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ABSTRACT: A series of Pt(ll) complexes of the type
([(L~L)Pt(L)(Ph)I[BAr'4] (L~L = 1,2-
bis(dimethylphosphino)ethane, 1,2-bis(diphenylphasp)ethane,
(N-pyrrolyl),P(CHy),P(N-pyrrolyl),, 13-
bis(diphenylphosphino)propane, 11
bis(diphenylphosphino)ferrocene, (bis-
(diphenylphosphino)methyl)methylamine, 8-
(diisopropylphosphino)quinoline, 1,1"-methylene=3iBtert-
butylimidazol-2,2'-diylidine); L' = THF or NCMe) Isabeen
synthesized and fully characterized. These complewere
screened as catalysts for ethylene hydrophenylatonyield
ethylbenzene. All of the complexes exhibited saldgt for
styrene production with low catalytic turnover. DE&lculations
have been used to model reactivity of the
[(dmpe)Pt(L)(Ph)][BAL] (dmpe = 1,2-
bis(dimethylphosphino)ethane). It is shown thaestle styrene
formation is a result of a calculatéd\G* of 5 kcal/mol for the
benzene C-H activation step in the catalytic cydét@sstyrene
versus ethylbenzene formation.

Introduction

Alkyl arenes, such as ethylbenzene, are producedtaripe
guantities from olefins and arenes using FriedalfSr(e.g., AIC}
and HF) or zeolite catalyst€. These acid-mediated catalysts for
olefin hydroarylation operate by activation of tbkefin toward
electrophilic aromatic substituticnTransition metal complexes
have been demonstrated to catalyze olefin hydratoyl by a
different mechanism that involves olefin insertianto a
metal-aryl bond followed by aromatic C—H activati(@®cheme

1)#® Such catalysts offer potential advantages ovet-msidiated
systems, such as reduced polyalkylation, control of
linear:branched selectivity for the hydroarylatiof a-olefins,
control of the regioselectivity for the synthesfsd@alkyl arenes,
and direct oxidative olefin hydroarylation to praguinyl arenes

in one stef:"'% In some cases, the use of Pt(ll) precursors has
been demonstrated to initiate olefin hydroarylation in situ
generation of a Brgnsted acid, which then catalyEdedel-
Crafts aromatic alkylatioht:2

Pt(Il) complexes have been demonstrated to initi@teH
activation as well as mediate insertion reactioh®lefins and
alkynes'®22 Our group has been studying Pt(ll) complexes ef th
type [(N~N)Pt(THF)(Ph)][BAr] (N~N = bis-chelating dipyridyl
ligand, Ar' = 3,5-bis(trifluoromethyl)phenyl), whichave been
found to be active catalysts for ethylene hydroptation to yield
ethylbenzen&?*% |n addition to ethylbenzene, the formation of
styrene is typically observed when using thesd)Rtfimplexes as
catalysts. For the [(N~N)Pt(THF)(Ph)][BAI' catalysts, the
formation of styrene is proposed to occur Jiahydride
elimination from [(N~N)Pt(CHCH,Ph)]" intermediates followed
by styrene dissociation. The formation of styreppears to be
linked with catalyst deactivation, which might occhrough the
decomposition of the Pt(Il)-H intermediates (Schet)&®2%%
We found that variation of the 4,4'-substituents2¢#'-bipyridyl
(bpy) ligands in a series of Pt(ll) complexes ofe tlype
[Copy)Pt(LY(PR)] (*bpy = 4,4'-X-2,2-bipyridyl; L' = THF or
NCMe) results in a systematic change in the rdtietloylbenzene
to styrené® As the substituents in the 4pbsition became more
electron withdrawing, styrene formation becomes enor
competitive with ethylbenzene production.



Based on the trend in ethylbenzene/styrene ratidhfe 4,4'-
substituted bpy-supported catalysts bpy)Pt(THF)(Ph)], we
hypothesized that strongly donating phosphineMiheterocyclic
carbene (NHC) ligands on Pt(Il) would favor ethylbene over
styrene formation. Given the possible link betwémmation of
styrene and catalyst decompositfdnit was anticipated that
phosphine or NHC-ligated catalysts could show epédn
longevity compared to catalysts supported by ARyl
ligands. Herein, we report the synthesis and chexiaation of a
series of Pt(ll) complexes of the type [(L~L)Pt(Ph)][BAr',] (L'
= NCMe or THF) in which L~L is a bidentate phosphior NHC
ligand and an assessment of their activity as ptakgsts for the
vinylation of benzene.

Scheme 1. Simple mechanism for transition metal
catalyzed hydrophenylation of ethylene and vinylatn of
benzene.
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Results and Discussion

Scheme 2 shows the newly synthesized Pt(ll) coneslexith
bidentate phosphine or NHC ligands that were setefor
catalytic vinylation of benzene under 0.1 MPa dfy&tne at 100
°C. The catalyst precursors were prepared by m@mactf
[Pt(Ph}(u-ELS), with the appropriate ligand to give
(L~L)Pt(Ph), complexes. Protonation of one of the phenyl ligand
of (L~L)Pt(Ph) gives the desired cationic Pt(ll)
complexes[(L~L)Pt(L")(Phj]*

Scheme 2. Synthesis of
[(L~D)PYL)(Ph)I[BAr" .
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The Pt(Il) complexed-8 were tested for catalytic vinylation of
benzene (Table 1). The catalyst precursors (0.0®énelative to
benzene) were dissolved in benzene with hexamethyine
added as an internal standard, and the solutions trensferred
to high-pressure reactors. The reactors were mieeduwith 0.1
MPa ethylene and 0.8 MPa dinitrogen and heated0® °C.
Catalytic activity was evaluated after 4 and 16 reousing
GC/MS. Previous work has shown these conditiortset@ptimal
for related Pt(ll) catalysts2® Under these conditions, catalyst
precursors with bisphosphine ligands (compleké&) showed <
0.1 equivalents of ethylbenzene. Styrene was thmirdot
product for all of the catalyst precursdks. In all cases, < 2
turnovers (TO) of styrene were observed after 4rhat1 100 °C.
Styrene production was most efficient usihgwhich gave ~1.5
TO and ~3.3 TO of styrene after 4 and 16 h, respsgt

Table 1. Turnovers of styrene from vinylation of bezene?

Complex TO (4 h) TO (16 h)
1 15 3.3
2 1.9 2.0
3 0.9 0.9
4 15 1.8
5 1.2 1.4
6 1.2 1.3
7 n.dP n.d.
8 0.1 0.1

&Using 0.01 mol% [P1] in benzene with hexamethyllegrezas an
internal standard at 100 °C under 0.1 MBB/CTOs determined
by GC/MS.’n.d. = not detected.

A mixed phosphine-pyridyl chelate system was stlldiEhe
quinoline based complex [(diq)Pt(THF)(Ph)][BAr(7) (diq = 8-
(diisopropylphosphino)quinoline) was synthesized.céstal of
the diphenyl precursor, (dig)Pt(Bh{9), was obtained by slow
evaporation of a diethyl ether solution. The suuetof 9 is
presented in Figure 1. The P1-Pt-N1 bond angle3i91§7)°
which is consistent with other Pt(ll) systems wihbidentate
pyridine and phosphine ligarid. The Pt-N1 bond is 0.12 A
shorter than the Pt—P1 bond, and the Pt—-C1 bodd4sA shorter
than the Pt—C7 bond, indicating a stronger traflaence of the
phosphine group relative to the quinolone unit. eAtpted
hydrophenylation of ethylene using compl&xdid not yield
ethylbenzene or styrene under a variety of conuitio
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Figure 1. ORTEP of (dig)Pt(PR) (diq = 8-

(diisopropylphosphino)quinoline)d) (50% probability; H atoms
omitted for clarity). Selected bond lengths (A)-P1 2.2739(7),
Pt-N1 2.152(2), Pt-C1 2.011(3), Pt-C7 2.051(3)e&ed bond
angles (°): P2Pt—-N1 83.01(7), C1-Pt-C7 89.1(1).



energies are the sum AE ;e + AEzpesmaiy * AHsmal —TASsman +

Complex8 was prepared to study the influence of a chelating AGsolv(smaly

NHC ligand. Similar to alkyl phosphines, NHC ligandire
strongly donating? At 0.1 MPa ethylene and 100 °C, compix
produced only trace amounts of styrene (~0.1 TOJ an
ethylbenzene after 16 h. The number of TO obsefwedomplex

8 was lower than any of the bisphosphine complexé .

Scheme 3. Catalytic cycle A energy landscape (kaaidl).

olefin insertion

t |*
o ()
P .
o
P +
. Me Me, _\

Me; | 2 P
P___Ph Pt
P 20.5 ] Me;

phydride
elimination
Me, ¥

P. . Ph

N PRI

[ Pt \/

P "H
Me,

+

The first mechanism we explored for styrene foromatis the
mechanism previously proposed for tHbgy)Pt(L")(Ph)[ (bpy =
4.,4'-di-tert-butyl-2,2'-bipyridyl) catalysf  which gives
predominately ethylbenzene and a small amountyoéseé. The
free-energy landscape for this mechanism (catalype A) is
shown in Scheme 3. The reaction pathway begins WNifiMe
dissociation from [(dmpe)Pt(NCMe)(Ph)] and ethylene
coordination to give [(dmpe)Pt8,)(Ph)]". This dissociative
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As discussed above, for [(N~N)Pt(L)(Ph)jatalysts, previous
results indicate that decreasing the donor ahilft,2'-dipyridyl
ligands results in a decrease in the selectivity éfinylbenzene
over styrene. Interestingly, all catalyst precusdoB are selective
for styrene. In fact, for most complexds8 negligible or no
ethylbenzene is observed. Computational modelisghen used
to study and understand transition metal mediatedH C
activation®® Thus, in order to better understand the sourdaisf
selectivity, we examined intermediates and tramsistates along
the reaction pathway for styrene formation catalyz®y the
cationic (dmpe)Pt(NCMe)Ph complex using MO06 density
functional theory calculation® All calculations were
performed using Gaussian #9AIll structures were optimized
with the MO6/LANL2DZ(6-31G(d,p)) (small) method an SMD
benzene solvent mod¥l.Energies were further refined with the
LANL2TZ(f)(6-311+G(2df,pd)) (large) basis set. Theydynamic
corrections were applied at 298 K and 1 atm. Sellatree

pathway for NCMe loss requirdsG = 20.5 kcal/mol to access
three-coordinate [(dmpe)Pt(Ph)Ethylene coordination is almost
as favorable as NCMe coordination, and the formatiaf
[(dmpe)Pt(GH) (PN from [(dmpe)Pt(NCMe)(Phj]
intermediate is only slightly endergonic. Phenybugy migratory
insertion into ethylene vidSl requiresAGi = 20.2 kcal/mol
relative to the starting [(dmpe)Pt(NCMe)(Phgbmplex and 15.7
kcal/mol relative to [(dmpe)Pt¢El)(Ph)]". This reaction step is
exergonic and the resulting (dmpe)Pt¢CHi,Ph) isAG = -4.5
kcal/mol. This intermediate has several possiblerdioation
modes with the formally vacant Pt coordination .sfthe lowest
energy intermediate involvescoordination of the phenyl group
to the Pt metal center. Rearrangement of theGEHPh group
allows a CH-Pt metal interaction in preparation fbhydride
elimination via TS2 with AG* 8.8 kcal/mol relative to
[(dmpe)Pt(CHCH,Ph)]" with n-coordination. This reaction step
forms the product styrene and a Pt—H bond. Stylieeeation to

give a three-coordinate Pt-hydride requires 21&/kwl of free
energy.



Scheme 4. Possible catalytic cycles for styrene foation.
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Catalytic turnover in this mechanism is accomplishiey
coordination of ethylene to give [(dmpe)P#G)H]*, which has a
calculatedAG = -5.5 kcal/mol relative to the starting complex
[(dmpe)Pt(NCMe)(Ph)] The free-energy barrier for hydride
migratory insertion into ethylene requires only 4cal/mol via
TS3. The resulting [(dmpe)Pt(Et)jntermediate with a weak CH-
Pt interaction then coordinates benzene and undsrdgo-H
activation via ac—bond metathesis transition stal&4. The
resulting [(dmpe)Pt(ethane)(Ph)intermediate can readily lose
ethane to generate the three-coordinate [(dmpe)Rt(P
intermediate or reform the original [(dmpe)Pt(NCKRH)]
complex. TS4 has a calculatedG* = 21.7 kcal/mol relative
[(dmpe)Pt(GHg)(ED]". Inspection of the entire free-energy
surface for catalytic cycle A suggests tfi&4 likely controls the
rate of turnover for styrene production since fdiora of
[(dmpe)Pt(GH,)H]" is exergonic and the relatively large barrier
for benzene C-H activation. Overall, for the viriida of benzene
to form styrene the net reaction is: 2 ethylene enZene->
styrene + ethane whet®G = -20.2 kcal/mol and\G* = 27.5
kcal/mol.

Alternative to thes—bond metathesis transition sta®4, there
is the possibility of a two-step oxidative additi@ductive
elimination reaction sequence for transformation
[(dmpe)Pt(GH)(ED]" to [(dmpe)Pt(GHe)(Ph)]. However, this
oxidative addition transition state requirA@* = 32.4 kcal/mol
relative to [(dmpe)Pt(gHg)(Et)]". This significant preference for
a o-bond metathesis transition state versus an oxilatidition
transition state is different from th&py)Pt catalysts where these
two types of transition states are very similaeirergy*®

Catalytic cycle B shown in Scheme 4 provides aaraditive
route for styrene formation. In this catalytic réaec mechanism
there is also a migratory insertion step V&l. However, instead
of p-hydride elimination viaTS2, ethylene coordinates to give
[(dmpe)Pt(GH,)(CH,CH,Ph)[". Note that the related complex,
[(‘bpy)Pt(GH,)(CH,CH,Ph)T", has been proposed as the resting
state in catalytic  ethylene hydrophenylation  using
[(‘bpy)Pt(THF)(Ph)] as the catalyst precursdr. From this
intermediate, p-hydride transfer via TS5 results in the
[(dmpe)Pt(styrene)(Et)] intermediate. Subsequent styrene
dissociation and benzene C-H activation Vi&4 finalizes
catalytic cycle B. The turnover controlling stepdatalytic cycle
B is thes-hydride transfer transition staf&5 with aAG™ = 31.2
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kcal/mol relative to [(dmpe)Pt¢l,)(CH,CH,Ph)]". This AG' is
9.2 kcal/mol larger than the calculataG* for TS4 in catalytic
cycle A and therefore cycle B can be ruled out.

As an alternative to using a second equivalenttioflene to
react with the Pt-hydride complex [(dmpe)Pt(H} regenerate
the Pt-phenyl intermediate, we also examined thalyti& cycle
where the Pt-hydride directly reacts with benzerihis
mechanism (catalytic cycle C) is depicted in Schémén this
mechanism [(dmpe)PtH] coordinates with benzene to form
[(dmpe)Pt(GHe)H]*, where AG = 7.3 kcal/mol relative to
[(dmpe)Pt(NCMe)(Ph)jl The key transition state in catalytic
cycle C is thes—bond metathesis transition statg6 that converts
[(dmpe)Pt(GHe)H]* into [(dmpe)Pt(H)(Ph)". TheAG" for TS6,
relative to [(dmpe)Pt(NCMe)(PH)]is 30.2 kcal/mol. This free-
energy barrier is ~8 kcal/mol larger thar84 and therefore
catalytic cycle C is also ruled out.

To understand the preference for styrene formatiersus
ethylbenzene formation we also examined the fresggn
landscape for the catalytic cycle shown in SchemeTlgis
catalytic cycle is the same as that proposed fdrdphenylation
of ethylene with the [ppy)Pt(L)(Ph)]

Scheme 5. Catalytic cycle C for styrene formation.
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catalysts:>4 The first step in this catalytic cycle is identita
catalytic cycle A where [(dmpe)Pt(Ph)js transformed into
[(dmpe)Pt(CHCH,Ph)[". At this stage of the catalytic cycle
benzene then coordinates to the Pt metal center Gnd

activation occurs vial'S7 to generate ethylbenzene and reform
[(dmpe)Pt(Ph)|. Similar to the benzene C-H activation in

catalytic cycle A, the lowest energy C—H activativansition

state,TS7, occurs via a—bond metathesis pathway rather than an

oxidative addition transition state. Also similar ¢atalytic cycle
A, analysis of the free-energy landscape indicatest the
turnover-controlling step for ethylbenzene formaties likely

TS7. Because of similar turnover-controlling stepsisipossible
to directly compare the energetics of catalyticleyk versus the
hydrophenylation catalytic cycle. Scheme 7 showbkrebated
free-energy landscapes that compare the C—H dotivateps for
these catalytic cycles. Transition stat€7 has aAG' = 27.0

kcal/mol. This is 5.3 kcal/mol higher in free enetbanTS4 and

accounts for the preference for styrene formatioarsws
ethylbenzene formation.

Scheme 6. Hydrophenylation catalytic cycle examined
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Conclusions

Opposite to the trend observed for mdbpg)Pt(ll) complexes,
catalysts supported by phosphine or NHC ligandselective for
the production of styrene over ethylbenzene. These Pt(ll)
complexes are not long-lived, providing only a f€®@ of styrene
in the best cases. A likely explanation is theahsity of Pt-
hydride intermediates that result frgi¥hydride elimination from
[(L~L)Pt(CH,CH,Ph)[" intermediates. Computational modeling
of possible catalytic cycles for styrene and ethgltene
production using the [(dmpe)Pt(NCMe)Ph)atalyst precursors
provides an explanation for the selective formatdrstyrene in
preference to ethylbenzene. The calculated ratéinignsteps for
the two catalytic cycles both involve benzene C-livation. For
ethylbenzene formation, the benzene C-H activastep is
initiated by the [(dmpe)Pt{Els)(CH,CH,Ph)]" complex and
involves proton transfer from benzene to the pheréigand by
o—bond metathesis. For styrene production, thelnaigng step
is benzene C—H activation by [(dmpe)R#e)(ED)]*, again by a
o—bond metathesis process. The calculam@* for these two C—
H activations is 5.3 kcal/mol, indicating a subsnkinetic
advantage for the activation by [(dmpe)RHg)(Et)]", which is in
the styrene catalytic cycle. Perhaps somewhat eduititive,
these results indicate that the bias for ethylbeezes. styrene
production, as a function of ancillary ligand, st result of the
relative energetics for the various steps that léadstyrene
formation, but rather the energetics for the beezed-H
activation step that reforms the active catalysttufe work will
seek to establish the generality of these circumesi that control
the selectivity of vinyl arene versus alkyl arenmiation.

Experimental Section

General Methods.Unless otherwise noted, all procedures were
performed in a nitrogen-filled glovebox or by usistandard
Schlenk techniques. All glovebox reactions werefquered
where Q <15 ppm as monitored by an oxygen analyzer.
Tetrahydrofuran and diethyl ether were distilled eiov
sodium/benzophenone and GaHespectively.n-Pentane was
distilled over BOs. Methylene chloride and benzene were dried
by passage through a column of activated alumirzetaheds,
dichloromethanel,, and acetonitrilel; were used as received and
stored under a Natmosphere over 4 A molecular sievé$ NMR
spectra were recorded with a Varian Mercury 306@ MHz
spectrometer or a Bruker 800 MHz spectrometé& NMR
spectra were recorded with a Bruker 800 MHz spautter (201
MHz operating frequency). AlfH and *C NMR spectra are
referenced against residdal or 13C resonances of the deuterated
solvents3'P NMR spectra were obtained with a Varian Mercury
300 MHz spectrometer (121 MHz operating frequenayd
referenced against the external standasB@ (5 = 0). GC/MS
was performed using a Shimadzu GCMS-QP2010 Pluterays
with simulated electron impact or electron impaghization.
Ethylene (99.5%) was purchased from GTS-Welco asell tas
received. All other reagents were used as receifretn
commercial sources. The synthesis Wfpyrrolyl),P(CH,),P(N-
pyrrolyl), (bppe)®® (bis-(diphenylphosphino)methyl)methylamine
(bma)?3® 8-(diisopropylphosphino)quinolone  (dit), 1,1
methylene-3,3"-dtert-butylimidazol-2,2'-diylidine ~ (CBuC)*
(dmpe)Pt(Ph) (dmpe = 1,2-bis(dimethylphosphino)ethaffe),
(dppp)Pt(Phy (dppp = 1,3-bis(diphenylphosphino)propafte),
(dppe)Pt(Ph) (dppe = 1,2-bis(diphenylphosphino)ethaffeand
(dppf)PtPh (dppf = 1,1-bis(diphenylphosphino)ferrocef&vere
previously reported.

General procedure for the synthesis of (b)PtPh, complexes.

Two equivalents of the appropriate ligand,)(lwere added to
[Pt(Ph)(u-ELS)], in ELO (30 mL). The solution was stirred at



room temperature for 12 h, after which it was redlio vacuo
and hexanes were added (~20 mL). The suspensiorfilteaed
and the solid was washed with,8t(5 mL) and hexanes (2 x 5
mL) and dried under vacuum.

(dig)Pt(Ph), (9). L, = 8-(diisopropylphosphino)quinoline.
Isolated 0.13 g (85%}H NMR (600 MHz, CQCl,) & 8.97 (dd,
33un = 5 Hz,*Juy = 2 Hz, 1H, diq), 8.46 (¢34 = 8 Hz, 1H, dig),
8.06 (td,3Jyy = 7 Hz,%J,, = 1 Hz, 1H, diq), 8.03 (dJyy = 8 Hz,
2H, H,-Ph), 7.74 (334, = 8 Hz, 1H, diqg), 7.54 (£J, = 8 Hz,
1H, diqg), 7.48 (d3Jyy = 8 Hz, 2H, H-Ph), 7.32 (dd®J,y = 8 Hz,
3Jun = 5 Hz, 1H, dig), 7.09 (m, 2H,™MPh), 6.88 (m, 3H, M and
Hp-Ph), 6.70 (m, 1H, MPh), 2.66 (m2H, CH-iPr), 1.18 (d 33,
=7 Hz, 3H, MePr ), 1.16 (d3J4 = 7 Hz, 3H, MePr), 0.96 (d,
334y = 7 Hz, 3H, MéPr), 0.93 (d33y = 7 Hz, 3H, MePr). 3P
NMR (121 MHz, CDCl) & 41.58 (s,'Jpp = 1937 Hz, Pt
satellites).’*C NMR (201 MHz, dichloromethandy) & 175.75,
175.54, 155.54, 153.84, 138.83, 138.14, 137.86,2637.35.74,
131.56, 130.33, 127.90, 127.78, 127.05, 123.44,3622120.69,
23.53, 23.41, 17.86, 17.35. Anal. calcd. for PthPig (%): C
54.53, H 5.09, N 2.36; found: C 54.38, H 5.26, BO2.

(bppe)Pt(Phy. L, = 1,2-(bisN-pyrrolylphosphino)ethane.
Isolated 0.17 g (72%JH NMR (800 MHz, acetondg) 5 7.31 (m,
4H, H>-Ph), 7.01 (m, 8HB-N-pyrrolyl), 6.90 (t,3Jy = 8 Hz, 4H,
H™Ph), 6.75 (tt3Jyy = 8 Hz,*Jyy = 1 Hz, 2H, H-Ph), 6.30 (m,
8H, B-N-pyrrole), 2.80 (d,2Jyy = 22 Hz, 4H, Chbppe).3p
NMR (121 MHz, acetones) & 108.37 tJpp = 2123 Hz, Pt
satellites) *C NMR (201 MHz, acetondg) & 157.45 (dd, 142.01
MHz, 20.50 MHz), 137.45, 128.31, 124.48, 123.563.8%, 31.63
(CH,CH,). Anal. calcd. for PthP,CsgH3g (%): C 51.20, H 4.31, N
7.96; found: C 51.35, H 4.58, N 7.57.

(bma)Pt(Ph),. L, = (Bis-(diphenylphosphino)methyl)
methylamine. Isolated 0.62 g (91%JH NMR (500 MHz,
acetoneds) 6 7.57 (m, 8H, bma), 7.36 (m, 12H, bma), 6.97 (m,
4H, H°-Ph), 6.44 (t3J4y = 7 Hz, 4H, H-Ph), 6.31 (t3Jyy = 7 Hz,
2H, HP-Ph), 3.59 (s3Jpyy = 14 Hz Pt satellites, 4H, HG-bma),
2.32 (s, 3H, Me-N)3'P NMR (121 MHz, acetonds) 5 -4.94 (s,
13 = 1693 Hz, Pt satellites)°C NMR (201 MHz, acetondg) &
162.11 (dd 113.38 MHz, 15.33 MHz), 137.57, 134.432.95,
130.62, 128.66, 126.92, 121.13, 60.09, 51.59. Acalcd. for
PtNP,CsoH37 (%): C 60.30, H 4.81, N 1.80; found: C 60.45, H
4.73,N 1.92.

(D'BUC)Pt(Ph),. L, = 1,1-methylene-3,3"-dert-
butylimidazol-2,2'-diylidine. The synthesis of thidmplex was
taken from a reported preparation for the bis-mletRi(ll)
equivalent! Ag,0 (0.370 g, 1.60 mmol) and'BuC (0.169 g,
0.40 mmol) were mixed in DCM at room temperaturé&eA45
min, [Pt(Ph)(u-SEb)], (0.176 g, 0.20 mmol) was added to the
solution and allowed to stir for 2 h. The mixturesvpassed
through celite and the volatiles were remoiregtacuoto afford a
white solid (0.139 g, 57%)}H NMR (300 MHz, acetoneg) &
7.51 (d,Jun = 7.90 Hz,Jpy = 28.83 Hz, 4 Hp-phenyl), 7.45 (m,
2 H, NCH=CHN), 7.17 (dJuy = 1.87 Hz, 2 H, NCHCHN), 6.99
(d, Jyn = 12.46 Hz, 1 H, NB,N), 6.67 (t,Jyy = 7.49 Hz, 4 Hm-
phenyl), 6.47 (tJyy = 7.09 Hz, 2 Hp-phenyl), 6.08 (dJuy =
12.48 Hz, 1 H, NE,N), 1.40 (s, 18 HBu). *C NMR (150 MHz,
acetoneds) 8 181.77 (s, carbene C), 140.37%(0sc = 17.4 Hzm
phenyl), 126.42 (slJpc = 31.8 Hz,o-phenyl), 120.47 (sp-
phenyl), 119.65 (SJpic = 9.4 Hz, NCHCHN), 118.38 (52Jpc =
12.4 Hz, NCH=CHN), 65.09 (sCH,), 58.79 (sC(CHs)3), 30.99
(s, CCHs)3), i-phenyl not observed. Anal. Calcd. for REN;H;,
(%): C 53.19, H 5.62, N 9.19; found: C 52.22, H5.X 9.19.

General procedure for the synthesis of
[(L~L)Pt(NCMe)(Ph)][BAr' ,] complexes. A suspension of
(L~L)Pt(Ph) in THF (30 mL) was cooled to -70 °C. One
equivalent of [H(ELO),][BAr',] dissolved in THF (~10 mL, -70

6

°C) was added. The solution was allowed to stirafgproximately

2 minutes before acetonitrile (~2 mL) was addede Eblution
was placed under vacuum, and the volatiles remadlee residue
was treated witm-pentane (~2 mL), which was then removed
under vacuum to afford a solid. The solid was diedacuo

[(dmpe)Pt(NCMe)(Ph)][BAr'y)]  (1). dmpe = (Bis-
(diphenylphosphino)methyl) methylamine. Isolateti30g (93%).
'H NMR (300 MHz, CDCl,) 6 7.30 (m, 2H, I-Ph), 7.17 (t3J4y
=7 Hz, 2H, H-Ph), 7.01 (t3Juy = 7 Hz, 1H, H-Ph), 2.31 (s, 3H,
NCMe), 1.86 (m, 4H, PB,CH,P), 1.63 (d2Jpy; = 10 Hz, 6H, Me-
dmpe), 1.42 (d?Jpy = 2 Hz,3J4y = 52 Hz, 6H, Me-dmpe)}'P
NMR (121 MHz, CDCl) & 29.99 (s,%Jpy = 1667 Hz, Pt
satellites), 15.29 ($Jpy; = 4076 Hz, Pt satellites)*C NMR (201
MHz, dichloromethaneh) & 162.23, 136.88, 135.21, 129.35,
127.03, 125.68, 125.13, 124.32, 122.97, 117.8668926.03,
12.78, 11.91, 3.86. Anal. calcd. for BBF,,CieHss (%): C
41.64, H 2.74, N 1.06; found: C 41.86, H 2.65, BI70.

[(dppe)Pt(NCMe)(Ph)][BAr' 4] (2. dppe = 1,2-
bis(diphenylphosphino)ethane. Isolated 0.13 g (9744) NMR
(300 MHz, CBQCly) 8 7.57 (m, 32H, Arand dppe), 6.90 (m, 5H,
Ph), 2.42 (m, 4H, PE,CH,P), 2.12 (s, 3H, NCMe)*'P NMR
(121 MHz, CBCL) & 47.44 (5,%Jpp = 1671 Hz, Pt satellites),
33.92 (s,%Jpp = 4359 Hz, Pt satellites}3C NMR (201 MHz,
dichloromethanel,) & 162.11, 151.79, 136.93, 135.11, 133.73,
133.24, 132.85, 130.07, 129.54, 129.18, 128.73,9626.25.71,
125.60, 125.37, 124.76, 124.25, 117.86, 30.54,728®B7. Anal.
calcd. for PtENBF,4CseHa4 (%): C 50.33, H 2.82, N 0.89; found:
C 50.37, H 2.99, N 1.02.

[(bppe)Pt(NCMe)(Ph)][BAr'y)] (3). bppe = 1,2-(biN-
pyrrolylphosphino)ethane. Isolated 0.09 g (89%).NMR (300
MHz, CD,Cl,) 8 7.08 (m, 9Ha-N-pyrrole and Ph), 6.75 (m, 4H,
a-N-pyrrole), 6.64 (m, 4HB- N-pyrrole), 6.48 (m, 4HB-N-
pyrrole) 2.75 (m, 4H, ChCHy-bppe), 2.44 (s, 3H, NCMe§'P
NMR (121 MHz, CDCly) & 109.56 (s,"Jpp = 2539 Hz, Pt
satellites), 80.68 ($Jpip = 5599 Hz, Pt satellites)’C NMR (201
MHz, acetonitriled;) 5 161.61, 147.43, 135.64, 134.67, 128.90,
128.42, 125.47, 125.14, 124.00, 123.83, 117.71,7614114.53,
32.28, 25.27. Anal. calcd. for P§RBF,,CsgHso (%): C 45.50, H
2.64, N 4.58; found: C 45.13, H 2.70, N 4.17.

[(dppp)Pt(NCMe)(Ph)][BAr' o] (4. dppp = 13-
bis(diphenylphosphino)propane. Isolated 0.09 g (91#% NMR
(800 MHz, CXCly) 6 7.58 (m, 8H, dppp), 7.34 (m, 8H, dppp),
7.23 (td,%3y = 8 Hz,*Jyy = 3 Hz, 4H, dppp), 6.93 EJyy = 7
Hz, 2H, H-Ph), 6.69 (t3J.y = 7 Hz, 2H, H-Ph), 6.64 (t3J4y = 7
Hz, 1H, H-Ph), 2.74 (m, 2H), 2.66 (m, 2H), 1.99 (m, 2H),a.(3,
3H, NCMe).%'P NMR (121 MHz, CBCl,) § -0.06 (d,2Jpp = 26
Hz), -4.20 (d2Jpp = 26 Hz). Pt coupling not resolved due to poor
signal intensity.”*C NMR (201 MHz, dichloromethandy) 5
162.17, 152.10, 136.29, 135.22, 133.45, 133.16,1632131.97,
129.82, 129.29, 128.98, 128.43, 127.35, 127.04,6725.24.33,
124.25, 117.84, 24.84, 22.77, 18.79, 2.95. Analcdcafor
PtRNBF,4Cs7Has (%): C 50.64, H 2.92, N 0.88; found: C 50.84,
H2.92, N 0.81.

[(dppf)Pt(NCMe)(Ph)I[BAr' ]  (5). dppf = 1,1-
bis(diphenylphosphino)ferrocene. Isolated 0.078948 *H NMR
(300 MHz, CRCN) & 7.90 (m, 4H, dppf), 7.57 (m, 17H, Aand
dppf), 7.41 (m, 7H, APh and dppf), 7.20 (m, 4H, dppf), 6.96 (M,
2H, H"-Ph), 6.62 (m, 3H, MPh and dppf), 4.79 (m, 2H, Cp-
dppf), 4.62 (s, 2H, Cp-dppf), 4.36 (s, 2H, Cp-dpBPo (m, 2H,
Cp-dppf). Coordinated NCMe not observed due todragichange
with CD;CN. 3P NMR 121 MHz, CRCN) & 18.95 (d2Jpp = 17
Hz, Wpp = 1717 Hz, Pt satellites), 11.00 fdpp= 17 Hz,'Jpp =
4674 Hz, Pt satellites}3C NMR (201 MHz, acetonitrilel;) &
162.56, 150.38, 136.62, 135.60, 135.20, 135.03,58321.32.25,
130.78, 130.18, 129.83, 129.07, 128.71, 126.07,7R24124.45,



118.63, 77.18, 75.57, 75.40, 75.36, 74.71, 74.6&l Acalcd. for
PtFeRNBF,,CrHsg (%): C 51.35, H 2.80, N 0.81; found: C
51.27,H2.92, N 0.82.

[(bma)Pt(NCMe)(Ph)][BAr' 4] (6). bma = (Bis-
(diphenylphosphino)methyl) methylamine. Isolate@50g (98%).
'H NMR (300 MHz, CQCN) & 7.54 (m, 32H, At bma and Ph),
7.03 (t,%34y = 7 Hz, 2H, H-Ph), 6.72 (m, 3H, bma and’#®h),
3.80 (br s, 4H, 6,-bma), 2.34 (s, 3H, Me-N}!P NMR (121
MHz, CD;CN) & -4.82 (d,2Jpp = 26 Hz,3Jpp = 1530, Pt satellites),
-7.03 (d,%Jpp = 26 Hz,'Jpp = 4243 Hz, Pt satellites}*C NMR
(201 MHz, acetonitriled;) 6 162.55, 153.06, 137.26, 135.59,
134.38, 132.46, 130.12, 129.80, 129.70, 129.34,4428127.55,
127.21, 126.07, 124.72, 124.45, 118.70, 57.01, %63.71.
Anal. calcd. for Ptl}PzBF24C67H47 (%) C 50.17, H 2.96, N 1.75;
found: C 49.83, H 2.94, N 1.16.

[(dig)Pt(Ph)(THF)][BAr' 4] (7). The synthesis for this complex
was the same as that for the general
[(L~L)Pt(NCMe)(Ph)][BAr}], except no acetonitrile was added to
the reaction. L = 8-(diisopropylphosphino)quinoline. Isolated
0.08 g (89%)*H NMR (500 MHz, CDCIl,) & 8.99 (s, 1H, dig),
8.63 (d,*Jyy = 8 Hz, 1H, diq), 8.19 (¢, = 8 Hz, 1H, diq), 8.08
(t, %3y = 8 Hz, 1H, diq), 7.83 (€34 = 8 Hz, 1H, dig), 7.42 (d,
83y = 7 Hz, 2H, H-Ph), 7.13 (d3Jy = 7 Hz, 2H, H-Ph), 7.08
(t, 3 = 7 Hz, 1H, H-Ph), 4.11 (br s, 4Hy-THF), 2.68 (m, 2H,
CH-'Pr), 1.88 (br s, 4HB-THF), 1.20 (d,%J44 = 7 Hz, 3H, Me-
'Pr), 1.17 (334 = 7 Hz, 3H, MePr), 0.96 (d3Jy = 7 Hz, 3H,
Me-Pr), 0.92 (d3Jy = 7 Hz, 3H, MePr). 3P NMR (121 MHz,
CD,Clp) & 38.33 (s Jpp = 4851 Hz, Pt satellites)°C NMR (201
MHz, dichloromethaneh) & 161.93, 149.77, 149.71, 140.51,
140.43, 137.99, 137.90, 135.78, 135.02, 133.04,1629.28.72,
128.63, 126.85, 125.38, 124.14, 123.80, 117.70457{325.50,
24.64, 24.39, 17.80, 17.05. Anal. calcd. for PtINFQBs/H4s
(%): C 47.12, H 3.13, N 0.96; found: C 47.32, HGB.14l 1.08.

[(D'BUC)Pt(Ph)(NCMe)][BAr '4] (8). D'BUC = 1,1-methylene-
3,3"-ditert-butylimidazol-2,2"-diylidine. Isolated 0.05 g (9F%H
NMR (300 MHz, CDBCl,) & 7.72 (s, 8 Hp-Ar"), 7.56 (s, 4 Hp-
Ar), 7.21-7.17 (m, 4 H, NB=CHN ando-phenyl), 7.04 (dJun
= 2.32 Hz, 2 H, NCHCHN), 7.00 (t,Jyy = 7.27 Hz, 4 Hm-
phenyl), 6.95 (tJyy = 7.27 Hz, 2 Hp-phenyl), 6.64 (dJuy =
12.85 Hz, 1 H, NEI;N), 5.53 (d,Jyy = 12.95 Hz, 1 H, NE,N),
1.75 (s, 9 H,'Bu), 1.31 (s, 9 H!Bu). **C NMR (201 MHz,
dichloromethanah,) § 180.56, 173.93, 162.15, 139.13, 135.22,
129.22, 127.97, 127.03, 125.68, 124.47, 124.33,023.20.29,
120.01, 119.57, 117.89, 65.00, 60.36, 59.49, 323087, 4.13.
Anal. Calc. for PtNBF,,CssHas (%): C 45.98, H 3.09, N 4.87;
found C 44.58, H 3.09, N 4.87.

General Catalysis Procedure.[(L~L)Pt(NCMe)(Ph)][BAr,]
(13.5 mmol) was dissolved in 12.0 mL (135 mmol)adbenzene
solution in a stainless steel pressure reactom{ép An internal
standard of hexamethylbenzene (13.5 mmol) was uSée.
reactor was pressurized with 0.1 MPa ethylene aBdvPa N
and heated at 100 °C. After a given time perio@& téaction
mixture was allowed to cool to room temperature amals
analyzed by GC/MS.

X-Ray Structure Determination for 9. Yellow crystals of
compound9 were obtained by slow evaporation of a diethyl
ether solutionCrystal data: C,;H;.BNPPt,M = 594.58; crystal
dimensions: 0.48 x 0.26 x 0.04 Mnmonoclinic, space group
P2/n, a = 12.2305(6)pb = 16.5915(9)¢ = 12.3537(9) AB =
110.304(1)°V = 2351.1(2) R, Z = 4,D. = 1.680 g/cy T =
153(2) K. X-ray data collection was carried out aBruker
Kappa Duo CCD diffractometer using MaKradiation. A =
0.71073 A). The structure was solved applying direethods

techniques in SHELXTL (Sheldrick, G. MMHELXTL Version
5.1 Reference ManuaBruker AXS, Inc: Madison, WI, 1997).
Full-matrix least-squares refinement with anisoitaermal
displacement parameters for all non-hydrogen atyielded R
= 0.047 (Ry = 0.078) for 9164 reflections with 182l). The
final electron density map had the highest peaR.ef e/X.

The data have been assigned the CCDC reference code

1033090.

ASSOCIATED CONTENT

Supporting Information

Crystallographic data (CIF) for (diq)Pt(BH®), xyz coordinates
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Graphical Abstract and Synopsis

Previously, Pt(ll) complexes with chelating dipwiidigands have been shown to be active catalysts f
ethylene hydrophenylation to form ethylbenzene.eliferPt(Il) complexes with chelating bisphosphine
and N-heterocyclic carbene ligands are shown to be thedecatalysts for the conversion of benzene
and ethylene to styrene formation with low turnonembers.
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Highlights

- Pt(Il) complexes supported by dipyridyl ligands catalyze the hydrophenylation of ethylene to
form ethylbenzene. The use of phosphine or N-heterocyclic carbene ligands in place of the
dipyridyl ligand alters the selectivity to produce styrene in low yields/turnovers.

- The calculated rate limiting steps for the two catalytic cycles (ethylene hydrophenylation and
benzene vinylation) both involve benzene C—H activation.

- Results from computational modeling indicate that the bias for ethylbenzene vs. styrene
production, as a function of ancillary ligand, is not a result of the relative energetics for the
various steps that lead to styrene formation, but rather the energetics for the benzene C-H
activation step that reforms the active catalyst.
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Computational Methods

Gaussian 09 revisions A.02 and B.01 were used to perform all calculations. Structural
optimizations were carried out with the M06 density functional combined with the LANL2DZ
pseudopotential for Pt and 6-31G(d,p) basis set for all other atoms (small). All optimizations and
single-point calculations were carried out with the “ultrafine” integration grid. Frequency/normal
mode vibrational analysis was carried out to confirm that all stationary points located correspond
to minima or first-order saddle points (transition-state structures). All optimizations and single
point calculations were carried out in an SMD benzene solvent model. MO6/LANL2TZ(f)(6-
311+G(2df,pd))//MO6/LANL2DZ(6-31G(d,p)) (large) energies were used to calculate the total
free-energy values. Thermodynamic corrections were applied at 298 K and 1 atm. No
concentration corrections were applied to free energies. AG values reported in the manuscript are
the sum of AEvlargc + AE(ZPEsmall) + AI_]small _TASsmall + AGsolv(small)-

Complete Gaussian 09 Reference

Gaussian 09, Revision A.01/B.01, Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.;
Robb, M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.;
Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.;
Sonnenberg, J. L.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.;
Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Montgomery, J. A., Jr.; Peralta, J. E.;
Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Kobayashi,
R.; Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; Tomasi, J.; Cossi,
M.; Rega, N.; Millam, M. J.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, C.;
Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.;
Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.;
Dannenberg, J. J.; Dapprich, S.; Daniels, A. D.; Farkas, O.; Foresman, J. B.; Ortiz, J. V;
Cioslowski, J.; Fox, D. J. Gaussian, Inc., Wallingford CT, 2009.

Pt Basis Set References
(a) Hay P. J.; Wadt, W. R. J. Chem. Phys. 1985, 82, 270. (b) Hay P. J.; Wadt, W. R. J. Chem.
Phys. 1985, 82, 284. (c) Hay P. J.; Wadt, W. R. J. Chem. Phys. 1985, 82, 299.

MO06/LANL2DZ(6-31G(d,p)) xyz coordinates
[(dmpe)Pt(Ph)(NCMe)]"

Pt -0.1212320 0.2423410 -0.0029970
C -3.1262700 -1.2615890 -0.3487670
H -4.1784680 -1.3602030 -0.0520030
H -3.0839710 -1.3860000 -1.4404080
C -2.2505430 -2.2973680 0.3461960
H -2.3678570 -2.2408760 1.4379280
H -2.5096330 -3.3217680 0.0472140
C -3.3867930 1.5214270 -1.1588590
H -4.4724480 1.3825560 -1.0939270
H -3.1489430 2.5675670 -0.9364270
H -3.0548770 1.3043640 -2.1792230
C -3.2525480 0.8569850 1.6362120
H -2.9825050 1.8835580 1.9069280
H -4.3454030 0.7720840 1.6080820
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TIIZTQZOIIIZTOQOIDOQOZIQOOQOOQOQPTIITDOQOIIIZOI

-2.8551670
-0.1348700
0.9354240
-0.4233400
-0.6881630
0.4443480
0.0728770
1.5105900
0.3203750
-0.4645670
-2.5114680
1.9109900
2.6266560
2.6130320
4.0023360
2.1053140
3.9904240
2.0832450
4.6876940
4.5408890
4.5192610
5.7608090
0.7051830
0.3247510
1.1909280
1.8199820
1.7874200
0.3545740

[(dmpe)Pt(Ph)]"

Pt

TOCIZITZIQIIZIQIDIIZIQODITIOQOITO

0.0737810
2.9415520
3.9904200
2.8532810
2.0145660
2.1591410
2.1934600
3.4294840
4.4926280
3.3278170
3.0412190
3.3047910
3.1426040
4.3833130
2.8733350
-0.2086550
-1.2787660
0.0079220
0.3502280
-0.6910030
-0.3791050

0.1918180
-2.7668490
-2.6920180
-3.8246160
-2.2488740
-3.0002550
-4.0317570
-2.9944320
-2.5871240
-1.9945390
0.4427140
-0.1470060
-0.1076360
-0.4176540
-0.3300090

0.0948700
-0.6384310
-0.4518130
-0.5984000
-0.2958650
-0.8438080
-0.7754430
3.3964040
2.3050370
4.7544540
4.9451560
4.9080390

5.4596630

-0.5555840
1.0781080
1.2657200
1.1928020
2.0475840
1.9951320
3.0897210
-1.6611200
-1.3942380
-2.7248270
-1.4988140
-1.0020710
-2.0465850
-0.8149180
-0.3699530
2.3940700
2.2439450
3.4695290
1.9179470
2.5521680
3.6040760

2.4103590
-1.6163290
-1.8368810
-1.5978040
-2.4066550

1.1991890

1.1792480
0.9504120
2.2054160
-0.0045580
0.0199990
0.0105030

1.2127080
-1.1691210

1.2352150
2.1497770
-1.1496310
-2.1227770
0.0533960
2.1807730
-2.0788650
0.0706280

-0.0798250
-0.0483320
-0.1175190

0.7571470
-1.0218440
-0.1168570

0.0070620
-0.4095310
-0.1460890
-1.4991600
0.3136520
1.4023430
0.0149280
-1.2165670
-1.1897990
-0.9777000
-2.2270430
1.5806720
1.8666870
1.5156810
2.3642250
-1.5819190
-1.7586650
-1.5664640
-2.3937390
1.2751640
1.2750280
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TIDZTOTZTOQOZDOO000" Y I T

-1.7620750
-0.4999470
0.2421380

2.4823990

-1.9544120
-2.6781990
-2.6588990
-4.0668760
-2.1548300
-4.0482160
-2.1192900
-4.7521810
-4.6162670
-4.5823400
-5.8374000

2.4886270
2.1170700
1.6579900
-0.6701980
-0.3697930
-0.4261770
-0.3569830
-0.5285750
-0.4012810
-0.4593840
-0.2833300
-0.5445420
-0.5898600
-0.4666370
-0.6151430

[(dmpe)Pt(Ph)(ethylene)]"

TZTOZITOTOOO0OQOFTIIIZIOIZITIQOIDTIOQOIIITQOITTOITITO

2.7518550
3.7384770
2.7481960
1.6310350
1.7050330
1.6569590
3.7162740
4.7001790
3.8201400
3.3713720
3.2166530
3.2046950
4.2502860
2.6092930
-0.3616260
-1.3700450
-0.3077950
0.3520700
-1.2008110
-1.0284780
-2.2223540
-1.0854680
-0.0102790
2.5245020
-1.9256520
-2.6048600
-2.6668850
-3.9886490
-2.0508930
-4.0521870
-2.1642940
-4.7153150
-4.5006620
-4.6130510

1.7067670
2.0144540
1.8701290
2.4850390
2.4221120
3.5505780
-0.8925230
-0.4178680
-1.9547380
-0.8049230
-0.3959870
-1.4676450
-0.0349400
0.1129210
2.4550990
2.1543400
3.5502930
2.0608400
2.5989450
3.6817400
2.3893550
2.2325050
1.7867000
-0.1037860
-0.4032230
-0.4639020
-0.1986620
-0.3076830
-0.6277740
-0.0382910
-0.1644870
-0.0858010
-0.3569510
0.1226980

1.0606120
2.2612210
0.0100380
-0.0153830
0.0084240
1.2079790
-1.2037060
1.1924720
2.1646270
-1.2173990
-2.1491670
-0.0196680
2.1297200
-2.1653180
-0.0300330

-0.2181610
0.1523420
-1.3052210
0.4539860
1.5487480
0.1904340
-1.0693500
-0.9755160
-0.8235860
-2.1048280
1.7214380
1.9476590
1.7818560
2.4773620
-1.6664270
-1.9698130
-1.6521610
-2.3971880
1.0874540
1.0669770
0.7542230
2.1124460
-0.0126890
0.0596870
0.0085660
1.2291760
-1.1585190
1.2834830
2.1549460
-1.1050840
-2.1266200
0.1167620
2.2427210
-2.0239420
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TTOZTDOFT

IIOIIIOIIIOIIIO"UIIOIIO"UIIIIOOIIIOIOIOOOOES

-5.7944420
0.1670280
-0.4724840
-0.9903950
-1.0707250
0.9037540
1.4128600
1.5009490

-0.2303670
1.9471730
2.5924790
2.6257440
3.8741490
2.0850360
3.9054420
2.1439100
4.5317330
4.3653290
4.4216780
5.5375770
1.0242570
-0.4037000
1.5395150
1.5543620
-0.8854640
-0.9029170
-2.5050000
-2.7698430
-2.7199660
-3.7813960
-1.6985170
-1.7526000
-1.8237460
-0.0204140
0.4416830
0.3932960
1.4656410
-0.2236470
1.1035150
2.1384500
0.9829920
0.9040530
-3.5969720
-3.6140630
-4.6189580
-3.2247480
-3.2401850
-4.2982170
-3.1573130

0.0418440
-0.5210900
-2.7074410
-2.9054280
-2.7832080
-2.6900290
-2.7606710
-2.8976780

-0.5313670
-0.7710870
-0.5917020
-0.4306270
-0.0533700
-0.8802730

0.1123670
-0.5897080

0.3031610

0.0812050

0.3763890

0.7139760
-2.5814600
-2.6552880
-2.9099820
-2.8088270
-2.9200780
-3.0401950
-0.1337130

1.6525580

1.7535030
1.9498790

2.5038990

3.5515690

2.4968360

1.8136870
2.5099520

3.6054060

2.2042330

2.1258010
2.6348390

2.3782330

3.7235390

2.2922400
-1.0409720
-2.1001060
-0.6468270
-0.9585340
-0.3912890
-0.1030360
-1.4491090

0.1595770
-0.0395790
-0.1494270

0.7866080
-1.0547740
-0.2113490
-1.1712490
0.6758750

-0.0203990
-0.0060520
1.2237290
-1.1835370
1.2775440
2.1450860
-1.1288060
-2.1493040
0.1018930
2.2388950
-2.0494380
0.1430670
-0.1180820
-0.1343410
0.7812480
-1.0399960
-1.0771170
0.7566720
0.0437040
-0.3338300
-1.4275440
-0.0268510
0.3399690
0.0172250
1.4321960
-0.0127560
-1.6329430
-1.6173970
-1.8747330
-2.4136850
1.1577300
0.9032210
1.1092700
2.1782840
-1.0909700
-0.8116590
-1.0404410
-2.1172830
1.6896350
1.6921910
1.9623860
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H

-2.7007190

0.1949570

[(dmpe)Pt(CH,CH,Ph)]"

Pt

TDZITOTOQOIZIOO0O0OO0OITIODITIQO P T IEIIZIODIZIOZISITIQOZISITIOQOIZIZIAOIDTO

oKl
V)

0.0663260
1.8999350
2.1379490
1.9726440
2.8556450
2.8649950
3.8879450
-0.8170060
-0.4600170
-1.8738470
-0.7311510
-0.1017230
-1.1554090
0.1751180
0.4967130
2.9334530
2.6714920
4.0235820
2.4699980
3.2582330
4.3313190
3.0738640
2.9461400
2.3133140
0.1436980
0.0280860
0.1770420
0.7801520
-1.4005860
-1.4060530
-1.9347910
-2.1220710
-2.7216130
-2.2359610
-3.4586770
-2.6298750
-2.9800270
-1.8497160
-3.5991480
-3.9386700
-3.0924650
-4.1967800

0.2537890
-1.8806970
-2.0483120
-1.0524960

-0.4463900
2.3348070
3.3774250
2.2385960
1.3683880
1.5329710
1.4856050
2.9417600
3.9783170
2.9386740
2.5023030
2.8490010
2.7832050
3.9062260
2.3835640
-0.8469020
-1.8908340
-0.7349830
-0.2240250
-1.3771460
-1.1777470
-2.4399930
-1.1443260
-0.3726380
1.9581700
-2.5439930
-2.8343690
-3.0550750
-2.7762500
-3.0765870
-3.5576320
-1.4432500
-0.8137760
-0.8143000
0.3485570
-1.2831880
0.3685590
-1.3188340
0.9370230
0.8012640
0.8115530
1.8384910

-0.0250210
-0.3663760

0.0334960
-1.5345160

2.4410030

-0.0961640
0.4990610
0.2513220
1.5918150
-0.1905430
-1.2776520
0.1655940
1.2446540
1.2712990
0.9578340
2.2440310
-1.5313140
-1.8240240
-1.4404790
-2.3221440
1.7149010
1.9170420
1.7589140
2.4867430
-1.1048720
-0.9966720
-0.9167460
-2.1278010
0.0730840
0.0456040
-0.2172930
-1.2656820
0.3935330
0.2725680
1.3268040
-0.2863410
0.1498920
1.2616700
-1.1117030
1.1079690
2.2399410
-1.2552680
-1.9969870
-0.1546850
1.9725530
-2.2422110
-0.2704330

-0.4826240
-1.3551220
-2.3577120
-1.2619960
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TITIoDTOIIQIZIOO0OO0Q T T IIOIIQOIDIIIZIOIDIIIDIQOIZIITIQOIID IO I T T

-1.3186400
-0.6250420
-1.0131190
2.5323020
2.8922510
3.3491890
1.7230250
1.3496340
2.1602040
1.0133730
0.5041430
2.6258210
3.3529420
3.1524090
1.9573470
0.9932650
0.4030970
1.8129620
0.3399990
3.3483040
3.9745850
3.9467470
2.8950050
3.7429750
2.4133580
1.6420610
1.8895770
-2.9963490
-4.1936960
-2.8924400
-5.2783480
-4.2780550
-3.9738040
-1.9499340
-5.1707720
-6.2089440
-3.8843820
-6.0167070

-2.2931210
-1.9236310
0.9240540
-2.7944180
-2.4039410
-3.3171280
-3.5054700
-2.2188300
-2.8025300
-1.4529820
-2.8845940
2.4382840
3.1630800
1.6467180
2.9418750
3.1508180
2.8130670
3.7895220
3.7347790
-0.3938160
-0.9206100
-0.2817600
0.9660880
1.6532980
0.8692680
1.7174410
-1.4339730
-0.1346470
0.3973910
-0.4701430
0.5729730
0.6649040
-0.2894010
-0.8625820
0.2291090
0.9807550
-0.5511570
0.3692430

[(dmpe)Pt(styrene)H]"

OXTTZIOQODTOIT IO

2.8608330
3.6437940
3.2717920
1.5885320
1.2445890
1.7461200
3.9891980
4.8835690
3.8914250
4.0916730
2.4260800

1.5289190
1.7660570
1.7414500
2.3234560
2.1998930
3.3982690
-1.0945770
-0.7459850
-2.1772970
-0.8820550
-0.7303710

-0.5254220
-2.1866830
-1.0652240
-0.6324370
-1.5896990
-0.1208370
-0.8327580
1.9393690
2.3916370
2.6468820
1.7321090
-1.1372670
-0.7520860
-1.6808820
-1.8433500
1.1297390
1.9875000
1.4797870
0.4730510
0.8320130
1.5637190
-0.0831810
1.3517610
1.4722780
2.3351630
0.2173380
0.3865820
-0.4021200
-0.8827980
0.9520880
-0.0298330
-1.9352700
1.8033600
1.3381760
1.3130520
-0.4165590
2.8550090
1.9814100

0.6355820
1.3681910
-0.3616150
0.8846410
1.9216020
0.7254820
0.0340460
0.5638350
0.1628560
-1.0348690
2.4422430
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2.2526850
3.3607010
1.5897620
0.4383070
-0.3880470
0.4585160
1.3703880
-1.2619070
-1.0655390
-2.1136710
-1.5253320
0.2117940
2.5070620
0.5299510
1.0868610
-0.9311010
-0.4139040
-1.1725080
-1.6028600
-1.5796590
-2.6412670
-3.6882900
-2.6244550
-4.6986300
-3.7118510
-3.6298880
-1.8069880
-4.6687630
-5.5104320
-3.6034200
-5.4542360

TIIZIITOTZTOQOZIOOOCOOOO0IIQOIIZIQII I TV IDIQOITI IO I T T

[(dmpe)PtH]"

Pt -0.2128880
1.0393800
1.7442900
0.9117450

-0.2952660

-0.1603450

-0.8000350
3.1442140
3.8076160
3.7238790
2.7577380
2.5954830
3.1009740
3.3380660
1.8579500

-2.2084070

-2.9039470

-2.7546270

TZTOXZITZTTOIZIDZTOQOTTZTOIDTO

-1.8083910
-0.4740160
-0.2155100
2.6573390
2.4315420
3.7383770
2.3500810
2.4975190
3.5559080
2.4249880
1.9841520
1.7367980
-0.2772180
-0.6450490
-2.1628460
-1.8942100
-2.0614700
-2.7840800
-0.7021010
0.0447820
-0.5036850
0.3834740
-1.1747590
0.5949670
0.9042180
-0.9564990
-1.8580190
-0.0708290
1.2813290
-1.4795690
0.0964740

-1.0071940
2.0531330
2.8427220
2.1165100
2.2272200
2.2588420
3.1588500
0.2423140
1.1122680
-0.6611460
0.1684700
0.5973910
-0.3338970
1.4034420
0.8207910
1.1264930
0.3114590
2.0773460

2.5249510
2.9550670
2.9261930
-1.7639590
-2.4471310
-1.5811210
-2.2501710
0.5477740
0.7583710
-0.1357860
1.4786920
-0.2036860
0.6845280
-0.4230230
-0.4399590
-1.6050440
-2.5473130
-1.0278320
-1.3853940
-2.1826090
-0.3588660
-0.6293690
0.8707280
0.3020000
-1.5869630
1.8035660
1.1010990
1.5230800
0.0737540
2.7565060
2.2557920

-0.0021800
-0.3715990
-0.0815740
-1.4613140

0.3433920

1.4336830

0.0525570
-1.1950190
-1.1204480
-0.9797420
-2.2163220

1.6034370

1.8796650

1.5628710

2.3814290
-1.6066430
-1.8297450
-1.5866160
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H
C
H
H
H
P
P
H

-1.4462130
-2.7467170
-3.1691520
-3.5323410
-2.3420500
-1.4376750
1.7678310
-1.6527190

1.1552780
0.8991810
1.9112990
0.1818070
0.6428840
0.8273950
0.3900630
-1.7420340

[(dmpe)Pt(ethylene)H]"

TTOITTOTLT I T IIITIITIOQOIZIIIITOIIZIQOSI TSI TOQOIZITOITTEO

TZOoZTORH
[O%]

-1.8359080
-2.7833710
-1.7716750
-0.6396580
-0.7619340
-0.5116010
-3.0472340
-3.9937050
-3.2375260
-2.6126320
-2.7020620
-2.7581320
-3.7141390
-2.1150390
1.4105080
2.3585880
1.5438300
0.6625720
2.1562140
2.1634870
3.1468510
1.9510420
0.8983080
-1.8911950
0.2630570
-0.5095640
2.4941820
2.8291290
2.9485150
1.8493910
1.6642350
1.7633130

0.4009310
-2.0640810
-3.0592000
-2.0140290
-0.9556270
-1.0754150
-0.9589930

1.8494180
2.2976450
1.9897020
2.4760330
2.4448440
3.5291860
-0.6386490
-0.0860230
-1.6939510
-0.5688460
-0.1824040
-1.2500560
0.2391220
0.3085470
2.1416250
1.6724760
3.2299390
1.8701010
2.1895440
3.2858570
1.8269220
1.8554190
1.5340300
0.0308820
-0.7752880
-2.1985110
-1.1706460
-0.8154480
-0.7033730
-2.3887990
-3.0020980
-2.8894060

-0.6744270
1.6148450
1.9464730
1.7594100
2.3919920
2.3497580
3.4524040

-2.3916320
1.2453220
1.2732970
0.9896650
2.2289300
0.0024640
-0.0102720
0.0391390

0.2983180
-0.0287680
1.3865520
-0.4039960
-1.4959100
-0.1214760
1.2227350
1.1956860
1.0013790
2.2247190
-1.6141410
-1.8500220
-1.5955640
-2.3972250
1.6306850
1.9153000
1.6229010
2.3829290
-1.1493460
-1.1227960
-0.8544950
-2.1715250
-0.0096410
-0.0025550
0.0080690
0.0813450
-0.0883470
-1.0618860
0.7847980
0.0248920
-0.8537480
0.9865770

0.0095690
0.3091230
-0.0152210
1.3979080
-0.3919400
-1.4839210
-0.1075270
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-2.9859930
-4.0006850
-3.0186610
-2.6013550
-2.6775580
-2.6526180
-3.7193590
-2.1295350
1.1623550
2.1591760
1.1784290
0.4604730
1.8567210
1.7805380
2.8777980
1.6555740
0.6879660
-1.8846370
2.5019100
2.9216970
3.0120270
1.8371470
0.2031240
1.8410690
1.7681280

[(dmpe)Pt(Et)]"

Pt

TIEITITIZIOQOIDNIZITIOQOIDZDIODITOIZIIZIZIOTTTOIDTO

0.4748920
-2.1999250
-3.2063110
-2.1782010
-1.1327070
-1.2269230
-1.2082820
-2.9899230
-4.0166440
-2.9909050
-2.6251120
-2.6869140
-2.6052490
-3.7467250
-2.1742740
0.9525460
1.9670310
0.8986370
0.2603800
1.6963920
1.5463630
2.7256990
1.5409340
0.5510450

-0.9962350
-0.5868160
-2.0724000
-0.8475240
-0.4861440
-1.5562290
-0.1442400
0.0417650
2.3223820
1.9543440
3.4187070
1.9827200
2.3936940
3.4872250
2.1064180
2.0313180
1.6463980
-0.1993720
-1.1896910
-0.8799060
-0.8105980
-2.4422100
-2.3315050
-2.9891100
-3.0640810

-0.5884220
1.4405590
1.7059410
1.6162770
2.2700410
2.1853460
3.3368080

-1.1790660

-0.8044960

-2.2602270

-0.9943640

-0.7214330

-1.7901820

-0.4398430

-0.1717000
2.3824500
2.0840870
3.4770250
2.0108850

2.4361060
3.5222420
2.2219070
2.0282240

1.6616160

1.2106710
1.1407200
1.0109270
2.2244730
-1.6105600
-1.8413540
-1.5988860
-2.3981650
1.6140940
1.8804400
1.5928500
2.3828730
-1.1819920
-1.1644740
-0.9079300
-2.1950970
-0.0084690
0.0041690
-0.0607220
-1.0173120
0.8243510
0.0179660
0.0672180
0.9593310
-0.8729570

0.0190740
0.2656520
-0.0833130
1.3506520
-0.4401080
-1.5322110
-0.1907510
1.2200540
1.1303500
1.0472240
2.2353340
-1.6021090
-1.8262220
-1.5901560
-2.3988460
1.6089440
1.8944500
1.5659930
2.3712480
-1.1816730
-1.1999510
-0.8745750
-2.1853180
-0.0092150
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-1.8984250
2.5015860
2.9841350
3.0679880
2.0006740
0.8271320
2.2706400
2.2084710

-0.3682100
-1.0440100
-0.7498280
-0.7119360
-2.4517400
-2.5306110
-2.9964660
-3.0406740

[(dmpe)Pt(Et)(benzene)]”

Pt

TDZITOOOOO0OO0OO0OTTIDTOILITZTQO T I IODIOIIIQOIITIQOIIZQOIDITOQOT TZO

-0.1637810
-1.0281260
-0.8936580
-1.2439800
-2.1503060
-1.9665920
-3.1243770
1.6636980
1.5653340
2.7045190
1.4103440
1.1296780
2.1530470
1.1128190
0.4975640
-3.4018790
-3.5948620
-4.3525490
-2.9690480
-3.1722760
-4.0806940
-3.4590950
-2.5447980
-2.2595300
0.5533160
-1.0656120
-0.4108590
-2.0335090
-1.2333980
-0.2823310
-1.6803470
-1.8830360
3.6945900
3.7295230
2.8561670
1.9584690
1.9242020
2.7903240
4.3929090
4.4561260
2.8934850

-0.4835440
2.6687550
3.7573760
2.4127530
2.2078650
2.5276270
2.6192870
2.3722200
3.4541500
2.1449980
1.8537120
2.7680580
2.4722170
3.8461300
2.5500820
-0.0682980
-1.1461020
0.4616590
0.2003550
-0.0048510
0.6088700
-1.0602800
0.2138790
0.3683330
1.8167590
-2.4009870
-3.0232690
-2.3850180
-3.0111770
-3.1196430
-4.0142700
-2.4062410
-0.1847290
0.1390460
-0.4642070
-1.4417310
-1.7748020
-1.1210470
0.2881820
0.8634960
-0.2193090

0.0066570
-0.0499500
-0.9848290

0.8229500

0.0025930

0.0418840

0.9110730
-0.8948300

0.0499910
-0.7369570
-0.6890130
-1.7846740
0.1786620
1.2146180
-0.1172690
-1.6318260
-1.7828840
-1.3834140
-2.5627680
1.1620460
1.4128560
0.9605520
2.0300970
-1.1421950
-1.1325360
-1.0076110
-2.1114690
1.7296660
1.7720760
1.7625710
2.5995590
0.2025590
-0.2911740
0.1801810
0.8079510
0.6977000
-1.2022440
-1.7395390
-1.1445820
-1.8483630
-0.6528930
0.7098460
1.6004680
1.1442430
-0.2241010
-1.1222190
-1.3397910
1.0721440
2.6591100
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1.3729510
1.3810320
2.7774180

-0.1452980
-1.8685840
-2.0149330
-1.9409750
-2.8984670
-2.9062060
-3.9145830
0.9730870
0.7951720
2.0040650
0.8472970
0.1591500
1.1974370
0.0063660
-0.4953720
-3.1819240
-3.0068920
-4.2611620
-2.6937070
-3.5005230
-4.5569300
-3.3930970
-3.1856040
-2.4745310
-0.1666260
4.0600610
4.7313230
4.0566980
2.7033130
2.0131260
2.7080960
4.5936070
5.7891590
4.5879010
2.1756960
1.0772280
2.1845940
-0.0086900
-0.8863690
0.8079940
-0.1597270
-1.0301650
-0.2736370
0.7220630

-2.0134670
-2.6544750
-1.3973380

-0.3922640
2.5139620
3.5190030
2.6016590
1.5243650
1.5291610
1.7737390
2.9305030
3.9960180
2.6856940
2.7215920
2.3705430
2.1210840
3.4451410
1.8069170
-0.3719580
-1.3893560
-0.1777800
0.3250970
-1.2782350
-0.9940410
-2.3179150
-1.2061460
-0.1965750
1.9075290
-0.1107290
0.1105810
-0.0070300
-0.3297870
-0.5296050
-0.4385520
-0.0317050
0.3627000
0.1501770
-0.4282780
-1.6377120
-0.6140270
-2.6642500
-2.8009050
-3.1617380
-3.2437010
-2.8356070
-4.3350120
-3.0321000

[(dmpe)Pt(ethane)(Ph)]"

1.8607170
-0.5583230
-2.1738450

-0.1042230
-0.1563910
0.2598600
-1.2500300
0.3801210
1.4797270
0.0482260
-0.7600040
-0.5726500
-0.4787130
-1.8275620
1.9455050
2.1913460
2.1015690
2.6185680
-1.8134570
-2.1805740
-1.8028200
-2.5027910
0.8982710
0.8205880
0.5691170
1.9443080
-0.1434490
0.2150500
1.0862620
-0.1144310
-1.3272290
-1.3396500
-0.1377760
1.0758060
2.0308440
-0.1047720
-2.2632240
-2.2883150
-0.2585900
2.0160070
-0.2569940
-0.8972970
-0.8021150
1.1348530
1.6621330
1.1005020
1.7526980
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0.1261240
2.3612020
2.6509170
2.5198470
3.1626080
3.0782830
4.2293200
-0.2569310
0.1376120
-1.3365990
-0.0713760
0.1577810
-0.9248270
0.4912790
0.6475350
3.3057770
2.9844270
4.3980650
3.0013090
3.2559750
4.3445560
3.0317190
2.8395150
2.5004530
0.5483300
-0.5211600
-0.2796720
0.2331200
-1.9462180
-2.6672110
-2.0983980
-2.1801050
-3.9621060
-4.6834420
-4.0107010
-2.6204420
-1.8845000
-2.5711950
-4.4825640
-5.7682390
-4.5702180
-2.1089630
-0.3688100
-2.0198420

-3.9251050
-4.9685750
-3.8859900
-3.4082510
-3.5616900

0.3007140
-2.1015430
-3.1108870
-2.0525630
-1.0216150
-1.1321970
-1.0849550
-2.9003890
-3.9232050
-2.9200930
-2.4723740
-2.6828530
-2.6519600
-3.7276430
-2.1491030

1.0962500

2.1004570

1.0861840

0.3988450

1.7716810

1.6448220

2.8107940

1.5738550
0.6523120

-1.8943790

2.8669050

2.2822500

3.6619310

3.3798280

2.5544000

3.9837780

4.0053260
-0.3365430
-0.3467170
-0.2671560
-0.1712200
-0.1365540
-0.2412850
-0.4032400
-0.4219900
-0.2790570
-0.1069260

2.2860170
-0.2298830

0.4406490
0.2289360
0.5472370
1.6999040
1.6461660

-0.0259750
-0.2755570
0.0468610
-1.3626320
0.4418990
1.5324420
0.1913860
-1.2808310
-1.2455450
-1.1039190
-2.2712870
1.5757510
1.7366140
1.5658530
2.3966300
-1.5536670
-1.8530820
-1.4606290
-2.3413750
1.2444680
1.2760230
0.9795310
2.2377280
0.0219030
-0.0094900
-0.0334310
0.8846390
-0.0647880
0.0390830
0.0619520
0.9392310
-0.8282690
1.2285780
0.0385250
-1.1778620
-1.2039880
-0.0136310
1.2016020
2.1820750
0.0582390
-2.1112990
-2.1659150
-0.9700440
2.1437680

0.4703090
0.2021660
1.5637830
-0.2135740
-1.3012250
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[(dmpe)Pt(CH,CH,Ph)(benzene)]" oxidative addition transition state

Pt

T QIITO

-3.9245860
-3.3356570
-4.4237290
-2.8671240
-2.9971640
-3.4949700
-2.9549940
-4.5658310
-3.3279210
-1.4209080
-0.3614360
-1.9590080
-1.8136040
-1.0673960
-1.6890220
-0.0224330
-1.1478440
-1.5862370
-2.8486510
1.3299970
1.5825530
1.3585820
2.3949120
2.1557680
2.1738680
3.8283580
4.3038080
4.7520970
5.6658750
3.6006490
6.1140650
4.3871270
6.5717850
6.0272400
6.8216300
7.6391880
-0.6275600
0.1686070
-0.3194000
-0.2308660
1.6135040
2.1402010
2.0630670

-0.5057230
-3.1283920
-3.4546770
-3.6940770
-3.3559980
-2.8988620

2.6019870
-2.3096330
-2.4459860
-3.2554500
-2.0546090
-1.5858720
-2.4911330
-1.8151080
-0.8260580

2.6923080

2.8750090

3.6478900

2.0397300

3.1366500

4.0360350

3.4120660

2.7343530

1.8722370
-0.9992280
0.5412470

0.5213560

1.6063120
-0.0905640
-1.3763850
-0.1120670
0.0336060
0.2282070
-0.0841660
0.3194740

0.3068750
0.0126670
-0.2443810
0.2138550

0.4712630
-0.0690520

0.2861000
-0.2303680
-2.2628770
-2.8026960
-2.5832570
-2.4037720
-2.4065790
-3.0950620

0.0475890
1.0753630
1.4519450
1.6277370
-0.4267780
-0.9659490

0.1410300
1.2055650
1.2106250
0.9118410
2.2151490
-1.5672920
-1.8670440
-1.5073440
-2.3382190
1.6703800
1.8817010
1.6867510
2.4574450
-1.1526580
-1.0668880
-0.9743910
-2.1678560
0.0504520
0.0360440
-0.2809100
-1.3515840
0.0121000
0.5424250
0.3898550
1.6185390
0.2534850
-1.0524320
1.3035010
-1.2944930
-1.8792210
1.0600890
2.3173420
-0.2400840
-2.3084340
1.8811840
-0.4343230
-0.0609520
-0.1213340
0.6976850
-1.0935630
-0.0873490
-1.0481190
0.6340590

-0.4514450
1.4459580
2.4241040
0.6825060
1.3139510
2.1566700
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-4.4248120
-1.2503350
-1.7562420
-0.1979830
-1.7128830
-0.5375980
0.5263260
-0.9896100
-0.6183910
-3.7022160
-3.3218780
-4.7011590
-3.7687410
-2.6902570
-3.7382710
-2.3323640
-2.0954800
-2.5520600
-1.3452410
3.1885410
3.1213270
2.1436530
1.2194600
1.2620300
2.2685010
3.9659870
3.8447910
2.1044300
0.4575130
0.9861800
2.3333700
0.5062280
1.3323460
-0.3435440
0.9080650
0.0223230
1.9480170
1.5871060
3.2932390
2.5443350
0.5408900
4.2542680
3.5904130
3.8823020
2.2476460
5.2985660
4.6339800
1.2965050

0.1499850

-0.6777230
3.2610600
3.8020490
3.5657650
3.5206940
1.1960950
1.4442750
1.8238330
0.1423680

-0.6507900

-1.0628970

-1.0614180
0.4362490

-2.8823080

-3.1669850

-3.3578970

-3.2510550

-1.0724110

1.4680830

2.3088690
3.3362200
3.3147710

2.2750050
1.2530050
1.2659510
2.3158330
4.1478190
4.1068190
2.2561980

-0.0563000
0.4531340

-1.3499710
-1.0226430
-1.4846390
-2.6237550
-3.0845350
-2.3855610
-2.2564520
-2.2418980
-1.9891130
-2.3813600
-1.9748150
-2.3494670
-1.8459210

-1.9056760

-1.8733900

-1.6467970

-3.3468280

-0.6446480

1.3104570
0.9091680
1.7175300
0.8791300
-0.0487080
2.7896120
2.7025260
3.5668600
3.0786600
-1.5698110
-2.5112200
-1.3802320
-1.6841590
-0.0784740
0.0760060
-0.9982850
0.7636090
-0.2190180
1.1805240
0.2732200
-0.6654300
-1.6571180
-1.6976860
-0.7412320
0.2321660
1.0342840
-0.6348260
-2.4016820
-2.4771880
-1.3579580
0.9564220
-1.9407100
-2.5943520
-2.6200780
-1.2028980
-0.7462980
-0.1392250
1.2043610
-0.4846550
2.1796560
1.4906860
0.4857360
-1.5283330
1.8211680
3.2234560
0.1990820
2.5813310
-1.9364000

-0.0670540
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1.8924030
2.0364160
1.9859360
2.9015220
2.8825070
3.9271250
-0.9426700
-0.7551630
-1.9770080
-0.8119030
-0.1841140
-1.2164310
-0.0700910
0.4821320
3.1916930
3.0182690
4.2697290
2.6969970
3.5131190
4.5708030
3.3895460
3.1964820
2.4897260
0.1806510
-4.0680610
-4.7295370
-4.0372320
-2.6773310
-2.0039620
-2.7090930
-4.6139950
-5.7919650
-4.5581870
-2.1372260
0.0141960
-2.1959300
-0.9771370

0.2994470
0.0430510
0.1270210
0.4561470
-1.4002440
-1.8574670
-2.0201770
2.8171790
3.0243900
3.4829070
3.0174200
0.9352690

2.1983490
3.2621230
2.0838070
1.3198410
1.5185750
1.5080360
2.4749480
3.5541870
2.3035240
2.0401320
2.4674430
2.2343080
3.5559440
2.0762620
-0.9200140
-1.9850360
-0.7214460
-0.3542320
-1.3437050
-1.0852980
-2.4237130
-1.0811550
-0.4678310
1.6828430
-0.0832340
-0.1389710
-0.5005180
-0.7919320
-0.7109850
-0.3775630
0.1836540
0.0868460
-0.5603770
-1.0791100
-2.3514090
-0.3425130
-1.9277330

0.1396140
3.2271740
3.7979050
3.8560710
2.8383440
2.3193080
3.7175270
2.2644780
3.0743750
1.4208530
2.6116010
1.1267600

0.5206590
0.2919200
1.6099150
-0.2100110
-1.2911680
0.1329160
1.2597360
1.3032010
0.9396190
2.2559020
-1.5237190
-1.8075950
-1.4580490
-2.2996340
1.6275680
1.8142370
1.6531600
2.4240390
-1.2085670
-1.0796690
-1.0781220
-2.2229080
0.0098030

0.0757540
-1.1471520
0.0771790
1.2296390
1.1621410
-0.0592380
-1.2192890
-2.0493930
0.1301820
2.1825370
2.0639690
-0.2318810
-2.1801390
-0.2098500

-0.4636900
0.9453080
1.8790120
0.1441240
0.6433770
1.4989480
0.4242740
0.8981360
1.6076120
1.1145510
-0.1207560
2.7587400
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1.5296940
1.2932630
-0.1120800
-1.1650810
-1.2688900
-1.8875340
-0.1473710
-3.1989640
-3.8259980
-3.3417910
-3.5091740
-1.4549740
1.0930250
3.6070680
4.6519680
4.4099840
3.1247230
2.0707830
2.3199380
3.7960620
5.6565490
5.2233630
2.9324710
0.8672210
1.5064530
-0.4310740
0.2337320
-1.1850900
-1.0454920
-1.4595710
-2.1273470
-3.4688760
-1.8157560
-4.4755300
-3.7276960
-2.8158070
-0.7728510
-4.1518290
-5.5162230
-2.5573060
-4.9369570
-0.2519200

0.2147420
1.8866140
0.8933320
2.6839850
2.0594100
3.5072000
3.0879650
1.1665840
2.0595660
0.5263420
0.6104480
1.6568220
1.7125850
-2.2980550
-2.0162610
-1.3010420
-0.8510270
-1.1039410
-1.8521600
-2.8707310
-2.3680570
-1.0976590
-0.2988560
-1.4009800
-2.0832180
-1.6446110
-2.0620940
-1.0692580
-2.7545460
-3.5194250
-2.2845150
-2.3481140
-1.7536930
-1.8943120
-2.7712500
-1.2904500
-1.7225100
-1.3602020
-1.9647800
-0.9010250
-1.0155330
-3.2552880

2.8850040
3.4638430
2.9790370
-2.2527950
-3.1471630
-2.3085320
-2.2438320
-0.9086040
-1.0206180
-1.7854920
-0.0167520
-0.7731800
1.0419950
1.1338470
0.2568940
-0.9134770
-1.1973110
-0.3096000
0.8487580
2.0390980
0.4796600
-1.6062520
-2.1174710
-1.0624180
1.5370910
-1.7422910
-2.5128600
-2.2894980
-0.8922950
-1.5650340
0.0416100
-0.3369020
1.2980020
0.5123670
-1.3076890
2.1478160
1.6193930
1.7560570
0.2038750
3.1309320
2.4250590
-0.3173650
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