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Abstract: The diimine platinum(ll) ethylene hydride complex [(N*N)Pt(H)(ethylene)][BAr's] (1, N*"N = [(2,6-
Me,CgH3)N=C(An)—C(An)=N(2,6-Me,C¢H3)], An = 1,8-naphthalenediyl, Ar' = 3,5-(CF3),C¢H3) was prepared
by protonation of the diethyl complex (N*N)PtEt, with [H(OEt,),][BAr's]. The energy barrier to interchange
of the platinum hydride with the olefinic hydrogens in 1 was determined to be 19.2 kcal/mol by spin saturation
transfer experiments. Complex 1 initiates ethylene dimerization; the ethyl ethylene complex (N*N)Pt(Et)-
(ethylene)* (2) has been identified as the catalyst resting state. Trapping of 1 by ethylene to yield 2 is a
second-order process; kinetic studies suggest this occurs via trapping of a reversibly formed S-agostic
ethyl complex. Complex 2 has been isolated and characterized by X-ray crystallography. The barrier to
migratory insertion of 2, the turnover-limiting step in catalysis, was determined to be 29.8 kcal/mol. The
1-butene hydride complex, (N*"N)Pt(H)(1-butene)™ (3), is a key intermediate in the dimerization cycle and
has also been isolated and characterized. Surprisingly rapid rates of degenerate associative exchange of
free ethylene with bound ethylene in complexes 1 and 2 as well as the rate of degenerate exchange of
free nitrile with bound nitrile in (N*"N)Pt(Et)(CH3CN) " are reported.

Introduction able temperature NMR spectroscopic studies established that
the cationic metal alkyl complexes, (diimine}\R™ (M = Ni,

de; R= alkyl groups GH2n+1, n > 1) adoptf-agostic structures

| and provided information concerning the energetics of metal
migration along the alkyl chains in such complee¥+18 The
barriers to migratory insertion in (diimine)M(ethylen€)R

Investigations of late transition metal-catalyzed olefin poly-
merizations, oligomerizations, and dimerizations have attracte
attention from a large number of academic and industria
research groups.® Our group first reported that cationic aryl-
substituteda-diimine complexes of Ni(ll) and Pd(ll) bearing . k
ortho substituents on the aryl rings were active catalysts for COMPlexes, frequently the catalyst resting state during ethylene
homopolymerization and oligomerization of ethylene anale- polymerization, were found to be in the range-1i3} kcal/mol
fins. Incorporating ortho-aryl substituents proved to be a critical foF Ni(ll) complexes and ca. 5 keal/mol higher for Pd(ll)
design feature that led to reduction of the rate of chain transfer COMPlexes, 1719 kcal/mol. _
and thus production of high molecular weight polymers. Little is known concerning the structure, dynamics, and

Working with the Versipol group at DuPont, these investigations catalytic chemistry of the correspondipg P(ll) dii.mir.Ie com-
were expanded to include a broad range of monomers angPlexes. Ruffé® has reported the synthesis of the cationic methyl

. . I - 10-13 .
catalysts incorporating numerouasdiimine ligands! Vari- (10) Leatherman, M. D.; Svejda, S. A.; Johnson, L. K.: BrookhartJMAM.
Chem. Soc2003 125 3068-3081.
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Scheme 1. Pt(ll) Aryl-Substituted Diimine Complexes 1—3 Scheme 2. Synthesis of Ethylene Hydride Complex 1
N
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olefin complexes [ArN=C(Me)—C(Me)C=NAr]Pt(CHz)(olefin)" the agostic and terminal hydride structures in these complexes
(Ar = 2,64-PrCgH3, olefin = ethylene, propylene, styrene; is small. The sole report of catalytic ethylene dimerization by
Ar = 2,6-EbCgHs, olefin = ethylene). Line-broadening of the  a homogeneous Pt(Il) complex is that by Roddick who observed
bound ethylene resonance was observed in the presence of fre¢éhat [(GFs),PCHCH,P(GFs),]Pt(CHs)(OTf) initiates dimer-
ethylene but no quantitative exchange rates were reported. Anization at 65°C in methylene chloride. A coordination-insertion
X-ray diffraction study of a single crystal of the methyl ethylene mechanism was established but neither the intermediate hydride
complex for Ar= 2,6-EtCsH3 showed, as expected, that the nor the ethyl ethylene complex could be obser¥editagliano
C—C axis of the ethylene ligand and the aryl rings lie nearly has reported Pt(ll)-catalyzed codimerization of ethylene and
perpendicular to the coordination square plane. No insertion substituted olefins but a coordination-insertion mechanism does
chemistry of these simple olefin complexes was noted although not apply. Rather the €C bond forms by direct attack of the

a later report by Ruff® showed that migratory insertion occurs  nucleophilic substituted olefin on the electrophilic Pt(Il)-bound
at 60°C in the electron deficient olefin complex [AfC(Me)— ethylene?2:33

C(Me)C=NATIPt(CHs)(methyl acrylate) (Ar = 2,6-EtCeHy) We report here the synthesis, characterization and chemistry
to yield a chelate complex involving the ester carbonyl of the Pt(Il) aryl-substituted diimine complexds 2, and 3
functionality analogous to that observed in the Pd(Il) congener. (Scheme 1). Complek the ethylene hydride complex, initiates
DFT calculations Suggest that the aryl-substituted (d”mlne)Pt- Cata|ytic ethy|ene dirneriza_tionl whereas Compxaxhe ethy|
(H)(ethylene} complex should be a classical hydride and that ethylene complex, is the catalyst resting state, and conlex
the barrier to alkyl migration in the analogous alkyl ethylene the butene hydride, is a key intermediate in the catalytic cycle.
complex should be ca. 26 kcal/mol, much higher than the Ni- wigratory insertion barriers are reported fband2 along with
(I1) (10—11 kcal/mol) and Pd(ll) (1618 kcal/mol) barrierg! 23 the kinetics and mechanism for conversionlofo 2, which
There are several additional reports relevant to the work permits quantitative comparison to the Ni(ll) and Pd(ll)
described here. Numerous square planar platinum(ll) hydrido analogues.
olefin complexes bearing bidentate ligands have been character-
ized. Complexes bearing bidentate nitrogen ligands inclkéle ( Results and Discussion
trispyrazolylborate)Pt(H)(olefif)?* and (-diiminate)Pt(H)-
(olefin)?526systems. In each of these classes of complexes, the
olefin hydrides adopt classical hydride structures rather than
p—agostic geometries. Spencer has reported cationic platinum-
(I1) olefin hydrides supported by a series of bidentate
phosphineg’=30 The structures of these species can be classical
olefin hydrides oiB-agostic alkyl complexes depending on the
P—Pt—P angle, the bulk of the substituents on phosphorus, and
the substituents on the olefin. The energy difference between

BAr,

Synthesis of (Diimine)PtEg (4). o-Diimine diethyl platinum
complex4 was synthesized by treatment of (cod)Rt€bd =
1,5-cyclooctadiene) with excessdiimine ligand, N'N (N*N
=[(2,6-Me,CsHz)N=C(An)—C(An)=N(2,6-MeCsHz)], An =
1,8-naphthalenediyl), in acetonitrile solution (Scheme 2). After
heating at 55°C for 16 h, the solvent was removed in vacuo
and (N*N)PtEb (4) was purified by column chromatography
on alumina. Recrystallization from GBl,/pentane provided
as green microcrystals. Compléxs air stable in the solid state
(20) Ganis, P.; Orabona, I.; Ruffo, F.; Vitagliano, @rganometallics1998 and IS_ moderately stable in solution (ca. 1 day). The .dlethyl

17, 2646-2650. palladium analogi® has been prepared by the reaction of
(21) Stranberg, S, zetterberg, K. Siegbahn, P. E. MChem. Soc., Dalton - (NAN)PdC} with 2 equiv of EtMgCI, but the same method was
(22) Musaev, D. G.; Froese, R. D. J.; Morokuma,New. J. Chem1997, 21, not successful for preparing the (diimine)Pt diethyl comgke.

1269-1282.
(23) Musaev, D. G.; Morokuma, Klop. Catal.1999 7, 107—-123.

(24) Reinartz, S.; Baik, M.-H.; White, P. S.; Brookhart, M.; Templeton, J. L.  (31) White, S.; Bennett, B. L.; Roddick, D. MdrganometallicsL999 18, 2536~
Inorg. Chem.2001, 40, 4726-4732. 2542.
(25) Fekl, U.; Goldberg, K. IJ. Am. Chem. So2002 124, 6804-6805. (32) Hahn, C.; Cucciolito, M. E.; Vitagliano, Al. Am. Chem. So2002 124,
(26) Fekl, U.; Kaminsky, W.; Goldberg, K.; 0. Am. Chem. So2003 125, 9038-9039.
15286-15287. (33) Cucciolito, M. E.; D'’Amora, A.; Vitagliano, AOrganometallic2005 24,
(27) Mole, L.; Spencer, J. L.; Carr, N.; Orpen, A. Grganometallics1991, 3359-3361.
10, 49-52. (34) Shultz, L. H.; Brookhart, MOrganometallics2001, 20, 3975-3982.
(28) Carr, N.; Dunne, B. J.; Mole, L.; Orpen, A. G.; Spencer, JJ.LChem. (35) (Diimine)PtC} was prepared by modified procedure according to the
Soc., Dalton Trans1991, 863-871. following paper: van Asselt, R.; Elsevier, C. J.; Amatore, C.; Jutand, A.
(29) Carr, N.; Mole, L.; Orpen, A. G.; Spencer, J. L.Chem. Soc., Dalton Organometallics1997, 16, 317—328.
Trans.1992 2653-2662. (36) Here, the following analogous-diimine ligand was used: [(2,4,6-
(30) Spencer, J. L.; Mhinzi, G. S. Chem. Soc., Dalton Tran&995 3819~ Me3sCeH2)N=C(An)—C(An)=N(2,4,6-MgCsH,)]. The main product was
3824. confirmed as mono alkylated (diimine)Pt complex ¥ NMR spectrum.
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Complex 4 was fully characterized byH and 13C NMR NMR spectr’-30 Because of rapid interchange between a
spectroscopy. The pattern of the aromatic signals of the diimine hydride olefin structure and a-agostic alkyl structure on the
ligand and the appearance of one singlet for the four xylyl NMR time scale, distinct hydride signals can be observed only
methyl substituents reveals the presence of two mirror planes,by low temperaturéH NMR. These phosphine complexes have
consistent withC,, symmetry for4. The methyl and methylene  hydride resonances in the range of.0 to —5.0 ppm, far
hydrogens of the ethyl ligands appear as a triplet at 0.73 ppmdownfield from the hydride resonance df with a small to
(8Jp—c = 85 Hz) and a quartet at 2.05 ppRIg-y = 95 Hz), medium coupling constant to platinum (¢@00 Hz) due to
respectively. As in théH NMR spectrum, the aromatic region  decreased PtH interactions. A reportegd-agostic ethyl Pd
of the 13C NMR spectrum confirms the symmetry df(see analogue bearing ao-diimine ligand shows a broad triplet
Experimental Section). The xylyl methyl groups of the diimine (3J4-n = 16 Hz) at —8.90 ppm at—130 °C in CDCLF,
ligand appear at 17.5 ppm whereas the methyl and methylenecorresponding to #-agostic hydrogen resonante.
carbons of the ethyl ligands are found at 17.8 ar@3 ppm When the ethylene hydride compl&xn methylene chloride
(Mp—n = 886 Hz), respectively. is sparged with ethylene at room temperature the ethyl ethylene

Whereas there is ample precedent in the literature for dialkyl complex, [(N'N)Pt(Et)(ethylene)][BAL] (2), is formed via
platinum complexes bearing a bidentate nitrogen ligand, there hydride migration and trapping by ethylene. Compkxas
are few examples of diethyl analogi#s88One relevant example  isolated in high yields as an air stable orange powder. The
is (2,2-bipyridyl)PtEb reported by Chaudhury et &F reactivity analogous acetonitrile-trapped ethyl Pt complex; \\Pt(Et)-
studies of (2,2bipyridyl)PtEt were limited by low solubility (CHsCN)][BAr'4] (5), was also formeth situand observed via
in organic solvents and a satisfactory NMR spectrum was not NMR spectroscopy.

reported.

Synthesis and Reactivity of the Platinum Ethylene Hy- N_ H " L N L "
dride Complex, [(N*N)Pt(H)(ethylene)][BAr's] (1). Diethyl <N/Pt\ BAry — = < A BAs
platinum complex4 was converted to the cationic ethylene 7 N (1)

hydride complex, [(NN)Pt(H)(ethylene)][BAt4] (1), by pro- 1 :f L=gﬁy'ce,'\‘le,(38f:';)
tonation with a slight excess of [H(OB4][BAr '] (Ar’ = 3,5- ' SCN (i situ)
(1CF3)2(,:6":3)t"(; diethyl ?thfrb?t_r'Sr:tc (Scheme 23 Cbomplex ted In the H NMR spectrum of2, the hydrogens of the

was Isolated as an air stable, light orange powder by repeatede ,  qinateqd ethylene resonate slightly upfield of the analogous
recrystallization from CHCl/pentane. In théH NMR spectrum

. . L signal in 1, appearing as a broad singlet at 3.96 ppm with
O.f L in CDoCl, the cpordlna_lted ethyle_ne exhibited a broad platinum satellites®0pi—n = 72 Hz). A triplet at 0.39 ppm and
singlet at 4.02 ppm with platinum satellitesg—y = 64 Hz),

. . a quartet at 0.99 ppniJp—n = 74 Hz) are observed, consistent
and thg hydrlde'resonanc'e appeared as a sharp singietat with formation of a Pt-ethyl group. All protons of the naphthyl
ppm with coupling to platinum of 1107 Hz. The four methyl

groups of the xylyl substituents display two singlets at 2.31 and moiety exhibit different shifts, and two xylyl methyl signals
‘ appear as singlets at 2.28 (6H) and 2.37 (6H) ppm consistent
2.42 ppm, consistent with different ligands trans to the two op d (6H) (6H) pp

; with only mirror symmetry for2. The 'H NMR spectrum of
nitrogen donors. . . the nitrile-trapped analogus, looks quite similar to that fo2

To the best of our knowledge, the.re is only one earlier but contains a broad singlet at 2.03 ppm attributable to
example of a cationic platlnum hydride ethylene*complex coordinated nitrile and lacks the four proton ethylene signal.
bea*nng a bidentate N‘d‘i”"r "ga'."d’ namek;?-(HPz4)BH- The structure of comple2 was confirmed by X-ray analysis.
(I.DZ )2]Pt(_H)(etherne’)' (Pz*= _3,5-d|methy|pyr_azolyl?. Con- Crystallographic data and an ORTEP drawing are shown in
sistent with data fol, the hydride resonance in the prqtonated Table 1 and Figure 1, respectively. The expected square planar
pyrgzolylborate case appears—ai?.lQ ppm with co.uplmg to geometry oR is clearly evident. The sum of the four cis-Pt—
platinum of 1048 Hz and the coordinated ethyleng 5|gnals'appear|_, angles around the Pt center is 360,0and the distance
at 3.86 and 3'.51 bpm. Other reporte_d olefin-coordinated between the platinum atom and the least-squares mean plane
analogues bearing bidentate N donor lig&hd%3®46 have based on C3, N5, N26, and the centroid of-C12 bond is
chemical shifts for the hydride betweerl7 and—30 ppm and 0.014 A. The bond length of PN26 (2.181(5) A) is longer

PtEHt.coyplint. constt_]ar(;t§dfrorln f.1045 to |1360kl)-|z. na bidentat than that of the PtN5 bond (2.065(5) A) by more than 0.1 A;
ationic patinum hydride olefin complexes bearing DICENIAE ,ose  gistances are in the range of reported examples of

phosphine ligands show different characteristics in tAeir (diimine)Pt(R)(olefiny complexe947 The strongo donation

(37) Uchida, H.; Sai, A.; Sato, M.; Ogj, K. JP Patent JPa8177.7 19950718,  Of the ethyl group results in the elongation of the trans-Ptl
N26 bond. The same tendency has been reported for a methyl
_ analogue, (diimine)Pt(Cl(ethylene}.1®

(39) Holtcamp, M. W.; Henling, L. M.; Day, M. W.; Labinger, J. A.; Bercaw, Ethylene Dimerization. Under excess ethylene, compl2x

J. E.Inorg. Chim. Acta1998 270, 467—478. . N
(40) Kostelansky, C. N.; MacDonald, M. G.; White, P. S.; Templeton, J. L. catalyzes ethylene dimerization to produce 1-butene together

(38) Chaddhury, N.; Puddephatt, R.JJ.Organomet. Chenl975 84, 105—
115

Organometallics2006 25, 2993-2998. i i - i i
(41) Vedernikov A N.. Huffman. J. C. Caulton, K. Glew J. Chem2003 W|tr11 cis- andtrans-2-butene (eg 2). The reaction was monitored
27, 665-667. by *H NMR spectroscopy using a 1,1,2,2-tetrachloroethdne-
(42) Vedernikov, A. N.; Caulton, K. GChem. Commur2003 358-359. H i
(43) Albano, V. G.; Castellari, C.; Ferrara, M. L.; Panunzi, A.; Ruffo, F. (CDCIZCDCIZ) 89|Ut|9n Qf cataly§t2 and 30__60 equiv of
J. Organomet. Chenl.994 469, 237244, ethylene. The dimerization reaction at 100 is very clean;

(44) De Felice, V.; Ferrara, M. L.; Panunzi, A.; Ruffo,F.Organomet. Chem.
1992 439 C49-C51.

(45) Johnson, J. A.; Sames, D.Am. Chem. So@00Q 122, 6321-6322.

(46) Johnson, J. A.; Li, N.; Sames, D. Am. Chem. So@002 124, 6900— (47) Wik, B. J.; Lersch, M.; Krivokapic, A.; Tilset, MI. Am. Chem. So2006
6903. 128 2682-2696.

1-butene anctis- and trans-2-butenes are the only products
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Table 1. Crystallographic Data and Collection Parameters for 2

formula Ce4HasBF24NoPt-CsHy,
mol wt. 1576.07
crystal system triclinic
space group P1
a, 11.9369(5)
b, A 14.9994(5)
c, A 18.2760(8)
a, deg 89.172(3)
f, deg 86.881(3)
y, deg 87.947(3)
v, A3 3265.0(2)
z 2
Deale Mg n3 1.603
F(000) 1568
cryst dimens, mm 0.2& 0.20x 0.15
temp,°C —173
radiation Mo Ko (0.71073)
theta range, deg 1.1325.00
u, mmt 2.261
reflections collected 20328
Ry 0.0528
Ry 0.0844
GOF 0.972

formed in the presence of excess ethylene. No other oligomeric
products such ‘.5‘5 hexenes or higher olef!ns Wer(? observed. Flgurqr'igure 1. ORTEP drawing of the structure @f Ellipsoids are given with
2 shows a series 3H NMR spectra which depict the growth 5094 probability. Selected bond distances in angstroms (A)—ef=

of the products over time. 1-Butene can be detected by the2.145(6), Pt+C2 = 2.151(6), Pt+-C3 = 2.033(7), Pt£N5 = 2.065(5),

appearance of olefinic signals at 5.92, 5.03, and 4.96 ppm andt'?fl—dNZSI= 2_-121(5), %?(C:i =Pt11-3?:92(8).3c73?§(%1 z 1{.3512(?:)3. Seg;%c;ed
H ond angles in degree — — = . s — = 8-
resonances at 2.11 and 1.03 ppm for an ethyl moiety. Reso-(3)’ C2-Pt1-C3 = 87.9(3), CLPI_N5 = 158.1(2), CLP1-N26 =

nances focis- andtrans-2-butene are observed at 1.64 and 1.67 96.2(2), C2-Pt1-N5 = 164.3(2), C2-Pt1-N26 = 98.3(2), C3-Ptl—
ppm but the olefinic resonances of baik- andtrans-2-butene N5 = 93.9(2), C3-Pt1-N26 = 173.0(2), N5-Pt—N26 = 79.26(19).
are masked by excess ethylene at 5.4 ppm. Isomerization of
1-butene to 2-butene is favored at low ethylene concentrations.
Over long times under the reaction conditions, secondary
products begin to appear, which likely arise from butenes
reacting competitively with ethylene.

Kinetics of Ethylene Exchange in 1.We have examined
the rate of ethylene self-exchange in complaxsing'H NMR
line broadening techniques. Exposure of a,CB solution of
1 at —81 °C to free ethylene results in line broadening of the
bound ethylene signal at 4.02 ppm. The change in width at half-

y — catalyst 2 . A height is proportional to ethylene concentration implying that,
T cDCl,CDCl, d N as expected for a Pt(Il) complex, the exchange is associative.
( 60 or 30 eq) 100 °C The second-order rate constants can be computed using the slow
based on 2 2) exchange approximatiork = s(Av)/[ethylene] Av = change

in line width at half-height). Data is summarized in Table 2.
Kinetic Studies. Migratory Insertion in the Ethylene The calculated ethylene exchange second-order rate constant
Hydride Complex 1. Spin-saturation transfer (SST) experiments using 0.5, 1.0, and 1.5 equiv of ethylene was ca. 1.00°
were carried out to measure the rate of exchange of the hydrideM-1.s1, This exchange likely proceeds through a five-
with the olefinic hydrogens irl. Irradiation and saturation of  coordinate species such &s
the ethylene signal ithat 64°C resulted in a substantial decrease

in the intensity of the hydride resonance. Combining this data N =+ H

with T; data yields an exchange rate of 2-4,scorresponding < :pt/

to a free energy of activation of 19.2 kcal/mol (see Experimental N \/

Section for details). Three routes can be envisioned to account 3

for this exchange process (Scheme 3). Route A involves direct

formation of the 14-electron intermedidén which all the three Kinetics of Ligand Exchange Reactions in 2 and 5 and

hydrogens of the methyl group become equivalent. Routes B Relative Binding Affinities of Ethylene and Acetonitrile.

and C involve the formation of agostic intermedi@tdRoute B Similar to1, bound ethylene in ethyl ethylene comp&xhibits
achieves scrambling through an “in-place” rotation of the agostic associative exchange with free ethylene, and the second-order
methyl group (never accessing a true 14-electron species), whichrate constant can be determined throuttt NMR line-

has previously been suggested for simifgiagostic ethyl broadening experiments. Experiments were carried out it CD
specieg’ 304850 Route C accomplishes scrambling from
agostic7 via formation of 14-electroi®.

(50) (a) Derome, A. E.; Green, M. L. H.; Wong, L.-New J. Chem1989 13,
747-753. (b) Bercaw, J. E.; Bugrer, B. J.; Green, M. L. H.; Santarsiero,
B. D.; Sella, A.; Trimmer, M.; Wong, L.-LJ. Chem. Soc., Chem. Commun.

(48) Tempel, D. J; Brookhart, MOrganometallics1998 17, 2290-2296. 1989 10, 734-736. (c) McNally, J. P.; Cooper, N. Drganometallics
(49) Shultz, L. H.; Tempel, D. J.; Brookhart, M. Am. Chem. So2001, 123 1988 7, 1704-1715. (d) Casey, C. P.; Yi, C. ®rganometallics1991,
11539-11555. 10, 33—-35.
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Figure 2. *H NMR profile depicting growth of 1- and 2-butenes (s: solvent, *OH x: impurities,O: the decomposed Pt complex). The spectra were
measured at r.t. Reaction conditions: catalys(d.5 mM), 60 equiv of ethylene, in CD@IDCl,, heated at 100C.

Scheme 3. Possible Pathways for Scrambling Hydride with Table 2. Kinetic Data from Ethylene Exchanging on 12
Hydrogens of Ethylene -
[ethylene] half-height Av Kobs k AG
N\+ P (mM) line width (Hz)? (Hz) (s (M~tes7Y)c (kcal/mol)
<N/ < - \/CHzH' 0.00 9 - - - -
0.63 30 21 6.5< 100  1.0x 1¢° 6.7
1.54 62 53 1% 17 11x 1 6.7
1 2.45 89 80 2.5¢ 1% 1.0x 10° 6.7
N C J B
"in-place” aCondition: [I] = 3.3 mM, in CD.Cl, at —80.5 °C. ? Coordinated
<N s L rotation ( e ethylene peak at 4.02 pprik (M~1s71) = kypd[ethylenel.
Pt — " H'
N~ \2<H Table 3. Kinetic Data from Ethylene Exchanging on 22
7 [ethylene] half-height Av Kobs k AG*
(mM) width (Hz)? (Hz) (s (MtesYe (kcal/mol)
Cl, at 27°C. The change in the line width at half-height of the 0.0 27 _ _ N
resonance for the bound ethylene was measured as a function 3.2 6.5 3.7 110t 3.7x1C 12.6
of the concentration of added ethylene, and the second-order 5.6 9.4 6.7 2Ix10t 37x10 12.6
3 14.7 12.0 3.& 10t 45x 10° 12.5

rate constants were calculated as above for compl&inetic

data are summarized in Table 3. The second-order rate of acondition: p] = 4.7 mM, in CD.C, at 27°C. b Coordinated ethylene

ethylene exchange i2is much slower than id. Whereas the peak at 3.96 ppnfk (M~1s71) = kypd[ethylene].

second-order exchange rate constan®fisrca. 4x 10° M~1-s71

at 27°C, even faster exchange rates, cax 1° M~1-s71, are with k = 6.4 x 104 M~1s°1, corresponding ta\G* = 21.7

observed forl at a temperature almost 10Q lower! The free  kcal/mol for a 1.0 M concentration of free ligand (for details of

energies of activation for the two exchange reaction differ by 6 kinetic measurements see Supporting Information).

kcal/mol (12.6 vs 6.7 kcal/mol). Prior to measuring the kinetics for interchange of acetonitrile
In the case of acetonitrile compléx degenerate exchange and ethylene ir2 and5, the relative binding affinities of the

with free nitrile is sufficiently slow that in the presence of free two ligands were determined. Compl2X4.5 mM in CD,Cly)

nitrile no line broadening of the signal for bound nitrile at 2.03 was treated with 10 equiv each of @EN and GH,4 at 24°C.

ppm is observed up to temperatures o24 The rate of ligand The concentrations o2 and 5 were monitored by*H NMR

exchange was thus monitored by treatmentafith excess spectroscopy. The ratio @: 5 reached a constant value after

CD3sCN in CD.Cl, at 24°C and measuring the decrease in the ca. 1 h and remained constant over the next 3 h. From the ratios

integral of bound nitrile irb and the increase in the signal for of 2: 5: ethylene : acetonitrile the equilibrium constant for

free CHCN at 1.96 ppm. Second-order kinetics were observed eq 3 could be estimated as 0.50 corresponding@-—= +0.4

4062 J. AM. CHEM. SOC. = VOL. 129, NO. 13, 2007
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Scheme 4. Free Energy Diagrams
N
N
[Pt] = < Pt
N
204 20.0 217
126
0.4} .
- + ,NCCH; + ,NCCH;z _NCCH;3 .
MDA A\ . + Pt s = [Pl +CHCN  [PY + CH,CN
[Pt — [Pt — [Pt] + CH3CN N
~~ ~ had 5 5 5
2 2 2

constant normalizedto 1 M ¢

(

Table 4. Kinetic Data for the Formation of 2 and 52

L equiv of L Kobs (571)° k(M-tes™1)p AG* (kcal/mol)
ethylene 10 1.6 104 2.2x 1073 15.3
ethylene 30 2.4 104 1.8x 1073 15.4
CH:CN 10 1.4x 104 3.1x 1073 15.2
CH:CN 30 4.2x 104 3.1x 1073 15.2

aCondition: [I] = 4.5 mM, in CD:Clp at —54 °C. P Kgps=
order rate constant kL].

pseudo first-

kcal/mol. Thus the binding affinities of acetonitrile and ethylene
in this system are quite similar, with ethylene slightly favored.
The rate of displacement of ethylene fréhoy CH;CN was

N N Ky NCCHg
( :I;t)\ + CHsCN P — \ 4 /\/ + =
N K4
2 5
Keq 3)

measured by treatment &fwith 10 and 30 equiv of CECN in
CD,Cl, at 24°C and monitoring conversion t by 'H NMR

spectroscopy. Second-order kinetics were observed and ana-

d

lyzed, taking into account the final equilibrium ratios 21b.

The second-order rate constants in eq 3 above were determine
to bek; = 5.6 x 103 M~1.s71, AG* = 20.4 kcal/mol andk_4
=1.1x 102M~1s1 AG* = 20.0 kcal/mol.

A summary of the exchange reactions is captured in the free
energy diagram in Scheme 4.

Kinetics of Formation of 2 and 5 from 1. Rate constants
for the formation of2 and 5 from 1 were determined byH
NMR spectroscopy at54 °C by adding excess ligand (10 and
30 equiv) tol and monitoring formation o2 and5. Kinetics
followed pseudo-first order behavior with the formation of both
2 and 5 dependent on the concentration of L. Data are
summarized in Table 4. When L is ethylene, the ratio of the
two rate constants as a function of ethylene concentration (30:
10 equiv) was determined to be 2.4, whereas for acetonitrile,
the ratio was 3.0, indicating a first-order dependence on added
L in each case.

Are these low-temperature trapping rates compatible with
high-temperature scrambling results for a common 14-electron
intermediatef? In fact this data is inconsistent with formation
of 2 and5 through trapping of the 14-electron intermediéte

all values in kcal/mol with second order rate

oncentrations

)

in Scheme 3. Assuming is responsible for scrambling,
extrapolation of the rate of formation 6ffrom 65°C to —54

°C yields a rate constant of 3:0 1077 s~ (assuming a\S* of

0 for this intramolecular process), 3 orders of magnitude slower
than the observed rate. Although this is a large temperature range
for extrapolation, for the extrapolated rate constant to match
those in Table 4, a large and positit&* (ca. +30 eu) would
need to apply for formation d, and this is clearly unreasonable
for an intramolecular migration reaction. Furthermore, because
the rate of trapping is dependent on ligand concentration, an
additional barrier for trapping must be taken into account, so
the rate of formation o6 predicted fronk; establishes an upper
limit on the rate of trapping (eq 4).

H Kk N

( NQ s+ NA + < N /
Pt = ——
7N\ / N/ \/CH3
1 6 20r5
kinetic data
inconsistent with
this pathway (4)

After ruling out trapping of6 as a mechanism of formation
f 2 and5, two remaining possibilities are summarized in eqs

and 6. Equation 5 represents trapping of a reversibly formed
agostic intermediat@. Because the rate of formation &fand
5 depends on [L]k-1 must be greater thakp[L]. Equation 6
represents a distinctly different route and 5 in which
migratory insertion occurs from a five-coordinate intermediate
8. The kinetic experiments above cannot distinguish between
rate-determining formation of or rapid, reversible formation
of 8 followed by slow migratory insertion. From ethylene
exchange experiments described belowg i involved it is
likely formed rapidly and reversibly.

N\+/H ke N\+ -H N\+/L
P = /Pt’\/ — Pt
N Y K N ke NNT NS
1 7 20r5 5)
(N\+/ _> < |+/ N\;t/l‘
- \/ AP \/ mlgratory N NS
1 insertion 20r5 ( 6)
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5
o : total butene in 60 eq ethylene
[ x : total butene in 30 eq ethylene
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reaction time (h)

Figure 3. Kinetic Plot for Ethylene Dimerization Catalyzed By

50

The structures and dynamics of related complexes bearing
bidentate phosphine ligands reported by Spencer, et al. are

relevant to the transformation in e¢5.3° Spencer showed that

there is a subtle energy balance between the agostic ethyl isome
and the ethylene hydride isomer; the agostic species is favored®

by both large P-Pt—P bond angles and sterically bulky
substituents as shown below for compleed 1. Furthermore,
judging from the reported temperature-dependent spectra of th
pB-agostic ethyl species and the relatdoutyl complex11 the
barrier to “in-place” rotation around the,€Cs bond in these
complexes is substantial, ca—&0 kcal/mol5°

tBUz Cy2 tBUQ
<:P\F7r" H P\St/H Cp\v;t"'H" H
tBUz CYQ tBUz
9 10 1
/[Fagostic structure ethylene hydride agostic structure

structure

This data suggests that an agostic intermedigtshould be
readily accessible frort. If the barrier to in-place rotation in
7 is 8—10 kcal/mol, then the energy barrier betwekeand 7
must be ca. 911 kcal/mol to account for the observed exchange
barrier of 19.2 kcal/mol. The accessibility Bfs consistent with
a significant barrier to trapping afby ethylene and acetonitrile.

Insertion from a five-coordinate speci@geq 6) is appealing
based on our previous observations for CO insertion in four-
and five-coordinate Ni(ll) systems. The insertion barrier in
(dppp)Ni(COX(CH3)™ is 2 kcal/mol lower than insertion in the
four-coordinate (dppe)Ni(CO)(Ghi.5t However, the vast dif-
ference in rates between degenerate ethylene excha@gih
acetonitrile exchange i, both passing through five-coordinate

Table 5. Kinetic Data for Ethylene Dimerization Catalyzed by 22

equiv of ethylene k(s™9) AG* (kcallmol)
30 2.60x 1075 29.8
60 2.62x 1075 29.8

e

aCondition: P] = 4.5 mM, in CD:CICD.CI at 100°C.

Scheme 5. Isomerization of the 1-Butene Complex 3
<N\|;t/H . <N\E;t/H . <N\E>_t/H
- — ~
N~ \/\/ N \/ N \K\
3 trans-12 cis-12

(3:trans-12:¢is-12 = 1:10:7)

migratory insertion of ethylene into the-PEt bond to form a
Ptn-butyl intermediate. The turnover frequency (TOF) of
ethylene dimerization catalyzed &/ was determined byH
NMR spectroscopy. The reaction was carried out in GBCI
CDCl, at 100°C using two different concentrations of ethylene,
ﬁO and 60 equiv relative to the platinum catalyst. Figure 3 shows
plot of reaction time versus turnover number (TON) calculated
from the total amount of 1- antds- andtrans-2-butenes formed
(one turnover consumes two equivalents of ethylene). The results
clearly show that the dimerization rate is independent of ethylene
concentration. From qualitative observations it appears that the
rate of isomerization of 1-butene to 2-butenes decreases as
ethylene concentration increases. After 48 h at 1Q0 the
product ratios were l-buterds-2-butenerans2-butene=
28:21:51 for the experiment with 30 equiv ethylene and 55:13:
32 with 60 equiv ethylene. The rate constant for migratory
insertion of2 calculated from the TOF is 2.6k 1075 s!
corresponding toAG* = 29.8 kcal/mol. Kinetic data are
summarized in Table 5.

Synthesis and Reactivity of [(N'N)Pt(H)(1-butene)][BAr'4]
(3). The (N*N)Pt(H)(?-1-buteney complex @) is presumed
to be an intermediate in the catalytic ethylene dimerization by
2. This complex could be isolated via displacement of ethylene
from 1 with 1-butene. Addition of a large excess of 1-butene
to a solution ofl in CH,Cl, at —78 °C followed by vacuum
removal of volatiles produced pure compl8xas an orange
powder (eq 7). (If the reaction solution is warmed during the
ligand exchange a complex mixture of products is obtained.)
Complex 3 is reasonably stable in the solid state, remaining
unchanged at room temperature for at least one week. In solution
above 0°C, 3 readily isomerizes to yield mixtures 8fand the
cis and trans-2-butene complexes;is- and trans12. The
equilibrium ratios are specified in Scheme 5. Spectroscopic
characterization 08 and the isomeric 2-butene complexe

intermediates, makes the five-coordinate insertion pathway lessare described in the Experimental Section.

attractive, because ethylene and acetonitrile reactIaiobform
2 and5, respectively, at very similar rates. Although kinetically

the two pathways cannot be distinguished, we favor the agostic

intermediate route shown in eq 5.
Kinetics of Ethylene Dimerization. The ethyl ethylene
complex2 is the catalyst resting state for ethylene dimerization.

Analogous complexes are consistent with observations concern-

ing ethylene dimerization and polymerization using Pd and Ni
diimine analogue$?'418 The turnover-limiting step is the

(51) Shultz, C. S.; DeSimone, J. M.; Brookhart, 8.Am. Chem. So001,
123 9172-9173.
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. 1) excess .

1 1

N\Pt/H BAr' it (N\Pt/H BAr

r4 4
7N CHCI. 7\
N 212 N AN
7 -78°C, 1h Z
1 2)dried at LT 3 (80%) (7)

The reaction of comple8 with ethylene was examined at
low temperatures. Upon addition of 2 equiv of ethylene to a
CD-ClI; solution of3 at —78 °C, the ethylene hydride complex
3 and free 1-butene were observed I NMR spectroscopy
at —78 °C (eq 8). The reaction proceeds extremely rapidly at
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Scheme 6. Catalytic Cycle of Ethylene Dimerization Catalyzed

by 2

associative
displacement

13
[Pt]

P
3

H
[Pt = (N\Pt

. H + H
N ;i ) = P
> l/\

trans-12 cis-12

species is not assisted by ethylene and appears to be a simple
first-order migratory insertion reaction. It is informative to
compare this barrier, 29.6 kcal/mol, to barriers measured for
analogous (diimine)Ni(R)(ethylene}pecies (1314 kcal/mol)

and (diimine)Pd(R)(ethylenespecies (1719 kcal/mol)1214-18

DFT computations on related species are in general agreement
with these trends and the observation that there is a much greater
difference in the migration barriers between the second and third
row systems than between the first and second row systeris.

DFT calculations also are consistent with the observation that
the Pt ethylene hydride is a classical hydride whereas the Ni
and Pd systems exist #sagostic alkyl complexes.

Experimental Section

General Methods.All manipulations were performed using standard
Schlenk techniques. Nitrogen was purified by passage through columns
of BASF R3-11 catalyst (Chemalog) dn4 A molecular sievestH
and C NMR spectra were recorded on a Bruker Avance 400 MHz.
Chemical shifts are reported relative to solvent peaks,@D 6 5.32
for *H, ¢ 53.8 for'3C, CDCLCDCl: 6 6.02 for'H). Elemental analyses
were performed by Atlantic Microlab of Norcross, GA. Probe temper-
atures in NMR experiments were measured using the MeOH calibration
method.

—78 °C as expected from the observation of very rapid Materials. Methylene chloride, toluene, diethyl ether, acetonitrile,

degenerate ethylene exchangd iiinetics cannot be measured, and pentane were purified using procedures reported by Pangborn et

. . . . fal.52 Methylene chlorided, and 1,1,2,2-tetrachloroethadg-were
but it seems safe to assume this is an associative displacement;, . : )
. . C purchased from Cambridge Isotope Laboratories. Methylene chloride-
Catalytic Cycle for Ethylene Dimerization. A complete

d> was dried over Caland then distilled by vacuum transfer, whereas
1,1,2,2-tetrachloroetharde- was used without further purification.
Polymer-grade ethylene and 1-butene were purchased from Matheson

N+ H (2 equiv) N+ H . - . h e
( g o g + N Tri-Gas and Aldrich, respectively, and used without further purification.
N~ \/\/ CD,Cly N~ \/ Thea-diimine ligand (N'N),33-55 (cod)PtE$,%¢ and [H(OEL)][BAr '4]>”
3 -78°C 1 (8) were prepared based on standard literature procedures.

Representative BAr,~ NMR Data. *H and**C data for the BAl;~
. . o counterion are reported separately for simplicity. NMR (CD.Cl,):
catalytic cycle for ethylene dimerization can now be proposed s 7.77 (or, 8H,0-Ar"), 7.60 (br, 4H,p-Ar'). 3C NMR (CD,Cl): o
(Scheme 6). Three intermediatdsZ, and3) have beenisolated  162.1 (1:1:1:1 patterhls ¢ = 51 Hz, Goso), 135.3 (Gitng), 129.4
and fully characterized. CompléXis the catalyst resting state  (qg2Jc—r = 30 Hz4Jc—r = 5 HZ, Grewd, 125.0 (qiJc—r = 295 Hz,CF»),
and undergoes first-order migratory insertisdG* = 29.8 kcal/ 117.8 (Garg-
mol) to form the butyl comple3which, following 3-hydrogen [(2,6-MexCeH35)N=C(An) —C(An)=N(2,6-Me:CeH3)]PtEL> (4). A
elimination, produces the 1-butene hydrid@e Ethylene very  solution ofa-diimine ligand (NN) (772 mg, 1.99 mmol) in acetonitrile
rapidly displaces 1-butene froBito yield ethylene hydridd. (50 mL) was added to a solution of (cod)R{E&98 mg, 1.65 mmol) in
Alternatively3 can isomerize tais-12 andtrans-12which, upon aceton_ltrlle (10 mL) at room tempergture. The dark orange solution
reaction with ethylene, yieldsis- and trans-2-butenes and. was stirred at 55C for 16 h. After cooling, all solvents were removed

Hiah thvl frati Iti id int fi on a vacuum line leaving a green solid. The residue was dissolved in
Igher ethylene concentralions result in more rapid INerceplion y,,6ne angd purified by column chromatography (alumina, toluene).

of 3 and higher fractions of 1-butene product. To close the prom the collected green solution, toluene was removed under vacuum.

catalytic cycle, ethylene hydridk converts to2 via a process  Recrystallization from CkCl/pentane, filtration, and drying in vacuo

which is first-order in ethyleneXG* = 15.4 kcal/mol). gave 668 mg (63% yield) of as green microcrystaldd NMR (CD.-

Cl,, 400 MHz): 6 8.28 (d, 2H,J = 8.4 Hz, AnpH), 7.33 (m, 8H,

An-mH, ArH), 6.81 (d, 2H,J = 7.2 Hz, AnoH), 2.30 (s, 12H, ArEls),
Three key intermediates in this Pt-based catalytic system for 2.05 (g, 2HJu-w = 7.6 HzZJp—H = 94.8 Hz, Pt®.CHy), 0.73 (t,

dimerization of ethylene have been isolated and characterized:3H -+ = 7.6 HzJpi-1 = 85.2 Hz, PtCHCHs). *C NMR (CDCl,

ethylene hydride compleg, ethyl ethylene comple2, and 400 MHz): ¢ 170.0, 146.0, 143.4, 133.2, 130.9, 130.4, 129.4, 128.6

butene hydride3. Kinetic studies have provided detailed EZ‘r’gLag’peg)é (1|32€H7 ’C}fllfp(*c_ ZSS(SQHZ;)AiZI.SC(aIT(t:gEgHéh 11\7]'5

i i i ; 3), —U. LM, Jp-c = . . 34N2-

information concerning the ngturg and the energgtlcs of eachpt: C.59.89: H. 5.34: N, 4.37. Found: C, 50.87: H. 5.47 N. 4.44.

step. Perhaps most instructive is the observation that the

conversion of ethylene hydrideto ethyl ethylene compleg

Is first-order in ethyl..em.a andoes notr?volve tra_pplng of a true (53) van Asselt, R.; Elsevier, C. J.; Smeets, W. J. J.; Spek, A. L.; Benedix, R.

fourteen-electron (diimine)PtGi@Hz intermediate. We cannot Recl. Tra. Chim. Pays-Bad4994 113 88—98.

distinguish between pathways involving either ethylene trapping (54 o Dieck, H.; Svoboda, M.; Grieser, Naturforsch1981, 36h, 823~

of a reversibly formeg-agostic ethyl intermediate or migratory  (s5) Svoboda, M.; tom Dieck, Hl. Organomet. Chen1.98( 191, 321-328.

insertion of a reversibly formed five-coordinate bis-ethylene (563 Clark, H. C.; Manzer, L. EJ. Organomet. Cheml973 59, 411-428.

X . (57) Brookhart, M.; Grant, B.; Volpe, A. FOrganometallics1992 11, 3920~
hydride. Conversion of ethyl ethylene compto the Pt-butyl 3922.

Concluding Remarks

(52) Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers,
F. J.Organometallics1996 15, 1518-1520.
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[[(2,6-Me,CeH3)N=C(An)—C(An)=N(2,6-Me,C¢H3)]Pt(H)- vinyl H), 2.42 (s, 3H, ArMe), 2.41 (s, 3H, ArMe), 2.34 (s, 3H, ArMe),
(ethylene)][BAr'4] (1). A solution of [H(OE:),][BAr'4] (127 mg, 0.126 2.27 (s, 3H, ArMe), 2.121.98 (m, 2H, CH of 1-butene), 1.14 (t, 3H,
mmol) in diethyl ether (10 mL) cooled to78 °C was added dropwise ~ J = 7.2 Hz, CH of 1-butene),—23.6 (s, 1HJpy = 1267.7 Hz, Pt
to a solution of diethyl comple® (80.2 mg, 0.125 mmol) in diethyl H). 13C NMR (CD.Cl,, 100 MHz, at 0°C): ¢ 178.1, 174.2, 148.7,
ether (40 mL) at-78 °C via a cannula. The combined solutions were 145.7, 141.0, 134.4, 133.4, 131.7, 131.2, 130.6, 130.5, 130.1, 130.1,
placed under vacuum at78 °C for 4.5 h then warmed to r.t. where ~ 130.0, 130.0, 129.3, 128.7, 128.5, 128.0 (overlapped), 126.4, 125.6,
solvents were removed under vacuum. Recrystallization of the orange 124.2, 123.9, 101.9 (interna?-C of 1-butene), 68.0 (terminal?-C
residue from CHCl./pentane and filtration was repeated until the of 1-butene), 30.9 (Ckbf 1-butene), 18.1 (ATHs), 18.1 (AICH3), 17.7
supernatant had no purple color. Drying under vacuum gave 149.4 mg (ArCHs), 17.5 (AICH3), 14.1 (Me of 1-butene). Anal. Calcd fors{E.s-
of 1 as light orange powder (81% yield)H NMR (CD:Cl,, 400 BF.NJPt: C, 51.11; H, 3.02; N, 1.86. Found: C, 51.37; H, 3.15; N,
MHz): 6 8.28 (d, 1H,J = 8.4 Hz, AnpH), 8.25 (d, 1HJ = 8.4 Hz, 1.88.

An-pH), 7.61-7.57 (m, 2H, AnoH), 7.40-7.37 (m, 6H, ArH), 6.84 [[(2,6-M82C5H3)N=C(An)_C(An)=N(2,6-M62C6H3)]Pt(H)(CIS— and
(d, 1H,J = 8.8 Hz, AnoH), 6.82 (d, 1H,J = 8.8 Hz, AnoH), 4.02 trans-2-butene)][BAr',] (cis and trans-12). These isomers were
(brs, 4Hpe = 64.4 Hz, CH=CH;), 2.42 (s, 6H, Ar€1y), 2.31 (s, generated by warming in CD,Cl, solution at r.t. to establish an
6H, ArCHs), —21.7 (s, 1HJpi-y = 1107 Hz, Pt H). **C NMR (CD- equilibrium between3 and cis- and trans12. 'H NMR(CD.Cl,,
Clz, 400 MHz): 0 178.0,175.1, 149.1, 146.4, 142.0, 134.6,133.8, 132.1, 400Mhz): trans-12: The aromatic signals of tre-diimine ligand (N'N)
130.6, 130.5, 130.1, 130.0, 129.5, 129.4, 128.8, 128.2, 126.5, 125'9’0verlap the signals of the other isome¥s1.49 (g, 2H,) = 4.0 Hz2Jp 1
124.5, 124.4, 69.9 (CHCH,), 18.2 (AICH3), 17.8 (AICHs), Anal. — ca, 77 Hz vinyl H), 2.49 (s, 3H, AMe). 2.42 (s, 3H, ArMe). .40
Calcd for GzHa1BF24N2Pt: C, 50.46; H, 2.80; N, 1.90. Found: C, 50.78; (s, 3H, ArMe), 2.20 (s, 3H, ArMe), 1.76 (d, 6H,= 4.8 Hz3Jp. 4y =

H, 2.78; N, 1.88. 45.2 Hz, CH of trans2-butene)—24.1 (s, 1HJpen = 1317.7 Hz,
[[(2,6-Me;CeH3)N=C(An) —C(An)=N(2,6-Me,CeH3)|Pt(Et)- Pt—H). cis-12 The aromatic signals of the-diimine ligand (N'N)
(ethylene)][BAr'y] (2). A solution of complext (100 mg, 67.8 mmol)  gyeriap the signals of the other isome¥st.47 (m, 2H2p. 1y = ca. 81
in CH,Cl; (3.0 mL) at 0°C was purged with ethylene for 5 min. Pentane Hz, vinyl H), 2.43 (s, 6H, ArMe), 2.33 (s, 6H, ArMe), 2.01 (d, 6H,
(20 mL) was then added to form an orange precipitate which was j_ 4 4 4z33,—H = 63.2 Hz, CH of cis-2-butene)—24.5 (s, 1HJp
collected by filtration and dried under vacuum to give 89.6 mg (88% — 1419.3 Hz, PtH).
yield) of the isolated produ@. '"H NMR (CD,Cl,, 400 MHz): 6 8.31
(d, 1H,J = 8.3 Hz, AnpH), 8.25 (d, 1HJ = 8.5 Hz, AnpH), 7.63—
7.39 (m, 8H, AnmH, ArH), 6.81 (d, 1H,J = 7.2 Hz, An-oH), 6.74 (d,
1H,J= 7.5 Hz, AnoH), 3.96 (brs, 4HJp—y = 71.5 Hz, CH=CH)),
2.37 (s, 6H, Ar®s), 2.28 (s, 6H, ArGls), 0.99 (q, 2HJy—n = 7.6
Hz, ZJPFH = 74.0 Hz, Pt(HzCHg), 0.39 (t, 3H:,;JH7H = 7.6 Hz,

Ethylene Dimerization. For the kinetic study of ethylene dimer-
ization catalyzed bf, the sample was prepared as follows: The catalyst
2 (4.0 mg, 2.7umol) was added to a tared J-Young tube(Wilmad).
After adding CDCICDCl, (0.60 mL), the tube was capped with a
J-Young valve equipped with a rubber capped terminated glass tube.
PtCH,CHs). °C NMR (CD,Cl,, 400 MHz): 6 179.8, 172.1, 148.4, The solution was subjected to three freepamp-thaw cycles. Then

140.8, 140.2, 133.3, 132.1, 130.5, 130.4, 130.1, 130.1 (overlapped),?thyler&e gas (2'9_4': mL gas a;ZBC,hSOh—GO eb%”iv based Oa)hwafs
13001 1298, 12937 1282, 1273’ 1256, 12551 12477 7‘%5'_(: |n]eCte via gastlg t syringe t roug the rubber cap Into the frozen

212.6Hz, CH=CHy), 18.1 (ACH:), 17.5 (AICHs), 13.5 (PtCHCHa, 2Jpe 1 solution (liquid N). The J-Young valve was closed and the tube was
— 1469 Hz), 9.7 ’(F@HzCHg 1JF:I—H — 6374 Hz). Anal Caled for ~ Warmed to room temperature. The ethylene dimerization was carried

CoiHaBFoNPt: C, 51.11: H, 3.02: N, 1.86. Found: C,51.12: H, 2.94: Out by immersing the tube in a 10T oil bath. The reaction was
N. 1.85 ' T ’ "7 quenched at various time intervals in a stream of air’@p Turnover

[[(2,6-MesCoHs)N=C(An) — C(An)=N(2,6-Me>CeH2)]PL(E1)- numbers at these intervals were determinedHbyWMR spectroscopy

(CHsCN)][BAT 4] (5). To a solution of complext (49 mg) in CHCl, at room-temperature based on the integrals of all three butene

(10 mL) was added CIEN (1 m) at—78 °C, and then warmed upto >orer=. O of e viny protons of 1butene (4.9 por) and mety/
r.t. After 30 min, solvent and excess @EN were evaporated by group ) -50 ppm, Tesp y)-

vacuum to give deep orange residue. The formatidhwés confirmed Plots of TON versus time are shown in Figure 3.

by 'H and3C NMR spectralH NMR (CD,Cl,, 400 MHz): 6 8.27 (d, Rates of Formation of 2 and 5 from 1.The rates were determined
1H, J = 11.2 Hz, AnpH), 8.22 (d, 1H,J = 11.2 Hz, AnpH), 7.56- by 'H NMR measurements on samples prepared by the following
7.29 (m, 8H, AnmH, ArH), 6.81 (d, 1H,J = 7.2 Hz, AnoH), 6.74 (d, method: Complex (4.0 mg, 2.7«mol) was weighed into a tared NMR
1H, J = 7.3 Hz, AnoH), 2.37 (s, 6H, ArGls), 2.27 (s, 6H, ArEls), tube and then dissolved in GOl (0.60 mL). After cooling the solution
2.03 (brs, 3H, NCEl3), 1.54 (g, 2H3Jy_1 = 7.6 Hz2Jp,p = 85.9 Hz, to —78 °C, the ligand (either ethylene f@ or acetonitrile for5) was

PtCH), 0.58 (t, 3H3J_1 = 7.6 Hz3Jp 4 = 38.2 Hz, PtCHCH3). 1°C added via gastight syringe or a microsyringe. The tube was then
NMR (CD,Cl,, 100 MHz): 6 178.5, 170.6, 147.3, 142.5, 141.8,133.1, transferred into a-78 °C precooled NMR probe. The reaction was
132.3, 132.2, 130.5, 130.3 (overlapped), 129.8, 129.5, 129.3, 128.9,started by warming te-54.2°C for both2 and5. The hydride signal
128.5,126.2, 125.8, 125.1, 124.4, 118.3 (CN), 17.8 (ArCH;), 17.5 of starting complexXl at —21.7 ppm was used to calculate the amount
(ArCHs), 16.7 CHsCN), 4.1 {Jpc = 445.3 Hz, PtCH), 3.0 of the remainindL. Kinetic plots are shown in Figure S1 (see Supporting

(PtCH.CHs3). Information).
[[(2,6-Me,CeH3)N=C(An)—C(An)=N(2,6-Me,CsH3)]Pt(H)(1- Spin Saturation Transfer Measurement of the Rate of Exchange

butene)][BAr'4] (3). An excess amount of 1-butenel mL as a liquid of the Pt Hydride with the Vinyl Hydrogens of Ethylene. Complex

at—78°C) was added to a solution of compl&x50 mg, 36umol) in 1(8.0 mg) in an NMR tube was dissolved in CDCDCI, and degassed

CH.ClI, (21 mL) at—78°C. After stirring at—78°C for 1 h, methylene via three freezepump—thaw cycles. At 64.4°C, the coordinated
chloride and excess 1-butene were evaporated under vacuum whileethylene signal (4.06 ppm) df was saturated by irradiation, and the
keeping the solution temperature und&€ Complete solvent removal ~ decrease in intensity of the hydride21.7 ppm) was measured. The

gave3in 80% isolated yield as an orange powdét.NMR (CD.Cls, relaxation timeT; for the hydride was determined to be 1.000 s using
400 MHz, 0°C): ¢ 8.28 (d, 1H,J = 8.3 Hz, AnpH), 8.24 (d, 1H, the inversior-recovery method and analyzed with the spectrometer
J= 8.4 Hz, AnpH), 7.61-7.56 (m, 2H, AnmH), 7.40-7.36 (m, 6H, T, routine. The exchange rate constant was calculated using the equation
ArH), 6.81 (d, 1H,J = 7.4 Hz, AnoH), 6.78 (d, 1H,J = 7.3 Hz, Kobs = (L/T1)(M(0)M(irr)—1) = 1.62 s* whereM(0) and M(irr) are
An-oH), 4.62 (m, 1HJpn = 73.8 Hz, vinyl H), 3.98 (dJ = 14.0 the intensities of the hydride resonance before and after spin saturation,
Hz 2Jpr-n = 57.8 Hz, vinyl H), 3.83 (d,J = 7.8 Hz2Jp-py = 63.7 Hz, respectively. The rate constaktfor migration was calculated using
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the equatiork = (3/2)k.s = 2.43 s assuming that for every three X-ray Structure of [[(2,6-Me ,CsH3z)N=C(An)—C(An)=N(2,6-

migration events only two hydrogens undergo site exchange. MeCeH3)]Pt(Et)(ethylene)][BAr 4] (2). Crystals of2 were grown from
Degenerate Ethylene Exchange Rates in 1 and Zhe exchange slow diffusion of pentane into a Gl solution of2. The X-ray data

rate between free ethylene and the coordinated ethylerieanfd 2 were collected on a Bruker SMART APEX-II using thescan mode.

was determined byH NMR line broadening experiments at 192.5 and Experimental details are given in Table 1. The structure was solved by
298 K, respectively. Samples were prepared by following procedure: direct methods using SHELXS-97. Final agreement indices Rere

In an argon-filled drybox, the corresponding complex was weighed (4 5.3% andR, = 8.4%, with hydrogen placed in computed positions
mg) into a tared NMR tube and then dissolved in dry, degassed CD and included in the refinement using a riding model. All other atoms
Cl, (0.60 mL) at room temperature to give a homogeneous solution. were refined anisotropically.
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gas was added to the solution via a gastight syringe and a second NMR,, .
) ; I this work.

spectrum acquired at the corresponding temperature. The molarities of

free ethylene and the ethylene complex were calculated using tHe BAr  Supporting Information Available: Kinetic plots for rates

resonances as an internal standard. Linewidt)s\ere measured at  of formation of2 and5 from 1, the rate of formation 0% from

half-height in units of Hertz for complexed ethylene. Linewidttg)( 2, the rate of degenerate acetonitrile exchangg, iand a plot

in the absence of ethylene were also measured. The second-ordeghowing the determination of the equilibrationdénd5. CIF

exchange rates were determined from the standard equation for the slowjje for complex2. This material is available free of charge via

exchange approximatiork = st(Av)/[ethylene], where\v is equal to the Internet at http://pubs.acs.org.

w — wp and [ethylene] is the molar concentration of free ethylene. Data

are summarized in Tables 2 and 3. JA0681180
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