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Syntheses and Structures of Square Planar DipfatButadiynediyl Complexes
with two Different Monophosphine Ligands on eachriii@us;
Probing the Feasibility of a New Type of InorgaAitopisomerism
Sandip Dey8 Tianyi Zhang, Nattamai Bhuvanesh, and John A. GlagsZ
Department of Chemistry, Texas A&M University, PBhx 30012, College Station, Texas
77842-3012, USA

ABSTRACT
Reactions ofrans-(CgFsg)(p-tolsP)Pt(Cl) (PtCl) and RPhP (1.0 equiv; R &/Me, b/p-t-BuCs-
Hy, c/p-MeOGCgH,, d/n-Pr; CHCl,/rt (a) or toluene/reflux i§-d)) give mainlytrans-(CgFs)(Ro-
PhP)p-tol3P)Pt(Cl) Pt'Cl-a-d, 89-29%) and some disubstitution produitemns-(CgFs)(RoPh-
P)Pt(Cl) Pt"Cl -a-d, 4-13%). No substitution occurs witiBu,PhP. However, (cod)@Fs)Pt-
(Cl) andt-Bu,PhP (2.7 equiv; toluene/reflux) react to gtvans-(CgFs)(t-Bu,PhP)Pt(Cl) Pt" -
Cl-e, 64%), which upon treatment withtolsP (1.0 equiv, toluene/reflux) yieldsans-(CgFs)(t-
Bu,PhP)p-tolsP)Pt(CI) Pt'Cl-e, 91%). Additions of excess butadiyneRtCl-a-d (CH,Cl», cat.
Cul, HNEb) afford the butadiynyl complexdsans-(CgFs)(R,PhP)p-tolsP)Pt(GC),H (Pt'Cy4-
H-a-d, 36-77%), buPt'Cl-e does not similarly react. Cross couplingPtC| -a-c andPt'C 4H-
a-c (cat. Cul, HNEj) give mixtures of diplatinum butadiynyl complexeswhich the two unlike
phosphine ligands scramble over all four positiftC 4Pt, PtC4Pt'-a-c, PtC4Pt" -a-c, Pt'C4-
Pt'-a-c, Pt'C4Pt" -a-c, Pt"C 4Pt"-b; TLC separable, 27-2% each). A modified coupliagpe is
tested withPt'Cl-b,d andPt'C4H-b,d (t-BuOK, KPF;, cat. CuCl), and giveBt'C4Pt'-b,d (21-
76%) with only traces of scrambling. The crystalistures ofPt"Cl -e, Pt'C 4H-a, Pt'C4Pt'-a-d,
andPtC4Pt" -b are determined, and the endgroup/endgroup interscanalyzed. Low tempera-
ture NMR spectra do not reveal any dynamic processe

key words. platinum, phosphine ligands, sp carbon chainsst#ution, Hagihara coupling, low
temperature NMR, crystallography

Highlights
The complexes (§Fs5)(RoPhP)p-tolsP)Pt(X) (X = Cl/(GC),H) are prepared with diverse R
Hagihara couplings give ¢Es)(L)(L")Pt(C=C),Pt(L)(L")(CgFs) with L/L" scrambling
NMR spectra/structures of diplatinum complexesaaralyzed regarding atropisomerism
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m INTRODUCTION

There is an extensive literature of complexes imctv two square planar platinum(ll)
fragments cap butadiynediyl or =C-C=C- moietiesl™3 There is also an extensive literature in-
volving higher homologs with as many as 28 sp cadtoms'¢-2-6However, there are a number
of interesting properties or phenomena that areuely associated with shorter sp carbon
bridges. For example, the platinum(ll)/platinumXltbdical cations generated by one electron
oxidations are much more stable at modest chagtheg.P.9.7

In a recent papétwe described a quest for atropisomiaterived from diplatinum eth-
ynediyl or PtGCPt complexed? The idea was that with appropriate substitutiottepas, as ex-
emplified in Scheme 1 with adducts that bear twiedknt trans disposed monophosphine lig-
ands on each platinum, it might be possible to rsgpanantiomers or diastereomers with an axis
of chirality. Alternatively, slow interconversioroald be established by NMR techniques. To
date, these efforts have not resulted in a denatietrof atropisomerism. However, this is likely
because the phosphine ligands initially employedewmt bulky enough (e.g., X/Y = Ph/Me in
I). Promising second generation targets are easiMjsiened (e.g., X/Y = PkBu or i-Pr/o-

CeHuX).

| |
Y—P—Y P(p-tol) (p-tol)sP, Y—P—Y
F F ’ S F F F F 2% ‘ FF
F~Q—Pt = pt Fl |FX Pt—=—=—Pt <>:\§7F
9 = ‘ =
" (Ftl)i P/ F F : - F F R P(p-tol) ]
p-tol)z — = " p-10l)3
AAN /N\Y
X Y Y X

X/Y = Ar/R, R/Ar, Ar/Ar', etc.

Scheme 1Enantiomeric atropisomers derived from diplatinettmynediyl complexes. The Y groups are
diastereotopic and potentially distinguishable BRI

In laying the groundwork for these studies, relatemplexes with longer PRCC=CPt
bridges were also investigated. Although in retexsghere was little chance of detecting atrop-
isomerism in such species, they provided valuasgrig grounds for syntheses of coupling part-

ners, such as platinum chloride complexes withtyhes of monophosphine ligands in Scheme 1,



trans-(Ar)(R,PhP)p-tolsP)Pt(Cl)11 They also revealed problematic phosphine scramiyin-
cesses under certain coupling conditions, and dsi@i protocols that became unreliable in the
presence of bulkier phosphine ligands. Furthermseeeral crystal structures that help visualize
the magnitudes of the endgroup/endgroup interagtivhich must underpin any atropisomerism,
could be determined. Accordingly, in this full papa detailed account of this previously undis-
closed work is presented.

m RESULTS

1. Syntheses of monoplatinum complexesans-(CgFs)(RoPhP)(p-tol3P)Pt(Cl). The
previously reported platinum chloride compleans-(CgFs)(p-tolsP)Pt(Cl) (PtCl)22 and Me-
PhP (1.0 equiv) were combined in gEl, at room temperature. As shown in Scheme 2 (top),
workup gave the monosubstitution prodtreins-(CgFs)(Mey,PhP)p-tolsP)Pt(Cl) Pt'Cl-a) as a
white solid in 89% vyield. In some cases, small anmi®wfPtCl remained, or the disubstituted
byproducttrans-(CgFs)(Me,PhP)Pt(CI) (Pt"Cl -a) was detected (each <4%). In these cd2es,
Cl-a was purified chromatographically. The identityRifCl -a was confirmed by an independ-
ent synthesis from [(Fs)(tht)Pt@~Cl)], and MePhP (73%; Scheme 2, bottom). This route has
been used to prepare many related platinum bisfties) complexeda.c:5h.]

Similar reactions were carried out with three offigosphines of the formula,RhP (R =
alkyl or aryl; b-d in Scheme 2). With the triarylphosphingst{BuCgH,),PhP and {-MeOGCs-
H4)-PhP, no reactions witRtCl occurred over the course of 16 h in refluxingsCh. Howev-
er, after 22 h in refluxing toluene, the target ptemestrans-(CgFs)(p-tolsP)((p-t-BuCgH,4),Ph-
P)Pt(Cl) Pt'Cl-b) andtrans-(CgFs)(p-tol3P)((p-MeOCgH,4)-PhP)Pt(Cl) Pt'Cl-c) could be isol-
ated in 29-42% yields following chromatography.

When PtCl and n-Pr,PhP were combined in GBI, or toluene at room temperature,
conversion tdrans-(CgFs)(p-tol3P)(n-Pr,PhP)Pt(Cl) Pt'Cl-d) was slow and incomplete. How-
ever, the yield oPt'Cl-d improved to 42% when the sample was refluxed lnetee (6 h). In
each of these reactions, smaller amounts of thésiguted byproductBt"Cl -b-d were also ob-

tained, as verified by independent syntheses (Setirhottom). Thus, not all of the startifty



Cl was consumed.
E F

P p-tol;
|
F—Qﬁt—d

F g Pptol
PtCl

1.0 equiv | R = a, Me; CH,Cl,, rt, 16 h
R,PhP b, p-CgHt-Bu; toluene, reflux, 22 h
¢, p-CgH,OMe; toluene, reflux, 22 h
d, n-Pr; toluene; rt, 16 h, reflux, 6 h

R F

Pp-tols R_F Pptols R F PPhR;
| |
F P-Cl  + F P-Cl + FQP'{-CI
F F PPhR: F F

|
F g Pptol PPhR,

PtClI Pt'Cl Pt"Cl

a, PtCI /Pt'Cl-a /Pt"Cl-a
04% / 89% / 04%
b, PtCI/Pt'Cl-b /Pt"Cl-b
24% [ 29% / 10%
¢, PtCI/Pt'Cl-c /Pt"Cl-c
28% /[ 42% [ 13%

d, PtCl/Pt'Cl-d /Pt"Cl-d
27% [ 42% [ 10%

O . F 2022 equiv
R-PhP/Pt
F R F
SN CH,Cl,, 18 h PPhR,
= Pt Pt F —> F Pt-ClI
AN |
= \@ Cl SQ = = PPhR,
= £ R = a, Me; 73%, (Pt"Cl-a)
F b, p-CgH 4t-Bu; 76%, (Pt"Cl-b)
¢, p-C¢H,OMe; 52%, (Pt"Cl-c)
d, n-Pr; toluene; 60%, (Pt"CI-d )
Scheme 2 Syntheses of monoplatinum complexems-(CgF5)(RoPhP)p-tolsP)Pt(Cl) Pt'Cl; top) andrans-

(CeFs)(RoPhPYPL(CI) (Pt'CI; bottom).

Analogous complexes with the bulkier phosphirigu,PhP were sought, but no reaction
took place withPtCl in refluxing toluene. Thus, alternative routes evekplored as summarized
in Scheme 3. First, reactions of §fs)(tht)Pt(~Cl)], and excessBu,PhP in CHCI, or reflux-

ing toluene yielded the monophosphine complegFEit-Bu,PhP)(tht)Pt(Cl) 1) instead of the



target bis(phosphine) complésans-(CgFs)(t-Bu,PhP)Pt(Cl) (Pt"Cl -e; compare to Scheme 2,
bottom). The stereochemistry depicted in Figureas wonfirmed by a crystal structure (below).
Subsequent reactions biwith the phosphines B orp-tolsP in refluxing toluene resulted tn
Bu,PhP displacement. The two-fold substitution proslticins-(CgFs)(EtsP),Pt(Cl) or trans-

(CgFs)(p-tolsP),Pt(Cl) (PtCl) described earliéf-Cwere isolated.
F

F / \ not detected:
F
2.4 equiv E F S
F
SNEUSN t-Bu,PhP/Pt | R_F PPht-Bu;
F — -
FoOPLPL —> F Pt—PPht-Bu, E Pt-C|
Cl S CHCl, | |
F c or FF ¢ FF PPhtBu;
= toluene, 1 77%
F reflux, 15 h '
R';P (R' = Et, p-tol)
toluene, reflux, 15 h
not detected (route B):
2.2-2.3 equiv/Pt
A R F |
R'sP (R' = Et, p-tol) PR’ EOF oo
> F Pt-Cl PR3
' F Pt-CI
S |
F F PPht-Bu,
t-BUzPhP, CHzclz or
toluene, reflux, 16 h f
X
F . .
F 2.7 equiv 1.0 equiv
F t-BUzPhP p't0|3p
/ F toluene R_F PPhtBu, toluene R_F Pptols
N reflux | reflux I
P F T F p-ci  —————> F Pt-Cl
I
Cl £ g PPhtBu, F g PPht-Bu;
Pt"Cl-e, 64% Pt'Cl-e, 91%
CeFsLi,
THF
t-BuPhP, PPht-Bu,
H,0/ethanol |
K5PtCly R CI—F|>t—CI 2, 89%
PPht-Bu,

Scheme 3Successful and unsuccessful routes to the motiroyta complexesrans-(CgFs)(t-Bu,PhP)p-
tol3P)Pt(Cl) Pt"Cl -e) andtrans-(CgFs)(t-Buy,PhP)p-tol3P)Pt(Cl) Pt'Cl-€).



Next, the previously reported dichloride compteans-(t-Bu,PhP}Pt(Cl), (2) was syn-
thesized by a slight modification of the literatyyeocedure (Scheme 3, botto#?) The 1Jpp,
value (2542 Hz) indicatedtaans stereochemistry3 in accord with a crystal structuté Howev-
er, subsequent additions offsLi (preparedn situ from n-BuLi and GFgBr)1° in either 1:1 or
1:2 stoichiometries gave mainly starting matetif). to 20% conversion to a new species could
be observed in some experiments, but the propevees not appropriate for the target molecule.

Finally, routes involving the previously describeytlooctadiene complex (cod)Es)-
Pt(Cl) were investigated (Scheme 3, bottéfNo reaction took place with-Bu,PhP (2.7
equiv) at room temperature, bwans-(CgFs)(t-Bu,PhP)Pt(Cl) (Pt"Cl -€) formed cleanly in re-
fluxing toluene. A 64% yield was isolated after Wap. A subsequent reaction wipktolzP (1.0
equiv) in refluxing toluene gave the target comghCl -e in 91% yield.

2. Syntheses of butadiynyl complexesans-(CgFs)(R,PhP)(p-tol3P)Pt(C=C),H (Pt'-
C4H). The next objective was to convert the chloridenplexesPt'Cl-a-e to the corresponding
butadiynyl complexes. As shown in Scheme 4 (tophddtions that were effective in an earlier
synthesis ofrans-(CgFs)(p-tolsP),Pt(CEC),H (PtC,H)%2 were applied tdPt'Cl-a (excess buta-
diyne, HNE}, cat. Cul). A chromatographic workup gave the eéaipmplextrans-(CgFs)(Me,-
PhP)p-tolsP)Pt(GC),H (Pt'C4H-a) in 36% yield, together with lesser amounts of fh®s-
phine scrambling produc®tC,4H (16%) andPt"C 4H-a (10%). In an alternative approach, the
butadiynyl compleXPtC4H was treated with MghP (1.0 equiv, CbCl,, 18 h). Chromatogra-
phy gave a comparable product distributiBiC 4H-a, 30%,PtC4H, 18%,Pt"C 4H-a, 11%.

When the dif-propyl)phenylphosphine chloride complBXCl-d and butadiyne were si-
milarly reacted, NMR analyses showed the formatba 92:4:4 mixture of the target complex
Pt'C4H-d and the phosphine scrambling produet€,H andPt"C 4H-d. Crystallization afford-
ed purePt'C4H-d in 73% yield. Interestingly, the two complexeshitiarylphosphine ligands,
Pt'Cl-b,c, did not give detectable phosphine scrambling. Rips afforded the butadiynyl com-
plexesPt'C4H-b,c in 75-77% yields. As summarized in Scheme 4 (mo}fall attempts to re-

place the chloride ligand iRt'Cl-e by alkynyl ligands were unsuccessful. Alternatcress



coupling protocols (see also beld#)nvolving t-BuOK base and KRfgave no reaction.
R_F Pp-tol; R =a, Me

. b, p-CgH t-Bu
F P|t cl ¢, p-CeH,OMe
= = PPhR, d, n-Pr
Pt'Cl
HNEt,, cat. Cul,
H(C=C),H
R_F Pptol R F Pptolg RCT PPhR,
! |
F Plt-CEC—CEC—H + FQPIt—CEC—CEC—H + F Plt—CEC—CEC—H
£ g Pptols £ f PPhR; £ g PPhR;
PtC 4H Pt'C 4,H-a-d Pt"C 4H-a-d

a, 16% /36% /10%
b, <2% / 77% | <2%
C, <2% /75% / <2%
d, 04% / 92% / 04% (in situ)
<2% [/ 73% / <2% (after crystallization)

HNEL,, cat. Cul, vy Pp-tol
H(C=C),H or F Pt-C=C-C=C-H
c e HC=CSiR; (R = Me, Et) '
Pl S £ & PPhtBu,
c Plt_C| > PtC4H'e
PPht-Bu,  t-BUOK, KPFy, cat. Cul F F
FF H(C=C),H, THF/ methanol Dptols
BrCl F Pt-C=C-SiRg
£ ¢ PPht-Bu,

Scheme 4 Successful and unsuccessful syntheses of momaptabutadiynyl and alkynyl complexes.

3. Syntheses of diplatinum butadiynediyl complexe®Numerous diplatinum butadiyne-
diyl complexes have been prepared by Hagiharadeiaplings of platinum butadiynyl and pla-
tinum chloride complexe®¢.dThus, as shown in Scheme 5, equimolar quantifitisecbutadi-
ynyl complexesPt'C4H-a-c (see Scheme 4) and chloride compleRé€l-a-c (see Scheme 2)
were combined in HNEtin the presence of a catalytic amount of CuCleAfi6-88 h at 45-50
°C, workups gave mixtures of five to six diplatintmatadiynediyl complexes. Although the indi-
vidual yields were low, they could be separatedibga gel column chromatography.

It quickly became apparent that the many produwetse derived from scrambling of the

phosphine ligands. In our previous application$iafjihara coupling reactions, all of the phos-



phine ligands had been identical, so this phenomeamained undetected. In accord with nom-
enclature introduced above, the three possiblerengg could be designatéd ((CgFs)(p-tols-
PYPt), Pt' ((CgFs)(p-tolsP)(R,PhP)Pt), andPt” ((CgFs)(RoPhP)Pt). These can in turn code for
the six possible productBtC4Pt, PtC4Pt', PtC4Pt", Pt'C4Pt', Pt'C4Pt" andPt"C 4Pt".

F, F F F
Pp-tol; p-tol;P
| |
F IIDt—CEC—CEC—H + CI—IIDt F
F = PPhR, RoPhP E e
Pt'C,H-a-c Pt'Cl-a-c

= (a) Me, 50 °C, 66 h
(b) p-CeHat-Bu, 45 °C, 88 h
(c) p-CeHsOMe, 50 °C, 88 h

HNEt,, cat. CuCl

Pp—tol3 p-tolsP
Pt c=Cc—C=C— Pt@*
Pp-tol3 p-tolsP

PtC,Pt

= (a) Me, 3%

(b) p-CeH4t-Bu, 2%
(¢) p-CeH4OMe, 2%

F F

Pp-tols ptolsP

Pt—C=C—C=C— Pt F
. R PhP

Pp tol 2 E F

PtC4Pt'-a-c

= (a) Me, 23%
(b) p-CeHat-Bu, 8%
(c) p-CeH4OMe, 7%

PtC,Pt"-a-c

R = (a) Me, 12%
(b) p-CgHat-Bu, 9%
(c) p-C¢H4OMe, 5%

F F

Pp-tols ptolsP

Pt—C=C—C=C— Pt F
R PhP

PPhR2 2 F F

Pt'C4Pt'-a-c
= (a) Me, 27%
(b) p-CeHst-Bu, 3%
(¢) p-Ce¢H4OMe, 8%

Pt'C,Pt"-a-c

= (a) Me, 4%
(b) p-CeH4t-Bu, 8%
(c) p-C¢H4OMe, 8%

F
Pp—tol3 R2PhP
Pt c=Cc—C=C— P'[ F
Pp—tol3 R2PhP £

F
Pp-tol3 RzPhP
Pt c=Cc—C=C— Pt F
RPhP
PPhR2 2 E e

Q
Q
Q

F
PPhR, RoPhP
Pt-C=C—C=C— Pt F
PPAR RoPhP
2 2 FF

Pt"C,Pt"-b
= (b) p-CgHat-Bu, 2%

Scheme 5Syntheses of diplatinum butadiynyl complexes.

In the case where the phenylphosphine substituU&sjswere Me &), five diplatinum

complexes were isolateBtC4Pt, 3%; PtC,4Pt'-a, 23%;PtC,Pt" -a, 12%;Pt'C 4Pt'-a, 27%:;Pt'-

C4Pt"-a, 4%. The Rvalues decreased as the number o ligands increased. All were air



stable yellow solids, and were characterized by N(WR 13C{1H}, 31P{1H}) and microanalys-
es, as summarized in the experimental section.sTituetures readily followed from the NMR
properties, principal details of which are desalibelow.

In the case where the phenylphosphine substitweertsp-t-BuCgH, (b), six diplatinum
complexes were isolateB1C,4Pt, 2%; PtC4Pt'-b, 8%; PtC,4Pt" -b, 9%; Pt'C 4Pt'-b, 3%;Pt'C4-
Pt"-b, 8%; Pt"C 4Pt"-b, 2%. In the case where the phenylphosphine substi werg-MeO-
CgHy (€), five complexes were isolated as summarized imeB8e 5. This coupling was some-
what slower, so a significant amount of unreactddracde complexPt'Cl-c (26%) was recover-
ed, together with traces of the scrambled anBkj (1%).

Given these disappointing results, attention wased to an alternative recipe for cross
coupling metal chloride and terminal alkynyl comgas. It had been shown that when THF/me-
thanol solvent mixtures were employed with sligktesses of-BuOK and KP and a catalytic
amount of CuCl, diplatinum butadiynediyl complexasild be isolated in good yieldd.This
protocol was optimized using equimolar quantitiédhe p-tolsP substituted reaction partners
trans-(CgFs)(p-tolsP),Pt(CC),H (PtC,H) and PtCl. As described elsewheté,workup gave
the known comple®tC,Pt in 73% yield.

F F F, F
P p-tolg p-tolzP
F IIDt—CEC—CECH + Cl—li’t F
. A, PPhR; R,PhP E F
Pt'C 4H-b,d PtCl-b,d

R = (b) p-CgH4t-Bu, 15 d| t-BUOK, KPFg

cat. CuCl
(d) n-Pr, 92 h THF/methanol

rt

i F P p-tols P-TO|3FI’ i F
FQét—czc—csc—F‘n—QF
<\ PPOR; RPHP 7\

Pt'C ,Pt-b,d
R = (b) p-CgH4t-Bu, 21%
(d) n-Pr, 76%

Scheme 6 Syntheses of diplatinum butadiynyl complexesralative cross coupling procedure.



Next, comparable conditions were applied to caouyplpartners that each contained two
different phosphine ligands. As shown in Schemet'€; 4H-b andPt'Cl-b were reacted for 15 d
at room temperature. Workup gave the target comptex,Pt'-b in 21% vyield, as well as traces
of PtC4Pt'-b andPt'C4Pt"-b (ca. 1% each). Considerable amount®t€ 4H-b and Pt'Cl-b
were recovered (19%, 36%). Comparable conversiane vealized after 3-4 d at 50 °C. Finally,
Pt'C4H-d andPt'Cl-d were similarly reacted. Workup after 92 h at rommperature gave the
target complexPt'C4Pt'-d in 76% yield after crystallization. No chromatagingc purification
step was necessary, and no phosphine scramblimgdwgis were apparent.

4. NMR Properties. Certain NMR features of the preceding complexestmete. In our
earlier paper involving similar diplatinum ethyngdiomplexe< no coupling was observed be-
tween phosphine ligands on opposite termini (sRip. The same would be expected for the
more widely separated phosphine ligands in theatdipim butadiynediyl complexes in this stu-
dy (still smaller’Jpp). Thus, to a first approximation, their NMR spacshould be "hybrids" of
those of the monoplatinum butadiynyl complexesesponding to each endgroup.

This leads to a hierarchy of complexity. Firstertn are two "series" of butadiynediyl
complexes with identical endgroups, each with tdemtical phosphine ligand$2tC,Pt (previ-
ously reported) andPt"C 4Pt"-b (isolated only in trace quantities). These givecmsimpler
spectra. Next, there are the title complexes wdgniical endgroups, each with twitfferent
phosphine ligand€t'C 4Pt'-a-d. ThelH NMR spectra exhibit the characteristic signalath
phosphine, with only a few cases of resolved seaoddr phenomena. However, thic{1H}
and31P{1H} NMR spectra exhibit a variety of second ordeattees as described below. Finally,
there are three series of complexes with non-idehéndgroupsPtC,Pt'-a-c, PtC4Pt" -a-c, and
Pt'C4Pt" -a-c. While in theory these give the most complicatddRNspectra, this is only in an
additive sense; they seldom introduce new phenometaanifested in the other complexes.

With regard to théP{1H} NMR spectra, certain trends in the monoplatincomplexes
deserve comment. Firdet'Cl-a,d andPt'C4H-a,d feature one triarylphosphine ligand and one

dialkylphenylphosphine ligand. They exhibit welpseated signal(18.3 to 20.2p-tol3P; —9.9

-10-



to 8.8, RPPh) and couple as expectédbp = 404-450 Hz). HoweveRt'Cl-b,c andPt'C 4H-b,c
feature two similar triarylphosphine ligantsWwith Pt'Cl-b and Pt'C4H-b, only one singlet is
observed § 19.8-17.8), presumably due to accidental degegeiith Pt'Cl-c andPt'C4H-c,
two closely spaced singlets are found ©.51-19.57, 17.58-17.64).

All of these trends extend to the diplatinum butaddiyl complexe$t'C 4Pt'-a-d. How-
ever, wher?P{1H} NMR spectra ofPt'C,Pt'-b were recorded at —80 °C, separate signals for
the p-tolsP and p-t-BuCgH,4),PhP ligands could be observesl (CD,Cl,) 13.79 and 13.91 as
opposed to one signal at 14.00 at 22 °C). Impdstatite structures of all four complexes have
been confirmed crystallographically (below).

The13C{1H} NMR spectra ofPt'Cl-a,d, Pt'C 4H-a,d, andPt'C 4Pt'-a,d are unexception-
al. However, those oPt'Cl-b,c, Pt'C4H-b,c, and Pt'C4Pt'-b,c are complicated by numerous
"virtual couplings"l® That of Pt'C4Pt'-b features a variety of virtual triplets (typica6 Hz
for all aryl carbon atoms that acém to phosphorus). In contrast, thatRifC 4Pt'-c exhibits a
corresponding number of doublet of doublets, incwhtheJ values are very close to those of the
virtual triplets. Other complexes that exhibit agka number of virtual triplets includet"Cl -a
andPt"C 4H-a (nearly all MePhP ligand-3C NMR signals, and the MB 1H NMR signal).

Many NMR spectra were recorded at low temperatutepes of detecting dynamic pro-
cesses or separate signals for diastereotopic graspliagrammed in Scheme 1. All of these
were uninformative. For example, thd NMR spectra oPt'C 4Pt'-a andPt'C 4Pt'-c (CD,Cl,)

did not show any significant changes when cooleeB®°C. In the case ¢t'C 4Pt'-b, somelH
NMR peaks became broader, but no decoalescencepleea were detected. WiBt'C 4Pt'-

b,c, theipso carbon atoms of thg@{XCgH,4)oP moieties are potentially diastereotopic, but only
broadened3C{1H,31P} signals were observed at —80 °C.

NMR spectra of the more soluble comptC 4Pt'-d were recorded in the lower freez-
ing solvent CDFGL.2! SomelH NMR signals merged as the temperature was lowénaidno
decoalescence was apparent at —120 °C.1¥@gH} NMR spectrum showed only broadening,

and the3’P{1H} NMR spectrum was essentially unchanged.
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5. Structural Properties. Crystal structures were sought as a means ofroainfy struc-
tural assignments, and for gauging endgroup/enggirtteractions in the diplatinum complexes.
Single crystals ofl, Pt"Cl -e, Pt'C4H-a, Pt'C4Pt'-a-d, andPtC4Pt" -b or solvates thereof were
grown, and the structures were determined as edtlin Tables 1-3 and the experimental sec-
tion. Key metrical parameters are provided in Tabland Figures 1-3. Many other tetraphos-
phine complexes with ArPtéC)PtAr linkages have been structurally characterfze’¢.€-1.0-d
and the bond lengths and angles in Table 3 arecep#irnal.

The molecular structures are depicted in Figur8s dnd additional representations are
provided below and in the supplementary materiddo# half of the lattices contained some
type of disorder, which was modeled as detailethénexperimental section. Boft'C 4Pt'-a
andPt'C4Pt'-d exhibited centers of inversion at the midpointshef G, chains.

For the diplatinum complexes, a measure of thésttvassociated with the square planar
endgroups was sought. In one approach, least sjpkmees were defined using the P-Pt-P link-
age on one terminus, and the platinum from theroffar the idealized atropisomers in Scheme
1, the angle defined by these two planes would(fe As summarized in Table 3, the angles
between the planes in the crystal structures rafrged 0° for the complexes with an inversion
center to 44-51° for the others. When planes ddfimethe P-Pt-P linkages and the ligatingF&
carbon atom (fpso) Were employed, the values were very similar.

In the diplatinum complexes, the pentafluorophdigdnds on each platinum were al-
ways sandwiched between two phosphine derived giolips. The average centroid-centroid
spacing £ stacking distance) for each molecule is givenabl& 3 (3.60-4.10 A). This phenome-
non has been seen in many other diplatinum polyiyhedmplexes bearing pentafluorophenyl
and twotrans-triarylphosphine ligand$2.¢.9:5¢.9.khnd has been attributed to quadrupolar inter-
actions between the fluorinated and non-fluorinated groups?? Other structural features are

analyzed in the discussion section.
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Figure 1. Molecular structure of with thermal ellipsoids at 50% probability leviley bond lengths (&) and angles
(°): Pt(1)-C(15), 2.077(8); Pt(1)-S(1), 2.302(2)(1p-Cl(1), 2.342(2); Pt(1)-P(1), 2.365(2); C(15)B-S(1), 90.4(2);
C((lls))bFa()l)éCA‘:l5315)&7%6.5(2); S(1)-Pt(1)-Cl(1), 176(2); C(15)-Pt(1)-P(1), 177.9(2); S(1)-Pt(1)-P@83.90(7); CI(1)-
Pt(1)- , 94, .

cl(2)

Figure 2. Molecular structure dPt"Cl -e with thermal ellipsoids at 50% probability leviey bond lengths (A) and
angles (°): Pt(1)-C(1), 2.020(3); Pt(1)-P(2), 2.3@; Pt(1)-P(1), 2.3673(8); Pt(1)-ClI(2), 2.3647(D(1)-Pt(1)-

P(2), 92.45(8); C(1)-Pt(1)-Cl(2), 168.68(8); P(2JI-Cl(2), 88.52(2); C(1)-Pt(1)-P(1), 90.98(8);2rt(1)-P(1),

169.14(3); P(1)-Pt(1)-Cl(2), 90.14(3).
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C

Figure 3. Molecular structure oPt'C,H-a with thermal ellipsoids at 50% probability lev&ley bond lengths A
and angles (°): Pt(1)-C(1), 1.993(4); Pt(1)-P(132®8(13); Pt(1)-P(2), 2.2927(13), Pt(1)-C(5), Z.29; C(1)-Pt(1)-
P(2), 88.87(11); C(1)-Pt(1)-C(5), 178.05(17); PR2j1)-C(5), 91.37(11); C(1)-Pt(1)-P(1), 90.51(1P(2)-Pt(1)-
P(1), 179.30(4); P(1)-Pt(1)-C(5), 89.26(11).

Figure 4. Molecular structure dPt'C 4Pt'-a with thermal ellipsoids at 50% probability leveidasolvate molecules
omitted.
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Figure 5. Molecular structure dPt'C 4Pt'-b with thermal ellipsoids at 50% probability levebmet-butyl groups
are disordered as described in the experimenttibsec
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Figure 6. Molecular structure dPt'C 4Pt'-c with thermal ellipsoids at 50% probability levéie methoxy groups
are disordered as described in the experimenttibsec



Figure 8. Molecular structure dPtC,Pt" -b with thermal ellipsoids at 50% probability leveldasolvate molecules
omitted; some-butyl groups are disordered as described in tpem@xental section.
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6. Other Characterization. The UV-visible spectra of diplatinum polyynediyraplex-
es have been extensively analyzed as a functiaradifon chain length®32.59The A, red
shifts and becomes more intense, and a series @i meaker bands at still longer wavelengths —
representing €C vibrational fine structure — become increasirapparent. Such bands were not
detected when we initially characterizlét134Pt.251 Hence, the UV-visible spectra of representa-
tive diplatinum butadiynediyl complexes were re@utdt higher concentrations and with special
attention to this region. As summarized in Tabléwh such bands at 395-387 and 428-422 nm
could always be detected. The molar extinction figehts ¢ M~lcm™) were 500-400 and
120-50, respectively.
m DISCUSSION

1. SynthesesThe preceding data reveal a number of syntheadleriges with respect to
both the monoplatinum and diplatinum target comgéexror example, Scheme 3 illustrates the
difficulties associated with introducing two bulkyans t-Bu,PhP ligands onto agEsPtCl frag-
ment. Although a route to the addRif'Cl -e and the substitution prodult'Cl-e could ulti-
mately be realized, several reactions that work#l l@ss bulky phosphine ligands (Scheme 2)
were unsuccessful. In the same vein, all effortepdace the chloride ligand Pt'Cl-e with any
type of alkynyl ligand were thwarted (Scheme 4).

The phosphine ligand scrambling that accompariedccoupling ofPt'C 4H-a-c andPt'-
Cl-a-c (Scheme 5) was unexpected. This phenomenon wely likasked in earlier studies,
which involved reaction components with a singlegphine ligand@¢-dEnhanced substitution
rates are often found with paramagnetic metal cergs22 Perhaps the copper catalyst some-
how promotes redox equilibria that facilitate scbiing. However, very little or no scrambling is
found with the alternative copper catalyzed couplmmotocol in Scheme 6. This recipe was not
investigated until a late stage of this projecthédvise, at least some of the target complexes
might have been realized in much higher overaldgie

Nonetheless, ligand labilization such as in Schérnan sometimes be turned into an ad-

vantage. For example, one could consider the pitigsibf carrying out late stage phosphine
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substitutions simultaneously with coupling. Thisikcbgreatly increase the breadth of end prod-
ucts accessible, without a corresponding incraaggermediates that must be characterized.

2. Structural and Dynamic Properties None of the low temperature NMR experiments
carried out with the diplatinum butadiynediyl compds gave any evidence of atropisomerism.
Importantly, the many types of NMR couplings obsehat ambient temperature (e.Ypp,
"Jupe epe 2pp certain™lyp and"Jep, etc.) exclude the operation of any low energgriid
dissociation processes. These might provide patbvi@yinterconverting atropisomers and/or
exchanging diastereotopic groups (see Scheme 1).

This inability to document atropisomerism could édeen anticipated if recently pub-
lished studies with related diplatinum ethynediginplexe8 had been carried out first. Howev-
er, we misjudged the degree of endgroup/endgroigpaictions. In this context, Figure 9 com-
pares space filling representations of three diplat complexes: (1) the butadiynediyl complex
trans,trans—(C6F5)(Et3P)2Pt(CEC)2Pt(PE§)2(p-tol),2d which has four identical, moderately sized
phosphine ligands, PEt(2) Pt'C4Pt'-b, which has bulkiemp-tolsP and p-t-BuCgH,),PhP
ligands on each platinum, and (3) the ethynediyhglex trans,trans-(CgFs)(p-tolsP)(Me,PhP)-
Pt(C=C)Pt(PPhMe)(Pp-tol3)(CgFs) (Pt'C,Pt'-a),2 which has a smaller MBhP ligand and a
bulkier p-tolsP ligand on each platinum. The sp carbon chainkigteighted in dark blue.

In the first complex (Figure 9, top), the endgrowse well separated and the carbon
chain is highly exposed. In the caseRtiC 4Pt'-b (Figure 9, middle), the phosphine ligands on
opposite termini have considerable van der Waalstacts, but the carbon chain remains
somewhat visible. With this ligand set, the platmsquare planes can apparently rotate by 180°,
allowing the interconversion of the types of stunes in Scheme 1. Concomitant gearing of the
aryl groups on the phosphine ligands is requir@acs filling representations of all crystallogra-
phically characterized complexes are provided & sbhpplementary materiaPt'C 4Pt'-c ex-
hibits a slightly higher degree of endgroup/endgroueractions, buPt'C 4Pt'-a,d show no van

der Waals contacts as all.
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(1) Pt-C=C-C=C-Pt, Et,P ligands

(2) Pt-C=C-C=C-Pt, p-tol;P and (p-t-BuCgH,),PhP ligands

Figure 9. Representative space filling representationsigiitinum polyynediyl complexes: (1)ans,trans-(CgFs)-
(Et PéPt(CEC) Pt(PEt),(p-tol); (2) Pt'C4Pt'-b; (3) trans,trans-(Cg4Fs)(p-tol3P)(Me,PhP)Pt(GC)Pt(PPhMse)(Pp-
tolJ(&Fo) (PYE Pt -a).

The phosphine ligands on opposite terminPtC ,Pt'-a (Figure 9, bottom) have extens-
ive van der Waals contacts and nearly completabldglhe sp carbon chain. However, low tem-
perature NMR spectroscopy still failed to estabtistopisomerisnf,presumably due to a modest
barrier to square plane rotation and/or phosphsubstituent gearing. Nonetheless, we consider

this a "near miss", as restricted rotation has lweserved about other M®' linkages (where
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one metal is formally octahedra&.Other approaches towards realizing this well distadd
mode of organic stereoisomerism with square plameal complexes will be pursued in the fut-
ure. It should also be noted that several othezgygf atropisomerism have been documented in
inorganic and organometallic complexé@sand conceptually related types of coordination -com
pounds with only axial chirality have been synthede®

3. Summary. This study has greatly increased the number datiifum butadiynediyl
complexes in the literature, particularly with redyao less symmetrically substituted systems.
This was assisted by an unanticipated phosphim@adigscrambling process (Scheme 5), which
proves avoidable under modified reaction conditi@@sheme 6). These complexes and their pre-
cursors exhibit a wealth of fascinating NMR andustural properties. While the diplatinum
complexes remain insufficiently congested for agpainic processes or atropisomerism to be
observed, other applications can be anticipatef, (@aproved stabilities of mixed valence Pt(ll)/

Pt(Il1) cation radicals}?-P:9and will be investigated in due course.

m EXPERIMENTAL SECTION

Reactions were conducted under inert atmosph®@reskups were carried out in air. Tol-
uene and CKCl, used for reactions were dried and degassed wWitass Contour solvent purif-
ication system; other solvents were used as regdreen common commercial sources. The fol-
lowing reagents were used as received: CuCl (999%9drich), Cul (99.999%, Aldrich), KRF
(99.9%, Aldrich)t-BUOK (97.0%, TCI), GIPhP (98%, Fluka), M@hP (99%, Stremy-Pr,PhP
(98%, Aldrich),t-Bu,PhP (95%, Aldrich), -MeOCgH,),PhP (95%, Alfa Aesarp-tolsP (95%,
TCI) and KPtCl, (99.8%, Aldrich).

NMR spectra were recorded at ambient probe temyreranless noted using a Varian in-
strument operating at 500.0tH), 125.65 3C{1H}), or 202.28 #1P{1H}) MHz and referenced
as follows §/ppm): H, residual internal CHGI(7.26);13C, internal CDG} (77.2);31P, external
H3PO, (0.00). UV/visible spectra were recorded on a Stinu UV-1800 spectrophotometer.
Melting points were recorded using a Stanford Rete&ystems (SRS) MPA100 (Opti-Melt)
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automated melting point system. Microanalyses werelucted by Atlantic Microlab.

trans-(CgFs)(Me,PhP)(p-tolsP)Pt(Cl) (Pt'Cl-a).11 A Schlenk flask was charged with
trans-(CgFs)(p-tolsP),Pt(Cl) (PtCl;223.170 g, 3.150 mmol), MPhP (0.450 mL, 3.150 mmol)
and CHCI, (140 mL). The mixture was stirred for 16 h. Théseat was removed by rotary eva-
poration. The residue was washed with hexane (B mR) and dried by oil pump vacuum to
give Pt'Cl-a as a white powder (2.344 g, 2.790 mmol, 89%), 1p°Z. Calcd for GgH3,ClFs-
P,Pt (840.06): C, 50.04; H, 3.84. Found: 50.01; 1823.

NMR (3, CDCk): 1H 7.53 (m, 2Ho to P, Ph), 7.47 (d#Jyy = 9.8 Hz,3Jyp = 11.4 Hz,
6H, 0 to P, tol), 7.33 (m, 3Hy/p to P, Ph), 7.11 (d#Jyy = 8.1 Hz,AJp = 1.8 Hz, 6HmMto P,
tol), 2.35 (s, 9H, CH| tol), 1.79 (dd2Jyp = 10.5 Hz,*Jyp = 2.7 Hz,3Jyp; = 36.9 Hz, 6H, P-
Me,); 13C{1H} 145.9 (dd,1Jcg = 229 Hz2JoF = 23 Hz,0 to Pt, GFs), 140.9 (dAJcp = 2.3 Hz,
p to P, tol), 136.8 (dmtJcg = 238 Hz,m/p to Pt, GFs), 134.5 (d.2Jcp = 10.4 Hz,0 to P, tol),
132.9 (ddXJcp = 54 Hz,3Jcp = 3.1 Hz,i to P, Ph), 130.6 (&Jcp = 9.7 Hz,0 to P, Ph), 130.3
(d,*Jcp= 2.0 Hzpto P, Ph), 128.9 (#Jcp = 10.8 Hzmto P, tol), 128.4 (BJcp= 10.0 Hzm
to P, Ph), 126.6 (dd)cp = 55.4 Hz3)cp = 2.7 Hz,2)cpy = 25.8 HZ2%i to P, tol), 111.1 (BJcp
= 43.5 Hz,i to Pt, GFsg), 21.5 (s, CH, tol), 12.3 (dd1Jcp = 36.6 Hz,3Jcp = 1.7 Hz,2)cp; =
37.6 Hz2° PMey); 31P{1H} 20.2 (d,2Jpp = 450 Hz1Jpp;= 2624 HZ2O p-tol3P), -5.5 (d,2Jpp =
450 Hz,1Jpp;= 2620 HZ2° PMe,Ph).

trans-(CgFs)(Meo,PhPLPt(CI) (Pt'Cl-a). A Schlenk flask was charged with Hk&s)-
(tht)Pt@-Cl)], (1.010 g, 1.040 mmoB® Me,PhP (0.60 mL, 4.20 mmol), and GEl, (70 mL).
The solution was stirred for 18 h and filtered tigh a celite/decolorizing charcoal/glass frit as-
sembly. The solvent was removed by rotary evapmrafihe residue was washed with methanol
(2 x 20 mL) and dried by oil pump vacuum to gRECI -a as a white powder (0.433 g, 0.643
mmol, 31%). The solvent was removed from the wa$lyaotary evaporation. The residue was
recrystallized from methanol/hexane mixture to iahother crop oPt"Cl -a (0.585 g, 0.868
mmol, 42% or 73% total).

NMR (3, CDCL): 1H 7.44 (m, 4Hp to P), 7.32 (m, 6HyVp to P), 1.73 (virtual 9 2J,p
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= 3.9 Hz,3Jyp = 27.9 Hz, 12H, Me)}3C{1H} 146.3 (dd,1)cf = 228 Hz,2)cp = 26 Hz,2)cpt =
76 Hz2° 0 to Pt, GFs), 136.6 (dm1Jcp = 247 Hz,mip to Pt, GFsg), 132.6 (virtual £0 1J.p =
28.1 Hz,2)cp = 33.2 HZ2%i to P), 130.4 (virtual 0 2J-p = 5.8 Hz,0 to P), 130.3 (sp to P),
128.4 (virtual 03J-p = 5.1 Hz,mto P), 108.1 (tZ)cg = 43.5 Hz,i to Pt, GFs), 12.2 (virtual
t,39 Lop = 18.9 Hz 2Jp; = 35.8 HZ22 PMey); 31P{1H} 5.5 (s,10pp= 2520 HZ9).
trans-(CgFs)(p-tol3P)((p-t-BuCgH 4)oPhP)Pt(Cl) (Pt'Cl-b). A Schilenk flask was charg-
ed withPtCl (6.186 g, 6.147 mmoP? (p-t-BuCgH,4),PhP (2.302 g, 6.147 mmdly,and toluene
(150 mL). The solution was refluxed for 22 h. Tldvent was removed by rotary evaporation
and oil pump vacuum. The residue was washed witiares (3 x 30 mL, leaving 5.213 g) and
chromatographed on a silica gel column (3.8 x 42 & v/v toluene/hexane). The solvent was
removed from the product containing fractions btarg evaporation and oil pump vacuum to
give Pt'Cl-b (1.906 g, 1.771 mmol, 29%PtCl (1.475 g, 1.466 mmol, 24%), and an unknown
complex (0.121 g) as white solids. A fourth franticontained mainlyrans-(CgFs)((p-t-BuCg-
H4)oPhP}Pt(Cl) Pt"Cl -b, [1L0%), together with the unknown complex and a sgécore.

Date forPt'Cl-b. dec pt 249C. Calcd. for G3Hg,ClFsPoPt (1076.46): C 59.14, H 4.87.
Found: C 59.31, H 4.86. NMRS,(CDCl): 1H 7.88-7.78 (m, 2Ho to P, Ph), 7.60-7.47 (m, 10H,
0to P, tol+GH,), 7.40-7.33 (m, 3Hm/p to P, Ph), 7.30 (PJyy = 8.4 Hz, 4Hmto P, GH,),
7.13 (d,3Jyy = 7.8 Hz, 6Hmto P, tol), 2.36 (s, 9H, Citol), 1.30 (s, 18H, C(Ch)3); 13C{1H}
153.9 (spto P, GHy), 145.3 (ddNcg = 225 Hz,2 Jop = 22 Hz,0 to Pt, GFs), 141.0 (spto P,
tol), 136.3 (dm1Jcg = 245 Hz,m/p to Pt, GFs), 135.0 (virtual €0 2J-p = 6.3 Hz,0 to P, Ph),
134.6 (virtual 89 2J-p = 6.3 Hz,0 to P, tol), 134.3 (virtual 30 2J-p = 6.3 Hz,0 to P, GH,),
130.7 (s,p to P, Ph), 130.2 (ddJcp = 30.9 Hz3Jcp = 26.5 Hz,i to P, Ph), 128.9 (virtual®?
3Jcp=5.7 Hzmto P, tol), 128.2 (virtual¥%3J-p = 5.6 Hzmto P, Ph), 126.7 (ddJcp = 31.7
Hz,3Jcp = 27.5 Hz,i to P, tol), 126.6 (ddtJcp = 31.8 Hz3Jcp = 27.2 Hzj to P, GH,), 125.1
(virtual t39 3)op = 5.6 Hz,m to P, GH,), 114.5 (t,2Jcg = 45.4 Hz,i to Pt, GFs), 34.9 (s,
C(CHs)3), 31.2 (s, CH); 21.5 (s, CH, tol); 31P{1H} 19.8 (s,1Jpp;= 2726 HZ9).

trans-(CgFs)((p-t-BuCgH,4)oPhP),LPt(Cl) (Pt"Cl-b). A Schlenk flask was charged with
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[(CgFs)(tht)Pt-Cl)], (0.129 g, 0.132 mmoB® (p-t-BuCgH,),PhP (0.218 g, 0.582 mmdl),
and CHCl, (20 mL). The solution was stirred for 16 h antefiéd through a celite/decolorizing
charcoal/glass frit assembly. The solvent was resddwy rotary evaporation. The residue was
washed with cold methanol (2 x 10 mL) and driedoldypump vacuum to giv€t'Cl -b as a
white powder (0.231 g, 0.201 mmol, 76%).

NMR (5, CDChL): 1H 7.91-7.80 (m, 4Hp to P, Ph), 7.56-7.46 (m, 8I8,t0 P, GH,),
7.44-7.36 (M, 6Hm/p to P, Ph), 7.28 (BJyy = 8.4 Hz, 8Hmto P, GHJ), 1.29 (s, 36H, CH);
31p{1H} 19.7 (s,13pp= 2731 HZ9).

trans-(CgFs)(p-tol3P)((p-MeOCgH4),PhP)Pt(CI) (Pt'Cl-c). A Schlenk flask was charg-
ed with PtCI (5.032 g, 5.000 mmoB? (p-MeOCgH,),PhP (1.612 g, 5.000 mmol), and toluene
(120 mL). The solution was refluxed for 22 h. Tldvent was removed by rotary evaporation
and oil pump vacuum. The residue was washed witlare (3 x 50 mL) and chromatographed
on a silica gel column (3.8 x 42 cm), using 50:%0 @H,Cl,/hexane to elut®tCl, 80:20 v/v
CHyCly/hexane to elutt'Cl-c, and 40:60 v/v ethyl acetate/hexane to eltans-(CgFs)((p-Me-
OCgH4),PhPYPt(CI) (Pt"Cl -c). The solvent was removed from the fractions gmoevapora-
tion and oil pump vacuum to givetCl (1.406 g, 1.397 mmol, 28%lpt'Cl-c (2.149 g, 2.098
mmol, 42%) andPt"Cl -c (0.643 g, 0.616 mmol, 13%) as white solids.

Data forPt'Cl-c. mp 215°C. Calcd for G7H4oCIFsOoP,Pt (1024.30): C, 55.11; H, 3.94.
Found: 55.06; H, 3.95. NMRS(CDCk): 1H 7.71-7.61 (m, 4Ho to P, GHy), 7.59-7.42 (m, 8H,

o to P, tol+Ph), 7.37-7.29 (m, 1id,to P, Ph), 7.26 (I, = 7.2 Hz, 2Hmto P, Ph), 7.13 (d,
3Jyny = 7.5 Hz, 6HmMto P, tol), 6.88 (d3Jyy = 8.1 Hz, 4Hmto P, GH,), 3.83 (s, 6H, OCHh),
2.36 (s, 9H, CH, tol); 13C{1H} 161.5 (s,pto P, GHy), 145.2 (dd1Jcg = 225 Hz2Jog = 20 Hz,
o to Pt, GFs), 140.9 (sp to P, tol), 136.5 (dml,JC,: = 238 Hz,m/p to Pt, GFs), 136.4 (virtual
t,392Jcp= 6.9 Hz,0to P, GH,), 134.4 (virtual 02)~p = 6.3 Hz,0 to P, tol), 133.7 (virtual ¥°
2)cp=5.9 Hz,0to P, Ph), 131.0 (ddJcp = 33.9 Hz,3)-p = 23.9 Hzj to P, Ph), 130.2 (p to
P, Ph), 128.8 (virtual¥) 3Jcp = 5.5 Hz,mto P, tol), 127.8 (virtual 9 3Jop = 5.2 Hz,mto P,
Ph), 126.5 (ddlJcp= 34.4 Hz,3)cp = 24.7 Hz,i to P, tol), 120.5 (ddlJep = 36.6 Hz,3)cp =
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25.9 Hz,i to P, GH,), 114.5 (brj to Pt, GFs), 113.8 (dd3Jcp = 6.6 Hz,5Jcp= 5.1 Hzmto P,
CgHy), 55.4 (s, OCH), 21.4 (s, CH, tol); 31P{1H} 19.565, 19.506 (% s,1Jpp;= 2723 HZ9).

trans-(CgFs)((p-MeOCgH 4),PhP)Pt(CI) (Pt"Cl-c). A Schlenk flask was charged with
[(CeFs)(tht)Pt-Cl)],» (0.140 g, 0.144 mmoBP (p-MeOGCgH,4),PhP (0.210 g, 0.652 mmol), and
CHyCl, (25 mL). The solution was stirred for 16 h andeféd through a celite/decolorizing
charcoal/glass frit assembly. The solvent was resddwy rotary evaporation. The residue was
washed with methanol (2 x 2 mL) and recrystallib@in dichloromethane/hexane/methanol to
give Pt"Cl -c as a white powder (0.155 g, 0.149 mmol, 52%).

NMR (3, CDChL): H 7.71-7.60 (m, 8Hp to P, GHy), 7.54-7.43 (m, 4Hp to P, Ph),
7.38-7.30 (m, 6Hp to P, Ph), 7.26 (BJyy = 7.5 Hz, 4Hmto P, Ph), 6.88 (Bl = 8.7 Hz,
8H, mto P, GH,), 3.83 (s, 12H, OCH); 31P{1H} 19.2 (s,1Jpp;= 2716 HZ9).

trans-(CgFs)(p-tol3P)(n-ProPhP)Pt(Cl) (Pt'Cl-d). A Schlenk flask was charged with
PtCI (6.167 g, 6.128 mmoB‘?n-PrzPhP (1.30 mL, 6.190 mmol), and toluene (120 mL) $bl-
ution was stirred for 16 h and then refluxed fdr.@he solvent was removed by rotary evapora-
tion and oil pump vacuum. The residue was washéd khexane (3 x 60 mL). Only unreacted
PtCl remained (1.096 g, 1.089 mmol, 18%). The solvead vemoved from the combined wash-
es by rotary evaporation and oil pump vacuum. Hs&due was chromatographed on a silica gel
column (6.4 x 43 cm) using 50:50 v/v CHlexane to elute displacgetolsP, 55:45 v/v CHG
/hexane to elut®t"Cl -d, 60:40 v/iv CHCi/hexane to elut®t'Cl-d, and 80:20 v/v CHGlhex-
ane to elutePtCl. The solvent was removed from the fractions bymotevaporation and oil
pump vacuum to givéet"Cl-d (0.481 g, 0.612 mmol, 10%Rt'Cl-d (2.295 g, 2.561 mmol,
42%), andPtCl (0.511 g, 0.508 mmol, 9% or 27% including thedasiisolated above).

Data forPt'Cl-d. NMR (3, CDCh): 1H 7.47 (dd,3J,p = 11.0 Hz,.3Jyy = 8.0 Hz, 6H0
to P, tol; overlapped with m, 218,to P, Ph), 7.35-7.28 (m, 3i#yp to P, Ph), 7.10 (d®Jyy =
8.0 Hz,%Jp = 2.0 Hz, 6Hmto P, tol), 2.35 (s, 9H, CHtol), 2.29-1.95 (m, 4H, PCH 1.79-
1.39 (m, 4H, PCHCH,), 1.01 (dt =)y = 7.5 Hz,AJyp = 0.5 Hz, 6H, PCHCH,CHa); 13C{1H}
145.8 (dd,1Jcg = 226 Hz,2)cF = 19 Hz,0 to Pt, GFs), 140.8 (d,*)cp = 2.5 Hz,p to P, tol),
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136.6 (dmXJ-g = 256 Hz,m/p to Pt, GFs), 134.4 (dd2J)cp = 11.1 Hz*)cp= 1.1 Hz,0 to P,
tol), 131.3 (d2Jcp = 8.8 Hz,0 to P, Ph), 130.6 (ddJcp = 50.0 Hz,3Jcp = 2.6 Hz,i to P, Ph),
130.0 (d,*Jcp = 2.4 Hz,p to P, Ph), 128.8 ($Jcp = 10.9 Hzmto P, tol), 128.2 (3Jcp= 9.8
Hz, mto P, Ph), 126.6 (dd)cp = 55.0 Hz3)cp = 3.0 Hz,i to P, tol), 111.1 (2Jcog = 43.8 Hz|
to Pt, GFs), 24.9 (ddNcp = 32.0 Hz3Jcp = 1.9 Hz, PCH), 21.4 (d.2Jcp = 1.1 Hz, CH, tol),
17.7 (s, PCHCH,), 15.9 (d,3Jcp = 14.7 Hz, PCHCH,CH3); 31P{1H} 20.2 (d,%Jpp = 434 Hz,
LDppi= 2624 HZ9 p-tol3P), 8.8 (d2Jpp = 434 Hz1Jpp;= 2629 HZ n-Pr,PhP).
trans-(CgFs)(n-ProPhPLPt(Cl) (Pt"Cl-d). A Schlenk flask was charged with Kks)-
(tht)Pt(~Cl)], (0.130 g, 0.134 mmoA® n-Pr,PhP (0.13 mL, 0.619 mmol) and GEl, (25 mL).
The solution was stirred for 16 h and filtered tigb a celite/decolorizing charcoal/glass frit
assembly. The solvent was removed by rotary evéiparalhe residue was recrystallized from
hexane to giv®t"Cl -d as a white powder (0.125 g, 0.159 mmol, 60%).

NMR (8, CDChk): 1H 7.43-7.37 (m, 4Hp to P), 7.29 (d,4JHp = 7.0 Hz, 4Hm to P,
overlapped with m, 2Hj to P), 2.21-1.90 (m, 8H, PGH 1.71-1.33 (m, 8H, PC}CH>), 0.98 (t,
3Jyn = 7.5 Hz, 12 H, PCKCH,CHy); 31P{1H} 8.7 (s,1Jpp;= 2534 HZ9).

(CgF5)(t-BusPhP)(tht)Pt(Cl) (1).31 A Schlenk flask was charged with KEs) (tht) Pt(u-
Cly], (0.986 g, 1.015 mmoB® t-Bu,PhP (1.16 mL, 4.816 mmol), and gEl, (75 mL). The so-
lution was stirred for 16 h and filtered throughedite/decolorizing charcoal/glass frit assembly.
The solvent was removed by rotary evaporation. reselue was washed with cold methanol (2
x 10 mL). Recrystallization from Cj€l,/hexane gave colorless crystals10{1.099 g, 1.552
mmol, 77%).

NMR (3, CDCL): 1H 7.99-7.88 (m, 4Hop to P), 7.52-7.43 (d, 6Hyp to P), 3.04, 2.71
(each br, 4H, SCp), 1.59 (d, 18H3Jyp = 13.5 Hz, C(CH)3), 1.42 (br, 4H, SCHCH,) ;
13C{1H}32 146.7 (dd LJcg = 222 Hz,2)c = 22 Hz,0 to Pt, GFs), 137.6 (dmIJcg = 243 Hz,
m/p to Pt, GFs), 135.2 (d,2)cp = 8.4 Hz,0 to P), 131.2 (dXJep = 35.3 Hz,i to P), 130.3 (d,
4Jep= 2.0 Hzpto P), 127.9 (BJ-p= 8.7 Hzmto P), 39.4 (s, SCH, 37.5 (d,1Jp = 18.6 Hz,
2)ept = 17.7 HZ29 C(CHg)g), 30.9 (d,2Jcp = 3.0 Hz, CH), 29.8 (s,3Jcp; = 15.9 Hz2°
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SCH,CH,); 31P{1H} (see Figure S4) 42.0 (apparent seftdisr= 34.8 Hz 1Jpp = 2330 HZ9).

trans-(t-Bu,PhP),Pt(Cl), (2).1214 A Schlenk flask was charged with,RiCl, (1.299 g,
3.130 mmol) and deoxygenateg®1 (10 mL). Another Schlenk flask was charged wiBu,Ph-
P (1.50 mL, 6.295 mmol) and ethanol (10 mL). THearbl solution was transferred via cannula
to the aqueous solution. The resulting pink suspensas stirred. After 1 d, the yellow precipi-
tate was washed with J@, ethanol, hexane and diethyl ether, and driedacuum to give
previously reporte@ (1.968 g, 2.769 mmol, 89%).

NMR (8, CDCh): 1H 7.94 (br, 4H,0 to P, Ph), 7.42-7.30 (m, 6Hyp to P, Ph), 1.61
(virtual t393Jp = 6.8 Hz, 36H, C(Ch)3); 31P{1H} 42.8 (s,1Jpp= 2542 HZ9).

trans-(CgFs)(t-Bu,PhP),Pt(Cl) (Pt"Cl-e). A Schlenk flask was charged with (codg{C
Fg)Pt(Cl) (2.797 g, 5.530 mmolf t-Bu,PhP (3.50 mL, 14.689 mmol) and toluene (120 mL).
The solution was refluxed for 48 h. The solvent wamoved by rotary evaporation and oil pump
vacuum. The residue was washed with ethanslZ8 mL) and hexane (225 mL) and dried by
oil pump vacuum to givet"Cl -e as a white solid (2.980 g, 3.538 mmol, 64%).

NMR (3, CDChk): 1H 7.90 (br, s, 4Hp to P, Ph), 7.24-7.08 (m, 6Hyp to P, Ph), 1.58 (t,
3Jyp = 6.0 Hz, 36H, C(CH)s); 31P{1H} 41.8 (br s,1Jpp;= 2668 Hz).

trans-(CgFs)(p-tol3P)(t-Bu,PhP)Pt(Cl) (Pt'Cl-e). A Schlenk flask was charged with
Pt"Cl -e (2.815 g, 3.342 mmol]p-tolsP (1.025 g, 3.368 mmol) and toluene (120 mL). Tdla-s
tion was refluxed for 14 h. The solvent was remofbgdrotary evaporation. The residue was
washed with methanol (2 30 mL), ethanol (20 mL) and hexane (20 mL) to gA&l-e as a
white powder (2.800 g, 3.029 mmol, 91%).

NMR (8, CDCh): 1H 7.87-7.80 (m, 2Hp to P, Ph), 7.52 (ddJyp = 11.0 Hz3Jy = 8.0
Hz, 6H,0to P, tol), 7.28-7.21 (m, 3Hp to P, Ph), 7.11 (PJyy = 8.0 Hz,AJyp = 2.0 Hz, 6H,
mto P, tol), 2.35 (s, 9H, CHitol) 1.52 (d3Jyp = 14.0 Hz, 18H, C(Ch)3); 13C{1H} 146.2 (dd,
Lep = 222 Hz,2oF = 20 Hz,0 to Pt, GFs), 140.8 (d,*Jcp = 2.4 Hz,p to P, tol), 136.8 (dm,
Lcp =254 Hzmip to Pt, GFs), 135.5 (d2Jcp= 7.9 Hz,0to P, Ph), 134.6 (&Jcp= 10.7 Hz0
to P, tol), 130.1 (dlJcp = 38.3 Hz,i to P, Ph), 129.6 (d{Jcp = 1.6 Hz,p to P, Ph), 128.7 (d,
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3Jcp = 11.2 Hzmto P, tol), 126.7 (d3Jcp = 9.0 Hz,mto P, Ph), 126.7 (ddJcp = 58.3 Hz,
3Jcp= 1.8 Hz,i to P, tol), 111.0 (ZJcg = 40.2 Hzj to Pt, GFs), 37.6 (ddNcp=17.8 Hz3Jcp
= 3.0 Hz,C(CHy)), 31.5 (s, CH); 21.5 (s, CH, tol); 3P{1H} 50.2 (d,2Jpp = 421 Hz,1Jpp; =
2711 Hz29t-Bu,PhP), 18.5 (BJpp= 421 Hz LJpp = 2689 HZ? p-tol5P).
trans-(CgFs)(Me,PhP)(p-tol 3P)Pt(C=C),H (Pt'C4H-a). Synthesis A.A Schlenk flask
was charged withrans-(CgFs)(p-tolsP),Pt(C=C),H (PtC,H;220.822 g, 0.806 mmol), MPhP
(0.115 mL, 0.811 mmol), and GBI, (60 mL). The solution was stirred for 18 h. Théveat
was removed by oil pump vacuum. The residue wahedhsvith hexane (2 x 20 mL). AlP
{1H} NMR spectrum of the washes showed signalspftslsP, p-tolsPO, and smaller quantities
of platinum complexes{L0%). The residue was chromatographed on a sietaagumn (2.5 x
30 cm, packed in hexane, eluted with 1:1 v/vo,CH/hexane). The solvent was removed from
the product containing fractions by rotary evaporaand oil pump vacuum to gitC4H as an
off-white solid (0.148 g, 0.145 mmol, 18%}t'C4H-a as pale yellow solid (0.206 g, 0.242
mmol, 30%), andrans-(CgFs)(Me,PhP)Pt(C=C),H (Pt"C 4H-a) as a pale yellow solid (0.061
g, 0.089 mmol, 11%).

Data forPt'C4H-a. mp 128°C. Calcd for GgH3z3FsPoPt (853.71): C, 54.87; H, 3.90.
Found: 54.66; H, 3.90. NMR( CDCL): 1H 7.53 (m, 2Hp to P, Ph), 7.45 (chJHH = 8.3 Hz,
3Jyp = 11.6 Hz, 6Hp to P, tol), 7.35 (m, 3Hy/p to P, Ph), 7.11 (dJyy = 7.8 Hz,AJyp= 1.8
Hz, 6H,mto P, tol), 2.36 (s, 9H, CHtol), 1.88 (dd2Jyp = 10.5 Hz,%Jyp = 2.7 Hz,3Jyp; =
44.4 Hz2° 6H, PMe), 1.69 (1,8]4p = 1.0 Hz,%Jyp; = 9.3 Hz22 1H, =CH); 13C{1H} 146.4 (dd,
Lcp = 228 Hz,2oF = 22 Hz,0 to Pt, GFg), 140.9 (d,*Jcp = 2.3 Hz,p to P, tol), 136.9 (dm,
LJcp = 230 Hzmip to Pt, GFs), 134.4 (d2Jcp = 10 Hz,3)cp; = 31 Hz2% 0 to P, tol), 133.5 (dd,
Vep=54.4 Hz,3)cp = 3.1 Hz,2cp; = 28.9 HZ2%i to P, Ph), 130.7 (dJcp = 9.7 Hz,3)cp; =
28.2 Hz2% o to P, Ph), 130.4 (dJcp = 2.3 Hz,p to P, Ph), 128.9 (#Jcp = 11.1 Hzmto P,
tol), 128.4 (d,3Jcp = 10.4 Hzmto P, Ph), 127.4 (ddJcp = 56.8 Hz,3)cp = 2.6 Hz,2cp; =
27.2 Hz2%i to P, tol), 124.5 (t2Jcg = 52 Hz,i to Pt, GFs), 99.5 (br,1Jcp; = 1011 HZ2? Pt-
C=C), 92.7 (s2)cpt = 278 Hz2° PtC=C), 72.4 (t,*Jcp = 2.3 Hz,3)cp; = 36.7 HZ2? PtC=CC),
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60.1 (s, Pt&CC=C), 21.5 (s, CH, tol), 14.4 (dd1Jcp = 37.6 Hz,3)cp = 1.7 Hz,Z)cp; = 45.3
Hz,2° PMe)); 31P{1H} 18.3 (d,2Jpp = 419 Hz,Jpp;= 2556 HZ? p-tol3P), -9.9 (d,2Jpp = 419
Hz, Wppi= 2529 HZ22 Me,PhP).

Data forPt"C 4H-a. NMR (3, CDCk): 1H 7.44 (m, 4Ho to P, Ph), 7.34 (8J4p = 0.9
Hz, 4H,mto P, Ph), 7.32 (m, 2H to P, Ph), 1.82 (virtual3¥ 2Jyp = 3.9 Hz,3Jyp; = 33 Hz,
12H, PMe; =CH signal not observed}2C{1H}32 146.7 (dd1Jcg = 216 Hz,2Jog = 28 Hz,0 to
Pt, GsFg), 136.8 (dm1Jcp = 258 Hz,m/p to Pt, GFs), 133.2 (virtual 891)-p = 28.6 Hzj to P),
130.6 (virtual 892J-p= 5.8 Hz,0 to P), 130.4 (sp to P), 128.5 (virtual 9 3J-p = 5.1 Hz,mto
P), 100.2 (br, R=C), 90.3(s, 2Jcp; = 256 Hz2° PtC=C), 72.2 (s, Pt€CC), 60.2 (s, PtE€C-
C=C), 14.3 (virtual 0 1J-p = 19.8 Hz,2Jp; = 44.3 HZ2? PMe); 3WP{IH} -9.9 (s,1pp;=
2426 HZ9).

Synthesis B.A Schlenk flask was charged wift'Cl-a (0.791 g, 0.942 mmol), Cul
(0.040 g, 0.21 mmol), C¥€l, (6 mL), and HNEf (50 mL), and cooled te45 °C (CQ/CHs-
CN). Then butadiyne (1.7 M in THF, 10.5 mL, 17.5 oij® was added with stirring. The cold
bath was allowed to warm to room temperature (cl). After an additional 16 h, the solvent
was removed by oil pump vacuum. The residue wasaebetd with toluene (3 x 20 mL). The
combined extracts were filtered through a neutiiahaa column (7 cm, packed in toluene). The
solvent was removed by rotary evaporation and wihp vacuum. The residue was washed with
ethanol (20 mL) and dried by oil pump vacuum (tatess 0.5015 g). Analysis B}P{1H}
NMR established the following product quantiti®s'C 4,H-a (0.2835 g, 0.332 mmol, 36%j1-
C4H (0.154 g, 0.151 mmol, 169dyt"C 4H-a (0.064 g, 0.093 mmol, 10%).

trans-(CgFs)(p-tol 3P)((p-t-BuCgH 4),PhP)Pt(CZC),H (Pt'C 4H-b). A Schlenk flask was
charged withPt'Cl-b (0.539 g, 0.501 mmol), Cul (0.020 g, 0.11 mmolH-Cl, (4 mL) and
HNEt, (40 mL), and cooled t645 °C (CGQ/CH3CN). Then butadiyne (2.14 M in THF, 4.2 mL,
9.0 mmol¥8 was added with stirring. The cold bath was allowedarm at 10C (ca. 6 h). The
cold bath was removed, and after an additional thénsolvent was removed by oil pump vacu-

um. The residue was extracted with toluene (3 »m25. The combined extracts were filtered
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through a neutral alumina column (2.5 x 7 cm, pddketoluene). The solvent was removed by
rotary evaporation to givet'C4H-b as an off-white solid (0.418 g, 0.384 mmol, 77#g¢c pt
149 °C. Calcd for (G7H53FsPoPHIICH,Cly) (1175.03): C, 59.29; H, 4.72. Found: 59.16; H,
4.72.

NMR (3, CDCkL): 1H 7.85-7.73 (m, 2Hp to P, Ph), 7.62-7.41 (m, 10ld,to P, tol+G-
Hy), 7.43-7.34 (m, 3Hmp to P, Ph), 7.29 (Bl = 8.4 Hz, 4HmMto P, GHy), 7.12 (d3J =
7.8 Hz, 6Hmto P, tol), 5.31 (s, 2H, CJ&l,), 2.35 (s, 9H, CH tol), 1.47 (t83yp = 0.9 Hz, 1H,
=CH); 1.29 (s, 18H, C(Cl)q); 13C{1H} 154.0 (s,pto P, GH,), 146.0 (ddX g = 226 Hz, 2k
= 23 Hz,0to Pt, GFs), 141.0 (sp to P, tol), 136.5 (dmiJcg = 254 Hz,m/p to Pt, GFs), 134.9
(virtual t39 2)-p = 6.4 Hz,0 to P, Ph), 134.6 (virtual®® 2J-p = 6.4 Hz,0 to P, tol), 134.3 (vir-
tual t302J-p = 6.4 Hz,0 to P, GH,), 131.1 (virtual 0 1J-p = 29.3 Hzj to P, Ph), 130.7 (®
to P, Ph), 128.9 (virtual® 3J-p = 5.6 Hz,mto P, tol), 128.2 (virtual39 3)-p = 5.5 Hzmto P,
Ph), 127.5 (virtual $9 1J~p = 30.2 Hz, to P, tol), 127.2 (virtual ¥ 1J-p = 30.0 Hzj to P, G-
Hy), 125.1 (virtual 93J-p= 5.5 Hzmto P, GH,), 98.1 (s Jcp;= 993 Hz2° PIC=C), 95.3 §,
2Jcpt = 265 Hz29 PtC=C), 72.7(t, 4cp = 2.5 Hz,3Jcp; = 36.2 HZ22 PtC=CC), 59.9 (s, PtEC-
C=C), 53.7 (s, CHCl,), 34.9 (s,C(CHsg)3), 31.3 (s, CH)); 21.5 (s, CH, tol); 31P{1H} 17.8 (s,
Dppi= 2656 H29).

trans-(CgFs)(p-tol3P)((p-MeOCgH,4),PhP)Pt(C=C),H  (Pt'C4H-c). Complex Pt'Cl-c
(1.317 g, 1.286 mmol), Cul (0.051 g, 0.268 mmoki,Cl, (10 mL), HNE% (80 mL), and buta-
diyne (2.14 M in THF, 15 mL, 32.1 mméPwere combined in a procedure analogous to that for
Pt'C4H-b. A similar workup (toluene extraction 3 x 40 mlgwgPt'C 4H-c as an off-white solid
(0.999 g, 0.962 mmol, 75%), mp 13€. Calcd for GiH4;FsO,P,Pt (1037.92): C, 59.02; H,
3.98. Found: 58.93; H, 3.98.

NMR (3, CDCh): 1H 7.66-7.56 (m, 4Ho to P, GH,), 7.55-7.41 (m, 8Ho to P, tol+Ph),
7.36-7.29 (m, 1Hp to P, Ph), 7.26 (BJyy = 5.4 Hz, 2Hmto P, Ph), 7.12 (PJyy = 7.5 Hz,
6H, mto P, tol), 6.87 (d3Jyy = 9.0 Hz, 4Hmto P, GH,), 3.84 (s, 6H, OCH), 2.36 (s, 9H,
CHj, tol), 1.49 (t8Jp = 0.9 Hz, 1H=CH); 13C{1H} 161.6 (s,p to P, GH,), 145.9 (dd1Jcg =
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225 HZ,ZJC,: = 24 Hz,o to Pt, GFs), 140.9 (spto P, tol), 136.7 (dn11,JC,: = 238 Hz,n/p to Pt,
CeFs), 136.4 (dd2)cp= 7.9 Hz,%)cp= 6.3 Hz,0to P, GHy), 134.4 (dd2)cp= 7.0 Hz,Acp =
5.8 Hz,0 to P, tol), 133.8 (dBJcp = 6.7 Hz,%)cp = 5.5 Hz,0 to P, Ph), 131.8 (ddJcp = 34.4
Hz,3Jcp = 24.5 Hzj to P, Ph), 130.3 (g to P, Ph), 128.8 (d&J)cp = 6.6 Hz,2Jop = 4.6 Hz,m
to P, tol), 127.9 (dd3Jcp = 6.2 Hz,2Jcp = 4.4 Hzmto P, Ph), 127.4 (ddJ)cp = 35.1 Hz3Jp
= 25.3 Hz,2)cp; = 26.4 HZ2%i to P, tol), 121.4 (ddlcp = 37.2 Hz,3Jcp = 26.4 Hz,2)cp; =
27.9 Hz2%i to P, GHy), 113.8 (dd3Jcp = 6.9 Hz,°J-p= 5.0 Hzmto P, GH,), 98.0 (s1Jcpi=
989 Hz29 PIC=C), 95.2 (s2Jcp; = 267 Hz22 PtC=C), 72.6 (t,*)cp = 2.5 Hz,3)cp = 34.5 HZ2°
PtC=CC), 60.1 (s, Pt€CC=C), 55.4 (s, OCH), 21.5 (s, CH, tol); 31P{1H} 17.64, 17.58 (2 s,
LDppi= 2647 H29).

trans-(CgFs)(p-tol3P)(n-ProPhP)Pt(C=C),H (Pt'C4H-d). Complex Pt'Cl-d (1.214 g,
1.355 mmol), Cul (0.053 g, 0.278 mmol), &E, (10 mL), HNEp (90 mL), and butadiyne (3.98
M in THF, 6.1 mL, 24.4 mmoff were combined in a procedure analogous to tha®tf@r,H-c.
A similar workup gave a residue that was recryiadl from hexane to giviet'C4H-d as an off-
white solid (0.898 g, 0.987 mmol, 73%)p 54°C. Calcd for G3Hq1FsPoPt (909.81): C, 56.77,
H, 4.54. Found: 56.52; H, 4.64.

NMR (8, CDCh): 1H 7.53-7.47 (m, 2Hp to P, Ph), 7.44 (ddJyp = 11.0 Hz3J, = 8.0
Hz, 6H,0 to P, tol), 7.37-7.30 (m, 3Hwp to P, Ph), 7.10 (d®Jyy = 8.0 Hz,4Jp = 2.0 Hz,
6H,mto P, tol), 2.35 (s, 9H, C§itol), 2.31-2.08 (m, 4H, PG, 1.65 (t8J4p = 1.0 Hz, 1H=C-
H), 1.76-1.62, 1.53-1.39 (2m, 2H/2H, PCHCH,), 1.02 (dt3Jyy = 7.3 Hz,AJyp = 1.0 Hz, 6H,
PCH,CH,CHs); 13C{1H} 146.5 (dd,}Jcg = 224 Hz2JcF = 23 Hz,0 to Pt, GFs), 140.9 (d*cp
= 2.4 Hz,p to P, tol), 136.9 (dmlJg = 248 Hz,m/p to Pt, GFs), 134.4 (dd2Jcp = 11.3 Hz,
4Jep=1.1Hz3Jcp;=20.1 HZ%0 to P, tol), 131.5 (BJcp = 9.4 HZ3)pi= 17.8 HZ2%0 to P,
Ph), 131.3 (ddXJcp = 51.6 Hz3Jcp = 2.6 Hz,i to P, Ph), 130.2 (dJcp = 2.3 Hz,p to P, Ph),
128.8 (d,3Jcp = 11.1 Hzmto P, tol), 128.2 (¥Jcp = 9.9 Hzm to P, Ph), 127.5 (dd)cp =
56.4 Hz,3Jcp= 2.9 Hz3Jcp; = 26.4 HZ22i to P, tol), 124.4 (£Jcg = 53 Hz,i to Pt, GFs), 98.6
(br, Lcp;= 1000 HZ2° PIC=C), 92.7 (s2)cpt= 274 HZ29 PtC=C), 72.6 (t,*Jcp = 2.4 Hz,3)cpy
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= 34.9 Hz2° PtC=CC), 59.9 (s, Pt€CC=C), 27.0 (dd,1Jcp = 33.3 Hz,3Jcp = 1.8 Hz,2cp; =
33.5 Hz2° PCHy), 21.5 (d,2Jcp = 1.3 Hz, CH, tol), 18.0 (s3Jcp;= 23.5 HZ29 PCH,CH,), 16.1
(d, 3Jcp = 15.0 Hz, PCHCH,CHa); 31P{1H} 18.5 (d, 2pp = 404 Hz,1Jpp; = 2556 HZO p-
tolsP), 6.0 (d2Jpp= 404 Hz 1Jpp = 2546 HZ? n-Pr,PhP).
trans,trans-(CgFs)(p-tol3P)(Me,PhP)Pt(C=C),Pt(PPhMey) (Pp-tol3)(CgFs) (Pt'C4Pt'-
a). A Schlenk flask was charged wit'Cl-a (0.354 g, 0.421 mmolRt'C4H-a (0.359 g, 0.420
mmol), CuCl (0.016 g, 0.166 mmol), and HNESO mL). The mixture was stirred for 65 h at 50
°C. After cooling, the solvent was removed by aihp vacuum, and the residue extracted with
toluene (3 x 20 mL). The combined extracts weterfld through a neutral alumina column (8
cm, packed in toluene). The solvent was removerbtary evaporation. The residue was chrom-
atographed on a silica gel column (2.5 x 40 cm6@@/v CH,Cl,/hexane). The solvent was re-
moved from the product containing fractions by rpvaporation and oil pump vacuum to give
five complexes as yellow solidgans,trans-(CgFs)(p-tol3P),Pt(CEC),Pt(Fp-tol3)»(CgFs) (PtCy4-
Pt,220.021 g, 0.011 mmol, 3%ir;ans,trans-(CgFs)(p-tol3P),Pt(CEC),Pt(Fo-tol3)(PPhMe)(Cg-
Fg) (PtC4Pt'-a, 0.169 g, 0.0928 mmol, 23%jrans,trans-(CgFs)(p-tolsP)Pt(CZC),Pt(PPh-
Mey)o(CgFs) (PtC4Pt"-a, 0.079 g, 0.048 mmol, 12%y,anstrans-(CgFs)(p-tolsP)(Me,PhP)Pt-
(C=C),Pt(PPhMg)(Pp-tol3)(CgFs) (Pt'C4Pt'-a, 0.184 g, 0.111 mmol, 27%), ardanstrans-
(CgFs)(p-tol3P)(Me,PhP)Pt(GC),Pt(PPhMeg)»(CgFs) (Pt'C4Pt" -a, 0.022 g, 0.015 mmol, 4%).

Data forPtC,Pt.22 NMR (8, CDChk): 1H 7.42 (m, 24Hp to P), 6.88 (d3Jyy = 7.8 Hz,
24H,mto P), 2.28 (s, 36H, Ci}; 31P{1H} 16.4 (s,1pp;= 2713 HZ).

Data forPtC,4Pt'-a. mp 132°C. Calcd for @/H74F1oP4Pt (1823.58): C, 57.30; H, 4.09.
Found: 57.15; H, 4.22. NMRS(CDCk): 1H 7.53 (m, 12Hp to P, tol,Pt), 7.37 (dd3Jyy = 8.3
Hz,3J4p = 11.2 Hz, 6Hp to P, tol,Pt'), 7.31-7.21 (m, 3Ho/p to P, Ph), 7.16-7.10 (m, 2ih to
P, Ph), 7.00 (3Jyy = 7.8 Hz, 12Hmto P, tol,Pt), 6.90 (dd3Jyy = 8.4 Hz4)yp = 2.1 Hz, 6H,
mto P, tol,Pt'), 2.30 (s, 18H, CHi tol, Pt), 2.28 (s, 9H, CH tol, Pt'), 1.54 (dd2Jyp = 10.5 Hz,
4Jyp = 2.7 Hz,3Jp= 44.4 HZ22 6H, PMe); 13C{1H}32:33146.4 (ddNcE = 223 Hz,2)cR = 26
Hz, 0 to Pt', CgFs), 146.1 (dd1Jcg = 222 Hz,2JoF = 24 Hz,0 to Pt, C4Fs), 140.3 (sp to P, tol,
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Pt), 140.1 (d,%)cp = 2.3 Hz,p to P, tol,Pt'), 136.4 (dm1Jcg = 267 Hz,m/p to Pt/Pt', CgFs),
134.7 (virtual 02)-p= 6.3 Hz,0 to P, tol,Pt), 134.5 (d2Jcp= 11.5 Hz,0 to P, tol,Pt'), 134.5
(dd, Lcp = 59 Hz,3)cp = 3.2 Hz,i to P, Ph), 130.2 (dJ)cp= 9.1 Hz,0 to P, Ph), 129.6 (dJcp
= 2.4 Hz,pto P, Ph), 128.5 (#)cp = 10.7 Hzmto P, tol,Pt'), 128.5 (virtual £03J-p = 5.4 Hz,
m to P, tol,Pt), 128.3 (virtual 80 1J-p = 29.6 Hz,i to P, tol,Pt), 128.3 (ddXJcp = 55.4 Hz,
3Jcp = 2.3 Hz,i to P, tol,Pt'), 128.0 (d3Jcp = 10.0 Hzmto P, Ph)102.8(s,3Jp = 31.5 Hz,
2)cpt= 266 Hz22 PtC=C), 100.8 (s3Jcp = 33.8 Hz,2Jcp; = 273 HZ29 Pt'C=C), 88.8 (br,1Jcp;
= 960 Hz2° PtC/Pt'Q, 21.5 (s, CH, tol, Pt), 21.4 (s, CH, tol, Pt'), 13.7 (dd,1Jcp = 38.2 Hz,
3Jcp = 2.0 Hz,2cp; = 49.4 HZ22 PMe)); 31P{1H} 17.0 (s,10ppi= 2714 HZ? p-tolgP, Pt), 15.9
(d, 2Jpp= 436 Hz,1Jppi= 2620 HZ? p-tol3P, Pt'), —10.7 (d,2)pp= 436 Hz,1Jpp;= 2554 HZ2?
Me,PhP,Pt').

Data forPtC4Pt" -a. mp 101°C. Calcd for G4HgaF10P4Pt (1657.38): C, 53.63; H, 3.89.
Found: 53.82; H, 3.87. NMR( CDCl): 1H 7.55 (m, 12Hp to P, tol), 7.20 (m, 6Ho/p to P,
Ph), 7.12 (d, 4H3J,4 = 7.2 Hz,mto P, Ph), 7.08 (#J, = 7.8 Hz, 12Hmto P, tol), 2.36 (s,
18H, CHg, tol), 1.55 (virtual 80 2Jyp = 3.6 Hz,3Jyp;= 31.8 Hz, 12H, PMe)l3C{1H} 146.8
(dd, Wop = 229 Hz2)p = 28 Hz,0 to Pt", CgFs), 146.1 (ddJcp = 221 Hz,2)cp = 25 Hz,0 to
Pt, CgFs), 140.4 (sp to P, tol), 136.5 (dml,JC,: = 266 Hz,m/p to Pt/Pt", CgFsg), 134.7 (virtual
t,392)~p = 6.3 Hz,0 to P, tol), 134.1 (virtual 39 1J-p = 27.0 Hz,i to P, Ph), 130.2 (virtual®?
2)cp = 5.4 Hz,0to P, Ph), 129.7 (g to P, Ph), 128.6 (virtual®0 3J~p = 5.7 Hz,m to P, tol),
128.2 (virtual 0 13~p = 29.9 Hz,i to P, tol), 128.1 (virtual ¥° 3Jop = 5.1 Hz,m to P, Ph),
124.8 (br,i to Pt, CgFg), 123.0 (brj to Pt", C4Fs), 101.5 (s3)cp = 34.7 Hz,2cp = 260 Hz29
PtC=C), 97.5 (s,3Jcp = 33.2 Hz,2)cp; = 286 Hz22 Pt"C=C), 89.1 (s 1Jcpi = 968 HZ29 Pt"C),
88.9 (s1Jcpr= 959 HZ29 PtC), 21.6 (s, CHl tol), 14.0 (virtual 80 1)p = 19.8 Hz2Jcp; = 44.2
Hz,2° PMey); 3IP{1H} 17.5 (s, Lpp; = 2712 HZ? P(p-tol)), -10.8 (s, Jpp; = 2458 HZO
Me,PhP).

Data forPt'C4Pt'-a. mp 194°C. Calcd for (G4Hg4F10P4Pt)ICH,CIy), (1827.20): C,
49.96; H, 3.75. Found: 50.29; H, 3.70. NM& CDCL): 1H 7.46 (dd,3Jyy = 8.1 Hz,3Jyp =
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11.1 Hz, 12Hp to P, tol, overlapped with m, 2t,to P, Ph), 7.17-7.31 (m, 6idyp to P, Ph),
7.02 (d,3Jyy = 7.8 Hz, 12Hmto P, tol), 2.31 (s, 18H, GHitol), 1.73 (dd2Jyp = 10.5 HzAJp
= 2.7 Hz,3Jyp; = 45 Hz, 12H, PMg); 13C{1H} 146.5 (dd,1 g = 223 Hz,2)cg = 20 Hz,0 to Pt,
CeFs), 140.3 (dAJcp = 2.4 Hz,p to P, tol), 136.4 (dmtJog = 282 Hz,mip to Pt, GFs), 134.6
(d, Qcp = 11.1 Hz,0 to P, tol), 134.4 (ddlJcp = 53 Hz,3Jcp = 3.1 Hz,i to P, Ph), 130.5 (d,
2)cp=9.7 Hz,0to P, Ph), 129.8 (dJcp= 2.4 Hzpto P, Ph), 128.6 ($Jcp= 10.7 Hzmto P,
tol), 128.1 (d,3Jcp = 10.4 Hzmto P, Ph), 128.2 (ddJcp = 55.4 Hz,3)cp = 2.7 Hz,2Jcpt =
26.2 Hz2%i to P, tol), 126.1 (2Jcg = 50.4 Hz,i to Pt, GFsg), 99.6 (:3Jcp = 33.9 Hz,2Jcp; =
275 Hz29 PtC=C), 90.0 (sXJcpi= 971 HZ2° P(C), 21.5 (s, CH, tol), 14.2 (dd1Jcp = 37.9 Hz,
3Jcp = 2.0 Hz,2)cp; = 45.0 HZ2° PMe)); 31P{1H} 16.8 (d,2Jpp = 435 Hz,1Jpp;= 2610 HZ?
P(p-tol)3), —10.8 (d,2Jpp= 435 Hz,LJpp;= 2570 HZ2? Me,PhP).

Data forPt'C 4Pt" -a. NMR (8, CDCh): 1H 7.50 (dd2Jyy = 8.0 Hz,3J4p = 11.1 Hz, 6H,
o to P, tol,Pt', overlapped with m, 2H to P, PhPt'), 7.32 (m, 6Hp/p to P, PhPt"), 7.22 (m,
3H,m/p to P, PhPt'), 7.12 (d.3Jyy = 8.4 Hz, 4Hmto P, PhPt"), 7.07 (d3Jyy = 8.1 Hz, 6H,
mto P, tol), 2.33 (s, 9H, CHitol), 1.88 (dd2Jp = 10.5 Hz,*Jyp = 2.7 Hz,3Jyp; = 45 Hz2°
6H, PMe, Pt'), 1.70 (virtual 9 2J,p = 3.3 Hz,3Jyp; = 32.4 HZ22 12H, PMe, Pt"); 31P{1H}
18.0 (d,2Jpp = 433 Hz 1Jpp;= 2595 HZ2? p-tol5P), —10.2 (d,2Jpp = 433 Hz, N Jpp;= 2576 HZ22
Me,PhP,Pt'), =10.4 (s 1Jppi= 2459 HZ® Me,PhP Pt").

trans,trans-(CgFs)(p-tol 3P)((p-t-BuCgH 4)o,PhP)Pt(CZC),Pt(PPh(p-CgH 4t-Bu),) (Pp-
tol3)(CgFs) (Pt'C4Pt-b). SynthesisA. A Schlenk flask was charged witt'Cl-b (0.286 g,
0.266 mmol),Pt'C4H-b (0.289 g, 0.266 mmol), CuCl (0.014 g, 0.141 mmahd HNE} (60
mL). The mixture was stirred for 88 h at 45 °C.é&kftooling, the solvent was removed by oil
pump vacuum, and the residue extracted with tol§@ne 25 mL). The combined extracts were
filtered through a neutral alumina column (8 cmckeal in toluene). The solvent was removed
by rotary evaporation. The residue was chromatdgradn a silica gel column (3.8 x 43 cm,
30:70 v/iv CHCI,/ hexane). The solvent was removed from the prodamtaining fractions by

rotary evaporation and oil pump vacuum to give éhpere complexes as yellow solidsans,
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trans-(CgFs)((p-t-BuCgH 4),PhPYPt(C=C),Pt(PPhP-CgH4t-Bu)o)(CeFs)  (Pt'C 4Pt"-b, 0.010
g, 0.005 mmol, 2%)trans,trans-(CgFs)(p-tol3P)((p-t-BuCgH,4),PhP)Pt(GC),Pt(PPh-CgHat-
Bu),)2(CgFs) (Pt'C4Pt"-b, 0.036 g, 0.016 mmol, 6%) amtC,Pt (0.009 g, 0.005 mmol, 2%).
Other fractions contained mixtures of three addalocomplexes. One of these (0.055 g) was
chromatographed on a silica gel column (2.5 x 42 t&82 v/v ethyl acetate/hexane). The
solvent was removed from the product containingtfoas by rotary evaporation and oil pump
vacuum to givetrans,trans-(CgFs)(p-tol3P)Pt(CEC),Pt(PPh-CgHt-Bu),)»(CgFs) (PtC4Pt" -
b, 0.015 g, 0.007 mmol, 3%) arichns trans-(CgFs)(p-tolsP)Pt(CEC),Pt(PPhP-CgH 4t-Bu),)(-
Pp-tol3)(CgFs) (PtC4Pt'-b, 0.039 g, 0.019 mmol, 8%). Another fraction (0.@f}4vas chromato-
graphed on a silica gel column (2.5 x 43 cm, 12/88thyl acetate/hexane). The solvent was re-
moved from the product containing fractions by rpvaporation and oil pump vacuum to give
Pt'C4Pt"-b (0.010 g, 0.005 mmol, 2%) and a mixtureRtiC 4Pt'-b and PtC,4Pt" -b (0.050 g).
NMR analysis of the mixture indicated 3% and 6%dgeof Pt'C 4Pt'-b andPtC,4Pt" -b, respect-
ively (a total of 0.046 g, 0.021 mmol, 8% for tladtér).

Data forPt"C 4Pt" -b. dec pt 208C. NMR @, CDCL): 1H 7.75-7.67 (m, 8Hp to P, Ph),
7.44-7.35 (m, 16Ho to P, GH,), 7.13 (d3Jyy = 8.4 Hz, 16Hmto P, GH,), 7.06 (M, 4Hp to
P, Ph), 6.93 (m, 8Hnto P, Ph), 1.26 (s, 72H, C(GH); 31P{1H} 16.0 (s,1Jpp;= 2715 HZ9).

Data forPt'C4Pt" -b. dec pt 182°C. Calcd for G1gH114F10P4P%©(2200.19): C 62.78; H
5.22. Found: C 62.76, H 5.26. NMR, CDCl): 1H 7.77-7.66 (m, 6Hop to P, Ph), 7.48-7.36 (m,
18H,0to P, tol+GHy), 7.14 (d,3Jyy = 8.4 Hz, 12Hmto P, GH,, overlapped with m, 6H to
P, Ph), 7.03-6.90 (m, 6k to P, Ph), 6.83 (B = 7.8 Hz, 6HmMto P, tol), 2.25 (s, 9H, C4
tol), 1.27 (s, 18H, C(Ch)s, Pt'), 1.26 (s, 36H, C(Ch)3, Pt"); 13C{1H}32153.1 (spto P, G-
H,, Pt andPt"), 146.0 (dd1Jcg = 222 Hz,2)cg = 24 Hz,0 to Pt, GFg), 139.9 (sp to P, tol),
136.8 (dmXJcp = 235 Hz,m/p to Pt, GFs), 135.02 (virtual 89 2J-p = 6.3 Hz,0to P, PhPt"),
135.00 (virtual 802J-p = 6.2 Hz,0 to P, PhPt'), 134.6 (virtual £02J~p = 6.3 Hz,0 to P, tol),
134.43 (virtual 892)~p = 5.8 Hz,0 to P, GHy, Pt'), 134.35 (virtual 80 2)~p = 6.0 Hz,0 to P,
CgHg, Pt"), 131.6 (dd1Jcp= 30.6 Hz3Jcp = 28.2 Hz,ji to P, PhPt'), 131.5 (virtual £01)-p =
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29.0 Hz,i to P, PhPt"), 129.8 (spto P, PhPt' andPt"), 128.3 (virtual 03)-p= 5.4 Hzmto
P, tol), 127.52 (virtual 20 3J-p = 5.0 Hzmto P, PhPt'), 127.47 (virtual £03J-p = 5.4 Hz,m
to P, PhPt"), 124.6 (virtual 803J-p = 5.4 Hzmto P, GH,, Pt' andPt"), 104.4 (s2)cpt=
271 Hz2% PtC=C), 104.2 (s2Jcpi = 271 HZ2% PtC=C), 87.0 (s1Jcpi = 952 HZz2° PIC), 34.8 (s,
C(CHs)3), 31.38 (s, QTH3)3, Pt'), 31.36 (s, GCH4)3, Pt"), 21.5 (s, CH, tol); 31P{1H}34 16.35
(s, ppi= 2713 H29), 16.16 (s1Jppi= 2712 HZ9).

Data forPtC,Pt"-b. NMR (5, CDCk): 1H (see Figure S8% 7.75-7.65 (m, 4Hp to P,
Ph), 7.48-7.35 (m, 20Hy to P, tol+GH,), 7.14 (d3Jyy = 7.5 Hz, 8Hmto P, GH,, overlapped
with m, 4H,p to P, Ph), 7.04-6.92 (m, 4if to P, Ph), 6.84 (d#Jyy = 7.8 Hz,AJyp = 2.4 Hz,
12H, mto P, tol), 2.260, 2.251 (2 s, 9H/9H, CH, tol), 1.264, 1.259 (X s, 18H/18H, C(C-
Hs)s); 31P{1H} (see Figure SEP 16.2 (apparent tlpp = 17.2 Hz,1Jpp; = 2715 HZ9). MS
(MALDI, THAP matrix, m/z for the most intense peak the isotope envelope): 2130 (M
46%), 2153 (M+N3, 74%), 2169 (M+K, 35%), and other peaks.

Data forPtC,4Pt'-b. dec pt 155°C. Calcd for GogHgsF10P4Pt (2059.86): C, 61.22; H,
4.60. Found: C 61.27, H 4.73; NMR, CDCk): 1H 7.75-7.65 (m, 2Ho to P, Ph), 7.49-7.35 (m,
18H,0 to P, tol+GHy), 7.14 (d,3Jyy = 8.4 Hz, 4Hmto P, GH,, overlapped with m, 2Hj to
P, Ph), 7.02 (8Jy = 7.6 Hz, 2Hmto P, Ph), 6.87 (#Jy = 7.8 Hz, 18Hmto P, tol), 2.27 (s,
27H, CHg, tol), 1.27 (s, 18H, C(ChJ3); 13C{1H}32 153.3 (sp to P, GHy, Pt' andPt"), 146.1
(dd, LJep = 223 Hz,2J-g = 23 Hz,0 to Pt', CgFs), 140.04 (sp to P, tol,Pt'), 140.00 (sp to P,
tol, Pt), 136.7 (dmXJcg = 218 Hz,mip to Pt', CgFs), 135.1 (virtual £02)~p= 6.7 Hz,0 to P,
Ph), 134.7 (virtual $02)-p = 6.2 Hz,0 to P, tol Pt/Pt'), 134.5 (virtual £02J-p= 6.1 Hz,0 to P,
CgHy), 131.7 (virtual 80 1J-p = 30 Hz,i to P, Ph), 129.9 (g to P, Ph), 128.4 (virtual® 3J-p
= 5.6 Hzmto P, tol), 128.38 (virtual3% 1J-p = 29.7 Hzj to P, tol,Pt), 128.35 (virtual 89 1J-p
= 29.6 Hz,i to P, tol,Pt), 128.1 (virtual 0 1J-p = 30.1 Hz,i to P, GH,), 127.5 (virtual £9
3Jcp = 5.4 Hzmto P, Ph), 124.6 (virtual® 3J-= 5.4 Hz,mto P, GH,), 104.4, 104.2 (X s,
2Jcpt = 259/259 HZ° PtC=C), 86.84, 86.60 (2 s, Wcp; = 970/965 HZ2 P(C), 34.8 (s,
C(CHs)3), 31.3 (s, CH), 21.4 (s, CH, tol); 31P{1H} 16.29 (s,1Jpp(= 2711 HZ2 Pt), 16.17 (s,
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Dppi= 2712 HZ9 Pt).

Synthesis B A Schlenk flask was charged wigt'Cl-b (0.913 g, 0.848 mmolRt'C 4H-
b (0.925 g, 0.848 mmol), CuCl (0.019 g, 0.194 mmeBuOK (0.118 g, 1.048 mmol), KRF
(0.188 g, 1.023 mmol), THF (70 mL), and methand L) with stirring. After 15 d, the solv-
ent was removed by rotary evaporation and oil pwaguum. The residue was extracted with
CHyCl, (3 x 25 mL). The extract was filtered through anaiha/celite pad (2.5 x 5 cm). The sol-
vent was removed by rotary evaporation and oil pwaguum. The residue was chromatograph-
ed on a silica gel column (3.8 x 44 cm, 3:1 viuéwie/hexane). The solvent was removed from
the product containing fractions by rotary evaporataind oil pump vacuum to give two pure
complexesPt'C 4Pt" -b (0.020 g, 0.009 mmol, 2%) amt'Cl-b (0.320 g, 0.297 mmol, 36%), as
yellow and white solids, respectively. The othactrons were mixtures, and one that was rich in
diplatinum products was chromatographed on a sgalacolumn (3.8 x 43 cm, 1:1 v/v chloro-
form/hexane). The solvent was removed from the ywbdontaining fractions by rotary evapora-
tion and oil pump vacuum to give three pure comgdeRt'C 4H-b (0.171 g, 0.157 mmol, 19%),
Pt'C4Pt'-b (0.379 g, 0.178 mmol, 21%) aRdC,Pt'-b (0.014 g, 0.007 mmol, 1%).

Data forPt'C4Pt'-b. dec pt 165C. Calcd for G1gH104F10P4Pb (2130.09): C 62.03, H
4.92; found: C 62.13, H 4.96; NMR®,(CDCl): 1H 7.75-7.64 (m, 4Hp to P, Ph), 7.49-7.35 (m,
20H,0 to P, tol+GH,), 7.14 (d.3Jyy = 8.7 Hz, 8Hmto P, GH,, overlapped with m, 4Hj to
P, Ph), 7.05-6.95 (m, 4Hin to P, Ph), 6.83 (PJyy = 7.8 Hz, 12Hm to P, tol), 2.25 (s, 18H,
CHj, tol), 1.26 (s, 36H, C(ChJ3); 13C{1H}32 153.2 (sp to P, GH,, Pt andPt"), 146.1 (dd,
Lcp = 221 Hz,2)oF = 21 Hz,0 to Pt', CgFs), 140.0 (sp to P, tol), 136.3 (dmiJog = 254 Hz,
m/p to Pt', CgFs), 135.0 (virtual 892J~p = 6.3 Hz,0to P, Ph), 134.6 (virtual® 2J-p = 6.3 Hz,
o to P, tol), 134.4 (virtual 39 2J-p = 5.9 Hz,0 to P, GH,), 131.7 (dd1Jcp = 31.0 Hz3Jp =
27.6 Hz,i to P, Ph), 129.9 (@ to P, Ph), 128.3 (virtual®} 3Jcp = 5.5 Hz,m to P, tol), 128.3
(dd, Wep = 31.0 Hz3J)p = 28.4 Hz,j to P, tol), 128.1 (ddkJp = 31.2 Hz3)-p = 27.8 Hz,i to
P, GHz), 127.5 (virtual 03J-p = 5.5 Hzmto P, Ph), 124.6 (virtual¥3J-p= 5.2 Hzmto P,
CeHyg), 104.3 (5,2cp; = 254 Hz2° PtC=C), 86.8 (br s,1Jcp; = 967 Hz2° P(C), 34.9 (s,
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C(CHg)3), 31.4 (s, CH)), 21.5 (s, CH, tol); 31P{1H} (see also Figure S1) 16.4 &lpp,= 2711
Hz29).

trans,trans-(CgFs)(p-tol3P)((p-MeOCgH 4),PhP)Pt(C=C),Pt(PPh(p-CgH ,OMe),) (Pp-
tol3)(CgFs) (Pt'C4Pt'-c). A Schilenk flask was charged wit'Cl-c (0.747 g, 0.729 mmolRt'-
C4H-c (0.688 g, 0.663 mmol), CuCl (0.026 g, 0.263 mmaif)d HNE$ (120 mL). The mixture
was stirred for 88 h at 50 °C. After cooling, tledvent was removed by rotary evaporation. The
maroon residue was chromatographed on a silicacjein (3.8 x 42 cm) using 40:60 v/v GH
Cly/hexane to elutetC4Pt (0.022 g, 0.011 mmol, 2%), 50:50 v/v gEl,/hexane to elut&rans,
trans-(CgFsg) (p-tolsP),Pt(CEC),Pt(Pp-tol3)(PPhp-CgH,OMe),)»(CgFs)  (PtC4Pt'-c, 0.084 g,
0.042 mmol, 7%) anétCl (0.111 g, 0.108 mmol, 16%), 60:40 v/v gEl,/hexane to elute an
unknown complex (0.062 gjrans,trans-(CgFs)(p-tol3P)Pt(C=C),Pt(PPhp-CgH,OMe),)o(Ce-
Fg) (PtC4Pt"-c, 0.059 g, 0.029 mmol, 5%), andhns,trans-(CgFs)(p-tol3P)((p-MeOCgH,4)-Ph-
P)Pt(G=C),Pt(PPhp-CgH4OMe),)(Pp-tol3)(CeFs) (PtC4Pt'-c, 0.111 g, 0.055 mmol, 8%), 70:30
viv CHyCly/hexane to elutet'Cl-c (0.199 g, 0.185 mmol, 26%), and 75:20 v/v /hexane
to elutetrans,trans-(CgFs)(p-tolsP)((P-MeOCgH,4)2PhP)Pt(GC),Pt(PPhp-CgH,OMe),)»(CgFs)
(Pt'C4Pt" -c, 0.098 g, 0.048 mmol, 8%) and a second unknowrpt®n(0.059 g).

Data forPtC,Pt'-c. NMR (3, CDCly): 1H 7.57-7.35 (m, 24Hg to P, Ph+tol+@GH,), 7.16
(t, 3y = 7.8 Hz, 1Hp to P, Ph), 7.03 (BJyy = 7.5 Hz, 2Hmto P, Ph), 6.88 (Bl = 7.8
Hz, 18H,mto P, tol), 6.62 (d3Jy = 8.7 Hz, 4Hmto P, GH,), 3.73 (s, 6H, OCh), 2.28 (s,
27H, CHg, tol); 31P{H} 16.35 (s,1Jpp; = 2711 HZ? p-tolsP, Pt), 16.24, 16.17 (X s, 1Jpp,=
2707 Hz29 p-tol3P, (0-MeOGCsH,4),PhP Pt).

Data forPtC4Pt" -c. dec pt 184C. Calcd for GgHggF1004P4PL (2025.68): C, 58.11; H,
3.98. Found: 58.10; H, 3.98. NMR,(CDCL): 1H 7.54-7.36 (m, 24Ho to P, Ph+tol+GHy),
7.18 (t,3)4y = 7.2 Hz, 2Hp to P, Ph), 7.03 (Blyy = 7.5 Hz, 4Hmto P, Ph), 6.90 (g =
7.8 Hz, 12Hmto P, tol), 6.63 (d3Jyy = 9.0 Hz, 8Hmto P, GHy), 3.73 (s, 12H, OCh), 2.29
(s, 18H, CH, tol); 13C{1H}32161.1 (sp to P, GH,, Pt' andPt"), 146.1 (dm1J-g = 229 Hz,0
to Pt/Pt", CgFs), 140.0 (sp to P, tol), 136.4 (virtual ¥° 2J-p = 6.9 Hz,0 to P, GH,), 136.3
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(dm, LJg = 261 Hz,m/p to Pt/Pt", CgFs), 134.6 (virtual 80 2J-p = 6.3 Hz,0 to P, tol), 134.0
(virtual t302)-p = 6.1 Hz,0 to P, Ph), 132.4 (virtual® Jp = 29.0 Hz, to P, Ph), 129.7 (@
to P, Ph), 128.3 (virtual® 3J-p = 5.5 Hzmto P, tol), 128.3 (virtual ¥ 1J-p = 29.6 Hz,j to P,
tol), 127.4 (virtual 80 3J-p = 5.4 Hz,m to P, Ph), 122.2 (virtual®} J-p = 31.3 Hz,i to P,
CgHy), 113.3 (virtual 893)-p = 5.8 Hzmto P, GH,), 104.1, 103.8 (X s, 2)cp; = 275 Hz2°
PtC=C), 86.9 (br s1Jcp;= 951 HZz2° PIC=C), 55.4 (s, OCH), 21.5 (s, CH, tol); 31P{1H} 16.30
(s, Lppi= 2710 HZ2® Pp-tolg), 15.92 (s1Ipp;= 2698 HZ? (p-MeOCsH,4),PhP).

Data forPt'C4Pt'-c. mp 128°C. Calcd for QgHggF1gO4P4Pt (2025.68): C, 58.11; H,
3.98. Found: 58.28; H, 3.89. NMR,(CDCL): 1H 7.55-7.36 (m, 24Ho to P, Ph+tol+GH,),
7.18 (1,3J4y = 7.2 Hz, 2Hp to P, Ph), 7.04 (BJyy = 7.2 Hz, 4Hmto P, Ph), 6.89 (g =
7.8 Hz, 12Hmto P, tol), 6.65 (d3Jy = 8.7 Hz, 8Hmto P, GH,), 3.74 (s, 12H, OC}), 2.29
(s, 18H, CH); 13C{1H}32161.1 (spto P, GH, Pt' andPt"), 146.1 (dd1Jcg = 223 Hz2op =
23 Hz,0to Pt, GFs), 140.1 (sp to P, tol), 136.4 (virtual392-p= 7.5 Hz,0 to P, GH,), 136.4
(dm, LJcg = 258 Hz,m/p to Pt, GFs), 134.6 (virtual 80 2)-p = 6.8 Hz,0 to P, tol), 134.0
(virtual t39 2)~p = 6.5 Hz,0 to P, Ph), 132.4 (dd})cp = 33.4 Hz,3)cp = 24.8 Hz,i to P, Ph),
129.7 (spto P, Ph), 128.4 (dd)cp= 6.1 Hz,°J-p= 4.8 Hzmto P, tol), 128.3 (ddJcp = 33.9
Hz,3Jcp = 25.4 Hz,j to P, tol), 127.4 (dd3Jcp = 5.9 Hz,3J-p = 4.6 Hzmto P, Ph), 122.2 (dd,
Lep = 36.0 Hz3)cp = 26.8 Hzj to P, GHy), 113.3 (dd3Jcp = 6.6 Hz,°)cp= 5.4 Hzmto P,
CgHa), 103.9 (s2Jcp = 264 HZ2° PtC=C), 86.8 (s1Jcp;= 966 Hz2° PIC=C), 55.4 (s, OCH),
21.5 (s, CH, tol); 31P{1H} 16.17, 16.14 ( s,1Jpp = 2704 HZ9).

Data forPt'C4Pt"-c. mp 119°C. Calcd for G7/H7gF100sP4PL (2043.73): C, 57.01; H,
3.85. Found: 57.13; H, 3.86. NMR,(CDCk): 1H 7.57-7.37 (m, 24Hp to P, Ph+tol+GH,),
7.19 (t,3J4y = 7.5 Hz, 3Hp to P, Ph), 7.05 (BJyy = 7.2 Hz, 6Hmto P, Ph), 6.91 (FJyy =
7.8 Hz, 6Hmto P, tol), 6.66 (d3Jyy = 9.0 Hz, 4Hmto P, GH,, Pt'), 6.65 (d,3Jy = 8.7 Hz,
8H, mto P, GH, Pt"), 3.75 (s, 6H, OCH| Pt'), 3.74 (s, 12H, OCk| Pt"), 2.30 (s, 9H, Ch);
13C{1H}32 161.1 (sp to P, GH,, Pt' andPt"), 146.1 (dd1Jcg = 223 Hz,2JoF = 24 Hz,0 to
Pt/Pt" , CgFs), 140.1 (sp to P, tol), 136.4 (virtual 0 2Jop = 6.9 Hz,0 to P, GH,, Pt' and
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Pt"), 136.3 (dmlJg = 261 Hz,m/p to Pt/Pt" , CgFs), 134.6 (virtual £02J-p = 6.3 Hz,0 to P,
tol), 134.0 (virtual 802J~p = 6.1 Hz,0to P, PhPt' andPt"), 132.4 (virtual €0 1J-p = 29.0 Hz,
i to P, PhPt"), 132.4 (dd1Jcp = 33.3 Hz3Jcp = 25.0 Hzji to P, PhPt'), 129.7 (sp to P, Ph,
Pt' andPt"), 128.4 (virtual 89 3J-p = 5.5 Hz,mto P, tol), 128.3 (ddlJcp = 33.6 Hz,3)cp =
25.7 Hz,i to P, tol), 127.5 (virtual 39 3J-p = 5.4 Hzmto P, PhPt' andPt"), 122.2 (dd1Jcp=
35.9 Hz,3Jcp=27.0 Hzj to P, GH,, Pt'), 122.2 (virtual 891)-p= 31.3 Hzj to P, GHy, Pt"),
113.3 (virtual 0 3)~p = 5.7 Hz,m to P, GH,, Pt andPt"), 103.8, 103.7 (X% s, Xcp; =
265/265 HZ2 PtC=C), 87.0 (s,1Jcp; = 963 Hz2° PIC=C), 55.39 (s, OCH, Pt'), 55.37 (s,
OCHjg, Pt"), 21.5 (s, CH, tol); 31P{1H} 16.19, 16.15 (2x s, Lpp; = 2703 HZO p-tolsP, (-
MeOGCzH,),PhP Pt'), 15.94 (s1Jpp;= 2696 HZ2? (p-MeOCgzH,),PhP Pt").

trans,trans-(CgFs)(p-tol3P)(n-ProPhP)Pt(C=C),Pt(PPhn-Pr,)(Pp-tol3)(CgFs) (Pt'Cy-
Pt'-d). A Schlenk flask was charged wit'Cl-d (0.876 g, 0.977 mmolRt'C,H-d (0.888 g,
0.976 mmol), CuCl (0.021 g, 0.212 mmohBuOK (0.146 g, 1.301 mmol), KRF0.239 g,
1.298 mmol), THF (70 mL), and methanol (50 mL) watirring. After 92 h, the solvent was re-
moved by rotary evaporation and oil pump vacuune f@sidue was extracted with &El, (3 x
25 mL). The extract was filtered through an alurfaelte pad (2.5 x 4 cm). The solvent was re-
moved by rotary evaporation and oil pump vacuune Tésidue was recrystallized twice from
CHyCl,, to yield pale yellow crystals d?t'C4Pt'-d (1.312 g, 0.741 mmol, 76%), dec pt 212
Calcd for GoHgoF1gP4P (1769.62): C, 55.66; H, 4.56. Found: 55.88; H24.7

NMR (5, CDCL): H (see also Figures S2 and S3) 7.46 fddp = 11.0 Hz.3Jy, = 8.0
Hz, 12H,0to P, tol), 7.41-7.34 (m, 4k to P, Ph), 7.27-7.21 (m, 2ig,to P, Ph), 7.20-7.15 (m,
4H, mto P, Ph), 6.99 (d®Jyy = 8.0 Hz,*Jyp = 2.0 Hz, 12Hmto P, tol), 2.31 (s, 18H, G
tol), 2.20-2.08, 2.07-1.93 (2 m, 4H/4H, PCH), 1.67-1.53, 1.47-1.33 (& m, 4H/4H, PCH-
CH,), 0.87 (t,3Jyy = 7.5 Hz, 12H, PChHCH,CHa); 13C{1H} 146.5 (dd, 1o = 224 Hz 2 =
25 Hz,0 to Pt, GFs), 140.2 (d*Jcp= 2.4 Hz,p to P, tol), 136.6 (dmLJcg = 249 Hz,m/p to Pt,
CeFs), 134.6 (d,2Jcp = 11.2 Hz,0 to P, tol), 132.1 (dd\cp = 49.1 Hz3J-p = 2.8 Hz,i to P,
Ph), 131.3 (d2Jcp = 8.8 Hz,0 to P, Ph), 129.5 (¢Jcp = 1.9 Hz,p to P, Ph), 128.5 ($Jcp =
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10.8 Hz,mto P, tol), 128.4 (ddkJ-p = 54.9 Hz,3Jcp = 3.0 Hz,i to P, tol), 127.9 (RIcp = 9.7
Hz, mto P, Ph), 126.4 (BJcg = 52.3 Hz,i to Pt, GFs), 99.9 (s,2Jcpt = 267.6 HZ® PtC=C),

87.9 (br,Wcpy = 971 Hz2% PIC=C), 26.9 (dd,XJcp = 33.5 Hz,3Jcp = 1.3 Hz, PCH), 21.4 (d,
SJcp = 1.1 Hz, CH, tol), 18.0 (s, PChCH), 16.0 (d.2Jcp = 14.8 Hz, PCHCH,CHa); 31P{1H}

17.6 (d,2Jpp= 421 Hz,Wpp= 2620 HZ2? p-tol3P), 6.0 (d Jppy= 2590 HZZ9 2Jpp = 421 Hzn-
Pr,PhP).

Crystallography. Colorless crystals df andPt'Cl-e were grown from CHCl,/ hexane
at room temperature. Pale yellow crystal®6€ 4H-a were grown from ChCl,/acetone/hexane
at -5 °C. Pale yellow crystals &t'C 4Pt'-a-2CH,Cl, were grown from CHCly,/hexane at -5
°C. Orange-brown crystals dPtC4Pt"-b-C;Hg were grown from toluene/ethanol at room
temperature. Yellow crystals &t'C 4Pt'-b could be grown analogously, or from toluene/hexane
at —15 °C (identical unit cells). Yellow crystals Rt'C 4Pt'-c were grown from CHCly/ethanol
mixture at room temperature. Pale yellow crystdl$tC 4Pt'-d were grown from CHCl, at
-15 °C.

For all the data in Tables 1 and 2, integratechsitg information for each reflection was
obtained by reduction of the data frames with thegmm APEX3% or SAINTplus’. The inte-
gration method employed a three dimensional prafialgorithm, and all data were corrected for
Lorentz and polarization factors, as well as cilydexay effects. These data were merged and
scaled to produce suitable data sets. The progrslbABS38 was employed for absorption cor-
rections. Structures were solved using SHELXTL (8ME).32 All non-hydrogen atoms were
refined with anisotropic thermal parameters. Carbonnd hydrogen atoms were placed in ideal-
ized positions (C-H = 0.96 A, jbl(H) = 1.2 x Ug(C). The structures were refined (weighted
least squareBF) to convergenceé?

With 1, the thermal parameters of the s6fg carbon atoms (C(45) to C(48)) indicated
disorder, which could be modeled. The R factor ¥§.2nd significant unaccounted electron
densities near Pt(1) in the Fourier difference raeh4, 2.4, 1.8, and 1.6 €& distance from
Pt(1) to highestjl peak ca. 1.0 A; distances betwegn g2, g3, andg4 all about 2.1 A) sug-
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gested a "whole-molecule-disorder”. Using O-fikiR, the whole-molecule-disorder was model-
ed and refined, decreasing the R factor to 4.7%rd&8were two possible configurations for the
disorder with the gFg ligands occupying opposite ends: one with bothtgdigands and hence
both CI ligands occupying the same side, and therowith these ligands occupying opposite
sides. Both models were refined, but the resul@nigctors were very close and did not differ-
entiate between them. The occupancy of the molewiite Pt(1) refined to 0.93, and that with
Pt(1A) refined to 0.07. Considering the highly leidgsatio, the refinement was carried out with
the molecule with the minor occupancy fully rigid.

With Pt'Cl-e, systematic reflection conditions suggested thecaotrosymmetric space
group P2;2,2,. This assignment was further supported by stadistiests. WithPt'C4Pt'-
a-2CH,Cl,, there were no complications although the inversienter at the midpoint of the sp
carbon chain is noteworthy.

With PtC4Pt" -b- C;Hg, the combination of the Cu source and the multevdetector on
the GADDS diffractometer employed restricted tieahgle to 120°. This precluded attaining
the resolution recommended by the CHECK-CIF prdtoSomet-Bu groups were disordered,
but their occupancies could be modeled (73:27 {®0(&1/62) vs. C(60A/61A/62A); 46:54 for
C(50/51/52) vs. C(50A/51A/52A); 24:76 for C(34/36)3ss. C(34A/35A/36A)). Under the con-
ditions employed, data collection could only beriegr out to 93% completion.

With Pt'C4Pt'-b, data were collected at the lowest temperatursipleswith the instru-
ment 60 °C, 213 K). Somé&Bu groups were disordered, but their occupanaesdcbe mod-
eled (61:39 for C(102/103/104) vs. C(130/131/1F5;45 for C(49/50/51) vs. C(49A/C50A/
C51A)). The fluorine atoms also exhibited elongatiksplacement parameters, suggesting a
wagging of the gFg groups. No attempts were made to model this oesord

With Pt'C4Pt'-c, two methoxy groups were disordered over thressd(1)-C(38), O(2)
-C(48), O(3)-C(51). As a result, one hydrogen amphenyl group associated with this disorder
is not modeled (the formula shows one less hydrpgamme of the thermal parameters associat-

ed with the other methoxy groups are larger, bigngdts to model additional disorder did not
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give lower R factors. The same limitations as VAtC,Pt" -b precluded attaining the resolution
recommended by the CHECK-CIF protocol.

With Pt'C4Pt'-d, which exhibited an inversion center at the midpaf the sp carbon
chain, four carbon atoms of the phenyl group (C84¢(37)) and three of ormepropyl group
(C(38) to C(40)) showed elongated thermal ellipspiddicating disorder. However, efforts to
model this disorder did not improve the refinement.
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Appendix A. Supplementary material

CCDC 1515530, 1515531, 1515532, 1515534, 151588537, 1515538 and 1515536
contain the supplementary crystallographic datd fét"Cl -e, Pt'C 4H-a, Pt'C 4Pt'-a-d, andPt-
C4Pt"-b. These data can be obtained free of charge froemCdambridge Crystallographic Data
Centre via www.ccdc. cam.ac.uk/data_request/cif .

Appendix B. Supplementarydata

Supplementary data related to this article (NMBcsa showing non-first-order phenom-

ena, space filing representations of molecularucttres) can be found at http://

dx.doi.org/10.1016/j.jorganchem.2017xxXx.
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Table 1. Summary of Crystallographic Data for Monoplatin@Qomplexes.

Complex 1 Pt'Cl-e PtC4H-a
emprical formule C48H62C|2F10P2P1252 C34H46C|F5P2P1 C39H33F5P2P1
formula weight 1416.12 842.19 853.68
temperature (K) 110(2) 110(2) 110(2)
diffractomete Bruker D8 GADD¢ Bruker Apex : Bruker Smai
wavelength (A) 0.71073 0.71073 0.71073
crystal system monoclinic orthorhombic triclinic
space group P21/n P2,2124 P1
unit cell dimension
a(A) 13.403(8) 12.1059(15) 9.502(5)
b (A) 16.599(10) 14.2630(18) 11.234(5)
c(A) 24.219(15) 20.214(2) 16.775(8)
a° 90 90 82.188(6)
Be 102.724(8) 90 83.654(6)
Y 90 9C 73.939(6
Volume (A3) 5256(6 3490.3(7 1699.8(14
z 4 4 2
Pealce (MgIm™3) 1.79( 1.60: 1.66¢
1 mm1/F(000) 5.627/2768 4.238/1680 4.277/840
Crystal size mm 0.05 x 0.04 x 0.03 0.60 x 0.40 x 0.10 0.35 x &xIb15
0 range of data collectic® 1.50 to 28.7 2.4310 27.5 1.23t0 27.7
index ranges -18<h<17 -15<h<15 -12<h<12
-22<k<21 -18<k<18 -14<k<14
-32<1<32 -25<1<26 -21<1<21
reflections collected/independent 58195/12840 301918 19785/7793
data/restraints/parameters 12840/ 123 /610 7918400 7793/0/423
goodness of fit 0F2 1.073 1.07: 1.01z
final R indices $20(l) R1 = 0.0468, R1 =0.0192, R1 = 0.0359,
wR2=0.0999 wR2= 0.0399 wR2=0.0712
R indices (all data) R1 = 0.0823, R1 =0.0210, R1 = 0.0452,
wR2=0.1155 wR2= 0.0404 wR2=0.0743

largest diff. peak and hole A

2.735 and-2.208

0.878 and0.386

2.250 and2.234




Table 2. Summary of Crystallographic Data for Diplatinummaexes.

Complex Pt'C4Pt'-a:2CH,Cl, Pt'C,Pt'-b Pt'C4Pt'-c Pt'C4Pt'-d PtC,Pt" -b- G;Hg
emprical formule C7GH68C|4F10P4P12 Clch104F10P4P12 C98H79F1004P4P12* C82H80F10P4P12 C117H 112F10P4P12
formula weight 1827.16 2129.99 2024.67 1769.52 rp2
temperature (K) 110(2) 213(2) 110(2) 110(2) 110(2)
diffractomete Bruker Apex : Bruker Apex : Bruker D8 GADDS BrukerD8 GADDS  Bruker D8 GADD¢
wavelength (A) 0.71073 0.71073 1.54178 1.54178 B4
crystal system monoclinic monoclinic triclinic maztimic triclinic
space group P2(1)/c P2(1)/n P-1 P2/n P-1
unit cell dimension
a(A) 13.8673(12) 15.376(8) 14.276(6) 15.1018(6) 14.3804(7)
b (A) 20.4887(18) 31.668(15) 15.175(2) 13.6152(6) 14.8720(7)
c(A) 14.6707(13) 20.056(10) 20.880(3) 18.0925(9) 24.5452(12)
a’ 90 90 81.953(7) 90 99.639(3)
B° 117.9260(10) 94.529(7) 83.809(8) 96.814(3) 92.688(3)
Y 90 9C 72.767(8 9C 100.460(3
Volume (A3) 3682.9(6 9736(8 4267.4(11 3693.8(3 5073.1(4
z 2 4 2 2 2
Pealec (Mg m™3) 1.64¢ 1.45: 1.57¢ 1.591 1.45:
1 mm1/F(000) 4.094/1796 3.003/4280 7.376/2010 8.378/1756 6.225/2234
crystal size mm 0.15 x 0.14 x 0.05 0.25% 0.12 x 0.10 0.10 x @03 0.15 x 0.07 x 0.03 0.15x 0.12 x 0.02
0 range of data collectic® 2.531t0 28.8 2.06 to 27.5 2.14t0 57.5 3.25t061.4 1.83 10 60.0
index ranges -18<h<18 -19<h<19 -15<h<15 -17<h<17 -15<h<15
-27<k<26 -41<k<41 -16<k<16 -15<k<15 -16<k<16
-19<1<19 -26<1<26 -22<1<22 -20<1<20 -27<1<27
reflections collected/independent 42642/9026 11858325 33184/10958 23951/5676 37606/14105
data/restraints/parameters 9026/0/438 22325/12/1120 10958/70/1051 5676/65/442 14105/18/1199
goodness of fit olF2 1.05] 1.031 1.04¢ 1.01¢ 1.04%
final R indices $20(l) R1 = 0.0349, R1 = 0.0396, R1 = 0.0579, R1 = 0.0368, R1 = 0.0380,
wR2=0.0699 wR2= 0.0889 wR2=0.1251 wR2= 0.0917 wR2=0.0916
R indices (all data) R1 = 0.0536, R1 = 0.0705, R1 = 0.0989, R1 = 0.0533, R1 = 0.0565,
wR2=0.0755 wR2= 0.0994 wR2=0.1362 wR2= 0.0982 wR2= 0.0964

largest diff. peak and hole A

1.278 and-1.128

1.461 and1.024

1.444 and1.176

1.072 and0.978

1.786 and1.146
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Table 3.Key Interatomic Distances (A) and Bond or Plarei@lAngles (°) in Diplatinum Complexes.

Pt'C4Pt'-a-2CH,Cl, Pt'C,4Pt'-b Pt'C4Pt'-c Pt'C4Pt'-d PtC4Pt" -b- C/Hg

P1(1)-C(1) 1.990(4 1.995(4 1.966(12 2.021(7 1.994(7
C()=C(2) 1.219(5 1.195(5 1.247(15 1.186(9 1.216(8
C(2)-C(3)@ 1.376(7 1.381(6 1.393(18 1.392(13 1.366(9
C(3)=C(4)? 1.219(5 1.215(6 1.274(17 1.186(9 1.238(8
C(4)-Pi(2)2 1.990(4 1.979(4 1.912(16 2.021(7 1.973(6
P1(1)-Cipso 2.061(4 2.071(4 2.068(11 2.089(6 2.074(4
P1(2)-Cipso® 2.061(4 2.072(4 2.082(12 2.089(6 2.071(6
P1(1)-P(1) 2.3101(10 2.3048(14 2.308(3 2.3130(16 2.2971(15
P1(1)-P(2) 2.2932(11 2.3059(14 2.315(3 2.3007(17 2.2980(15
P1(2)-P(3)@ 2.3101(10 2.3138(14 2.297(3 2.3130(16 2.3044(15
P1(2)-P(4)@ 2.2932(11 2.2998(14 2.299(3 2.3007(17 2.2905(15
Av. C4,=Cq, 1.21¢ 1.20¢ 1.27¢ 1.18¢ 1.227
P[Pt 7.792 7.72¢ 7.76¢ 7.792 7.77¢
sum of bond lengths, (1) to Pi(2) 7.79i 7.76¢ 7.792 7.80¢ 7.78i
P1(1)-C(1)-C(2) 176.8(3 171.0(4 178.1(10 174.0(6 175.5(5
C(1)-C(2)-C(3)@ 178.4(5 178.0(5 176.5(13 177.8(9 178.4(7
C(2)-C(3)-C(4)? 178.4(5 175.7(5 174.0(15 177.8(9 178.0(6
C(3)-C(4)-Pi(2)2 176.8(3 169.6(4 175.0(11 174.0(6 176.3(5
avg.n stacking® 3.60: 3.70¢ 3.734 4.09¢ 4,04z
(P1-Pt1-P2)Pt2 vs. (F-Ptz-P4)Ptc 0 44.1¢ 51.3( 0 46.07
(Cipso-P1-Pt1-P2) vs. (P3-Pt2-P4: )¢ O 43.61 51.71 0 48.4¢

aTo faC|I|tate comparisons, some atom$6€ ,Pt'-a- 2CH,Cl, andPt'C 4Pt'-d, both of which exhibit inversion centers, haverbesnumbered from those in
the cif files.? Distance between the centroids of th€£Sand aryl rings; average of four valueéngle between planes defined by these atoms.
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Table 4. UV-visible data for diplatinum butadiynediyl compéss trans,trans-(CgFs)(p-tol3P)-
(R3P)Pt(c.-t-C)2Pt(PR},)(Pp-t0|3)(C6F5) in CH2C|2.

Complex R3P A (nm) [ (v~ em ™D ]

PtC,Pt-a Me,PhP 321 [24900], 344 [19500], 388 [560], 422 [79]
Pt'C4Pt-b  (p-t-BuCgHg),PhP 293 [16700], 330 [18900], 351 [14700], 393 [470}7480]
Pt'C4Pt-c  (p-MeOGgH4),PhP 311 [12800], 330 [16500], 351 [12600], 392 [47174120]
PtC4Pt-d n-Pr,PhP 306 [15000], 322 [20000], 344 [15000], 387 [4002450]
PtC,Pt2  PrtolgP 328 [37000], 351 [12600], 395[500], 428 [90]

a Reported in reference 2a: 330 [17000], 350 [13200]

Graphical Abstract
The heterocoupling of platinum chloride and butagliycomplexes (cat. Cul, HNEt gives the
title complexes, but with scrambling of the two ikalphosphine ligands on each precursor over
all four positions (5-6 isomers). These are sepdrand structurally characterized, but low
temperature NMR spectra do not reveal any dynanacgsses.
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