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Abstract: Reactions of trans-(CsFs)(Ph2.P(CH,)»CH=CH,),PtCl (1; m" = a, 6; b, 7; c, 8; d, 9; e, 10) and
H(C=C),H (HNEt,, cat. Cul) give trans-(CsFs)(Ph,P(CH,),CH=CH,),Pt(C=C).H (3a—e, 80—95%). Oxidative
homocouplings of 3a—d under Hay conditions (O, cat. CUCI/TMEDA, acetone) yield trans,trans-(CgFs)-
(thp(CH2)m'CH=CHz)zpt(CEC)4Pt(Ph2P(CHz)mCH=CH2)2(C5F5) (4a—d, 64_84%) Treatment of 3c—e with
excess HC=CSiEt; under Hay conditions gives trans-(Ce¢Fs)(Ph,P(CH.),»CH=CH,),Pt(C=C);SiEt; (56—
73%). Homocouplings (n-BusN* F~, MesSiCl, Hay conditions) afford trans,trans-(Ce¢Fs)(Ph,P(CH2),yCH=CH,).-
Pt(C=C)sPt(Ph,P(CH;),yCH=CH,).(CsFs) (13c—e, 59—64%). Reactions of 4a—d and 13c—e with Grubbs’

I 1
catalyst, followed by hydrogenation, give mixtures of trans,trans-(CsFs)(Ph,P(CH2)mPPh;)Pt(C=C),Pt-
1
(Ph2P(CH2)»PPh)(CsFs) with termini-spanning diphosphines and trans,trans-(CsFs)(Ph2P(CH>),PPh,)Pt-
P

(C=C),Pt(Ph2P(CH2)mPPhy)(CsFs) with trans-spanning diphosphines (m=2m' + 2; n= 4, 6). The latter (n
= 4) are independently synthesized by similar metatheses/hydrogenations of 1la—d to give trans-(CsFs)-
(Ph2P(CH2)mPPh)PtCI (49—59%), followed by analogous introductions of (C=C), chains (66—77%). Crystal
structures of complexes with termini-spanning diphosphines show sp?® chains with both double-helical (m/n
= 20/4) and nonhelical (m/n = 20/6) conformations, and highly shielded sp chains. The sp® chains of
complexes with trans-spanning diphosphines exhibit double half-clamshell conformations. The dynamic
properties of both classes of molecules are analyzed in detail.

Introduction redox states are very labile and appear to decompose via
bimolecular reactions involving the carbon ch#iidence, we
have sought to sterically protect such species, hoping to expand
fthe range of longer-lived redox stafes.

Complexes in which wirelike sp carbon chains span two
metals, LMCML,, are of intense current interésg They
contain what can be regarded as the most fundamental type o
unsaturated bridging ligand, which unlike nearly all others can  In the preceding papérwe described unprecedented coor-
never be twisted out of conjugation. Such species have a richdination-driven self-assembly processes involving the penta-
redox chemistrf#5and the carbon chains can mediate a variety fluorophenyl-substituted diplatinum polyynediyl complexes
of charge- and electron-transfer processeslowever, some  transtrans(CeFs)(p-tolsP)Pt(C=C),Pt(Ro-tols)2(CeFs) (n = 4

" Universita Erlangen-Nunberg. (5) Lead papers from other research groups: (a) Bruce, M. I.; Low, P. J.;
* University of Utah. Costuas, K.; Halet, J.-F.; Best, S. P.; Heath, GJAAm. Chem. So200Q

(1) Bruce, M. I.; Low, P. JAdv. Organomet. ChenR004 50, 179. 122 1949. (b) Coat, F.; Paul, F.; Lapinte, C.; Toupet, L.; Costuas, K.;

(2) Paul, F.; Lapinte, C. Irunusual Structures and Physical Properties in Halet, J.-F.J. Organomet. Chen2003 683 368. (c) Venkatesan, K.; Fox,
Organometallic ChemistpyGielen, M.; Willem, R.; Wrackmeyer, B., Eds.; T.; Schmalle, H. W.; Berke, HOrganometallics2005 24, 2834.

Wiley: New York 2002; pp 226:291. (6) Long, N. J.; Williams, C. KAngew. Chem., Int. E@003 42, 2586;Angew.

(3) Szafert, S.; Gladysz, J. £&hem. Re. 2003 103 4175;2006 106, PR1— Chem.2003 115, 2690.

PR33. (7) Low, P. J.Dalton Trans.2005 2821.

(4) (a) Brady, M.; Weng, W.; Zhou, Y.; Seyler, J. W.; Amoroso, A. J.; Arif, (8) (a) Meyer, W. E.; Amoroso, A. J.; Horn, C. R.; Jaeger, M.; Gladysz, J. A.
A. M.; Bohme, M.; Frenking, G.; Gladysz, J. 8. Am. Chem. S0d.997, Organometallics2001, 20, 1115. (b) Horn, C. R.; Gladysz, J. A&ur. J.
119 775. (b) Dembinski, R.; Bartik, T.; Bartik, B.; Jaeger, M.; Gladysz, J. Inorg. Chem.2003 9, 2211.

A. J. Am. Chem. So200Q 122, 810. (c) Paul, F.; Meyer, W. E.; Toupet, (9) Stahl, J.; Mohr, W.; de Quadras, L.; Peters, T. B.; Bohling, J. C.; arti
L.; Jiao, H.; Gladysz, J. A.; Lapinte, J. Am. Chem. So200Q 122, Alvarez, J. M.; Owen, G. R.; Hampel, F.; Gladysz, J. A.Am. Chem.
9405. Soc.2007, 129, 8282.
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gcgegz? Cl CI)_igﬂtcing SLtJrL{cturezI fg_r %omrﬁllexesADeéiE/gg f)roernA the P(CH)nX moieties would be joined by coupling reactions.

sFsPt(C=C),PtC¢Fs Units and Diphosphines Ar, 2)mPAT2 i i i ituti

(A—C), and Synthetic Approach (D, E) This avoids phosphine substitution steps z_slt_g!l stages_of the
sequence and reduces the number of possibilities for oligomer

R F R F . . . . .
”27 |A’9 formation. However, isomeric produd@with trans-spanning
F F|>t—(C C}H—Fl*t F diphosphine ligands might also be generated. Since the sp carbon
RSV Y / Ane e chains in such complexes would also to some degree be
A

f
sterically shielded, independent syntheses were incorporated into
this study.
u PP and PALP Following a democratic vote by the subset of authors who
= PCHy)P initiated this project a decade ago, a speculative coupling

sequence involving alkene metathedtswith X = CH=CHj,
F. Far 7N FF Scheme 1) and €C hydrogenation was selected. As detailed
2P PAr, ; . 2 .
. & cmc 'lt . in the narrative below, this high-risk undertaking proved to be
I —C=Ch- | remarkably successful, significantly advancing the art of orga-
F F”?P\—j”zF F nometallic chemistry with respect to rational, directed syntheses
of new metal-containing materials. Although the overall yields
are moderate, the route is general and does not require “magic
numbers” of sp and Sparbon atoms. A portion of this work

has been communicatédiand additional detaild and further
extension® are supplied elsewhere.

Results

1. Pt(C=C)4Pt Complexes with Alkene-Containing Phos-
phine Ligands. Platinum chloride complexes of the formula
X XX trans-(Ar')(ArsP)PtCl are easily converted to platinum alkynyl
species via Sonogashira-like reactidhsAccordingly, the
chloride complexesans(CgFs)(PhP(CH)CH=CH,),PtCl (1;

m = a, 6;b, 7; ¢, 8;d, 9; e 10) were prepared from the
substitution-labile tetrahydrothiophene complex4R¥)(CsFs)-
| (tht)]2*° and the corresponding alkene-containing diphenylphos-
£ pAnp £ pAnP RA e ¢ phines PpP(CH,),yCH=CH, (2) as described earlidf.1”
As shown in Scheme 2la—e were combined with H(&
C)H under standard conditions (HNEtcat. Cul). Workups
X gave the butadiynyl complexé&a—e as yellow or yellow-tan
D E oils in 80—95% yields. Complexe8a—e, and all other new

6) and bis¢,w-diarylphosphino)alkanes AP(CHy)mPAr, (m= f%mg)lcl)ounds bte low, were dcharacterlze? by ItR and NVIR, ( q
10—12, 14, 18). These afford adducts with sterically shielded , *P) spectroscopy and mass spectrometry, as summarize

sp carbon chains, as illustrated AyandB in Scheme 1. When in the Experimental Section. In most cases, satisfactory mi-
the polymethylene or Spchains are sufficiently long, chiral croanalyses were also obtained. The IR and NMR properties

- . : f 3a—e were similar to those of closely related platinum
double-helical conformation& are possible. These are found 0 . 3 I s
5.
crystallographically fom/m = 4/14 and 6/18 and as reported butad|yny! complexeé‘!Thg P NMR spectra exhlbltgkﬂ( lp
elsewhere for 3/14° However, in solution they are in rapid Py coupl!ngs of apprOX|mathy 2500 Hz, which is typical for
equilibrium with achiral nonhelical conformations, suchBas trans plgtmum(ll).b_|s(phosph|ne). complegé%. .
The complexes wittn/m = 4/14 gave radical cations with . We did not anticipate that. the |ntroduct|qn of the butgdlynyl
stabilities significantly greater than analogues lackirftcapbon ligand WOUl.d be compromised by the vinyl groups !N th.e
chains. However, with certain/m combinations (4/16, 4/18, phosphine ligands. However, we were not so sanguine with
4132, 6/19, 6/20, _6/22' 6/24, 6/28, 8/28)' Only oligomeric (11) (a) Stahl, J.; Bohling, J. C.; Bauer, E. B.; Peters, T. B.; Mohr, W.; Marti
products could be isolated. We wanted to expand the number  Alvarez, J. M.; Hampel, F.; Gladysz, J. Angew. Chem., Int. EQ002
of available complexes, so that the following types of questions ?jaé33;@‘_”%5,;;@2%?@?255‘& ;2%_ (b) de Quadras, L.; Hampel, F.;

could be addressed: (a) What is the maximum degree of helicity (12) (&) Mohr, W. Doctoral Dissertation, Univerditarlangen-Nunberg, 2002.
(b) Bauer, E. B. Doctoral Dissertation, Univeisilangen-Numberg, 2003.

(sp® chain twisting) possible for a given sp chain length? (b) (c) de Quadras, L. Doctoral Dissertation, UniveiisEalangen-Nunberg,
Do more tightly twisted systems afford still longer lived radical 2006.
. gntly . y. . . 9 (13) de Quadras, L.; Bauer, E. B.; Stahl, J.; Zhuravlev, F.; Hampel, F.; Gladysz,
cations and/or higher barriers for equilibration wR (c) Are J. A’ New J Chem 2007. Manuscript submitted for publication.
such barriers affected by the sp chain Iength? (14) (a) Mohr, W.; Stahl, J.; Hampel, F.; Gladysz, J.Ghem—Eur. J. 2003

. . . . . 9, 3324. (b) Zheng, Q.; Gladysz, J. A.Am. Chem. So2005 127, 10508.
Thus, an alternative synthetic strategy was investigated. This  (c) zheng, Q.; Bohling, J. C.; Peters, T. B.; Frisch, A. C.; Hampel, F.;

P indi i i H i Gladysz, J. AChem—Eur. J.2006 12, 6486.
involved th_e blndmg of fgnct|or_1aI|zemonq3hosph|nes with (15) Usm, R.; Fornis, J.; Espinet, P.; Alfranca, Gynth. React. Inorg. Met.-
P(CH)mX linkages to platinunprior to attaching an sp carbon Org. Chem.198Q 10, 579.

R ; f i (16) Bauer, E. B.; Hampel, F.; Gladysz, J. ®tganometallic2003 22, 5567.
chain O, Scheme 1). After generation of the polyynediyl bridge, (17) (2) Lewanzik, N.- Oeser. T.. Biel. J.: Gladysz, J. AJ. Mol. Catal, A:

Chem.2006 254 20. (b) de Quadras, L.; Stahl, J.; Zhuravlev, F.; Gladysz,
(10) Owen, G. R.; Stahl, J.; Hampel, F.; Gladysz, JOkganometallic2004 J. A.J. Organomet. Chen2007, 692 1859.
23, 5889. (18) Grim, S. O.; Keiter, R. L.; McFarlane, Whorg. Chem 1967, 6, 1133.
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Scheme 2. Syntheses of Diplatinum Octatetraynediyl Complexes
with Alkene-Containing Phosphine Ligands?
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|
F P(CHp)pyCH=CH, H,C=CH(CH»),P F F
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4a, 84%
4b, 64%
4c, 77%
4d, 77%

aConditions: (a) H(&C)H, HNE®, cat. Cul; (b) Q, acetone, cat. CuCl/
TMEDA.

respect to subsequent oxidative homocoupling3. dfonethe-
less, as shown in Scheme 2, whéa—d were reacted under
Hay conditions (@ cat. CuClI/TMEDA, acetone), workups gave
the octatetraynediyl or Pté€C),Pt complexegla—d as yellow
or tan oils in 64-84% yields. Again, the IR and NMR properties
closely resembled those of related compleXes.

2. Pt(C=C)4Pt Complexes with trans-Spanning Diphos-
phine Ligands. In order to better analyze alkene metathesis
reactions ofta—d, authentic samples of the possible byproducts
C (Scheme 1) were first prepared. As shown in Scheme 3, the
chloride complexesla—d were converted by a sequence
involving alkene metathesis (Grubbs’ first generation catalyst)
and hydrogenation (10% Pd/C) to the 17-, 19-, 21-, and 23-
membered macrocyclésa—d in 49—59% overall yields. The
syntheses oba,c,d have been reported previoush.

A reaction of5aand H(G=C),H analogous to those dfa—e
in Scheme 2 afforded the butadiynyl compkein 86% vyield.
However, similar protocols were less effective whih—d. Thus,
5b—d were treated with the readily available bifunctional silyl/
stannyl diyne MgSn(G=C),SiMe;3,1° followed by Cul (0.2
equiv) and KPE (1.1 equiv). Workups gave the trimethylsi-
lylbutadiynyl complexes’b—d as white powders in 7980%
yields. Complex6a could be oxidized to the Pt&EC),Pt
complex8ain 84% yield under Hay conditions identical to those
in Scheme 2. Complexegb—d were first treated with wet
n-BuyN* F~, which effects protodesilylation to butadiynyl
complexes. Then M&iCl was added? and the crude mixtures
were similarly oxidized. Workups afforde8b—d as yellow
powders in 8490% yields.

The preceding complexes exhibited several distinctive proper-
ties. First, the mass spectra & —d showed molecular ions,

but they were always less intense than monoplatinum fragment

Scheme 3. Syntheses of Diplatinum Octatetraynediyl Complexes
with trans-Spanning Diphosphine Ligands?

Ph,
F. F P(CHy),yCH=CH,
[
F Fl‘t—Cl
FF P(CHg)yCH=CH,
Ph,
m'=6, 1a
7,1b PP = P(CHy)P
gx}g (m=2m'+2)

Ba, 84%
8b, 90%
8c, 84%
8d, 86%

aConditions: (a) 57 mol % Grubbs’ Catalyst; (b) 10% Pd/C, 1 atm of
Hy; (¢) H(C=C);H, HNE, cat. Cul; (d) MeSn(CG=C),SiMes, KPFs, cat.
Cul; (e) O, acetone, cat. CUCI/TMEDA,; (f) wetBusN* F~; (g) MesSiCl.

Second, the Ph, groups and methylene protons5a-8 are
diastereotopic and can, in principle, give separate NMR signals.
However, as analyzed in detail elsewh&é! net exchange
occurs wherone of the platinum ligands is small enough to
pass through the macrocycle by rotation about th®f-P axis.
This is facile for the chloride ligand i6a'®2*and by extension
the higher homologuesh—d. With the 17- and 19-membered
macrocycleséa, 7b, and 8a—b, two sets of PPh13C NMR
signals as well as PGHand PCHCH; H NMR signals are
observed at room temperature (Figures-s3, Supporting
Information). Hence, passage of the pentafluoropheamd
polyynyl ligands through the macrocycles is slow on the NMR

ions. In contrast, the mass spectra of the title complexes, whichy; "< (5|22

feature three bridging ligands linking the platinum atoms, always
showed molecular ions that were much more intense than
monoplatinum fragment iorfs.

(19) (a) Bunz, U. H. F.; Enkelmann, \Organometallics1994 13, 3823 (see
footnote 14). (b) Zheng, Q.; Hampel, F.; Gladysz, J.Okganometallics
2004 23, 5896.

(20) This reagent, which is necessary for the success of the couffiigs,
believed to serve as a Hon scavenger.

8298 J. AM. CHEM. SOC. = VOL. 129, NO. 26, 2007

In contrast, the 21- and 23-membered macrocyétes and
8c,d exhibit only a single set of NMR signals. Thus, passage

(21) Skopek, K.; Hershberger, M.; Gladysz, J.@oord. Chem. Re 2007, in
press (DOI: 10.1016/j.ccr.2006.12.015).

(22) There are additional subtleties associated with these processes, as dia-
grammed elsewheréc For example, for net exchange of diastereotopic
groups in8a—d, both pentafluorophenyl ligands must pass through their
respective macrocycles.
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Table 1. Key Crystallographic Distances [A] and Angles [deg]
7b b
complex (molecule 1) (molecule 2) 8a-EtOH? 8c+(CeHy)? 8de 11d 14d2

Pt- - - Pt(Si) 7.627 7.558 12.935 12.901 12.780 12.781(3) 18.0247(5)
sum of bond lengths, 7.633 7.633 12.952 12.922 12.891 12.899 18.056

Pt1 to Pt2(Si)
Pt1-C1 2.007(4) 2.004(4) 1.985(5) 1.989(3) 1.976(3) 1.978(5) 1.984(6)
Ci1-C2 1.204(6) 1.214(6) 1.221(8) 1.217(5) 1.218(4) 1.222(7) 1.227(8)
C2-C3 1.373(6) 1.367(6) 1.368(8) 1.365(5) 1.367(5) 1.366(7) 1.370(9)
C3-C4 1.212(6) 1.218(6) 1.217(8) 1.211(5) 1.209(5) 1.193(7) 1.205(8)
C4—-C5(Si) 1.834(5) 1.830(5) 1.370(2) 1.358(7) 1.351(7) 1.371(8) 1.347(9)
C5-C6 - - - - - 1.203(8) 1.214(9)
C6—-C7(C8) - - - - - 1.358(7) 1.362(13)
C7-C8 - - - - - 1.216(7) -
C8-Pt2 - - - - - 1.992(6) -
Pt1-C1-C2 177.9(4) 179.1(4) 175.9(6) 177.5(3) 169.6(3) 174.4(5) 174.9(5)
C1-C2-C3 177.7(5) 173.9(5) 178.3(8) 175.7(4) 175.2(4) 176.4(6) 177.8(7)
C2-C3-C4 178.6(6) 176.5(5) 177.8(8) 177.9(4) 176.8(4) 176.3(7) 178.5(8)
C3-C4—-C5(Si) 178.6(5) 169.3(4) 179.0(11) 177.7(6) 179.3(5) 176.0(7) 178.4(8)
C4-C5-C6 - - - - - 176.0(7) 178.8(9)
C5—-C6—C7(C8) - - - - - 178.9(7) 179.1(12)
C6—-C7-C8 - - - - - 179.5(7) -
C7—-C8-Pt2 - - - - - 175.0(5) -
av Pt-Csp—Csp 177.9 179.1 175.9 1775 169.6 174.7 174.9
av Csp—Csp—Csp 178.1 173.2 178.4 177.1 177.1 177.2 178.5
av sp/sp distancé - - 4,118 4.202 4.214 4.183 3.999
av z stacking 3.842 3.766 3.680 3.744 3.815 3.810 3.705
distance Pt to distal 7.345, 7.804 8.197,8.728 7.191, 7.662 8.799, 9.594 10.561, 10.594 - -

carbon8
minus van der Waals radius  6.104 7.028 5.962 7.894 8.861 - -

of carbon (A9
P—Pt-P/Pt anglé - - 0 0 0 294.8 0
PtP+P+Ci+C1 anglé - - 0 0 0 297.5 0

aThis molecule exhibits an inversion centériverage distance from every GHjroup to the PtPt vector.¢ Helix pitch, 15.61; degree of helicity,
81.9%.9 Distance between midpoints of theRs and GHs rings. € The two carbon atoms in the middle of the methylene cHaiith respect to previous
table entry9 The shortest platinumcarbon distance is uselAngle between planes defined by these atoms on each endgroup.

of the pentafluorophenyl ligand through these larger rings is der Waals radius of fluorine is added (1.47 A}he effective
rapid on the NMR time scale (crystal structures below show radius of the PtgFs moiety is obtained (7.687.72 A). This

that the polyynyl ligands are too long). In order to further can be compared to the distances from platinum to distal carbons
characterize these processes, variable temperature spectra qff the macrocycle, i.e., the two in the middle of the methylene
representative complexes were recorded. As illustrated in the chain (Table 1). When the van der Waals radius of carbon (1.70

Supporting Information, the RH' and PCHHCHH' 'H NMR
signals of 8b did not decoalesce at 12fC in tolueneds.
Application of the coalescence formul&:f 103.9 Hz, PEIH")23
established a lower limit of 18.9 kcal/mohG*, 120 °C) for
the exchange barrier. WhéH and*C NMR spectra oBcwere
recorded at-115°C in CDFCb, no decoalescence or significant
line broadening was observed.

ComplexesBa,c—d or solvates thereof could be crystallized.
The crystal structures were solved as summarized in the
Supporting Information. Key metrical parameters are given in
Table 1.

As shown in Figure 1, the macrocycles exhibit double half-
clamshell conformations of idealizedh, symmetry that con-
siderably shield the sp carbon chains. The crystal structure o
the trimethylsilylbutadiynyl complexb was also determined.
As shown in Figure 2, two independent molecules were found
in the unit cell. In one, the trimethylsilyl group was disordered;
in the other, two spcarbon atoms were disordered. Only the
major conformations are depicted. Other data #r are
incorporated into Table 1.

The distances from the platinum atoms tokfiuorine atoms
in 7b and8a,c—d range from 6.21 to 6.25 A. When the van

f

A) is subtracted from the lower value, a “bridge height” is
obtained. In the case 8t and8d, there is sufficient “clearance”
for the PtGFs moiety to pass under the bridge (7.89 A and
8.61 A vs 7.68-7.72 A). However, with7b and8a the values
are too small (6.167.03 A and 5.96 A), in accord with the
NMR properties. A similar analysis for the PECC=CSiMe;
moiety of 7b gives a much greater radius (10.59 A using a
hydrogen atom of a methyl group).

3. Double-Helical Pt(C=C)4Pt Complexes.With the above
compounds in hand, the stage was set for the title sequence in
Scheme 4. On paper, alkene metathese4aofd are fraught
with potential complications. In addition to undesired intermo-
lecular condensations, the intermediate catalyst-bound alkylidene
(RCH=M) might add to a &C bond, per the key step in enyne
metathesig®> Nonetheless, the reaction 4é (ca. 0.001 M in
CH.Cly) and Grubbs’ catalyst (7 mol %) smoothly gave a
mixture of metathesis products in 96% yield after workup. The
C/H microanalysis was in agreement with the isomeric com-
plexes9a, with termini-spanning diphosphine ligands, &tk
with trans-spanning diphosphine ligands. The most intense peak
in the mass spectrum was a monoplatinum ion, followed by

(23) Cki, M. Applications of Dynamic NMR Spectroscopy to Organic Chemistry
VCH: 1985.

(24) Bondi, A.J. Phys. Cheml964 68, 441.
(25) Diver, S. T.; Giessert, A. Them. Re. 2004 104, 1317.

J. AM. CHEM. SOC. = VOL. 129, NO. 26, 2007 8299
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Figure 1. Thermal ellipsoid plots (50% probability level) 8& EtOH (F), 8c:(CgH12) (G; dominant conformation), andd (H) with hydrogen and solvate
molecules omitted, and views parall¢l J, K) and perpendicular,( M, N) to the GFs planes with atoms at van der Waals radii.

Figure 2. Thermal ellipsoid plots (50% probability level) of the dominant
conformations of the two independent molecules in crystalfibewith
hydrogen atoms omitted.

the molecular ion (60%). No triplatinum or tetraplatinum ions
were detected.

The'H NMR spectrum showed no vinyl residues, indicating
metathesis to be98% complete. New CHCH signals were

8300 J. AM. CHEM. SOC. = VOL. 129, NO. 26, 2007

apparent ¢ 5.35-5.37). A3P NMR spectrum exhibited six
peaks with a 12:30:24:22:7:6 area ratio. Although EiZ
isomers of9a and 10a are possible, oligomers might also
account for some signals. With four peak3(3'P 1°*Pt) cou-
plings of ca. 2500 Hz were apparent, characteristi¢rans
platinum(ll) bis(phosphine) complexé.

To simplify analysis, we sought to reduce the=C bonds
of 9a/l0a without affecting the &C bonds. We were
unaware of any precedent for such chemoselectivity with
organic compounds. However, as shown in Scheme 4, pal-
ladium-catalyzed hydrogenation proved successful. In order
to avoid over-reductions, and to work up incomplete reactions,
low H, pressures and extended reaction periodsl@d) were
employed. Alumina filtrations gave the crude product mixtures
in 73—93% vyields. These were expected to consist mainly of
11a and 8a, which were independently synthesized in the
preceding papé@rand Scheme 3, respectively.

TheH NMR spectra of the mixtures showed that all of the
CH=CH linkages had been reduced. The mass spectra exhibited
strong molecular ions. However, 3P NMR spectrum of a
typical mixture showed five signals in a 40:35:16:5:4 ratio,
corresponding tolla 8a, and three byproducts. Since the
byproducts were not evident in the mass spectra, they were
presumed to be oligomeric. Column chromatography of one
sample afforded d1a8a mixture in 33% yield. Preparative
thin layer chromatography of another affordethas a yellow
powder in 32% vyield.

As summarized in Scheme 4, analogous sequences were
conducted with4b—d, which feature longer $pcarbon seg-
ments. The crude metathesis products—<98%) were not
analyzed but rather directly hydrogenated. Chromatography gave
the target moleculeslb—d, with termini-spanning diphosphine
ligands, in 15-48% yields. In the last two reactior8,d, with
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Scheme 4. Syntheses of Diplatinum Octatetraynediyl Complexes
with Termini-Spanning Diphosphine Ligands?

Ph, Ph
F P(CHy),yCH=CH, HzC=CH(CHy),, P

|

Fl't—CEC—CEC—CEC—CEC—Fl't
F F P(CHg)mCH=CH, HyC=CH(CH) P F

Phs Phy

m'=6, 4a
7.4b

F *FF

F

©w
&8

+
Ph.
P ® F
|
EC—CEC:—\CE—C/FF—QF
PF F
10a-d Phe
PP, P~_P = P(CHp) P (m=2m"+2)
96-97% including other metathesis products
/—\ ';hQF F
| |
Fl’t-CEC—CEC CEC—CEC—ITI—Q—F
K/P
F Ph2F F
11a, 32%
11b, 48%
11¢, 15% + 2:1 11c/8c, 14%
11d, 18% + 2:1 11d/8d, 32%
+
Ph
; k F
Pt-C=C—-C=C—-C= —CEC—TAQ*F

F
Phy

8a, isolated as 11a/8a, 33%
8b, detected (mass spectrometry)
8c, 10% + 2:1 11c/Bc, 14%
Bd, 16% + 2:1 11d/8d, 32%

aConditions: (a) 57 mol % Grubbs’ catalyst (b) 10% Pd/C, 1 atm of
Ha.

trans-spanning diphosphine ligands, were also isolated in 10%
and 16% yields. Intermediate fractions afforded 21/8c and
11d/8d mixtures (14% and 32% yields). The formation of some
8b could be verified by the characteristic mass spectral
fragmentation pattern.

Importantly, 11b—d could not be accessed by the route
described in the preceding pafeNone of these complexes
showed any tendency to oligomerize. Crystald dd, in which
the spg chains contain 20 carbon atoms, were obtained. The

was disordered over multiple positions, and the best solution
with all hydrogen atoms is depicted.

The angle defined by the-HPt—P/P planes ofild, 294.8
(81.9% helicity), corresponds to more than three-quarters of a
twist. This is significantly greater than that of the lower
homologuel 1ain the preceding paper, which features sjpains
containing 14 carbon atoms (196-:5196.6 or 54.6% helicity)?

As illustrated by the space-filling representatiofsand Q
(Figure 3), the sp chain is nearly completely shielded.

The average distance of the3sparbon atoms from the
platinum—platinum vector inl1d approximates the radius of
the double helix. This value, 4.13 A, is greater than those of
the four homologues with diphosphines of the formula
Ar,P(CHy)14PAr, in the preceding paper (3.78.90 A)?
indicative of a “looser” helix. Interestinglylld is the first
diplatinum polyynediyl speciegranstrans(X)(RsP)Pt(C=
ChPt(PR)2(X) (n = 3; R = alkyl, Ar) among more than 16
exampled910.1419.261q crystallize without nearly coplanar
endgroups.

4. Pt(C=C)gPt Complexes.Dodecahexaynediyl complexes
with sp? chains of greater than 18 carbon atoms could not be
accessed by the route in the preceding pdgétus, as shown
in Scheme 5, the butadiynyl complexXés—e were treated with
excess HE&CSIiEg under Hay cross-coupling conditions. In
accord with much precedettworkups gave the triethylsilyl-
hexatriynyl complexe&2c—e as yellow oils in 56-73% yields.

In all cases, minor amounts of the homocoupling proddctse
(9—19%) were also isolated.

Complexesl2c—e were treated with weh-BusN*™ F~ to
generate the corresponding hexatriynyl complexes, which are
known for related systems to be quite labile. After addition of
MesSiCl,2° Hay homocoupling conditions afforded the P#C
C)sPt complexesl3c—e as yellow oils or solids in 5964%
yields. The properties df2c-e and13c—e were similar to those
of related complexes with other phosphine ligats.

Complexesl3c—e were subjected to metathesis/hydrogena-
tion sequences analogous to those in Scheme 4. In all cases,
mixtures of products with termini-spanning diphosphine ligands
(14c—e) andtrans-spanning diphosphine ligands5c—e€) were
obtained. Chromatography gave pareandl14d, which feature
sp?® chains with 18 and 20 carbon atoms, as yellow powders in
15-18% overall yields. The former complex was described in
the preceding papérAnalyses of other fractions by mass
spectrometry showed the formation ©5cd, as inferred by
fragmentation patterns analogous to thos&afd. However,
14ecould not be separated frofrtbe (combined overall yield
38%). Complexedl4c—e showed no tendency to convert to
insoluble oligomers.

Crystals of 14d were obtained, and the structure was
determined analogously to those above. Metrical parameters are
summarized in Table 1. As shown in Figure 3 (bottom), a
nonhelical conformation was found. This was a moderate
surprise, as the lower homologiécfeatures both helical and
nonhelical molecules in the unit céliand the two additional
sp?® carbon atoms in each chain d#d should have facilitated

structure was determined analogously to those above. Keythe necessary twisting. Thus, for P&#C)sPt systems, sichains

metrical parameters are summarized in Table 1. As shown in

Figure 3 (top), a chiral double-helical conformation was found,
with both enantiomers in the unit cell. As detailed in the
Experimental Section, a nine-atom segment of orfeck@in

(26) (a) Wong, W.-Y.; Wong, C.-K.; Lu, G. L.; Cheah, K.-W.; Shi, J.-X,; Lin,
Z.J. Chem. Soc., Dalton Tran2002 4587. (b) See also: Yam, V. W.-
W.; Wong, K. M.-C.; Zhu, N.Angew. Chem., Int. EQ003 42, 1400;
Angew. Chem2003 115, 1438.
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Figure 3. Thermal ellipsoid plots (50% probability level) @fid (O; dominant conformation) ant4d (R) with hydrogen atoms omitted, and views parallel
(P, 9 and perpendiculard, T) to the GFs planes with atoms at van der Waals radii.

with 18—20 carbon atoms apparently constitute the transition conditions. After 3 d, workup gave ca. 97% of the original

regime between nonhelical and helical structures. sample mass. Th&P NMR spectrum showed two peaks (90:
Starting from either of the phosphorus atomsldfl in the 10), with the major signal corresponding to educt. TH&NMR

top portion of viewR or S (Figure 3), the spchain initially spectrum exhibited only trace signals in the methylene region

descends. However, rather than connecting to an anti phosphorugrelative integral 2.1:36 vs the methyl groups).

atom in the bottom portion, the $phain turns parallel to the The reaction was repeated under 30 atm of After 16 h,

sp chain and eventually ascends to the opposite syn phosphorusvorkup gave ca. 92% of the original sample mass. SfRNMR
atom in the top portion. The net result is a two-dimensional spectrum showed three peaks (81:16:3), with the major signal
steric insulation, which leaves the sp chain distinctly exposed corresponding to the eduatanstrans(CgFs)(p-tolsPLPt(C=
on two sides, as illustrated ifi. The average distance of the C)4Pt(Pp-tol3)2(CsFs). The'H NMR spectrum again exhibited
sp? carbon atoms from the platinuaplatinum vector (4.00 A) trace signals in the methylene region (relative integral 2.6:36).
is slightly greater than those in the helical and nonhelical forms Hence, we conclude that the=C linkages in the diplatinum
of 14¢(3.91 and 3.98 A). octatetraynediyl complexes are intrinsically less reactive than
5. Additional Experiments. In order to compare the redox disubstituted alkenes under the hydrogenation conditions uti-
properties of the above complexes to those in the precedinglized.
paper, cyclic voltammograms were recorded under identical When11land8 were heated in capillaries, there was no sign
conditions. Data are summarized in Table 2, and representativeof decomposition below 150C or melting at much higher
traces are given in the Supporting Information. Oxidations were temperatures. TGA measurements showed no mass loss below
observed, presumably to mixed valent platinum(ll)/platinum- 243°C. DSC measurements willia® 11b, and8a established
(1) species. The reversibilities were fair to moderate, and the particularly high stabilities Te = 244.0 (endotherm), 249.6
principal trends are analyzed below. (exotherm), 210.1 (endothermilC). However,11d, 8c, and
Another redox issue involves the chemoselectivities of the 8d exhibited exotherms at much lower temperaturés €
hydrogenations in Schemes 4 and 5. We wondered whether thel13.2, 100.7, 154.7C), in some cases followed by endotherms.
P(CH,)wCH=CH(CH,)yP segments might shield the sp carbon With 8b, three endotherms were observad € 126.5, 182.9,
chain from the catalyst, favoring=6C hydrogenation. Hence, 217.4°C). These phenomena raise the possibility of solid state
the unshielded octatetraynediyl compleganstrans-(CgFs)(p- isomerizations or oligomerizations (exotherms) and/or phase
tolsP),Pt(C=C),Pt(Pp-tol3)2(CeFs)t* was subjected to similar  transitions (endotherms). However, further investigations of
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Scheme 5. Syntheses of Diplatinum Dodecahexaynediyl
Complexes with Termini- or trans-Spanning Diphosphines?

Ph,
R F P(CH,),yCH=CH,
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F. F P(CH,),yCH=CH,
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|
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|
Pt-C=C—C=C—C=CSiEty
FF P(CHy)yCH=CH,

Ph,

m'=8, 3¢ 12¢, 73%
9,3d 12d, 66%
10, 3e b.cd 12e, 56%

Ph

KR F P(éHz)m-CH=CH2 F
|

Tt—c:zc—CEc—c:Ec—c

P(CHaz) e CH=CH.
F Phy 2)m 2

HZC=CH(CH2)m:|I|=:'h2F
EC—CEC—CEC—IT&

H,C=CH(CHy), P

G z)mPhQF

F

F F

13c, 64%
13d, 64%
13e, 59%

yields, metathesis products
(step e): 75%, 76%, 70%

PP, P~_P = P(CHg) P
(m=2m'+2)

U T e
| |
FAQ*T—CEC—CEC—CEC CEc—CEc—CEc—TtGF
P P
FoOFES Bt F

14c¢, 20% (step f)
14d, 24% (step f)
14e, isolated as mixture with 15e, 54%

15¢.d, detected (mass spectrometry)
15e, isolated mixture with 14e, 54%

aConditions: (a) H&CSIiEg, O, acetone, cat. CUCI/TMEDA,; (b) wet
n-BuN* F~; (c) MesSiCl; (d) O, acetone, cat. CUCI/TMEDA; (e)-57
mol % Grubbs’ catalyst; (f) 10% Pd/C, 1 atm ob.H

Table 2. Cyclic Voltammetry Data@

complex Epra Epic E° AE iga
V] Y N [mV]
4b 1.306 1.237 1.271 76 0.54
4c 1.314 1.245 1.279 75 0.54
8a 1.298 1.221 1.260 77 0.65
8b 1.314 1.251 1.283 63 0.55
8c 1.319 1.214 1.272 105 0.43
8d 1.305 1.208 1.256 97 0.53
1lla 1.306 1.224 1.265 82 0.78
11b 1.298 1.222 1.260 76 0.80
1lc 1.318 1.261 1.289 7 0.73
11d 1.300 1.236 1.268 63 0.82
1l4c 1.465 1.372 1.418 93 0.35
14d 1.444 1.357 1.400 88 0.37

aConditions: (79) x 1074 M, n-BuyN* BF,/CH,Cl, at 22.5+ 1 °C;
Pt working and counter electrodes, potential vs Ag wire pseudoreference;
scan rate 100 mV$; ferrocene= 0.46 V.

these higher-temperature processes are beyond the scope of tH&8)

present study.

Finally, low temperaturéH and**C NMR spectra ofil1b—d
andl4dwere recorded in CECl, and CDFC} under conditions
similar to those used for related compounds in the preceding
paper? No decoalescence phenomena were observed.

Si
V7E
Et

Cl 3;
Wr of enyne plane,

17
16 {observed product;
(desired reactive conformer derived from alternative
and coupling mode) Si-C(X)=C rotamers)

Figure 4.
metathesis.

Other approaches to shielded polyynes involving alkene

Discussion

1. SynthesesSchemes 4 and 5 establish a new strategy for
sterically shielding unsaturated assemblies that connect two
electroactive group®;3° complementing that in the preceding
paper? Related efforts in other laboratories have featured
cyclophané’ad.29 and cyclodextri’ derived rotaxanes, and
dendrimerg® However, prior to this work, no approaches
involving alkene metathesis had been attempted. The success
of Schemes 4 and 5 hinges upon three factors that could not be
taken for granted in advance: (1) the ability to oxidatively
couple Pt(GC).2H species in the presence of pendant vinyl
groups; (2) the ability of Grubbs’ catalyst to metathesize terminal
alkene moieties in the presence of RC),Pt linkages and 16-
valence-electron metal centers; (3) the ability to hydrogenate
disubstituted alkenes in the presence of Bi(),Pt linkages.

Recently, a conceptually related approach to sterically shield-
ing polyynes was investigated, using the silicon-substituted diyne
16 shown in Figure 4! Each silicon features an aryl group with
two meta-disposed (CHhCH=CH, substituents. In principle,

a twofold intramolecular alkene metathesis could “sandwich”
the diyne segment between the aryl groups (arrows). However,
an alternativesi—C(X)=C conformer proved more reactive, and
only 17, in which one side of the diyne is shielded, was isolated.

Figure 4 leads into an obvious question regarding the ring
closure selectivities in Schemes 4 and 5. First, products with
termini-spanning diphosphine ligands dominate over those with
trans-spanning diphosphine ligand41(vs 8 and 14 vs 15).
However, given the oligomeric byproducts and presend&of
C=C isomers prior to hydrogenation, more exacsitu analyses

(27) (a) Anderson, S.; Aplin, R. T.; Claridge, T. D. W.; Goodson T., lll; Maciel,

A. C.; Rumbles, G.; Ryan, J. F.; Anderson, H.1.Chem. Soc., Perkin

Trans. 11998 2383. (b) Taylor, P. N.; O’'Connell, M. J.; McNeill, L. A.;

Hall, M. J.; Aplin, R. T.; Anderson, H. LAngew. Chem., Int. EQR00Q

39, 3456; Angew. Chem200Q 112, 3598. (c) Buston, J. E. H.; Marken,

F.; Anderson, H. LJ. Chem. Soc., Chem. Comm@@a01, 1046. (d) Taylor,

P. N.; Hagan, A. J.; Anderson, H. Qrg. Biomol. Chem2003 1, 3851.

(e) Michels, J. J.; O'Connell, M. J.; Taylor, P. N.; Wilson, J. S.; Cacialli,

F.; Anderson, H. LChem—Eur. J.2003 9, 6167. (f) Terao, J.; Tang, A,;

Michels, J. J.; Krivokapic, A.; Anderson, H. Chem. Commur2004 56.

(9) Klotz, E. J. F.; Claridge, T. D. W.; Anderson, H. I. Am. Chem. Soc.

2006 128 15374.

Schenning, A. P. H. J.; Arndt, J.-D.; Ito, M.; Stoddart, A.; Schreiber, M.;

Siemsen, P.; Martin, R. E.; Boudon, C.; Gisselbrecht, J.-P.; Gross, M.;

Gramlich, V.; Diederich, FHely. Chim. Acta2001, 84, 296.

(29) (a) Lee, D.; Swager, T. MBynlett2004 149. (b) Kwan, P. H.; Swager, T.
M. Chem. Commur2005 5211.

(30) Li, C.; Numata, M.; Bae, A.-H.; Sakurai, K.; Shinkai, &. Am. Chem.
Soc.2005 127, 4548.

(31) Simpkins, S. M. E.; Kariuki, B. M.; Cox, L. Rl. Organomet. Chen2006

691, 5517.
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are not feasible. The combination of 8 and 16 sp afaagbon
atoms (L 1b) appears particularly favorable for termini-spanning
diphosphine ligands. Complexes with oxygen-containing
P(CH)20(CH,),CH=CH;linkages give analogous selectivitiés!3
However, analogues with geminal dimethyl groups can exhibit
opposite selectivitie&?13

The good yields of monoplatinum complexes witlans
spanning diphosphine ligands in Schemeb3,lf) underscore
the viability of this ring-closure mode. We have conducted many

The average distance of the 3sparbon atoms from the
platinum—platinum vector is also considerably greater (4.12 vs
4.05-3.98 A). The crystal structure d8d can similarly be
compared to that of the helical isoma&fd (Figure 3, top).
Again, the steric shielding is not as extensive, and tReagbon
atoms are further removed from the sp chain (4.21 vs 4.13 A).
The crystal structure af1d is remarkable for the extensive
degree of twisting between the endgroups (294.8his is
significantly greater than that in four lower homologues with

other types of ring closing alkene metatheses in the coordinationdiphosphines of the formula A°(CH.)14PAr, in the preceding

spheres of platinum(ll) complex¥s72323%nd, in most cases,

believe that the product distributions are kinetic or, at a
minimum, that not all possible products have been thermody-
namically sampled. Only in a few cases, involving smaller rings

paper (189.9-196.6). Hence, increasing the length of theésp
carbon chain can markedly increase helicity. However, the
increased average distance of thé sarbon atoms from the
platinum-platinum vector inl1d (4.13 vs 3.76-3.90 A) hints

and Grubbs’ second generation catalyst, has it been possible tat a possible limit. As the $ghains become longer, the contact

equilibrate monomers and oligoméfs**Hence, there remains
the possibility that catalytic conditions that promote higher
turnover numbers may give altered selectivities.

The stabilities of the title complexes with respect to oligo-
merization has implications for the reactions tedinstrans
(CeFs)(p-tolsP)Pt(C=C).Pt(Rp-tols)2(CsFs) and AnP(CHp)m-
PAr, in the preceding paper. In some of the cases where
oligomers are isolatednm = 4/>16, 6~19), NMR signals

surface of the sp chain will eventually be saturated, requiring
helices of greater radii or alternative conformatiéhs.

The sg chains in botHl 1d and14d contain 20 carbon atoms.
However, the crystal structure of the latter (Figure 3, bottom)
exhibits a nonhelical conformation. Although this can be
rationalized from the increased sp chain length (12 vs 8 carbon
atoms), the structural data for the lower homolodde which
exhibits both helical and nonhelical molecules in the unit cell,

corresponding to the target molecules can be detected prior tohad led us to anticipate a helical structure. Unfortunately, crystals

concentration of the reaction mixture. This suggests that
oligomerization is promoted by some species present. In our
opinion, likely candidates would include the displaced phosphine
Pp-tol; as well as any excess M(CH)mPAr,. However,

of the higher homologug4ecould not be obtained. Nonetheless,
we view analogues with Sghains of 24 to 36 carbon atoms as
particularly promising for highly coiled double-helical structures,
and synthetic efforts remain underway.

mechanistic investigations are beyond the scope of our present 3. Spectroscopic, Redox, and Dynamic Propertiesin

work.
2. Crystal Structures. Of the new structures in Figures-B,
four contain trans-spanning diphosphine ligands. We have

principle, the new complexeislb—d and14d,e allow the effect
of longer sp carbon chains upon the spectroscopic properties
of the title molecules to be defined. In practice, and as with the

previously reported the syntheses and structures of a variety ofshorter sp chains, all data are very similar to those of P§C

suchmong@latinum complexes with §&sPtCl moieties (e.g.,
5a,c,d).16.17a21Complex7b (Figure 2) represents an analogue
that features both a new ligand (trimethylsilylbutadienyl) and
macrocycle size (19). It exhibits the usual arg#garyl stacking
motif.

As noted above, the diplatinum compleX@ssc,d crystallize
in “double half-clamshell” conformations (Figure 1). The
periphery of the clamshell is best viewed from a plane
perpendicular to that of the¢Es ligand, as shown i, J, and
K. As the number of spcarbon atoms increases from 14 to 18
to 20, the periphery extends further from the platinum atom,
shifting the line-of-sight to the sp chain. The average distances
of the sg carbon atoms from the platinuaplatinum vector
also increase slightly (4.12, 4.20, 4.21 A). At the same time,

C)nPt complexes that lack termini-spanning diphosphine ligands.
The uncyclized monophosphine complexss-d and 13c—e

also constitute useful reference compounds. Tables that compare
IR and NMR data are supplied in the Supporting Information.
The most pronounced trend is a slight downfield shift of the
PtC= 13C NMR signal in the seriedla—c (98.6, 99.3, 101.0
ppm).

A related question involves the relative spectroscopic proper-
ties of complexes with termini- artdans-spanning diphosphine
ligands, such a4l vs 8. As noted above, the mass spectra
exhibit significant differences. However, the IR and YVsible
spectra are identical, as tabulated in the Supporting Information.
The PC=CC=C and FCH,CH,CH; 3C NMR chemical shifts
all fall into narrow ranges. Of the latter group, the PCH,CH,

the methylene groups occupy increasing amounts of space abové31.7-30.6 ppm) and BH; (28.5-27.9 ppm) signals are the

and below the planes of thegls ligands, until saturation is
achieved witt8d (comparel, M, N). The net result is a marked
increase in the steric shielding of the sp chain.

The crystal structure @a-EtOH can be compared with those
of two solvates of the double-helical isonierain the preceding
paper? When viewed from perspectives suchlaandL, the
steric shielding of the sp carbon chain is much less extensive.

(32) Shima, T.; Bauer, E. B.; Hampel, F.; Gladysz, JDalton Trans.2004
1012

(33) Nawara, A. J.; Shima, T.; Hampel, F.; Gladysz, JJAAm. Chem. Soc.
2006 128 4962.

(34) Shima, T.; Hampel, F.; Gladysz, J. Angew. Chem., Int. EQR004 43,
5537; Angew. Chem2004 116, 5653.
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furthest downfield (PChKCH,, 26.6-25.6 ppm). Interestingly,
1la—d always exhibit more Chisignals with chemical shifts

(35) As tabulated in the Supporting Information, there are seven gauche segments
in the one non-disordered Sphain of11d, as opposed to three to four in
each sp chain of the four AsP(CH,)14PAr, homologues. However, near
one terminus, two are of the opposite sign. We intuit this situation as
follows. If the endgroup planes were twisted to the maximum degree
allowed by the spchain lengths, all gauche segments should have the same
helical chirality. Short of this limit, there is “play” in the $ghains, as
reflected by a greater average/sp chain distance. Thus, the gauche
segments can “overshoot” the plane of the endgroup and, by necessity,
must “double back”, resulting in two chirality domains. This feature is also
found in one spchain of one of the four AP(CH)14PAr, homologues,
1lla(benzene)s® The average $fsp distance is greater than that of the
pseudopolymorph 1a(toluene) s (4.05 vs. 3.98 A), in which the gauche
torsion angles have the same sign.
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between those of the PGEIH,CH, and RCH,, signals thar8a— future papers will detail efforts directed at analogous compounds
d. This suggests, in accord with established shielding tréhds, with functional modifications of the Spchain that have the
a small but detectable downfield shift of the*syarbon atoms potential to raise these barriéfs.
that run along the sp chain.
As analyzed in the preceding paper, igg and AE values
obtained by cyclic voltammetry (Table 2) are presumed to reflect  trans-(CeFs)(Ph.P(CH2)sCH=CH,),Pt(C=C).H (3a). A Schlenk
the relative stabilities of the corresponding radical catfons. flask was charged wittrans{CsFs)(PhP(CH,)sCH=CH,),PtCl (15
Complexes4b,c, which contain monophosphine ligands with  0.830 g, 0.838 mmol), Cul (0.033 g, 0.18 mmol), &H (5.4 mL),
potentially reactive vinyl groups and sp carbon chains that are @hd HNE: (54 mL) with stirring and cooled te-45 °C. Then H(C=
quite exposed, exhibit relatively lovgs values (0.54). The ~ ©)2H (15.8 mL, 13.4 mmol, ca. 2.4 M in THF)was added, and the
complexes8a—d, with transspanning diphosphine ligands, are anxture turned light yellow. The cold bath was allowed to warm _to 10
L . C over the coursef®d h and was then removed. After an additional
on the average S|mllar @'%@'65) quever, the double-helical 2.5 h (orange supernatant/white precipitate), the solvent was removed
ComplexeS].l.a—d give Slgnlflcfantly hlgher vaI.u'e'S (0'7_3)'82_)’ . by oil pump vacuum. The tan residue was extracted with toluene (3
consistent with enhanced radical cation stabilities. The oxidation 3'm(). The combined extracts were filtered through an alumina column
of the most highly coiledl1d exhibits the highest degree of (4 cm x 2.5 cm), which was eluted with toluene. The solvent was
reversibility AE 63 mV; i, 0.82). removed from the filtrate/washings by oil pump vacuum to @eeas
Although oxidations of the dodecahexaynediyl complexes a yellow-tan oil (0.746 g, 0.743 mmol, 89%). Calcd foslsiFsPPt:
14cd are poorly reversibleig, 0.35-0.37), this represents an ~ C: 59.82; H: 5.12. Found: C: 59.77; H: 5.11.
improvement over nonshielded analogéfS he more positive NMR (6, CDCk) *H 7.41 (m, 8H of 4 Ph), 7.27 (m, 4H of 4 Ph),
E° values forl4cd indicate thermodynamically more difficult ~ 7-20 (m, 8H of 4 Ph), 5.815.73 (m, 2H, CH), 4.99-4.88 (m, 4H,
oxidations. This chain length effect is general for all polyynediyl —C'2): 2:52 (m, 4H, PCH), 1.97 (m, 4H, G1.CH=), 1.72 (m, 4H,

. . . PCHCH,), 1.38-1.26 (m, 12H, remaining Chf 13C{'H}4041146.5
g?un(;%?es, and the origin has been defined by computatlonal(d’ o = 235 Hz,0 o PY), 139.2 (s, CH), 136.5 (dm,Yor = 240

Hz, m/p to Pt), 133.2 (virtual t2Jcp = 5.5 Hz,0 to P), 131.9 (virtual
Unfortunately, low-temperature NMR spectraldfb—d and t, Uop = 26.7 Hz,i to P), 130.4 (spto P), 128.1 (virtual t3Jep = 5.5

14d did not show any decoalescence phenomena. A chiral Hz, mto P), 114.4 (s=CH,), 92.4 (s, Pt&C), 72.4 (s, Pt&CC),
double-helical structureA, Scheme 1) should give separate 59.8 (s, Pt&sCC=C), 33.8 (s,CH,CH=), 31.2 (virtual t,3Jcp = 7.5
signals for various diastereotopic groups, providing that inter- Hz, PCHCH,CH,), 28.8 (s, CH), 28.6 (s, CH), 28.2 (virtual t,"Jcp
conversion with the enantiomer is slow on the NMR time scale. = 17.5 Hz, PCH), 25.5 (s, PCHCHy); 3'P{*H} 15.5 (s,"Jpp:= 2568
Thus, despite the many helical crystal structures, other pos-H2):*

sibilities cannot be excluded for the dominant conformation of IR (cm™, oil film) v=ci 3308 (W),vc=c 2150 (m). MS* 1005 @a’,
the title molecules in solution. Nonetheless, we remain optimistic 3%0): 954 (Ba—C.H]", 10%), 785 (Ba—CaH—CqF| ", 8%), 489 ([Pt-
that barriers should increase into a measurable regime with (PRP(CH):CH=CH,)]", 60%), 297 ([PEP(CH);CH=CHj] ", 100%).

: : trans,trans(CeFs)(Ph2P(CH2)sCH=CH),Pt(C=C)4Pt(Ph,P-
If:g_er spﬂ?n(jjjpfarb:)n CThaI?S' Hence, higher .hom(ZjIOgue?. of (CH2)6CH=CH,)(CéFs) (4a). A three-necked flask was charged with
pufsueitWI additional methylene groups remain under active 5, (0.400 g, 0.398 mmol) and acetone (10 mL) and fitted with a gas

inlet needle and a condenser chilled via circulatintg °C ethanol
Additional approaches to increasing the barrier for enantiomer o schienk flask was charged with CuCl (0.050 g, 0.51 mmol) and
interconversion are readily identified. Possibilities include acetone (15 mL), and TMEDA (0.020 mL, 0.13 mmol) was added with
introducing (a) functional groups into the3sghain that might stirring. After 0.5 h, stirring was halted (blue supernatant/yellow-green
have attractive interactions with the sp chains or (b) groups thatsolid). Then @was bubbled through the three-necked flask with stirring,
could raise barriers to the 3psp? carbor-carbon bond rotations ~ and the solution heated to 8&. The blue supernatant was added in
necessary to convert gauche conformational segments into theifortions over 1.5 h_. After an_additional 0.5 h, the solvent was removed
enantiomers. Our initial efforts with the former have been PY rotary evaporation and oil pump vacuum. Toluene was added (2

communicated!® and both will be detailed in subsequent full 3 mL), and the mixture was transferred to an alumina column (4cm
papers? 2.5 cm), which was rinsed with toluene until UV monitoring (fluores-

cence of spotted TLC plate) showed no absorbing material (ca. 30 mL).

Experimental Section 38

Conclusion - -

(38) A representative procedure for each type of transformation and all

i H iahili metathesis/hydrogenation sequences involving diplatinum complexes that

. ThIS_ paper has_eSI_ab“Shed the Vlablllty of glkene metath_eses afford a pure product are described in the text. All other syntheses are
in platinum coordination spheres, together with other reactions detailed in the Supporting Information.

i f ; ; (39) Verkruijsse, H. D.; Brandsma, Bynth Commun1991, 25, 657. The H(&
with little  if any precedent, for the construction of novel C).H concentration is calculated from the mass increase of the THF solution.

sterically shielded polyynediyl complexes of the typesC CAUTION : this compound is explosive and literature precautions should
i be followed.
(Scheme 1). These sequences significantly advance the art 0?40) (@) In some"C NMR spectra, the Pt signal or certain ¢Fs signals

organometallic chemistry with respect to rational, directed were not observed. (b) For virtual triplets (Hersh, W.HChem. Educ.
1997 74, 1485), thed values represent th@pparentcouplings between

Syntheses of new mEtal'Contalnlng materials. With a Smgle adjacent peaks. (c) The R#ZC=C signals were assigned according to
exception, all complexes of the typa#&B with sufficiently long trends established earligt. _ i o

. . . - - (41) Complexes with PtPCIE€H,CH; linkages exhibit a characteristic pattern
methylene chains crystallize in double-helical conformations. of 13C signals. The signals were assigned by analogy to related platinum
Similar conformations are thought to dominate in solution, but complexes as described in the previvasd following? full papers in this

. . series.
conclusive data have proved elusive, presumably due to low (42) This coupling represents a satellite Pt = 33.8%) and is not reflected

i i i i i in the peak multiplicity given.
barriers for interconversion of the enantiomers. Accordlngly, (43) FAB (3-nitrobenzyl alcohol matrix)y/z for the most intense peak of the
isotope envelope; relative intensities are for the specified mass range.
(36) Wannere, C. S.; Schleyer, P. v. ®rg. Lett.2003 5, 605. (44) Without a chilled condenser, aspirated acetone must be replenished during
(37) Zhuravlev, F.; Gladysz, J. hem—Eur. J. 2004 10, 6510. the reaction.
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The solvent was removed by rotary evaporation and oil pump vacuum
to give 4a as a tan oil (0.335 g, 0.167 mmol, 84%). Calcd for
CroH100F10PLPs: C, 59.88; H, 5.02. Found: C, 59.85; H, 5.39.

NMR (8, CDCh) *H 7.45 (m, 16H of 8 Ph), 7.31 (m, 8H of 8 Ph),
7.24 (m, 16H of 8 Ph), 5.835.72 (m, 4H, CH=), 4.99-4.87 (m, 8H,
=CH,), 2.55 (m, 8H, PCh), 2.01 (m, 8H, Gi,CH=), 1.75 (m, 8H,
PCHCH,), 1.42-1.26 (m, 24H, remaining CH; 3C{'H}4%4! 146.1
(dm, YJcr = 230 Hz,0 to Pt), 139.1 (s, CH), 136.5 (dm Jcr = 245
Hz, m/p to Pt), 133.0 (virtual t?Jcp = 5.8 Hz,0 to P), 131.5 (virtual
t, XJcp = 28.0 Hz,i to P), 130.3 (sp to P), 127.9 (virtual t3Jcp = 5.2
Hz, mto P), 114.4 (s=CH,), 94.2 (s, Pt&C), 63.7 (s, Pt&CC),
58.0 (s, Pt&CC=C), 33.8 (s,CH.CH=), 31.2 (virtual t,%Jcp = 7.7
Hz, PCHCH,CH,), 28.8 (s, CH), 28.6 (s, CH), 28.2 (virtual t,*Jcp
= 17.9 Hz, PCH), 25.4 (s, PCHCH,); 3'P{'H} 14.2 (s,"Jppt= 2565
Hz) 42

IR (cm™, ail film) ve=c 2150 (m), 2003 (w). UV-vis:*> 291
(66 400), 320 (81 600), 355 (7200), 381 (4000), 411 (2400)“R2BO5
(4a, 20%), 954 ([(GFs)Pt(PhP(CH)sCH=CH,),], 100%).

trans—(C5F5)(Ph2P(CH2)15Pth)Pt(CEC)ZSiMe3 (7b) A Schlenk
flask was charged witBb (0.223 g, 0.225 mmol), M&n(G=C),SiMe;
(0.077 g, 0.27 mmol)? Cul (0.0086 g, 0.0045 mmol), KRF0.049 g,
0.27 mmol), CHCI, (4 mL), and methanol (4 mL) with stirring. After
16 h, the solvent was removed by oil pump vacuum. The residue was
chromatographed on an alumina column (7 em2 cm, 90:10 v/v
hexanes/CECl,). The solvent was removed from the product-containing
fractions by oil pump vacuum to givéb as a white powder (0.191 g,
0.177 mmol, 79%), mp 171C. Calcd for GsHeiFsP.PtSi: C, 59.04;
H, 5.70. Found: C, 58.75; H, 5.70. DS€endotherm withT;, 45.2
°C; Te, 51.9°C; Ty, 55.6°C; T, 58.1°C; Ty, 62.9°C; exotherm with
Ti, 66.3°C; T, 78.2°C; T, 86.5°C; T, 90.8 °C; Ty, 106.4 °C;
endotherm withl;, 153.3°C; Te, 174.9°C; Tp, 176.5°C; T, 177.9°C;
Ti, 199.7°C. TGA: weight loss 36%, 236396 °C.

NMR (6, CDChk) H 7.79-7.77 (m, 4H of 4 Ph), 7.457.39 (m,
6H of 4 Ph), 7.177.10 (m, 2H of 4 Ph), 7.087.05 (m, 8H of 4 Ph),
2.81-2.77 (m, 2H, PEiH'), 2.63-2.59 (m, 2H, PCHl"), 2.18-2.16
(m, 2H, PCHCHH'), 1.86-1.84 (m, 2H, PCHCHH'), 1.55-1.32 (m,
24H, remaining CH), 0.09 (s, 9H, SiCh); *C{*H}*%41 146.5 (dm,
ok = 221 Hz,0 to Pt), 136.3 (dmiJce = 235 Hz,m/p to Pt), 134.4
(virtual t, 2Jcp = 6.3 Hz,0to P), 132.0 (virtual t’}Jcp = 26.8 Hz,i to
P), 131.7 (virtual t¥cp= 5.2 Hz,0to P), 131.4 (virtual t}cp = 28.3
Hz,ito P), 130.0 (sp to P), 129.0 (sp to P), 128.2 (virtual t3Jcp =
5.4 Hz,mto P), 128.0 (virtual tJcp= 5.9 Hz,mto P), 99.1 (s, Pt&),
93.8,92.4, 76.8 (3 s, PEECC=C), 30.8 (virtual t3Jcp = 7.7 Hz, PCH-
CH,CHy), 28.3 (virtual t,"Jcp = 18.2 Hz, PCH), 28.1 (s, CH), 27.9
(s, 2 CH), 27.6 (s, CH), 27.4 (s, CH), 25.4 (s, PCHCH,), 0.9 (s,
SiCHg); 31P{*H} 14.3 (s,'Jppi= 2586 Hz)*?

IR (cm™, powder film)vc=c 2181 (w), 2131 (m). M321079 (7b",
100%), 956 (fb—C,SiMes] ™, 40%), 787 (Fb—C,SiMes—CgFs] ™, 90%).

1 1
transtrans-(CgFs)(PhP(CHy)14PPhy) Pt(C=C),Pt(PPhy(CH,)14PPhy)-
(CeFs) (8a). Complex6a (0.060 g, 0.062 mmol), acetone (5 mL), CuCl
(0.050 g, 0.51 mmol), acetone (15 mL), TMEDA (0.020 mL, 0.13
mmol), and Q were combined in a procedure analogous to that for
4a. An identical workup gavea as a yellow powder (0.050 g, 0.076
mmol, 84%), dec pt> 208 °C (gradual darkening without melting).
Calcd for GeHoeF10P4PL: C, 59.02; H, 4.95. Found: C, 59.44; H, 5.46.
DSC#¢ endotherm withT;, 183.2°C; Te, 210.1°C; Tp, 215.3°C; T,

224.0°C; Ty, 230.2°C. TGA: onset of mass loss, 264°C (Te).
NMR (5, CDCk) H 7.85-7.83 (m, 8H of 8 Ph), 7.467.40 (m,
12H of 8 Ph), 7.12:6.96 (m, 20H of 8 Ph), 2.732.66 (m, 4H, PEIH"),

(45) UV—visible spectra were recorded in @, (1.25x 10-5 M unless noted).
Absorptions are in nme( M~ cm™1).

(46) (a) DSC and TGA data were treated as recommended by: Cammenga, H.

K.; Epple, M.Angew. Chem., Int. Ed. Endl995 34, 1171;Angew Chem

1995 107, 1284. TheTe values best represent the temperature of the phase
transition or exotherm. (b) Except in cases of desolvation, DSC measure-
ments were not continued beyond the onset of mass loss (TGA).
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2.66-2.56 (m, 4H, PCH'), 2.18-2.15 (m, 4H, PCHCHH'), 1.86 (m,
4H, PCHCHH'), 1.52-1.11 (m, 40H, remaining C#; 8C{H}*04*
145.5 (dm X ce = 233 Hz,0to P), 136.3 (dmiJcr = 258 Hz,m/p to
Pt), 134.7 (virtual t2Jcp = 6.5 Hz,0 to P), 132.2 (virtual t}Jcp =
27.4 Hz,i to P), 131.4 (virtual t!Jcp = 28.5 Hz,i to P), 131.0 (virtual
t, 2Jcp = 5.4 Hz,0 to P), 130.95 (sp to P), 129.5 (sp to P), 128.3
(virtual t, 3Jcp = 5.3 Hz,mto P), 127.5 (virtual t3Jcp = 4.6 Hz,mto
P), 94.2 (s, Pt&C), 63.8 (s, Pt&CC), 58.4 (s, Pt&CC=C), 30.9
(virtual t, 3Jcp = 8.1 Hz, PCHCH,CH,), 28.6 (virtual t,"Jcp = 17.9
Hz, PCH), 27.6 (s, CH), 27.5 (s, CH), 27.2 (s, CH), 26.3 (s, CH),
25.8 (S, PCHCH,); 31P{1H} 14.7 (s,}pp = 2576 Hz)%

IR (cm™, powder film)ve=c 2142 (m), 1998 (w). M32 1954 @a",
26%), 1786 (Ba—CeFs]*, <2%), 928 ([(GFs)Pt(PPR(CH:)14PPh)]™,
100%), 759 ([Pt(PPYCH,)1sPPh)]*, 40%)

1 1
transtrans-(CeFs)(PhP(CHy)16PPhy)Pt(C=C)Pt(Ph,P(CH,)16PPhy)-
(CeFs) (8b). A three-necked flask was charged with (0.209 g, 0.194
mmol) and acetone (10 mL) and fitted with a gas inlet needle and a
condenser chilled via circulating18 °C ethanof* A Schlenk flask
was charged with CuCl (0.100 g, 1.01 mmol) and acetone (15 mL),
and TMEDA (0.200 mL, 1.20 mmol) was added with stirring. After
0.5 h, stirring was halted (blue supernatant/yellow-green solid). Then
n-BusN* F~ (0.039 mL, 0.039 mmell M in THF/5 wt % HO) was
added to the solution afb with stirring. After 20 min, MgSiCl (0.024
mL, 0.19 mmol) was added. Then, @as bubbled through the three-
necked flask with stirring, and the solution heated to°65 The blue
supernatant was added in portions over 4 h. After an additional 0.5 h,
the solvent was removed by oil pump vacuum. The residue was
extracted with hexanes (2 5 mL) and then toluene (3 5 mL). The
extracts were filtered in sequence through an alumina column (4 cm
x 2 cm), which was rinsed with toluene. The solvent was removed
from the toluene fractions by rotary evaporation and oil pump vacuum.
The residue was chromatographed on a silica gel column (1& dm
cm, 70:30 v/iv hexanes/GBl,). The solvent was removed from the
product-containing fractions by oil pump vacuum to g8leas a yellow
powder (0.176 g, 0.0878 mmol, 90%), dec pt.207 °C (gradual
darkening without melting). Calcd forigH104F10P4PL: C, 59.76; H,
5.22. Found: C, 58.94; H, 5.22. DS€endotherm withl;, 112.5°C;
Te, 126.5°C; T, 131.9°C; Ty, 154.3°C; endotherm withT;, 174.4°C;
Te, 182.9°C; T, 186.4°C; Ty, 188.7°C; endotherm withT;, 200.6°C;
Te, 217.4°C; T, 219.7°C; Ty, 230.2°C. TGA: weight loss 33%, 243
414°C.

NMR (8, CDCL) 'H 7.80-7.76 (m, 8H of 8 Ph), 7.447.37 (m,

12H of 8 Ph), 7.157.14 (m, 4H of 8 Ph), 7.067.03 (m, 16H of 8
Ph), 2.69-2.57 (m, 8H, PCh), 2.10-2.06 (m, 4H, PCLCHH'), 1.86—
1.84 (m, 4H, PCHCHH'), 1.55-1.29 (m, 48H, remaining Cft 13C-
{1H}4%41145.8 (dm, Jcr = 248 Hz,0 to Pt), 136.3 (dmiJcr = 260
Hz, m/p to Pt), 134.5 (virtual t?Jcp = 6.3 Hz,0 to P), 132.0 (virtual
t, WJcp = 26.8 Hz,i to P), 131.3 (virtual t?2Jcp = 5.3 Hz,0to P), 131.1
(virtual t, Jcp = 28.2 Hz,i to P), 130.8 (sp to P), 129.5 (sp to P),
128.2 (virtual t3Jcp = 5.4 Hz,mto P), 127.5 (virtual t3Jcp = 4.7 Hz,
mto P), 99.4 (s, Pt&), 92.3 (s, Pt&C), 63.7 (s, Pt&CC), 58.4 (s,
PtG=CC=C), 31.1 (virtual t,%Jcp = 7.7 Hz, PCHCH,CH,), 28.4
(virtual t, *Jcp = 18.2 Hz, PCH), 28.4 (s, CH), 28.2 (s, CH), 28.1 (s,
CHy), 27.4 (s, CH), 27.1 (s, CH), 25.8 (s, PCHCH,); 3'P{H} 14.4
(s, Wppt= 2576 Hz)*?

IR (cm™%, powder film)vc=c 2146 (m), 2003 (w). UV-vis:*> 263
(88 000), 291 (105 000), 321 (130 000), 353 (6200), 379 (5000), 410
(2700). MS# 2009 8b*, 45%), 956 ([(GFs)Pt(PhP(CH,):1sPPh)]™,
100%), 785 ([Pt(P¥P(CHy)1sPPh)] T, 70%).

Alkene Metathesis of 4a.A two-necked flask was charged with
Grubbs’ catalyst (ca. half of 0.008 g, 0.01 mmals (0.299 g, 0.149
mmol), and CHCI, (140 mL) with stirring and fitted with a condenser.
The solution was refluxed. After 2 h, the remaining catalyst was added.
After 3 h, the solvent was removed by rotary evaporation and oil pump
vacuum to give a tan solid. Then GEl, was added (%« 3 mL), and
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the sample was transferred to an alumina column (4>ci2.5 cm).
The column was eluted with GE&l, until UV monitoring showed no
absorbing material (ca. 30 mL). The solvent was removed by rotary
evaporation and oil pump vacuum to give a mixture of cyclized products
as a tan solid (0.280 g, 0.144 mmol, 96%). Calcd fesHgF10PsPL:
C, 59.14; H, 4.76. Found: C, 58.99; H, 4.86.

NMR (6, CDCL) *H 7.90 (m, 6H of 8 Ph), 7.486.89 (m, 34H of
8 Ph), 5.37-5.35 (m, 4H, GI=CH), 2.73-2.62 (m, 8H, PCH), 2.35-
2.32 (m, 4H, PCHCHH'), 2.04 (m, 12H, PCKCHH', CH,CH=CH),
1.42-1.26 (m, 24H, remaining C#t 3'P{*H} 15.9 (s, Jppt = 2594
Hz*? 12%), 15.8 (siJppt= 2585 Hz%? 30%), 15.2 (siJppt= ca. 2579
Hz,*2 24%), 15.1 {Jppt= ca. 2579 HZ? 22%), 15.0 (s, 7%), 14.8 (s,
6%). IR (cnT?, powder film) ve=c 2150 (m). MS®* 1949 M*
(intramolecular metathesis), 100%), no other significant peak200.

trans,trans(cst)(thﬁ(cHZ)MPth)F|>t(cEC)4'Pt(PhZP(CHZ)MFPhZ)-

(CeFs) (11a).A Schlenk flask was charged with metathesized0.350

g, 0.180 mmol), 10% Pd/C (0.035 g, 0.018 mmol), CKCH.CI (10
mL), and ethanol (20 mL), flushed with,Hand fitted with a balloon
filled with H,. The mixture was stirred for 7 d. The solvent was removed
by rotary evaporation. Then GHI, was added to the residue. The
mixture was filtered through an alumina column (7 cm1.5 cm),
which was rinsed with additional GEl,. The solvent was removed
from the filtrate by rotary evaporation (0.255 g, 0.130 mmol, 73%).
The crudella/8awas purified by preparative thin layer chromatography
(silica gel, 60:40 v/v hexanes/GALl,). The main (middle) band was
extracted to givd.1aas a yellow powder (0.110 g, 0.058 mmol, 32%).

NMR (6, CDCk) H 7.43-7.17 (m, 40H of 8 Ph), 2.68 (m, 8H,
PCH), 2.12 (m, 8H, PCHCH,), 1.57 (m, 8H, PCHCH,CH), 1.50~
1.26 (m, 32H, remaining CHt BC{H}4%41 145.7 (dm,Jcr = 220
Hz, o to Pt), 136.2 (dm}Jcr = 240 Hz,m/p to Pt), 132.8 (virtual t,
2Jcp = 5.7 Hz,0to P), 131.9 (virtual tXJcp = 27.6 Hz,i to P), 130.1
(s, p to P), 127.8 (virtual t3Jcp = 5.0 Hz,m to P), 98.5 (s, Pt&),
94.2 (s, Pt&C), 63.4 (s, Pt&CC), 57.8 (s, Pt&eCC=C), 30.6 (virtual
t, 3Jcp = 7.8 Hz, PCHCH,CH,), 30.0 (s, CH), 29.6 (s, CH), 29.3 (s,
CHy), 28.1 (virtual t,"Jcp = 18.5 Hz, PCH), 28.0 (s, CH), 25.6 (s,
PCH.CH,); 3*P{*H} 15.0 (s,%Jppt = 2582 Hz)*?

Alkene Metathesis of 4b.Grubbs’ catalyst (0.008 g, 0.01 mmol),
4b (0.351 g, 0.170 mmol), and GBI, (190 mL) were combined in a
procedure analogous to that féa. A similar workup (3 cmx 2 cm
alumina column) gave a mixture of cyclized products as a yellow oil
(0.327 g, 0.162 mmol, 96%).

NMR (6, CDChk) *H 7.45-7.43 (m, 16H of 8 Ph), 7.347.30 (m,
8H of 8 Ph), 7.25-7.22 (m, 16H of 8 Ph), 5.425.32 (m, 4H, Gi=
CH), 2.70-2.62 (m, 8H, PCH), 2.03-1.99 (m, 16H, PCKCH,, CH,-
CH=), 1.51-1.29 (m, 40H, remaining Cht 3'P{H} 14.5 (s), 14.4
(major, s, Jppt = 2571 Hz)#? 14.3 (s), 14.2 (s). MZ 2005 M
(intramolecular metathesis), 100%), 183¥I(F- CsFs]t, 20%).

transtrans(cer)(thﬁ(CH2)16Pth)F|>t(CEC)4'Pt(Pth(CH2)16IF>phZ)_

(CeFs) (11b). A Schlenk flask was charged with metathesidéd0.327

g, 0.162 mmol), 10% Pd/C (0.018 g, 0.017 mmol), CICH.CI (15
mL), and ethanol (15 mL), flushed with,Hand fitted with a balloon
filled with H,. The mixture was stirred for 14 d. The solvent was
removed by oil pump vacuum. The residue was extracted with- CH
Cl,. The extract was filtered through an alumina column (2 xn2
cm), which was rinsed with C¥l, until UV monitoring showed no
absorbing material (ca. 40 mL). The solvent was removed from the
filtrate by oil pump vacuum to give crudélb/8b, which was
chromatographed on a silica gel column (30 en1.5 cm, 80:20 v/v
hexanes/CkCl,). The solvent was removed from the first product-
containing fraction by oil pump vacuum to gitdb as a yellow solid
(0.165 g, 0.0778 mmol, 48%), dec pt.200 °C (gradual darkening
without melting). Calcd for @dHiod10P4sPL: C, 59.76; H, 5.22.

Found: C, 58.56; H, 5.22. DS€exotherm withT;, 215.7°C; T, 249.6
°C; Te, 253.5°C; Ts, 269.5°C. TGA: weight loss 32%, 276414 °C.
NMR (6, CDCk) *H 7.45-7.42 (m, 16H of 8 Ph), 7.317.27 (m,
8H of 8 Ph), 7.23-7.19 (m, 16H of 8 Ph), 2.722.71 (m, 8H, PCh),
2.07-2.06 (m, 8H, PCHCH,), 1.57-1.52 (m, 8H PCHCH,CH,),
1.42-1.29 (m, 40H, remaining CHt 13C{*H}4041145.6 (dm Jcr =
221 Hz,o to Pt), 136.3 (dmlJcr = 250 Hz,m/p to Pt), 132.8 (virtual
t, 2Jcp = 5.7 Hz,0 to P), 131.6 (virtual t}Jcp = 27.8 Hz,i to P), 130.2
(s, p to P), 127.8 (virtual t3Jcp = 5.0 Hz,mto P), 99.3 (s, Pt&),
94.0 (s, Pt&C), 63.7 (s, Pt&CC), 57.8 (s, Pt&&CC=C), 30.9 (virtual
t, 3Jcp = 7.7 Hz, PCHCH,CH,), 29.3 (s, CH), 29.0 (s, CH), 28.9 (s,
CH,), 28.7 (s, CH), 28.5 (s, CH), 28.2 (virtual t,3Jcp = 18.2 Hz,
PCH), 25.9 (s, PCHCHy); 3*P{*H} 14.7 (s,Jppt= 2575 Hz)*?

IR (cm™?, powder film)ve=c 2142 (M), 2001 (w). UV-vis:*® 263
(84 000), 290 (105 000), 318 (130 000), 352 (6400), 379 (5500), 410
(2900). MS# 2009 (L1b*, 100%).

Alkene Metathesis of 4c.Grubbs’ catalyst (0.007 g, 0.008 mmol),
4¢ (0.277 g, 0.131 mmol), and GBI, (220 mL) were combined in a
procedure analogous to that fio. An identical workup gave a mixture
of cyclized products as a yellow oil (0.262 g, 0.127 mmol, 97%).

NMR (6, CDCk) H 7.46-7.40 (m, 16H of 8 Ph), 7.317.27 (m,
8H of 8 Ph), 7.24-7.21 (m, 16H of 8 Ph), 5.415.28 (m, 4H, Gi=
CH), 2.69-2.64 (m, 8H, PCH), 2.09-1.98 (m, 16H, PCEKCH,, CH,-
CH=), 1.50-1.18 (m, 40H, remaining Ch 3P{1H} 15.1 (s, Jppt=
2583 Hz)#? 14.6 (s, majorlJpp= 2583 Hz)#? 14.4 (s), 14.2 (s).

trans,trans(CGFs)(thlé(CH2)18PPhZ)FIJt(CEC)4||3t(Pth(CHz)lsthz)_

(CeFs) (11c).Metathesizedic (0.262 g, 0.127 mmol), 10% Pd/C (0.014
g, 0.013 mmol), CICKHCH,CI (10 mL), ethanol (8 mL), and Hwere
combined in a procedure analogous to thatffbb. A similar workup
gave (from fractions of the silica gel columt}c (0.0380 g, 0.0183
mmol, 15%), anl1c/8cmixture (0.0362 g, 0.175 mmol, 14%; 2:1 by
3P NMR), and8c (0.0258 g, 0.0125 mmol, 10%) as yellow powders.
Data for11c*® dec pt.> 200°C (gradual darkening without melting).

NMR (8, CDCl) H 7.42-7.38 (m, 16H of 8 Ph), 7.297.26 (m,
8H of 8 Ph), 7.22-6.99 (m, 16H of 8 Ph), 2.682.65 (m, 8H, PCh),
1.96-1.95 (m, 8H, PCHCH,), 1.54-1.49 (m, 8H, PCHCH,CH,),
1.35-1.27 (m, 56H, remaining CHt *3C{*H}4041146.2 (dm,*Jcr =
245 Hz,o to Pt), 136.8 (dmlJcr = 247 Hz,m/p to Pt), 133.2 (virtual
t, 2Jcp = 5.7 Hz,0to P), 131.9 (virtual t}Jcp = 27.8 Hz,i to P), 130.7
(s,pto P), 128.2 (virtual t3Jcp = 5.0 Hz,m to P), 101.0 (s, Pt&),
94.0 (s, Pt&C), 63.8 (s, Pt&CC), 58.1 (s, Pt&CC=C, 31.7 (virtual
t, 3Jcp = 7.5 Hz, PCHCH,CH,), 29.5 (s, triple intensity, 3 C§), 29.4
(s, CH), 29.3 (s, CH), 29.1 (s, CH)), 28.5 (virtual t,'Jcp = 17.9 Hz,
PCH), 26.6 (s, PCHCH,); 3P{*H} 14.5 (s, Jppi = 2570 Hz)*

IR (cm™2, powder film)vc=c 2146 (m), 2001 (w). UV-vis:*® 263
(88 000), 290 (112 000), 319 (138 000), 352 (6300), 379 (5400), 410
(2900). MS#3 2066 (L1c", 100%).

Alkene Metathesis of 4d.Grubbs’ catalyst (ca. half of 0.009 g, 0.01
mmol),4d (0.327 g, 0.150 mmol), and GBI, (250 mL) were combined
in a procedure analogous to that #l. An identical workup gave a
mixture of cyclized products as a yellow oil (0.305 g, 0.144 mmol,
96%).

NMR (8, CDCl) H 7.45-7.43 (m, 16H of 8 Ph), 7.337.30 (m,
8H of 8 Ph), 7.26-7.22 (m, 16H of 8 Ph), 5.435.30 (m, 4H, Gi=
CH), 2.70-2.63 (m, 8H, PCH), 2.03-1.99 (m, 16H, PCHKCH,, CH,-
CH=), 1.51-1.29 (m, 48H, remaining Ch} 3P{*H} 14.5 (s, major,
Uppt= 2567 Hz)#214.4 (s), 14.2 (s). M32 2118 (™ (intramolecular
metathesis), 100%).

transtrans:(CaFs)(PhaP(CH,)aPPRIPHC=C).Pt(PhP(CH o Phy)-
(CeFs) (11d). Metathesizedd (0.305 g, 0.144 mmol), 10% Pd/C (0.015
g, 0.014 mmol), CICHCH,CI (8 mL), ethanol (5 mL), and Hwere
combined in a procedure analogous to thatlfbec An identical workup
gavelld (0.0551 g, 0.0259 mmol, 18%), drid/8d mixture (0.0982

(47) A complementary sequence is given in the Supporting Information.

(48) A satisfactory microanalysis was not obtained for this compound.
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g, 0.0463 mmol, 32%; 2:1 b§*P NMR), and8d (0.0488 g, 0.0230
mmol, 16%) as yellow powders. Data fbtd: dec pt.>190°C (gradual
darkening without melting). Calcd for,6gH120F10PsPE: C, 61.12; H,
5.70. Found: C, 60.82; H, 5.71. DS€exotherm withT;, 102.1°C;
Te, 113.2°C; Tp, 121.7°C; T, 126.6°C; Ty, 137.7°C; endotherm with
Ti, 197.7°C; Te, 218.7°C; Tp, 225.2°C; T, 226.9°C; Ty, 230.5°C.
TGA: weight loss 29%, 272402 °C.

NMR (6, CDCk) *H 7.42-7.38 (m, 16H of 8 Ph), 7.307.26 (m,
8H of 8 Ph), 7.24-7.19 (m, 16H of 8 Ph), 2.632.62 (m, 8H, PCH),
1.92 (m, 8H, PCHCH,), 1.52 (m, 8H, PCHCH,CH,), 1.23-1.13 (m,
60H, remaining Ch); 13C{*H}4041132.7 (virtual t2Jcp = 5.8 Hz,0to
P), 131.3 (virtual t1Jcp = 27.9 Hz,i to P), 130.1 (sp to P), 127.7
(virtual t, 3Jcp = 5.0 Hz,mto P), 93.4 (s, Pt&C), 68.2 (s, Pt&CC),
57.5 (s, Pt&ECC=C), 31.1 (virtual t,3Jcp = 7.7 Hz, PCHCH,CH,),
29.0 (s, CHl), 28.94 (s, CH), 28.93 (s, CH), 28.87 (s, CH), 28.7 (s,
CHy), 28.6 (s, CH), 27.9 (virtual t,*Jcp = 18.1 Hz, PCH), 25.5 (s,
PCH,CH,); 3*P{*H} 14.6 (s,"Jppt = 2569 Hz)*?

IR (cm™, powder film)ve=c 2144 (m), 2001 (w). UV-vis:*®> 263
(87 500), 290 (111 000), 318 (136 000), 352 (6400), 379 (5500), 410
(3000). MS# 2121 @1d*, 100%), 1953 ((1d — CsFs]™, 10%).

trans—(C6F5)(Ph2P(CH2)3CH=CH2)2Pt(CEC)3SiEt3 (lZC)A three-
necked flask was charged wifit (0.640 g, 0.604 mmol), acetone (20
mL), and HG=CSiEg (1.20 mL, 12.7 mmol) and fitted with a gas inlet
needle and a condenser chilled via circulating8 °C ethanol* A

cm alumina column; 20 cnx 2 cm silica gel column, 90:10 v/v
hexanes/ChkLl,) gave 13c as a yellow oil that solidified over the
course of several days (0.170 g, 0.0785 mmol, 64%). Calcd for
CuiHuieF10PsPL: C, 62.10; H, 5.40. Found: C, 61.31; H, 5.65.
DSC?# endotherm withT;, 100.3°C; Te, 123.2°C; Ty, 124.9°C; T,
126.9°C; Ty, 149.8°C. TGA: weight loss 38%, 225414 °C.

NMR (6, CDCk) *H 7.47-7.43 (m, 16H of 8 Ph), 7.367.32 (m,
8H of 8 Ph), 7.28-7.24 (m, 16H of 8 Ph), 5.80 (ddt, 4HJunians =
17.0 Hz,%uneis = 10.2 Hz,3Jyy = 6.7 Hz, CH=), 4.98 (br d, 4H,
8Juhtrans = 17.1 Hz,=CHeH), 4.91 (br d, 4H 3Jupes = 10.2 Hz,=
CHgH), 2.55-2.51 (m, 8H, PCH), 2.05-1.99 (m, 8H, G,CH=),
1.75-1.73 (m, 8H, PCHCH,), 1.36-1.26 (m, 40H, remaining Ch
BBC{1H}4041139.2 (s, CH=), 136.6 (dmJcr = 251 Hz,mVp to Pt),
132.9 (virtual t,2Jcp = 5.7 Hz,0 to P), 131.0 (virtual t}Jcp = 28.0
Hz,i to P), 130.4 (sp to P), 128.0 (virtual t3Jcp = 5.1 Hz,mto P),
114.1 (s,=CH,), 105.4 (s, Pt&), 93.4 (s, Pt&C), 65.5, 63.0, 61.0,
57.1 (4 s, Pt&CC=CC=C), 33.8 (s,CH,CH=), 31.2 (virtual t,%Jcp
= 7.5 Hz, PCHCH,CH,), 29.2 (s, CH), 29.09 (s, CH), 29.06 (s, CH),
28.9 (s, CH), 28.2 (virtual t,'Jcp= 17.5 Hz, PCHJ), 25.4 (s, PCHCH,);
31P{1H} 13.9 (s,%Jppt = 2544 Hz)*?

IR (cm™, oil film) ve=c 2132 (m), 2094 (m), 1997 (w). UWvis
(1.25x 1076 M):45311 (75 500), 332 (201 000), 354 (315 000). KiS:
2166 (L3c", 20%), 1010 ([(GFs)Pt(PhP(CH,)sCH=CH,),]", 100%).

Alkene Metathesis of 13cA two-necked flask was charged with

Schlenk flask was charged with CuCl (0.200 g, 2.02 mmol) and acetone Grubbs’ catalyst (ca. half of 0.014 g, 0.017 mmol) and,CH (300

(30 mL), and TMEDA (0.400 mL, 2.40 mmol) was added with stirring.
After 0.5 h, stirring was halted (blue supernatant/yellow-green solid).
Then Q was bubbled through the three-necked flask with stirring, and
the solution was heated to 6&. The blue supernatant was added in
portions over 2 h. After an additional 0.5 h, the solvent was removed

mL) and fitted with a condenser and a dropping funnel. The solution
was refluxed. The dropping funnel was charged with a solutiotBcf
(0.548 g, 0.251 mmol) in C¥€Cl, (50 mL). One-half of the solution
was added over 0.5 h. After 2 h, the remaining catalyst was added,
followed by the remainindl3c After an additional 2 h, the solvent

by rotary evaporation and oil pump vacuum. The residue was extractedwas removed by oil pump vacuum, and £H (2 x 3 mL) was added.

with hexanes (2x 5 mL) and then toluene (% 5 mL). The extracts
were passed in sequence through an alumina column (& @tm),
which was rinsed with toluene. The solvent was removed from the

toluene fractions by rotary evaporation. The residue was chromato-

graphed on a silica gel column (20 cm2.5 cm, 90:10 v/v hexanes/
CHxCl,). The solvent was removed from the product-containing
fractions by oil pump vacuum to givé2c as a yellow oil (0.525 g,
0.438 mmol, 73%). Elution with 70:30 v/v hexanes/{ly gave4c
(0.122 g, 0.058 mmol, 19%). Data faRc Calcd for G H7aFsP.PtSi:

C, 62.14; H, 6.32. Found: C, 61.83; H, 6.32.

NMR (0, CDCk): H 7.52-7.47 (m, 8H of 4 Ph), 7.377.33 (m,
4H of 4 Ph), 7.36-7.26 (m, 8H of 4 Ph), 5.83 (ddt, 2HJuntrans =
17.0 Hz,%4neis = 10.2 Hz,3J4y = 6.7 Hz, CH=), 5.02 (br d, 2H,
SJHHtranSZ 17.0 HZ,=CHEH2), 4.95 (br d, 2H|3\]HHcis = 10.2 HZ,=
CHeHz), 2.61-2.58 (m, 4H, PCh), 2.09-2.04 (m, 4H, G,CH=),
1.84-1.82 (m, 4H, PCHCHy), 1.43-1.32 (m, 20H, remaining C#),
0.97 (t, 9H,33u = 7.9 Hz, CHy), 0.57 (q, 6H 2334 = 7.9 Hz, SiCH);
BC{1H}4041145.9 (dmJce = 237 Hz,0to Pt), 139.1 (s, CH), 136.6
(dm, ek = 235 Hz,m/p to Pt), 132.9 (virtual t2Jcp = 5.8 Hz,0 to P),
131.2 (virtual t}Jcp = 28.0 Hz,i to P), 130.4 (spto P), 127.9 (virtual
t, 3Jcp = 5.1 Hz,mto P), 114.1 (s=CH,), 102.7 (s, Pt&), 93.1 (s,
PtC=C), 91.0 (s,C=CSi), 80.6 (s=CSi), 65.7 (s, Pt&CC), 55.9 (s,
PtC=CC=C), 33.8 (s,CH,CH=), 31.2 (virtual t,*Jcp = 7.6 Hz, PCH-
CHyCHy), 29.3 (s, CH), 29.0 (s, double intensity, 2 GH 28.9 (s,
CHy), 28.2 (virtual t,*Jcp = 18.1 Hz, PCH), 25.5 (s, PCEHCH,), 7.3
(s, CH), 4.3 (s, SICH); 3*P{*H} 14.2 (s,"Jppt = 2558 Hz)*?

IR (cm™%, ail film) ve=c 2150 (m), 2018 (m). M3% 1198 (2c",
40%), 1011 (12c— C¢SiEt] ", 100%), 842 (I12c— CeSiEt; — CoFs) ™,
40%).

trans,trans—(CeF5)(Ph2P(CHz)gCH=CH2)2Pt(CEC)6Pt(Pth-
(CH32)sCH=CH)2(CsFs) (13c). Complex12c(0.287 g, 0.244 mmol),
acetone (15 mL), CuCl (0.260 g, 2.63 mmol), acetone (15 mL), TMEDA
(0.520 mL, 3.12 mmol)p-BusN* F~ (0.050 mL, 0.0501 M in THF/5
wt % H,0), MesSiCl (0.040 mL, 0.32 mmol), and Qvere combined
in a procedure analogous to that &f. A similar workup (3 cmx 2
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The sample was transferred in two portions to an alumina column (3
cm x 2.5 cm), which was rinsed with G, until UV monitoring
showed no absorbing material (ca. 50 mL). The solvent was removed
by oil pump vacuum to give a mixture of cyclized products as a yellow
oil (0.402 g, 0.187 mmol, 75%).

NMR (8, CDCL) 3'P{*H} 14.9 (s, Jppi= 2564 Hz)#? 14.4 (s), 14.2
(s, Wppt = 2652 Hz)?2 14.1 (s, major Jpp = 2556 Hz)3? 13.9 (s).
MS:43 2110 M* (intramolecular metathesis), 100%), 982 {f¢)Pt-
(PheP(CH)sCH=CH(CH,)sPPh)]*, 60%), 815 ([Pt(PEP(CHy)sCH=
CH(CH,)sPPh)] ", 50%).

trans,tran&(CGFS)(thFI’(CHz)lgPPhZ)F|>t(CEC)6||3t(ph2p(cH2)18||:>phz)_

(CeFs) (14c).Metathesized 3¢ (0.402 g, 0.187 mmol), 10% Pd/C (0.026
g, 0.025 mmol), CICKHCH,CI (15 mL), ethanol (15 mL), and Hvere
combined in a procedure analogous to thatlftlo. An identical workup
gavel4cas a yellow powder (0.080 g, 0.038 mmol, 20%), dec>pt.
230°C.

NMR (8, CDCk) H 7.40-7.38 (m, 16H of 8 Ph), 7.367.28 (m,
8H of 8 Ph), 7.22-7.20 (m, 16H of 8 Ph), 2.742.68 (m, 8H, PCh),
2.10-2.06 (m, 8H, PCHCH,), 1.54-1.50 (m, 8H, PCHCH,CH,),
1.40-1.36 (m, 8H, PCHCH,CH,CH,), 1.25-1.18 (m, 40H, remaining
CHy); 13C{*H}4%41143.8 (dd,"Jcr = 225 Hz,2Jcr = 30 Hz,0 to Pt),
136.5 (dm e = 242 Hz,m/p to Pt), 132.8 (virtual t2Jcp = 6.0 Hz,
oto P), 131.0 (virtual t!Jcp= 27.9 Hz,i to P), 130.4 (sp to P), 127.9
(virtual t, 3Jcp = 5.0 Hz,m to P), 103.8 (s, Pt&), 93.6 (s, Pt&C),
65.0, 62.7, 61.0, 57.3 (4 s, RECC=CC=C), 30.9 (virtual t,2Jcp =
7.9 Hz, PCHCH,CH,), 30.2 (s, CH), 30.1 (s, CH), 30.03 (s, CH)),
29.97 (s, CH), 28.4 (virtual t,'Jcp = 18.2 Hz, PCH), 25.7 (s,
PCH,CH,); 31P{H} 14.5 (s,\Jppr = 2554 Hz)*2

IR (cm™2, powder film)ve=c 2131 (m), 2092 (s), 1996 (M); UV
vis (1.25 x 1076 M):45 312 (79 200), 331 (234 000), 354 (361 000).
MS:*3 2113 @L4c', 100%), 1945 (4c — CoFs| ', 8%).

Alkene Metathesis of 13dGrubbs’ catalyst (0.010 g, 0.013 mmaol),
CH.CI, (150 mL), 13d (0.396 g, 0.178 mmol), and GBI, (50 mL)
were combined in a procedure analogous to thatlRxr An identical
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workup gave a mixture of cyclized products as a yellow powder (0.292
g, 0.135 mmol, 76%).

NMR (6, CDCh) 3'P{*H} 16.6 (s), 13.9 (s), 13.6 (s), 13.3 (S, major),
13.2 (s), 13.1 (s, major), 11.8 (s), 11.7 (s). K#2165 M™ (intramo-
lecular metathesis), 100%).

transtrans—(Cer)(PhZIID(CHz)zoPth)l?t(csc)ellat(pth(cH2)20||3phz)_

(CeFs) (14d). Metathesizedl3d (0.292 g, 0.135 mmol), 10% Pd/C
(0.026 g, 0.025 mmol), CICK¥CH,CI (15 mL), ethanol (15 mL), and
H, were combined in a procedure analogous to that ftw An identical
workup gavel4d as a yellow powder (0.089 g, 0.032 mmol, 24%),
dec pt. > 220 °C. Calcd for GiHidF1PsPt: C, 61.99; H, 5.57.
Found: C, 60.77; H, 5.58.

NMR (6, CDCk) *H 7.42-7.39 (m, 16H of 8 Ph), 7.317.28 (m,
8H of 8 Ph), 7.25-7.22 (m, 16H of 8 Ph), 2.732.68 (m, 8H, PCH),
2.10-2.07 (m, 8H, PCHKCH,), 1.54-1.50 (m, 8H, PCHCH,CH,),
1.38-1.35 (m, 8H, PCHCH,CH,CH,), 1.32-1.24 (m, 68H, remaining
CHy); B8C{1H}4041145.6 (dm e = 239 Hz,0 to Pt), 132.8 (dmiJcr
= 253 Hz,m/p to Pt), 132.8 (virtual t?Jcp = 6.0 Hz,0 to P), 131.5
(virtual t, 1Jcp = 27.8 Hz,i to P), 130.4 (sp to P), 128.0 (virtual t,
3Jcp = 5.1 Hz,mto P), 93.6 (s, Pt&C), 62.8, 61.0, 57.1, 53.4 (4 s,
PtC=CC=CC=C), 30.9 (virtual t,*Jcp = 7.9 Hz, PCHCH,CH,), 29.9
(s, CHy), 29.8 (s, CH), 29.9-28.6 (several signals, remaining @H
28.4 (virtual t,3Jcp = 18.2 Hz, PCH), 25.7 (s, PCHCH,). 31P{1H}
14.5 (s,Ypp; = 2576 Hz)*

IR (cm™%, powder film)ve=c 2131 (m), 2092 (s), 1996 (m); UV
vis (1.25 x 107¢ M):45 312 (67 200), 333 (181 000), 354 (306 000).
MS:*3 2170 @4d", 100%).
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(49) Additional data are available from the Cambridge Crystallographic data
Centre via the following CCDC numbers: 62443b), 624434 8a-EtOH),
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