for expanding the availability of the title polyynes. This series of complexes has largely
been restricted to even numbers of triple bonds due to the Hay oxidative homocoupling protocols
commonly employed. Irrespective of endgroup, every polyyne chain length that can be accessed
aids in modeling the properties of the sp carbon allotrope, carbyne.[*] Also, the detailed docum-
entation of spontaneous ethynediyl extrusion in Hay hetereocoupling protocols should assist future
synthetic studies.

B EXPERIMENTAL SECTION
All instrumentation and characterization protocols were identical to those in recent full

[3,9,20]

papers in this series. These are summarized, together with chemical sourcing and purifica-

tion, in the supporting information. All reactions were conducted under dry inert atmospheres us-
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ing conventional Schlenk techniques, but workups were carried out in air.

trans,trans-[(CgFs5)(p-tol3P), Pt(C=C)sPt(Pp-tol3),(C¢F5)] (PtCoPt). A Schlenk flask
was charged with PtCl (0.047 g, 0.047 mmol),l”?] Et,NH (20 mL), CH,Cl, (10 mL) and CuCl
(0.004 g, 0.038 mmol) with stirring. After the mixture became homogeneous it was cooled to —45
°C (dry ice/acetonitrile). Another Schlenk flask was charged with PtCy(Si (0.051 g, 0.042
mmol)['2] and CH,Cl, (20 mL) and cooled to —45 °C. Then n-BuyN* F~ (1.0 M in THF/5 wt%
H>0, 0.013 mL, 0.013 mmol) was added with stirring. TLC monitoring (silica gel, 1:7 v/v CH,-
Cly/hexanes) showed the complete conversion of PtCy(Si to PtC;oH over 15 min. The sample
was transferred by cannula to the solution of PtCl, which was allowed to warm to room tempera-
ture. After 3 d, the solvent was removed by oil-pump vacuum. The residue was extracted with
hexanes (30 mL) and toluene (10 mL). The extracts were passed in sequence through a neutral
alumina column (2 x 20 cm, packed in hexanes). The solvent was removed from the toluene eluates
by rotary evaporation. The residue was chromatographed on a silica gel column (3 x 20 cm, packed
in hexanes, eluted with a 0:4 — 1:4 v/v CH,Cl, /hexanes gradient). The yellow band was taken to
dryness by oil-pump vacuum to give PtC;¢Pt as a yellow powder (0.037 g, 0.018 mmol, 42%),
which decomposed at 208 °C without melting (open capillary). Anal. Calcd. for C;ysHg4FoP4Ptr
(2061.83): C, 61.69; H, 4.07. Found: C, 61.77; H, 4.19.

NMR (6/ppm, CDCly): 'H (500 MHz, cryoprobe) 7.45-7.41 (m, 24H, o to P),[371 7.03 (d,
3Jiy = 10 Hz, 24H, m to P),1371 2.29 (s, 36H, CH5); 13C{'H} (126 MHz, cryoprobe)8] 144.8
(dd, WJep = 226 Hz, 2Jcp = 28 Hz, o to Pt), 139.8 (s, p to P), 136.7 (dm, 'Jcp = 67 Hz, p to Pt),
134.7 (dm, LJop = 74 Hz, m to Pt), 133.2 (virtual t, 2Jcp = 13 Hz,3%1 0 to P), 127.7 (virtual t, 3Jp
=11 Hz,3) m to P), 126.1 (virtual t, LJcp = 60 Hz,3%1 i to P), 103.2 (br s, PtC=C),1381 94.9 (s,
PtC=C), 63.8, 60.9, 56.7 (3 s, PtC=C(C=C)C), 20.3 (s, CH3); 3P {!H} (202 MHz) 17.2 (s, 'Jpp =
2588 Hz).[*!] IR (powder film, cm™!) 2132/2081/2037 (w/m/s, vo=c). UV-vis (nm, 2.25 x 107°
M in CH,Cly, (e, M~lem™1)) 251 (77000), 282 (101000), 304 (123000), 346 (177000), 364
(281000), 390 (292000).

trans,trans-[(C¢F5)(p-tolzP), Pt(C=C),Pt(Pp-tol3),(CgFs)] (PtCi4Pt). A Schlenk flask
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was charged with PtC1(0.037 g, 0.037 mmol),2] £-BuOK (0.034 g, 0.301 mmol), KPF (0.056 g,
0.304 mmol), CuCl (0.0042 g, 0.041 mmol), THF (50 mL) and MeOH (10 mL). The mixture was
vigorously stirred and cooled to —45 °C (dry ice/acetonitrile). Another Schlenk flask was charged
with PtC4Si (0.041 g, 0.032 mmol)l!2! and CH,Cl, (20 mL) and cooled to —45 °C. Then n-BuyN*
F~ (1.0 M in THF/S wt% H,0, 0.010 mL, 0.010 mmol) was added with stirring. TLC monitoring
(silica gel, 1:7 v/v CH,Cl,/hexanes) showed the complete conversion of PtCy4Si to PtC;4H over
15 min. The sample was transferred via cannula to the solution of PtCl, which was allowed to
warm to room temperature. After 3 d, a workup identical to that for PtC;¢Pt gave PtC 4Pt as a
dark yellow powder (0.028 g, 0.013 mmol, 41%), which decomposed at 224 °C without melting
(open capillary). Anal. Calcd. for CyjgHg4FoP4Pty (2109.83): C, 62.56; H, 3.98. Found: C, 62.71;
H, 3.94.

NMR (6/ppm, CDCly): 'H (500 MHz, cryoprobe) 7.45-7.41 (m, 24H, o to P),[371 7.11 (d,
3Ji = 10 Hz, 24H, m to P),1371 2.35 (s, 36H, CHz); 13C{!H} (126 MHz, cryoprobe)38] 145.9
(dm, 'Jep =231 Hz, o to Pt), 141.2 (s, p to P), 137.8 (dm, LJcp = 69 Hz, p to Pt), 135.9 (dm, LJcp
=76 Hz, m to Pt), 134.4 (virtual t, 2Jcp = 13 Hz,13% 0 to P), 128.9 (virtual t, 3J-p = 12 Hz, 3% m
to P), 127.0 (virtual t, 'Jep = 60 Hz,3%1 i to P), 108.3 (br s, PtC=C),331 95.4 (s, PtC=C), 66.5,
64.4, 62.3, 60.6, 57.1 (5 s, PtC=C(C=C),C), 21.5 (s, CHy); 3'P{1H} (202 MHz) 17.4 (s, LJpp; =
2613 Hz).[*!] IR (powder film, cm™") 2132/2081/2037 (w/m/s, vo=c). UV-vis (nm, 2.25 x 107°
M in CH,Cl,, (g, M~lem™1)) 289 (113000), 286 (125000), 317 (142000), 312 (156000), 353
(224000), 374 (324000), 404 (327000).

trans,trans-[(Cg¢F5)(p-tol3P),Pt(C=C)oPt(Pp-tol3),(CcF5)] (PtCygPt). PtCl (0.050 g,
0.050 mmol),l?] £-BuOK (0.045 g, 0.40 mmol), KPF¢ (0.074 g, 0.40 mmol), CuCl (0.0047 g,
0.048 mmol), THF (50 mL), MeOH (10 mL), PtC1gSi (0.048 g, 0.041 mmol),['?] CH,Cl, (20
mL), and n-Bu4N+ F~ (1.0 M in THF/5 wt% H,O, 0.012 mL, 0.012 mmol) were combined in a
procedure analogous to that for PtCy4Pt. An identical workup gave PtCgPt as a dark yellow
powder (0.028 g, 0.013 mmol, 32%), which decomposed at 198 °C without melting (open capil-
lary). Anal. Caled. for C4Hg4FoP4Pty (2157.83): C, 63.39; H, 3.89. Found: C, 63.23; H, 4.03.
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NMR (8/ppm, CDCl3): 'H (500 MHz, cryoprobe) 7.45-7.41 (m, 24H, o to P),1371 7.11 (d,
3Jyy = 10 Hz, 24H, m to P),1371 2.36 (s, 36H, CH3); 13C{!H} (126 MHz, cryoprobe)?8:421 145.9
(dd, 2Jcp =26 Hz, o to Pt), 141.2 (s, p to P), 137.8 (dm, |J-p = 63 Hz, p to Pt), 135.7 (dm, 'Jcp =
88 Hz, m to Pt), 134.3 (virtual t, 2Jcp = 13 Hz,[3% 0 to P), 128.9 (virtual t, 3Jcp = 11 Hz,3%1 m to
P), 126.9 (virtual t, LJcp = 62 Hz, 3?1 i to P), 95.1 (s, PtC=C), 67.3, 65.6, 64.0, 62.7, 61.4, 60.1,
56.9 (7 s, PtC=C(C=C);C), 21.5 (s, CHy); 3'P{1H} (202 MHz) 17.2 (s, lJpp, = 2588 Hz).[*!| IR
(powder film, cm™1) 2132/2081/2037 (w/m/s, vo=c). UV-vis (nm, 2.25 x 107¢ M in CH,Cl,, (e,
M~lem™1)) 293 (122000), 308 (128000), 324 (158000), 349 (223000), 371 (352000), 384
(326000), 417 (346000).

trans,trans-[(C¢Fs5)(Et3P), Pt(C=C)5Pt(PEt3),(CgF5)] (Pt'CyoPt'). A Schlenk flask was
charged with PtC;(Pt (0.056 g, 0.027 mmol) and CH,Cl, (30 mL). Then PEt; (0.018 mL, 0.124
mmol) was added with stirring. After 16 h, the solvent was removed by oil pump vacuum. Ethanol
(10 mL) was added to the oily residue, which was kept at 4 °C. After 2 h, the solid was collected
by filtration, washed with ethanol (2 x 10 mL), and dried by oil-pump vacuum to give Pt'C,Pt'
as a yellow powder (0.028 g, 0.021 mmol, 78%), which decomposed at 196 °C without melting
(open capillary). Anal. Calcd. for C4gHgoF|oP4Pty (1316.28): C, 41.94; H, 4.56. Found: C, 41.89;
H, 4.59.

NMR (8/ppm, CDCl3): 'H (500 MHz, cryoprobe) 1.74 (m, 24H, CH,), 1.07 (m, 36H, C-
H3); 13C{H} (126 MHz, cryoprobe) 147.0 (dd, !J-p =224 Hz, 2J-p = 19 Hz, 0 to Pt), 137.1 (dm,
Ucp =244 Hz, m/p to Pt), 119.1 (m, LJcp, = 679 Hz,[*1] 2J~p = 111 Hz, i to Pt), 106.3 (br s, LJpq
=1033 Hz,[*!1 PtC=C), 90.9 (s, 2Jcp, = 282 Hz,[*1] PtC=C), 64.9, 62.1, 57.4 (3 s, PtC=C(C=C)C),
15.9 (virtual t, Jep = 35 Hz, 31 CH,), 7.9 (s, CH;); 3!P{!H} (202 MHz) 12.8 (s, 'Jpp; = 2380
Hz).*! IR (powder film, cm™1) 2132/2081/2037 (w/m/s, vc=c). UV-vis (nm, 2.42 x 107 M in
CH,Cl,, (e, M~lem™1)) 283 (44000), 316 (51300), 348 (161000).

trans,trans-(C¢Fs)(Et;P), PtC=CPt(PEt3),(C¢F5) (Pt'C,Pt"). A Schlenk flask was char-
ged with Pt'C,H (0.162 g, 0.260 mmol),[!%] Pt'CI (0.165 g, 0.260 mmol),!!®] £-BuOK (0.035 g,
0.31 mmol), KPF (0.058 g, 0.316 mmol), CuCl(0.0049 g, 0.049 mmol), THF (20 mL), and MeOH
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(20 mL) with stirring. Over the course of 2 d, TLC monitoring (silica gel, 1:3 v/v CH,Cl,/hexanes)
showed the consumption of Pt'C,H and Pt'Cl (R¢0.65, 0.15) and the appearance of a product (R¢
0.50). The solvent was removed by oil-pump vacuum. The residue was extracted with CH,Cl, and
filtered through a short Celite pad. The solvent was removed by rotary evaporation and the residue
chromatographed (30 % 2 cm column, silica gel packed in hexanes, eluted with a 0:4 — 1:4 v/v
CH,Cl,/hexanes gradient). The solvent was removed from the product containing fractions by oil-
pump vacuum to give Pt'C,Pt' as a white solid (0.216 g, 0.177 mmol, 68%), which started to
blacken at 135 °C and melted at 146 °C (open capillary). Anal. Calcd. for C3gHgoFoP4Pty
(1220.92): C, 37.37; H, 4.92. Found: C, 37.27; H, 4.78.

NMR (8/ppm, CDCl3): 'H (500 MHz, cryoprobe) 1.78 (m, 24H, CH,), 1.05 (m, 36H,
CHs); BC{!H} (126 MHz, cryoprobe) 147.2 (dd, LJcp = 244 Hz, 2Jcp = 21 Hz, o to Pt), 136.7
(dm, LJop =248 Hz, m/p to Pt), 122.7 (t, 2Jcp =59 Hz, i to Pt), 116.4 (t, 2Jcp = 21 Hz,[*1] PtC=C),
15.4 (virtual t, 1Jcp = 17.0 Hz,3% 2Jp, = 33 Hz,[*!] CH,), 8.0 (s, 3Jcp = 24 Hz,[*!] CHy);
3Ip{1H} (202 MHz) 14.8 (s, Jpp; = 2483 Hz).[*!] IR (powder film, cm™1) 2114 (m, ve=c).

Reaction of PtC{,Si and HC4Si in Scheme 4. A three-neck round bottom flask was fitted
with a gas dispersion tube, charged with PtCq,Si (0.427 g, 0.354 mmol)[!'2] and THF (50 mL),
and cooled to —78 °C. A Schlenk flask was charged with CuCl (0.139 g, 1.41 mmol), acetone (20
mL), and TMEDA (0.266 mL, 0.206 g, 1.77 mmol) with stirring (rt, 0.5 h), after which a green
solid separated from a blue supernatant. Then wet n-BuyN* F~ (1.0 M in THF, 5 wt% water, 0.10
mL, 0.10 mmol) was added to the three-neck flask with stirring. After 5 min (silica gel TLC, 1:9
v/v ethyl acetate/hexanes, showed no remaining educt), Me;SiCl (0.12 mL, 0.94 mmol), cold ace-
tone (—45 °C, 70 mL), and HC4Si (1.307 g, 7.954 mmol)[ 2] were sequentially added. Then oxygen
was bubbled through the tube and the blue supernatant (rt) added with stirring. After 1 h, the bath
was removed and hexanes (140 mL) added. The dark green suspension was filtered through a pad
of silica gel (2.5 x 10 cm, packed in 1:1 v/v acetone/hexanes), which was rinsed (1:1 v/v acetone/
hexanes) until the filtrate became colorless. The solvents were removed from the filtrate by rotary

evaporation at 20 °C and the red brown residue chromatographed on a silica gel column (3.5 x 30
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cm, packed in hexanes, eluted first with hexanes then with a CH,Cl, gradient until 3:1 v/v CH,Cl,/
hexanes). The solvents were removed from the product containing fractions by rotary evaporation
and oil pump vacuum to give an inseparable 23:77 mixture (assayed from Figure 5) of PtCy,Si
and PtCy4Si as orange-brown solid (0.191 g, 0.152 mmol, 43%).1221

NMR 6/ppm, CDCl3, sp, sp> and phosphorus signals only, PtC4Si/PtCy,Si): 'H (500
MHz) 2.4 (1 x s, 18H, CHz, p to P), 0.99/0.98 (2 x t, 3Jyyy = 7.9 Hz, 9H, SiCH,CHj3), 0.64/0.63
(2 x q, 3Jyg = 7.9 Hz, 6H, SiCH,); 13C{!H} (126 MHz)[331 109.9/109.2 (2 x br s, PtC=C),!40]
94.8 (1 x s, PtC=C), 88.9/89.2 (2 x s, C=CSi), 86.78/85.97 (2 x s, C=CSi), 67.2/66.9, 65.6/65.3,
64.2/63.9, 63.3/62.5, 62.1/-, 61.8/-, 61.5/61.2, 60.62/60.59, 59.59/59.55, 56.5/- (remaining C=),
21.3 (1 x's, CHy), 7.3 (1 x s, SICH,CH3), 4.0/4.1 (2 x s, SiCH,); 3'P{1H} (202 MHz) 18.03 (1 x
s, LJpp, = 2608 Hz).[*!]

Crystallography. The following structure solution is representative, and others are detail-
ed in the SI. A CHClj; solution of PtCyPt was layered with hexanes and kept at 4 °C. After 3 d,
orange plates were collected. Cell parameters were determined from 45 data frames taken at widths
of 1° and refined with 11365 reflections using APEX3.143] Data were corrected for Lorentz and
polarization factors, and (using SADABS)[*#] crystal decay and absorption effects. Systematic
reflection conditions and statistical tests suggested the space group C2/c, which was confirmed by
SHELXT.!**] Two molecules of chloroform were found per PtC(Pt molecule. Hydrogen atom
positions were calculated and refined using a riding model. All non-hydrogen atoms were refined
anisotropically. The absence of additional symmetry and voids was confirmed using PLATON

(ADDSYM).[*?] The structure was refined (weighted least squares refinement on F2) to converg-

CHCC.[44’46]
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