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ABSTRACT:  A series of Pt(II) complexes of the type 
([(L~L)Pt(L')(Ph)][BAr'4] (L~L = 1,2-
bis(dimethylphosphino)ethane, 1,2-bis(diphenylphosphino)ethane, 
(N-pyrrolyl)2P(CH2)2P(N-pyrrolyl)2, 1,3-
bis(diphenylphosphino)propane, 1,1ˈ-
bis(diphenylphosphino)ferrocene, (bis-
(diphenylphosphino)methyl)methylamine, 8-
(diisopropylphosphino)quinoline, 1,1'-methylene-3,3'-di-tert-
butylimidazol-2,2'-diylidine); L' = THF or NCMe) has been 
synthesized and fully characterized. These complexes were 
screened as catalysts for ethylene hydrophenylation to yield 
ethylbenzene. All of the complexes exhibited selectivity for 
styrene production with low catalytic turnover. DFT calculations 
have been used to model reactivity of the 
[(dmpe)Pt(L)(Ph)][BAr'4] (dmpe = 1,2-
bis(dimethylphosphino)ethane). It is shown that selective styrene 
formation is a result of a calculated ∆∆G‡ of 5 kcal/mol for the 
benzene C–H activation step in the catalytic cycles for styrene 
versus ethylbenzene formation. 
 

Introduction  

Alkyl arenes, such as ethylbenzene, are produced in large 
quantities from olefins and arenes using Friedel-Crafts (e.g., AlCl3 
and HF) or zeolite catalysts.1,2 These acid-mediated catalysts for 
olefin hydroarylation operate by activation of the olefin toward 
electrophilic aromatic substitution.3 Transition metal complexes 
have been demonstrated to catalyze olefin hydroarylation by a 
different mechanism that involves olefin insertion into a 
metal−aryl bond followed by aromatic C–H activation (Scheme 

1).4-9 Such catalysts offer potential advantages over acid-mediated 
systems, such as reduced polyalkylation, control of 
linear:branched selectivity for the hydroarylation of α-olefins, 
control of the regioselectivity for the synthesis of dialkyl arenes, 
and direct oxidative olefin hydroarylation to produce vinyl arenes 
in one step.4,7,10 In some cases, the use of Pt(II) precursors has 
been demonstrated to initiate olefin hydroarylation by in situ 
generation of a Brønsted acid,  which then catalyzed Friedel-
Crafts aromatic alkylation.11,12 

Pt(II) complexes have been demonstrated to initiate C–H 
activation as well as mediate insertion reactions of olefins and 
alkynes.13-22 Our group has been studying Pt(II) complexes of the 
type  [(N~N)Pt(THF)(Ph)][BAr'4] (N~N = bis-chelating dipyridyl 
ligand, Ar' = 3,5-bis(trifluoromethyl)phenyl), which have been 
found to be active catalysts for ethylene hydrophenylation to yield 
ethylbenzene.4,23-28 In addition to ethylbenzene, the formation of 
styrene is typically observed when using these Pt(II) complexes as 
catalysts. For the [(N~N)Pt(THF)(Ph)][BAr'4] catalysts, the 
formation of styrene is proposed to occur via β-hydride 
elimination from [(N~N)Pt(CH2CH2Ph)]+ intermediates followed 
by styrene dissociation. The formation of styrene appears to be 
linked with catalyst deactivation, which might occur through the 
decomposition of the Pt(II)−H intermediates (Scheme 1).23,29,30 
We found that variation of the 4,4'-substituents of 2,2'-bipyridyl 
(bpy) ligands in a series of Pt(II) complexes of the type 
[(xbpy)Pt(L')(Ph)]+ (xbpy = 4,4'-X-2,2'-bipyridyl; L' = THF or 
NCMe) results in a systematic change in the ratio of ethylbenzene 
to styrene.25 As the substituents in the 4,4′-position became more 
electron withdrawing, styrene formation becomes more 
competitive with ethylbenzene production.  
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Based on the trend in ethylbenzene/styrene ratio for the 4,4'-
substituted bpy-supported catalysts, [(xbpy)Pt(THF)(Ph)]+, we 
hypothesized that strongly donating phosphine and N-heterocyclic 
carbene (NHC) ligands on Pt(II) would favor ethylbenzene over 
styrene formation. Given the possible link between formation of 
styrene and catalyst decomposition,23 it was anticipated that 
phosphine or NHC-ligated catalysts could show enhanced 
longevity compared to catalysts supported by 2,2'-bipyridyl 
ligands. Herein, we report the synthesis and characterization of a 
series of Pt(II) complexes of the type [(L~L)Pt(L')(Ph)][BAr'4] (L' 
= NCMe or THF) in which L~L is a bidentate phosphine or NHC 
ligand and an assessment of their activity as pre-catalysts for the 
vinylation of benzene. 

Scheme 1. Simple mechanism for transition metal 
catalyzed hydrophenylation of ethylene and vinylation of 
benzene. 

 
 

Results and Discussion 

Scheme 2 shows the newly synthesized Pt(II) complexes with 
bidentate phosphine or NHC ligands that were screened for 
catalytic vinylation of benzene under 0.1 MPa of ethylene at 100 
°C. The catalyst precursors were prepared by reaction of 
[Pt(Ph)2(µ-Et2S)]2 with the appropriate ligand to give 
(L~L)Pt(Ph)2 complexes. Protonation of one of the phenyl ligands 
of (L~L)Pt(Ph)2 gives the desired cationic Pt(II) 
complexes[(L~L)Pt(L')(Ph)]+.23  

 

Scheme 2. Synthesis of Pt(II) complexes of type 
[(L~L)Pt(L')(Ph)][BAr' 4].  
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The Pt(II) complexes 1-8 were tested for catalytic vinylation of 
benzene (Table 1). The catalyst precursors (0.01 mol % relative to 
benzene) were dissolved in benzene with hexamethylbenzene 
added as an internal standard, and the solutions were transferred 
to high-pressure reactors. The reactors were pressurized with 0.1 
MPa ethylene and 0.8 MPa dinitrogen and heated to 100 °C. 
Catalytic activity was evaluated after 4 and 16 hours using 
GC/MS. Previous work has shown these conditions to be optimal 
for related Pt(II) catalysts.23-25 Under these conditions, catalyst 
precursors with bisphosphine ligands (complexes 1-6) showed < 
0.1 equivalents of ethylbenzene. Styrene was the dominant 
product for all of the catalyst precursors 1-6. In all cases, < 2 
turnovers (TO) of styrene were observed after 4 hours at 100 °C. 
Styrene production was most efficient using 1, which gave ~1.5 
TO and ~3.3 TO of styrene after 4 and 16 h, respectively.   

 

Table 1. Turnovers of styrene from vinylation of benzene.a 

Complex TO (4 h) TO (16 h) 

1 1.5 3.3 

2 1.9 2.0 

3 0.9 0.9 

4 1.5 1.8 

5 1.2 1.4 

6 1.2 1.3 

7 n.d.b n.d. 

8 0.1 0.1 
a Using 0.01 mol% [Pt] in benzene with hexamethylbenzene as an 
internal standard at 100 °C under 0.1 MPa C2H4. TOs determined 
by GC/MS. b n.d. = not detected. 

 

A mixed phosphine-pyridyl chelate system was studied. The 
quinoline based complex [(diq)Pt(THF)(Ph)][BAr′4] (7) (diq = 8-
(diisopropylphosphino)quinoline) was synthesized. A crystal of 
the diphenyl precursor, (diq)Pt(Ph)2 (9), was obtained by slow 
evaporation of a diethyl ether solution. The structure of 9 is 
presented in Figure 1. The P1-Pt-N1 bond angle is 83.01(7)° 
which is consistent with other Pt(II) systems with a bidentate 
pyridine and phosphine ligand.31 The Pt–N1 bond is 0.12 Å 
shorter than the Pt–P1 bond, and the Pt–C1 bond is 0.04 Å shorter 
than the Pt–C7 bond, indicating a stronger trans influence of the 
phosphine group relative to the quinolone unit. Attempted 
hydrophenylation of ethylene using complex 7 did not yield 
ethylbenzene or styrene under a variety of conditions.   

 
Figure 1. ORTEP of (diq)Pt(Ph)2 (diq = 8-
(diisopropylphosphino)quinoline) (9) (50% probability; H atoms 
omitted for clarity). Selected bond lengths (Å): Pt−P1 2.2739(7), 
Pt−N1 2.152(2), Pt−C1 2.011(3), Pt−C7 2.051(3). Selected bond 
angles (°): P1−Pt−N1 83.01(7), C1−Pt−C7 89.1(1). 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 3

 

Complex 8 was prepared to study the influence of a chelating 
NHC ligand. Similar to alkyl phosphines, NHC ligands are 
strongly donating.32 At 0.1 MPa ethylene and 100 °C, complex 8 
produced only trace amounts of styrene (~0.1 TO) and 
ethylbenzene after 16 h. The number of TO observed for complex 
8 was lower than any of the bisphosphine complexes (1-6).  

 

As discussed above, for [(N~N)Pt(L)(Ph)]+ catalysts, previous 
results indicate that decreasing the donor ability of 2,2'-dipyridyl 
ligands results in a decrease in the selectivity for ethylbenzene 
over styrene. Interestingly, all catalyst precursors 1-8 are selective 
for styrene. In fact, for most complexes 1-8 negligible or no 
ethylbenzene is observed. Computational modeling has been used 
to study and understand transition metal mediated C–H 
activation.33 Thus, in order to better understand the source of this 
selectivity, we examined intermediates and transition states along 
the reaction pathway for styrene formation catalyzed by the 
cationic (dmpe)Pt(NCMe)Ph complex using M06 density 
functional theory calculations.34,35 All calculations were 
performed using Gaussian 09.36 All structures were optimized 
with the M06/LANL2DZ(6-31G(d,p)) (small) method in an SMD 
benzene solvent model.37 Energies were further refined with the 
LANL2TZ(f)(6-311+G(2df,pd)) (large) basis set. Thermodynamic 
corrections were applied at 298 K and 1 atm. Solvated free 

energies are the sum of ∆Elarge + ∆E(ZPEsmall) + ∆Hsmall –T∆Ssmall + 
∆Gsolv(small). 

The first mechanism we explored for styrene formation is the 
mechanism previously proposed for the [(tbpy)Pt(L')(Ph)]+ (tbpy = 
4,4'-di-tert-butyl-2,2'-bipyridyl) catalyst,18 which gives 
predominately ethylbenzene and a small amount of styrene. The 
free-energy landscape for this mechanism (catalytic cycle A) is 
shown in Scheme 3. The reaction pathway begins with NCMe 
dissociation from [(dmpe)Pt(NCMe)(Ph)]+ and ethylene 
coordination to give [(dmpe)Pt(C2H4)(Ph)]+. This dissociative 

pathway for NCMe loss requires ∆G = 20.5 kcal/mol to access 
three-coordinate [(dmpe)Pt(Ph)]+. Ethylene coordination is almost 
as favorable as NCMe coordination, and the formation of 
[(dmpe)Pt(C2H4)(Ph)]+ from [(dmpe)Pt(NCMe)(Ph)]+ 
intermediate is only slightly endergonic. Phenyl group migratory 
insertion into ethylene via TS1 requires ∆G‡ = 20.2 kcal/mol 
relative to the starting [(dmpe)Pt(NCMe)(Ph)]+ complex and 15.7 
kcal/mol relative to [(dmpe)Pt(C2H4)(Ph)]+. This reaction step is 
exergonic and the resulting (dmpe)Pt(CH2CH2Ph) is ∆G = -4.5 
kcal/mol. This intermediate has several possible coordination 
modes with the formally vacant Pt coordination site. The lowest 
energy intermediate involves π-coordination of the phenyl group 
to the Pt metal center. Rearrangement of the CH2CH2Ph group 
allows a CH-Pt metal interaction in preparation for β-hydride 
elimination via TS2 with ∆G‡ = 8.8 kcal/mol relative to 
[(dmpe)Pt(CH2CH2Ph)]+ with π-coordination. This reaction step 
forms the product styrene and a Pt–H bond. Styrene liberation to 
give a three-coordinate Pt-hydride requires 21.6 kcal/mol of free 
energy. 

Scheme 3. Catalytic cycle A energy landscape (kcal/mol).  
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Catalytic turnover in this mechanism is accomplished by 
coordination of ethylene to give [(dmpe)Pt(C2H4)H]+, which has a 
calculated ∆G = -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 4.7 kcal/mol via 
TS3. The resulting [(dmpe)Pt(Et)]+ intermediate with a weak CH-
Pt interaction then coordinates benzene and undergoes C–H 
activation via a σ–bond metathesis transition state TS4. The 
resulting [(dmpe)Pt(ethane)(Ph)]+ intermediate can readily lose 
ethane to generate the three-coordinate [(dmpe)Pt(Ph)]+ 
intermediate or reform the original [(dmpe)Pt(NCMe)(Ph)]+ 
complex. TS4 has a calculated ∆G‡ = 21.7 kcal/mol relative 
[(dmpe)Pt(C6H6)(Et)]+. Inspection of the entire free-energy 
surface for catalytic cycle A suggests that TS4 likely controls the 
rate of turnover for styrene production since formation of 
[(dmpe)Pt(C2H4)H]+ is exergonic and the relatively large barrier 
for benzene C–H activation. Overall, for the vinylation of benzene 
to form styrene the net reaction is: 2 ethylene + benzene � 
styrene + ethane where ∆G = -20.2 kcal/mol and ∆G‡ = 27.5 
kcal/mol. 

Alternative to the σ–bond metathesis transition state TS4, there 
is the possibility of a two-step oxidative addition/reductive 
elimination reaction sequence for transformation of 
[(dmpe)Pt(C6H6)(Et)]+ to [(dmpe)Pt(C2H6)(Ph)]+. However, this 
oxidative addition transition state requires ∆G‡ = 32.4 kcal/mol 
relative to [(dmpe)Pt(C6H6)(Et)]+. This significant preference for 
a σ–bond metathesis transition state versus an oxidative addition 
transition state is different from the (xbpy)Pt catalysts where these 
two types of transition states are very similar in energy.18 

Catalytic cycle B shown in Scheme 4 provides an alternative 
route for styrene formation. In this catalytic reaction mechanism 
there is also a migratory insertion step via TS1. However, instead 
of β-hydride elimination via TS2, ethylene coordinates to give 
[(dmpe)Pt(C2H4)(CH2CH2Ph)]+. Note that the related complex, 
[( tbpy)Pt(C2H4)(CH2CH2Ph)]+, has been proposed as the resting 
state in catalytic ethylene hydrophenylation using 
[( tbpy)Pt(THF)(Ph)]+ as the catalyst precursor.18 From this 
intermediate, β-hydride transfer via TS5 results in the 
[(dmpe)Pt(styrene)(Et)]+ intermediate. Subsequent styrene 
dissociation and benzene C–H activation via TS4 finalizes 
catalytic cycle B. The turnover controlling step in catalytic cycle 
B is the β-hydride transfer transition state TS5 with a ∆G‡ = 31.2      

 
 

kcal/mol relative to [(dmpe)Pt(C2H4)(CH2CH2Ph)]+. This ∆G‡ is 
9.2 kcal/mol larger than the calculated ∆G‡ for TS4 in catalytic 
cycle A and therefore cycle B can be ruled out. 

As an alternative to using a second equivalent of ethylene to 
react with the Pt-hydride complex [(dmpe)Pt(H)]+ to regenerate 
the Pt-phenyl intermediate, we also examined the catalytic cycle 
where the Pt-hydride directly reacts with benzene. This 
mechanism (catalytic cycle C) is depicted in Scheme 5. In this 
mechanism [(dmpe)PtH]+ coordinates with benzene to form 
[(dmpe)Pt(C6H6)H]+, where ∆G = 7.3 kcal/mol relative to 
[(dmpe)Pt(NCMe)(Ph)]+. The key transition state in catalytic 
cycle C is the σ–bond metathesis transition state TS6 that converts 
[(dmpe)Pt(C6H6)H]+ into [(dmpe)Pt(H2)(Ph)]+. The ∆G‡ for TS6, 
relative to [(dmpe)Pt(NCMe)(Ph)]+, is 30.2 kcal/mol. This free-
energy barrier is ~8 kcal/mol larger than TS4 and therefore 
catalytic cycle C is also ruled out. 

To understand the preference for styrene formation versus 
ethylbenzene formation we also examined the free-energy 
landscape for the catalytic cycle shown in Scheme 6. This 
catalytic cycle is the same as that proposed for hydrophenylation 
of ethylene with the [(xbpy)Pt(L')(Ph)]+ 
                                                                                        
Scheme 5. Catalytic cycle C for styrene formation. 

 

Scheme 4. Possible catalytic cycles for styrene formation. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 5

catalysts.12,14 The first step in this catalytic cycle is identical to 
catalytic cycle A where [(dmpe)Pt(Ph)]+ is transformed into 
[(dmpe)Pt(CH2CH2Ph)]+. At this stage of the catalytic cycle 
benzene then coordinates to the Pt metal center and C–H 
activation occurs via TS7 to generate ethylbenzene and reform 
[(dmpe)Pt(Ph)]+. Similar to the benzene C–H activation in 
catalytic cycle A, the lowest energy C–H activation transition 
state, TS7, occurs via a σ–bond metathesis pathway rather than an 
oxidative addition transition state. Also similar to catalytic cycle 
A, analysis of the free-energy landscape indicates that the 
turnover-controlling step for ethylbenzene formation is likely 
TS7. Because of similar turnover-controlling steps, it is possible 
to directly compare the energetics of catalytic cycle A versus the 
hydrophenylation catalytic cycle. Scheme 7 shows abbreviated 
free-energy landscapes that compare the C–H activation steps for 
these catalytic cycles. Transition state TS7 has a ∆G‡ = 27.0 
kcal/mol. This is 5.3 kcal/mol higher in free energy than TS4 and 
accounts for the preference for styrene formation versus 
ethylbenzene formation. 
 

Scheme 6. Hydrophenylation catalytic cycle examined.  

 
Scheme 7. Abbreviated free-energy surface that compares 
the C–H activation transition states for catalytic cycle A 
and the hydroarylation catalytic cycle. 

 

Conclusions  

Opposite to the trend observed for most (xbpy)Pt(II) complexes, 
catalysts supported by phosphine or NHC ligands are selective for 
the production of styrene over ethylbenzene. These new Pt(II) 
complexes are not long-lived, providing only a few TO of styrene 
in the best cases. A likely explanation is the instability of Pt-
hydride intermediates that result from β-hydride elimination from 
[(L~L)Pt(CH2CH2Ph)]+ intermediates. Computational modeling 
of possible catalytic cycles for styrene and ethylbenzene 
production using the [(dmpe)Pt(NCMe)Ph)]+ catalyst precursors 
provides an explanation for the selective formation of styrene in 
preference to ethylbenzene. The calculated rate limiting steps for 
the two catalytic cycles both involve benzene C–H activation. For 
ethylbenzene formation, the benzene C–H activation step is 
initiated by the [(dmpe)Pt(C6H6)(CH2CH2Ph)]+ complex and 
involves proton transfer from benzene to the phenethyl ligand by 
σ–bond metathesis. For styrene production, the rate limiting step 
is benzene C–H activation by [(dmpe)Pt(C6H6)(Et)]+, again by a 
σ–bond metathesis process. The calculated ∆∆G‡ for these two C–
H activations is 5.3 kcal/mol, indicating a substantial kinetic 
advantage for the activation by [(dmpe)Pt(C6H6)(Et)]+, which is in 
the styrene catalytic cycle. Perhaps somewhat counterintuitive, 
these results 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. Future work will 
seek to establish the generality of these circumstances that control 
the selectivity of vinyl arene versus alkyl arene formation. 

 

Experimental Section 

General Methods. Unless otherwise noted, all procedures were 
performed in a nitrogen-filled glovebox or by using standard 
Schlenk techniques. All glovebox reactions were performed 
where O2 <15 ppm as monitored by an oxygen analyzer. 
Tetrahydrofuran and diethyl ether were distilled over 
sodium/benzophenone and CaH2, respectively. n-Pentane was 
distilled over P2O5. Methylene chloride and benzene were dried 
by passage through a column of activated alumina. Acetone-d6, 
dichloromethane-d2, and acetonitrile-d3 were used as received and 
stored under a N2 atmosphere over 4 Å molecular sieves. 1H NMR 
spectra were recorded with a Varian Mercury 300 or 500 MHz 
spectrometer or a Bruker 800 MHz spectrometer. 13C NMR 
spectra were recorded with a Bruker 800 MHz spectrometer (201 
MHz operating frequency). All 1H and 13C NMR spectra are 
referenced against residual 1H or 13C resonances of the deuterated 
solvents. 31P NMR spectra were obtained with a Varian Mercury 
300 MHz spectrometer (121 MHz operating frequency) and 
referenced against the external standard H3PO4 (δ = 0). GC/MS 
was performed using a Shimadzu GCMS-QP2010 Plus system 
with simulated electron impact or electron impact ionization. 
Ethylene (99.5%) was purchased from GTS-Welco and used as 
received. All other reagents were used as received from 
commercial sources. The synthesis of (N-pyrrolyl)2P(CH2)2P(N-
pyrrolyl)2 (bppe),38 (bis-(diphenylphosphino)methyl)methylamine 
(bma),39  8-(diisopropylphosphino)quinolone (diq),40 1,1'-
methylene-3,3'-di-tert-butylimidazol-2,2'-diylidine (DtBuC),41 
(dmpe)Pt(Ph)2 (dmpe = 1,2-bis(dimethylphosphino)ethane),42 
(dppp)Pt(Ph)2 (dppp = 1,3-bis(diphenylphosphino)propane),43 
(dppe)Pt(Ph)2 (dppe = 1,2-bis(diphenylphosphino)ethane),44 and 
(dppf)PtPh2 (dppf = 1,1̍-bis(diphenylphosphino)ferrocene)45 were 
previously reported.  

General procedure for the synthesis of (L2)PtPh2 complexes. 
Two equivalents of the appropriate ligand (L2) were added to 
[Pt(Ph)2(µ-Et2S)]2 in Et2O (30 mL). The solution was stirred at 
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room temperature for 12 h, after which it was reduced in vacuo 
and hexanes were added (~20 mL). The suspension was filtered 
and the solid was washed with Et2O (5 mL) and hexanes (2 x 5 
mL) and dried under vacuum.  

(diq)Pt(Ph)2 (9). L2 = 8-(diisopropylphosphino)quinoline. 
Isolated 0.13 g (85%). 1H NMR (600 MHz, CD2Cl2) δ 8.97 (dd, 
3JHH = 5 Hz, 4JHH = 2 Hz, 1H, diq), 8.46 (d, 3JHH = 8 Hz, 1H, diq), 
8.06 (td, 3JHH = 7 Hz, 3JHH = 1 Hz, 1H, diq), 8.03 (d, 3JHH = 8 Hz, 
2H, Ho-Ph), 7.74 (t, 3JHH = 8 Hz, 1H, diq), 7.54 (t, 3JHH = 8 Hz, 
1H, diq), 7.48 (d, 3JHH = 8 Hz, 2H, Ho-Ph), 7.32 (dd, 3JHH = 8 Hz, 
3JHH = 5 Hz, 1H, diq), 7.09 (m, 2H, Hm-Ph), 6.88 (m, 3H, Hm and 
Hp-Ph), 6.70 (m, 1H, Hp-Ph), 2.66 (m, 2H, CH-iPr), 1.18 (d, 3JHH 
= 7 Hz, 3H, Me-iPr ), 1.16 (d, 3JHH = 7 Hz, 3H, Me-iPr), 0.96 (d, 
3JHH = 7 Hz, 3H, Me-iPr), 0.93 (d, 3JHH = 7 Hz, 3H, Me-iPr). 31P 
NMR (121 MHz, CD2Cl2) δ 41.58 (s, 1JPtP = 1937 Hz, Pt 
satellites). 13C NMR (201 MHz, dichloromethane-d2) δ 175.75, 
175.54, 155.54, 153.84, 138.83, 138.14, 137.86, 137.25, 135.74, 
131.56, 130.33, 127.90, 127.78, 127.05, 123.44, 122.36, 120.69, 
23.53, 23.41, 17.86, 17.35. Anal. calcd. for PtNPC27H30 (%): C 
54.53, H 5.09, N 2.36; found: C 54.38, H 5.26, N 2.30.  

 (bppe)Pt(Ph)2. L2 = 1,2-(bis-N-pyrrolylphosphino)ethane. 
Isolated 0.17 g (72%). 1H NMR (800 MHz, acetone-d6) δ 7.31 (m, 
4H, Ho-Ph), 7.01 (m, 8H, β-N-pyrrolyl), 6.90 (t, 3JHH = 8 Hz, 4H, 
Hm-Ph), 6.75 (tt, 3JHH = 8 Hz, 4JHH = 1 Hz, 2H, Hp-Ph), 6.30 (m, 
8H, β-N-pyrrole), 2.80 (d, 2JHH = 22 Hz, 4H, CH2-bppe). 31P 
NMR (121 MHz, acetone-d6) δ 108.37 (1JPtP = 2123 Hz, Pt 
satellites). 13C NMR (201 MHz, acetone-d6) δ 157.45 (dd, 142.01 
MHz, 20.50 MHz), 137.45, 128.31, 124.48, 123.56, 113.85, 31.63 
(CH2CH2). Anal. calcd. for PtN4P2C30H30 (%): C 51.20, H 4.31, N 
7.96; found: C 51.35, H 4.58, N 7.57. 

(bma)Pt(Ph)2. L2 = (Bis-(diphenylphosphino)methyl) 
methylamine. Isolated 0.62 g (91%). 1H NMR (500 MHz, 
acetone-d6) δ 7.57 (m, 8H, bma), 7.36 (m, 12H, bma), 6.97 (m, 
4H, Ho-Ph), 6.44 (t, 3JHH = 7 Hz, 4H, Hm-Ph), 6.31 (t, 3JHH = 7 Hz, 
2H, Hp-Ph), 3.59 (s, 3JPtH = 14 Hz Pt satellites, 4H, CH2-bma), 
2.32 (s, 3H, Me-N). 31P NMR (121 MHz, acetone-d6) δ -4.94 (s, 
1JPtP = 1693 Hz, Pt satellites). 13C NMR (201 MHz, acetone-d6) δ 
162.11 (dd 113.38 MHz, 15.33 MHz), 137.57, 134.43, 132.95, 
130.62, 128.66, 126.92, 121.13, 60.09, 51.59. Anal. calcd. for 
PtNP2C39H37 (%): C 60.30, H 4.81, N 1.80; found: C 60.45, H 
4.73, N 1.92. 

(DtBuC)Pt(Ph)2. L2 = 1,1'-methylene-3,3'-di-tert-
butylimidazol-2,2'-diylidine. The synthesis of this complex was 
taken from a reported preparation for the bis-methyl Pt(II) 
equivalent.41 Ag2O (0.370 g, 1.60 mmol) and DtBuC (0.169 g, 
0.40 mmol) were mixed in DCM at room temperature. After 45 
min, [Pt(Ph)2(µ-SEt2)]2 (0.176 g, 0.20 mmol) was added to the 
solution and allowed to stir for 2 h. The mixture was passed 
through celite and the volatiles were removed in vacuo to afford a 
white solid (0.139 g, 57%). 1H NMR (300 MHz, acetone-d6) δ 
7.51 (d, JHH = 7.90 Hz, JPtH = 28.83 Hz, 4 H, o-phenyl), 7.45 (m, 
2 H, NCH=CHN), 7.17 (d, JHH = 1.87 Hz, 2 H, NCH=CHN), 6.99 
(d, JHH = 12.46 Hz, 1 H, NCH2N), 6.67 (t, JHH = 7.49 Hz, 4 H, m-
phenyl), 6.47 (t, JHH = 7.09 Hz, 2 H, p-phenyl), 6.08 (d, JHH = 
12.48 Hz, 1 H, NCH2N), 1.40 (s, 18 H, tBu). 13C NMR (150 MHz, 
acetone-d6) δ 181.77 (s, carbene C), 140.37 (s, 2JPtC = 17.4 Hz, m-
phenyl), 126.42 (s, 1JPtC = 31.8 Hz, o-phenyl), 120.47 (s, p-
phenyl), 119.65 (s, 2JPtC = 9.4 Hz, NCH=CHN), 118.38 (s, 2JPtC = 
12.4 Hz, NCH=CHN), 65.09 (s, CH2), 58.79 (s, C(CH3)3), 30.99 
(s, C(CH3)3), i-phenyl not observed. Anal. Calcd. for PtN4C27H34 
(%): C 53.19, H 5.62, N 9.19; found: C 52.22, H 5.72, N 9.19. 

General procedure for the synthesis of 
[(L~L)Pt(NCMe)(Ph)][BAr' 4] complexes. A suspension of 
(L~L)Pt(Ph)2 in THF (30 mL) was cooled to -70 °C. One 
equivalent of [H(Et2O)2][BAr' 4] dissolved in THF (~10 mL, -70 

°C) was added. The solution was allowed to stir for approximately 
2 minutes before acetonitrile (~2 mL) was added. The solution 
was placed under vacuum, and the volatiles removed. The residue 
was treated with n-pentane (~2 mL), which was then removed 
under vacuum to afford a solid. The solid was dried in vacuo. 

[(dmpe)Pt(NCMe)(Ph)][BAr' 4] (1). dmpe = (Bis-
(diphenylphosphino)methyl) methylamine. Isolated 0.13 g (93%). 
1H NMR (300 MHz, CD2Cl2) δ 7.30 (m, 2H, Ho-Ph), 7.17 (t, 3JHH 
= 7 Hz, 2H, Hm-Ph), 7.01 (t, 3JHH = 7 Hz, 1H, Hp-Ph), 2.31 (s, 3H, 
NCMe), 1.86 (m, 4H, PCH2CH2P), 1.63 (d, 2JPH = 10 Hz, 6H, Me-
dmpe), 1.42 (d, 2JPH = 2 Hz, 3JHH = 52 Hz, 6H, Me-dmpe). 31P 
NMR (121 MHz, CD2Cl2) δ 29.99 (s, 1JPtH = 1667 Hz, Pt 
satellites), 15.29 (s, 1JPtH = 4076 Hz, Pt satellites). 13C NMR (201 
MHz, dichloromethane-d2) δ 162.23, 136.88, 135.21, 129.35, 
127.03, 125.68, 125.13, 124.32, 122.97, 117.86, 29.68, 26.03, 
12.78, 11.91, 3.86. Anal. calcd. for PtP2NBF24C46H36 (%): C 
41.64, H 2.74, N 1.06; found: C 41.86, H 2.65, N 0.97. 

[(dppe)Pt(NCMe)(Ph)][BAr' 4] (2). dppe = 1,2-
bis(diphenylphosphino)ethane. Isolated 0.13 g (97%). 1H NMR 
(300 MHz, CD2Cl2) δ 7.57 (m, 32H, Ar′ and dppe), 6.90 (m, 5H, 
Ph), 2.42 (m, 4H, PCH2CH2P), 2.12 (s, 3H, NCMe). 31P NMR 
(121 MHz, CD2Cl2) δ 47.44 (s, 1JPtP = 1671 Hz, Pt satellites), 
33.92 (s, 1JPtP = 4359 Hz, Pt satellites). 13C NMR (201 MHz, 
dichloromethane-d2) δ 162.11, 151.79, 136.93, 135.11, 133.73, 
133.24, 132.85, 130.07, 129.54, 129.18, 128.73, 126.96, 125.71, 
125.60, 125.37, 124.76, 124.25, 117.86, 30.54, 24.87, 3.87. Anal. 
calcd. for PtP2NBF24C66H44 (%): C 50.33, H 2.82, N 0.89; found: 
C 50.37, H 2.99, N 1.02.  

[(bppe)Pt(NCMe)(Ph)][BAr' 4] (3). bppe = 1,2-(bis-N-
pyrrolylphosphino)ethane. Isolated 0.09 g (89%). 1H NMR (300 
MHz, CD2Cl2) δ 7.08 (m, 9H, α-N-pyrrole and Ph), 6.75 (m, 4H, 
α-N-pyrrole), 6.64 (m, 4H, β- N-pyrrole), 6.48 (m, 4H, β-N-
pyrrole) 2.75 (m, 4H, CH2CH2-bppe), 2.44 (s, 3H, NCMe). 31P 
NMR (121 MHz, CD2Cl2) δ 109.56 (s, 1JPtP = 2539 Hz, Pt 
satellites), 80.68 (s, 1JPtP = 5599 Hz, Pt satellites). 13C NMR (201 
MHz, acetonitrile-d3) δ 161.61, 147.43, 135.64, 134.67, 128.90, 
128.42, 125.47, 125.14, 124.00, 123.83, 117.71, 114.76, 114.53, 
32.28, 25.27. Anal. calcd. for PtN5P2BF24C58H40 (%): C 45.50, H 
2.64, N 4.58; found: C 45.13, H 2.70, N 4.17. 

[(dppp)Pt(NCMe)(Ph)][BAr' 4] (4). dppp = 1,3-
bis(diphenylphosphino)propane. Isolated 0.09 g (91%). 1H NMR 
(800 MHz, CD2Cl2) δ 7.58 (m, 8H, dppp), 7.34 (m, 8H, dppp), 
7.23 (td, 3JHH = 8 Hz, 4JHH = 3 Hz, 4H, dppp), 6.93 (t, 3JHH = 7 
Hz, 2H, Ho-Ph), 6.69 (t, 3JHH = 7 Hz, 2H, Hm-Ph), 6.64 (t, 3JHH = 7 
Hz, 1H, Hp-Ph), 2.74 (m, 2H), 2.66 (m, 2H), 1.99 (m, 2H), 1.70 (s, 
3H, NCMe). 31P NMR (121 MHz, CD2Cl2) δ -0.06 (d, 2JPP = 26 
Hz), -4.20 (d, 2JPP = 26 Hz). Pt coupling not resolved due to poor 
signal intensity. 13C NMR (201 MHz, dichloromethane-d2) δ 
162.17, 152.10, 136.29, 135.22, 133.45, 133.16, 132.15, 131.97, 
129.82, 129.29, 128.98, 128.43, 127.35, 127.04, 125.67, 124.33, 
124.25, 117.84, 24.84, 22.77, 18.79, 2.95. Anal. calcd. for 
PtP2NBF24C67H46 (%): C 50.64, H 2.92, N 0.88; found: C 50.84, 
H 2.92, N 0.81. 

[(dppf)Pt(NCMe)(Ph)][BAr' 4] (5). dppf = 1,1̍-
bis(diphenylphosphino)ferrocene. Isolated 0.07 g (88%). 1H NMR 
(300 MHz, CD3CN) δ 7.90 (m, 4H, dppf), 7.57 (m, 17H, Ar′ and 
dppf), 7.41 (m, 7H, Ho-Ph and dppf), 7.20 (m, 4H, dppf), 6.96 (m, 
2H, Hm-Ph), 6.62 (m, 3H, Hp-Ph and dppf), 4.79 (m, 2H, Cp-
dppf), 4.62 (s, 2H, Cp-dppf), 4.36 (s, 2H, Cp-dppf), 3.90 (m, 2H, 
Cp-dppf). Coordinated NCMe not observed due to rapid exchange 
with CD3CN. 31P NMR 121 MHz, CD3CN) δ 18.95 (d, 2JPP = 17 
Hz, 1JPtP = 1717 Hz, Pt satellites), 11.00 (d, 2JPP = 17 Hz, 1JPtP = 
4674 Hz, Pt satellites). 13C NMR (201 MHz, acetonitrile-d3) δ 
162.56, 150.38, 136.62, 135.60, 135.20, 135.03, 132.59, 132.25, 
130.78, 130.18, 129.83, 129.07, 128.71, 126.07, 124.72, 124.45, 
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118.63, 77.18, 75.57, 75.40, 75.36, 74.71, 74.68. Anal. calcd. for 
PtFeP2NBF24C74H48 (%): C 51.35, H 2.80, N 0.81; found: C 
51.27, H 2.92, N 0.82. 

[(bma)Pt(NCMe)(Ph)][BAr' 4] (6). bma = (Bis-
(diphenylphosphino)methyl) methylamine. Isolated 0.05 g (98%). 
1H NMR (300 MHz, CD3CN) δ 7.54 (m, 32H, Ar′, bma and Ph), 
7.03 (t, 3JHH = 7 Hz, 2H, Hm-Ph), 6.72 (m, 3H, bma and Hp-Ph), 
3.80 (br s, 4H, CH2-bma), 2.34 (s, 3H, Me-N). 31P NMR (121 
MHz, CD3CN) δ -4.82 (d, 2JPP = 26 Hz, 1JPtP = 1530, Pt satellites), 
-7.03 (d, 2JPP = 26 Hz, 1JPtP = 4243 Hz, Pt satellites). 13C NMR 
(201 MHz, acetonitrile-d3) δ 162.55, 153.06, 137.26, 135.59, 
134.38, 132.46, 130.12, 129.80, 129.70, 129.34, 128.44, 127.55, 
127.21, 126.07, 124.72, 124.45, 118.70, 57.01, 56.69, 50.71. 
Anal. calcd. for PtN2P2BF24C67H47 (%): C 50.17, H 2.96, N 1.75; 
found: C 49.83, H 2.94, N 1.16. 

[(diq)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'4], except no acetonitrile was added to 
the reaction. L2 = 8-(diisopropylphosphino)quinoline. Isolated 
0.08 g (89%). 1H NMR (500 MHz, CD2Cl2) δ 8.99 (s, 1H, diq), 
8.63 (d, 3JHH = 8 Hz, 1H, diq), 8.19 (d, 3JHH = 8 Hz, 1H, diq), 8.08 
(t, 3JHH = 8 Hz, 1H, diq), 7.83 (t, 3JHH = 8 Hz, 1H, diq), 7.42 (d, 
3JHH = 7 Hz, 2H, Ho-Ph), 7.13 (d, 3JHH = 7 Hz, 2H, Hm-Ph), 7.08 
(t, 3JHH = 7 Hz, 1H, Hp-Ph), 4.11 (br s, 4H, α-THF), 2.68 (m, 2H, 
CH-iPr), 1.88 (br s, 4H, β-THF), 1.20 (d, 3JHH = 7 Hz, 3H, Me-
iPr), 1.17 (d, 3JHH = 7 Hz, 3H, Me-iPr), 0.96 (d, 3JHH = 7 Hz, 3H, 
Me-iPr), 0.92 (d, 3JHH = 7 Hz, 3H, Me-iPr). 31P NMR (121 MHz, 
CD2Cl2) δ 38.33 (s, 1JPtP = 4851 Hz, Pt satellites). 13C NMR (201 
MHz, dichloromethane-d2) δ 161.93, 149.77, 149.71, 140.51, 
140.43, 137.99, 137.90, 135.78, 135.02, 133.04, 129.16, 128.72, 
128.63, 126.85, 125.38, 124.14, 123.80, 117.70, 73.45, 25.50, 
24.64, 24.39, 17.80, 17.05. Anal. calcd. for PtNPOBF24C57H45 
(%): C 47.12, H 3.13, N 0.96; found: C 47.32, H 3.10, N 1.08.  

[(DtBuC)Pt(Ph)(NCMe)][BAr ˈ4] (8). DtBuC = 1,1'-methylene-
3,3'-di-tert-butylimidazol-2,2'-diylidine. Isolated 0.05 g (97%). 1H 
NMR (300 MHz, CD2Cl2) δ 7.72 (s, 8 H, o-Arˈ), 7.56 (s, 4 H, p-
Arˈ), 7.21-7.17 (m, 4 H, NCH=CHN and o-phenyl), 7.04 (d, JHH 
= 2.32 Hz, 2 H, NCH=CHN), 7.00 (t, JHH = 7.27 Hz, 4 H, m-
phenyl), 6.95 (t, JHH = 7.27 Hz, 2 H, p-phenyl), 6.64 (d, JHH = 
12.85 Hz, 1 H, NCH2N), 5.53 (d, JHH = 12.95 Hz, 1 H, NCH2N), 
1.75 (s, 9 H, tBu), 1.31 (s, 9 H, tBu). 13C NMR (201 MHz, 
dichloromethane-d2) δ 180.56, 173.93, 162.15, 139.13, 135.22, 
129.22, 127.97, 127.03, 125.68, 124.47, 124.33, 123.02, 120.29, 
120.01, 119.57, 117.89, 65.00, 60.36, 59.49, 32.48, 30.97, 4.13. 
Anal. Calc. for PtN4BF24C55H44 (%): 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'4] 
(13.5 mmol) was dissolved in 12.0 mL (135 mmol) of a benzene 
solution in a stainless steel pressure reactor (45 mL). An internal 
standard of hexamethylbenzene (13.5 mmol) was used. The 
reactor was pressurized with 0.1 MPa ethylene and 0.8 MPa N2 
and heated at 100 °C. After a given time period, the reaction 
mixture was allowed to cool to room temperature and was 
analyzed by GC/MS.  

X-Ray Structure Determination for 9. Yellow crystals of 
compound 9 were obtained by slow evaporation of a diethyl 
ether solution. Crystal data: C27H30BNPPt, M = 594.58; crystal 
dimensions: 0.48 x 0.26 x 0.04 mm3; monoclinic, space group 

P21/n, a = 12.2305(6), b = 16.5915(9), c = 12.3537(9) Å, β = 
110.304(1)º, V = 2351.1(2) Å3 , Z = 4, Dc = 1.680 g/cm3, T = 
153(2) K. X-ray data collection was carried out on a Bruker 

Kappa Duo CCD diffractometer using MoKα radiation. (λ = 
0.71073 Å). The structure was solved applying direct methods 

techniques in SHELXTL (Sheldrick, G. M. SHELXTL Version 
5.1 Reference Manual, Bruker AXS, Inc: Madison, WI, 1997). 
Full-matrix least-squares refinement with anisotropic thermal 
displacement parameters for all non-hydrogen atoms yielded R 

= 0.047 (RW = 0.078) for 9164 reflections with I>2σ(I).  The 
final electron density map had the highest peak of 2.9 e/Å3. 
The data have been assigned the CCDC reference code 
1033090. 

ASSOCIATED CONTENT  

Supporting Information 
Crystallographic data (CIF) for (diq)Pt(Ph)2 (9), xyz coordinates 
and absolute energies of optimized structures. This material is 
available free of charge via the Internet at http://pubs.acs.org.  

AUTHOR INFORMATION 

Corresponding Author 
*E-mail: tbg7h@virginia.edu (T.B.G.); dhe@chem.byu.edu 
(D.H.E.) 
 
Notes 
The authors declare no competing financial interests. 

ACKNOWLEDGMENT  

The Office of Basic Energy Sciences, U.S. Department of Energy 
is acknowledged for support of this work (DE-SC0000776 and 
DE-FG02-03ER15387). A.M.B. acknowledges the Beckman 
Scholarship Program and the Harrison Undergraduate Research 
Program for support of this work.  

REFERENCES 

[1] D. H. James, W. M. Castor, Ullmann's Encyclopedia of 
Industrial Chemistry. Wiley-VCH, Weinheim, 2005. 

[2] J. Magano, J. R. Dunetz, Chem. Rev. 111 (2011) 2177. 
[3] R. M. Roberts, A. A. Khalaf, Friedel-Crafts Alkylation 

Chemistry: A Century of Discovery. Marcel Dekker, Inc., New 
York, 1984. 

[4] J. R. Andreatta, B. A. McKeown, T. B. Gunnoe, J. 
Organomet. Chem. 696 (2011) 305. 

[5] D. A. Colby, R. G. Bergman, J. A. Ellman, Chem. Rev. 110 
(2010) 624. 

[6] J. Oxgaard, R. A. Periana, W. A. Goddard, J. Am. Chem. Soc.  
126 (2004) 11658. 

[7] N. A. Foley, J. P. Lee, Z. F. Ke, T. B. Gunnoe, T. R. Cundari, 
Acc. Chem. Res. 42 (2009) 585. 

[8] A. T. Luedtke, K. I. Goldberg, Angew. Chem. Int. Ed.  47 
(2008) 7694. 

[9] M. E. Cucciolito, A. D’Amora, A. Tuzi, A. Vitagliano, 
Organometallics 26 (2007) 5216. 

[10] L. A. Goj, T. B. Gunnoe, Curr. Org. Chem. 9 (2005) 671. 
[11] D. Karshtedt, J. L. McBee, A. T. Bell, T. D. Tilley, 

Organometallics 25 (2006) 1801. 
[12] D. Karshtedt, A. T. Bell, T. D. Tilley, Organometallics 23 

(2004) 4169. 
[13] M. Lersch, M. Tilset, Chem. Rev. 105 (2005) 2471. 
[14] S. S. Stahl, J. A. Labinger, J. E. Bercaw, Angew. Chem. Int. 

Ed. 37 (1998) 2180. 
[15] L. M. Rendina, R. J. Puddephatt, Chem. Rev. 97 (1997) 1735. 
[16] V. De Felice, M. E. Cucciolito, A. De Renzi, F. Ruffo, D. 

Tesauro, J. Organomet. Chem. 493 (1995) 1. 
[17] V. De Felice, A. De Renzi, D. Tesauro, A. Vitagliano, 

Organometallics 11 (1992) 3669. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 8

[18] M. E. Cucciolito, A. De Renzi, I. Orabona, F. Ruffo, D. 
Tesauro, J. Chem. Soc., Dalton Trans. 10 (1998) 1675. 

[19] A. E. Shilov, G. B. Shul’pin, Chem. Rev. 97 (1997) 2879. 
[20] N. F. Gol’dshleger, V. V. Es’kova, A. E. Shilov, A. A. 

Shteinman, Zh. Fiz. Khim. 46 (1972) 1353. 
[21] N. F. Gol’dshleger, M. B. Tyabin, A. E. Shilov, A. A. 

Shteinman, A. A. Zh. Fiz. Khim 46 (1969) 2174. 
[22] A. E. Shilov, G. B. Shul’pin, Activation and Catalytic 

Reactions of Saturated Hydrocarbons in the Presence of Metal 
Complexes; Kluwer Academic Publishers, Dordrecht, 2000. 

[23] B. A. McKeown, H. E. Gonzalez, M. R. Friedfeld, T. B. 
Gunnoe, T. R. Cundari, M. Sabat, M., J. Am. Chem. Soc. 133 
(2011) 19131. 

[24] B. A. McKeown, H. E. Gonzalez, T. B. Gunnoe, T. R. 
Cundari, M. Sabat, M., ACS Catal. 3 (2013) 1165. 

[25] B. A. McKeown, H. E. Gonzalez, M. R. Friedfeld, A. M. 
Brosnahan, T. B. Gunnoe, T. R. Cundari, M. Sabat, 
Organometallics 32 (2013) 2857. 

[26] B. A. McKeown, N. A. Foley, J. P. Lee, T. B. Gunnoe, 
Organometallics 27 (2008) 4031. 

[27] B. A. McKeown, B. M. Prince, Z. Ramiro, T. B. Gunnoe, T. 
R. Cundari, Acs Catalysis 4 (2014) 1607. 

[28] B. A. McKeown, H. E. Gonzalez, T. Michaelos, T. B. 
Gunnoe, T. R. Cundari, R. H. Crabtree, M. Sabat, 
Organometallics 32 (2013) 3903. 

[29] H. Arii, M. Takahashi, A. Noda, M. Nanjo, K. Mochida, 
Organometallics 27 (2008) 1929. 

[30] M. Shiotsuki, P. S. White, M. Brookhart, J. L. Templeton, J. 
Am. Chem. Soc. 129 (2007) 4058. 

[31] K. A. Grice, K. I. Goldberg, Organometallics 28 (2009) 953. 
[32] R. H. Crabtree, The Organometallic Chemistry of the 

Transition Metals. 4th ed.; John Wiley & Sons, Inc., Hoboken, 
2005. 

[33] D. Balcells, E. Clot, O. Eisenstein, Chem. Rev. 110 (2010) 
749. 

[34] Y. Zhao, D. T. Truhlar, Theor. Chem. Acc. 120 (2008) 215. 
[35] Y. Zhao, D. T. Truhlar, Acc. Chem. Res. 41 ( 2008) 157. 
[36] M. J. Frisch, et al. Gaussian 09, revision A.02 and B.01; 

Gaussian, Inc., Wallingford, 2009. 
[37] A. V. Marenich, C. J. Cramer, D. G. Truhlar, J. Phys. Chem. 

B 113 (2009) 6378. 
[38] K. G. Moloy, J. L Petersen, J. Am. Chem. Soc. 117 (1995) 

7696. 
[39] K. Redin, A. D. Wilson, R. Newell, M. R. DuBois, D. L. 

DuBois, Inorg. Chem. 46 (2007) 1268. 
[40] D. Sirbu, G. Consiglio, S. Gischig, J. Am. Chem. Soc. 691 

(2006) 1143. 
[41] S. Jamali, D. Milic, R. Kia, Z. Mazloomi, H. Abdolahi, 

Dalton Trans. 40 (2011) 9362. 
[42] R. G. Peters, S. White, D. M. Roddick, Organometallics 17 

(1998) 4493. 
[43] G. Alibrandi, G. Bruno, S. Lanza, D. Minniti, R. Romeo, M. 

L. Tobe, Inorg. Chem. 26 (1987) 185. 
[44] T. Korenaga, K. Abe, A. Ko, R. Maenishi, T. Sakai, 

Organometallics 29 (2010) 4025. 
[45] S. Shekhar, J. F. Hartwig, J. Am. Chem. Soc. 126 (2004) 

13016. 

 
 
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

9

 

Graphical Abstract and Synopsis 

Previously, Pt(II) complexes with chelating dipyridyl ligands have been shown to be active catalysts for 
ethylene hydrophenylation to form ethylbenzene. Herein, Pt(II) complexes with chelating bisphosphine 
and N-heterocyclic carbene ligands are shown to be selective catalysts for the conversion of benzene 
and ethylene to styrene formation with low turnover numbers. 
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Highlights 
 
- Pt(II) 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. M06/LANL2TZ(f)(6-
311+G(2df,pd))//M06/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. ΔG values reported in the manuscript are 
the sum of ΔElarge + ΔE(ZPEsmall) + ΔHsmall –TΔSsmall + ΔGsolv(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, Ö.; 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. 
 
M06/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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H       -2.8551670        0.1918180        2.4103590 
C       -0.1348700       -2.7668490       -1.6163290 
H        0.9354240       -2.6920180       -1.8368810 
H       -0.4233400       -3.8246160       -1.5978040 
H       -0.6881630       -2.2488740       -2.4066550 
C        0.4443480       -3.0002550        1.1991890 
H        0.0728770       -4.0317570        1.1792480 
H        1.5105900       -2.9944320        0.9504120 
H        0.3203750       -2.5871240        2.2054160 
P       -0.4645670       -1.9945390       -0.0045580 
P       -2.5114680        0.4427140        0.0199990 
C        1.9109900       -0.1470060        0.0105030 
C        2.6266560       -0.1076360        1.2127080 
C        2.6130320       -0.4176540       -1.1691210 
C        4.0023360       -0.3300090        1.2352150 
H        2.1053140        0.0948700        2.1497770 
C        3.9904240       -0.6384310       -1.1496310 
H        2.0832450       -0.4518130       -2.1227770 
C        4.6876940       -0.5984000        0.0533960 
H        4.5408890       -0.2958650        2.1807730 
H        4.5192610       -0.8438080       -2.0788650 
H        5.7608090       -0.7754430        0.0706280 
C        0.7051830        3.3964040       -0.0798250 
N        0.3247510        2.3050370       -0.0483320 
C        1.1909280        4.7544540       -0.1175190 
H        1.8199820        4.9451560        0.7571470 
H        1.7874200        4.9080390       -1.0218440 
H        0.3545740        5.4596630       -0.1168570 
 
[(dmpe)Pt(Ph)]+ 
Pt        0.0737810       -0.5555840        0.0070620 
C        2.9415520        1.0781080       -0.4095310 
H        3.9904200        1.2657200       -0.1460890 
H        2.8532810        1.1928020       -1.4991600 
C        2.0145660        2.0475840        0.3136520 
H        2.1591410        1.9951320        1.4023430 
H        2.1934600        3.0897210        0.0149280 
C        3.4294840       -1.6611200       -1.2165670 
H        4.4926280       -1.3942380       -1.1897990 
H        3.3278170       -2.7248270       -0.9777000 
H        3.0412190       -1.4988140       -2.2270430 
C        3.3047910       -1.0020710        1.5806720 
H        3.1426040       -2.0465850        1.8666870 
H        4.3833130       -0.8149180        1.5156810 
H        2.8733350       -0.3699530        2.3642250 
C       -0.2086550        2.3940700       -1.5819190 
H       -1.2787660        2.2439450       -1.7586650 
H        0.0079220        3.4695290       -1.5664640 
H        0.3502280        1.9179470       -2.3937390 
C       -0.6910030        2.5521680        1.2751640 
H       -0.3791050        3.6040760        1.2750280 
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H       -1.7620750        2.4886270        1.0606120 
H       -0.4999470        2.1170700        2.2612210 
P        0.2421380        1.6579900        0.0100380 
P        2.4823990       -0.6701980       -0.0153830 
C       -1.9544120       -0.3697930        0.0084240 
C       -2.6781990       -0.4261770        1.2079790 
C       -2.6588990       -0.3569830       -1.2037060 
C       -4.0668760       -0.5285750        1.1924720 
H       -2.1548300       -0.4012810        2.1646270 
C       -4.0482160       -0.4593840       -1.2173990 
H       -2.1192900       -0.2833300       -2.1491670 
C       -4.7521810       -0.5445420       -0.0196680 
H       -4.6162670       -0.5898600        2.1297200 
H       -4.5823400       -0.4666370       -2.1653180 
H       -5.8374000       -0.6151430       -0.0300330 
 
[(dmpe)Pt(Ph)(ethylene)]+ 
C        2.7518550        1.7067670       -0.2181610 
H        3.7384770        2.0144540        0.1523420 
H        2.7481960        1.8701290       -1.3052210 
C        1.6310350        2.4850390        0.4539860 
H        1.7050330        2.4221120        1.5487480 
H        1.6569590        3.5505780        0.1904340 
C        3.7162740       -0.8925230       -1.0693500 
H        4.7001790       -0.4178680       -0.9755160 
H        3.8201400       -1.9547380       -0.8235860 
H        3.3713720       -0.8049230       -2.1048280 
C        3.2166530       -0.3959870        1.7214380 
H        3.2046950       -1.4676450        1.9476590 
H        4.2502860       -0.0349400        1.7818560 
H        2.6092930        0.1129210        2.4773620 
C       -0.3616260        2.4550990       -1.6664270 
H       -1.3700450        2.1543400       -1.9698130 
H       -0.3077950        3.5502930       -1.6521610 
H        0.3520700        2.0608400       -2.3971880 
C       -1.2008110        2.5989450        1.0874540 
H       -1.0284780        3.6817400        1.0669770 
H       -2.2223540        2.3893550        0.7542230 
H       -1.0854680        2.2325050        2.1124460 
P       -0.0102790        1.7867000       -0.0126890 
P        2.5245020       -0.1037860        0.0596870 
C       -1.9256520       -0.4032230        0.0085660 
C       -2.6048600       -0.4639020        1.2291760 
C       -2.6668850       -0.1986620       -1.1585190 
C       -3.9886490       -0.3076830        1.2834830 
H       -2.0508930       -0.6277740        2.1549460 
C       -4.0521870       -0.0382910       -1.1050840 
H       -2.1642940       -0.1644870       -2.1266200 
C       -4.7153150       -0.0858010        0.1167620 
H       -4.5006620       -0.3569510        2.2427210 
H       -4.6130510        0.1226980       -2.0239420 
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H       -5.7944420        0.0418440        0.1595770 
Pt        0.1670280       -0.5210900       -0.0395790 
C       -0.4724840       -2.7074410       -0.1494270 
H       -0.9903950       -2.9054280        0.7866080 
H       -1.0707250       -2.7832080       -1.0547740 
C        0.9037540       -2.6900290       -0.2113490 
H        1.4128600       -2.7606710       -1.1712490 
H        1.5009490       -2.8976780        0.6758750 
 
TS1 
Pt       -0.2303670       -0.5313670       -0.0203990 
C        1.9471730       -0.7710870       -0.0060520 
C        2.5924790       -0.5917020        1.2237290 
C        2.6257440       -0.4306270       -1.1835370 
C        3.8741490       -0.0533700        1.2775440 
H        2.0850360       -0.8802730        2.1450860 
C        3.9054420        0.1123670       -1.1288060 
H        2.1439100       -0.5897080       -2.1493040 
C        4.5317330        0.3031610        0.1018930 
H        4.3653290        0.0812050        2.2388950 
H        4.4216780        0.3763890       -2.0494380 
H        5.5375770        0.7139760        0.1430670 
C        1.0242570       -2.5814600       -0.1180820 
C       -0.4037000       -2.6552880       -0.1343410 
H        1.5395150       -2.9099820        0.7812480 
H        1.5543620       -2.8088270       -1.0399960 
H       -0.8854640       -2.9200780       -1.0771170 
H       -0.9029170       -3.0401950        0.7566720 
P       -2.5050000       -0.1337130        0.0437040 
C       -2.7698430        1.6525580       -0.3338300 
H       -2.7199660        1.7535030       -1.4275440 
H       -3.7813960        1.9498790       -0.0268510 
C       -1.6985170        2.5038990        0.3399690 
H       -1.7526000        3.5515690        0.0172250 
H       -1.8237460        2.4968360        1.4321960 
P       -0.0204140        1.8136870       -0.0127560 
C        0.4416830        2.5099520       -1.6329430 
H        0.3932960        3.6054060       -1.6173970 
H        1.4656410        2.2042330       -1.8747330 
H       -0.2236470        2.1258010       -2.4136850 
C        1.1035150        2.6348390        1.1577300 
H        2.1384500        2.3782330        0.9032210 
H        0.9829920        3.7235390        1.1092700 
H        0.9040530        2.2922400        2.1782840 
C       -3.5969720       -1.0409720       -1.0909700 
H       -3.6140630       -2.1001060       -0.8116590 
H       -4.6189580       -0.6468270       -1.0404410 
H       -3.2247480       -0.9585340       -2.1172830 
C       -3.2401850       -0.3912890        1.6896350 
H       -4.2982170       -0.1030360        1.6921910 
H       -3.1573130       -1.4491090        1.9623860 
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H       -2.7007190        0.1949570        2.4410030 
 
[(dmpe)Pt(CH2CH2Ph)]+ 
Pt        0.0663260       -0.4463900       -0.0961640 
C        1.8999350        2.3348070        0.4990610 
H        2.1379490        3.3774250        0.2513220 
H        1.9726440        2.2385960        1.5918150 
C        2.8556450        1.3683880       -0.1905430 
H        2.8649950        1.5329710       -1.2776520 
H        3.8879450        1.4856050        0.1655940 
C       -0.8170060        2.9417600        1.2446540 
H       -0.4600170        3.9783170        1.2712990 
H       -1.8738470        2.9386740        0.9578340 
H       -0.7311510        2.5023030        2.2440310 
C       -0.1017230        2.8490010       -1.5313140 
H       -1.1554090        2.7832050       -1.8240240 
H        0.1751180        3.9062260       -1.4404790 
H        0.4967130        2.3835640       -2.3221440 
C        2.9334530       -0.8469020        1.7149010 
H        2.6714920       -1.8908340        1.9170420 
H        4.0235820       -0.7349830        1.7589140 
H        2.4699980       -0.2240250        2.4867430 
C        3.2582330       -1.3771460       -1.1048720 
H        4.3313190       -1.1777470       -0.9966720 
H        3.0738640       -2.4399930       -0.9167460 
H        2.9461400       -1.1443260       -2.1278010 
P        2.3133140       -0.3726380        0.0730840 
P        0.1436980        1.9581700        0.0456040 
C        0.0280860       -2.5439930       -0.2172930 
H        0.1770420       -2.8343690       -1.2656820 
H        0.7801520       -3.0550750        0.3935330 
C       -1.4005860       -2.7762500        0.2725680 
H       -1.4060530       -3.0765870        1.3268040 
H       -1.9347910       -3.5576320       -0.2863410 
C       -2.1220710       -1.4432500        0.1498920 
C       -2.7216130       -0.8137760        1.2616700 
C       -2.2359610       -0.8143000       -1.1117030 
C       -3.4586770        0.3485570        1.1079690 
H       -2.6298750       -1.2831880        2.2399410 
C       -2.9800270        0.3685590       -1.2552680 
H       -1.8497160       -1.3188340       -1.9969870 
C       -3.5991480        0.9370230       -0.1546850 
H       -3.9386700        0.8012640        1.9725530 
H       -3.0924650        0.8115530       -2.2422110 
H       -4.1967800        1.8384910       -0.2704330 
 
TS2 
Pt        0.2537890       -0.0250210       -0.4826240 
C       -1.8806970       -0.3663760       -1.3551220 
H       -2.0483120        0.0334960       -2.3577120 
C       -1.0524960       -1.5345160       -1.2619960 
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H       -1.3186400       -2.2931210       -0.5254220 
H       -0.6250420       -1.9236310       -2.1866830 
H       -1.0131190        0.9240540       -1.0652240 
C        2.5323020       -2.7944180       -0.6324370 
H        2.8922510       -2.4039410       -1.5896990 
H        3.3491890       -3.3171280       -0.1208370 
H        1.7230250       -3.5054700       -0.8327580 
C        1.3496340       -2.2188300        1.9393690 
H        2.1602040       -2.8025300        2.3916370 
H        1.0133730       -1.4529820        2.6468820 
H        0.5041430       -2.8845940        1.7321090 
C        2.6258210        2.4382840       -1.1372670 
H        3.3529420        3.1630800       -0.7520860 
H        3.1524090        1.6467180       -1.6808820 
H        1.9573470        2.9418750       -1.8433500 
C        0.9932650        3.1508180        1.1297390 
H        0.4030970        2.8130670        1.9875000 
H        1.8129620        3.7895220        1.4797870 
H        0.3399990        3.7347790        0.4730510 
C        3.3483040       -0.3938160        0.8320130 
H        3.9745850       -0.9206100        1.5637190 
H        3.9467470       -0.2817600       -0.0831810 
C        2.8950050        0.9660880        1.3517610 
H        3.7429750        1.6532980        1.4722780 
H        2.4133580        0.8692680        2.3351630 
P        1.6420610        1.7174410        0.2173380 
P        1.8895770       -1.4339730        0.3865820 
C       -2.9963490       -0.1346470       -0.4021200 
C       -4.1936960        0.3973910       -0.8827980 
C       -2.8924400       -0.4701430        0.9520880 
C       -5.2783480        0.5729730       -0.0298330 
H       -4.2780550        0.6649040       -1.9352700 
C       -3.9738040       -0.2894010        1.8033600 
H       -1.9499340       -0.8625820        1.3381760 
C       -5.1707720        0.2291090        1.3130520 
H       -6.2089440        0.9807550       -0.4165590 
H       -3.8843820       -0.5511570        2.8550090 
H       -6.0167070        0.3692430        1.9814100 
 
[(dmpe)Pt(styrene)H]+ 
C        2.8608330        1.5289190        0.6355820 
H        3.6437940        1.7660570        1.3681910 
H        3.2717920        1.7414500       -0.3616150 
C        1.5885320        2.3234560        0.8846410 
H        1.2445890        2.1998930        1.9216020 
H        1.7461200        3.3982690        0.7254820 
C        3.9891980       -1.0945770        0.0340460 
H        4.8835690       -0.7459850        0.5638350 
H        3.8914250       -2.1772970        0.1628560 
H        4.0916730       -0.8820550       -1.0348690 
C        2.4260800       -0.7303710        2.4422430 
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H        2.2526850       -1.8083910        2.5249510 
H        3.3607010       -0.4740160        2.9550670 
H        1.5897620       -0.2155100        2.9261930 
C        0.4383070        2.6573390       -1.7639590 
H       -0.3880470        2.4315420       -2.4471310 
H        0.4585160        3.7383770       -1.5811210 
H        1.3703880        2.3500810       -2.2501710 
C       -1.2619070        2.4975190        0.5477740 
H       -1.0655390        3.5559080        0.7583710 
H       -2.1136710        2.4249880       -0.1357860 
H       -1.5253320        1.9841520        1.4786920 
P        0.2117940        1.7367980       -0.2036860 
P        2.5070620       -0.2772180        0.6845280 
Pt        0.5299510       -0.6450490       -0.4230230 
H        1.0868610       -2.1628460       -0.4399590 
C       -0.9311010       -1.8942100       -1.6050440 
H       -0.4139040       -2.0614700       -2.5473130 
H       -1.1725080       -2.7840800       -1.0278320 
C       -1.6028600       -0.7021010       -1.3853940 
H       -1.5796590        0.0447820       -2.1826090 
C       -2.6412670       -0.5036850       -0.3588660 
C       -3.6882900        0.3834740       -0.6293690 
C       -2.6244550       -1.1747590        0.8707280 
C       -4.6986300        0.5949670        0.3020000 
H       -3.7118510        0.9042180       -1.5869630 
C       -3.6298880       -0.9564990        1.8035660 
H       -1.8069880       -1.8580190        1.1010990 
C       -4.6687630       -0.0708290        1.5230800 
H       -5.5104320        1.2813290        0.0737540 
H       -3.6034200       -1.4795690        2.7565060 
H       -5.4542360        0.0964740        2.2557920 
 
[(dmpe)PtH]+ 
Pt       -0.2128880       -1.0071940       -0.0021800 
C        1.0393800        2.0531330       -0.3715990 
H        1.7442900        2.8427220       -0.0815740 
H        0.9117450        2.1165100       -1.4613140 
C       -0.2952660        2.2272200        0.3433920 
H       -0.1603450        2.2588420        1.4336830 
H       -0.8000350        3.1588500        0.0525570 
C        3.1442140        0.2423140       -1.1950190 
H        3.8076160        1.1122680       -1.1204480 
H        3.7238790       -0.6611460       -0.9797420 
H        2.7577380        0.1684700       -2.2163220 
C        2.5954830        0.5973910        1.6034370 
H        3.1009740       -0.3338970        1.8796650 
H        3.3380660        1.4034420        1.5628710 
H        1.8579500        0.8207910        2.3814290 
C       -2.2084070        1.1264930       -1.6066430 
H       -2.9039470        0.3114590       -1.8297450 
H       -2.7546270        2.0773460       -1.5866160 
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H       -1.4462130        1.1552780       -2.3916320 
C       -2.7467170        0.8991810        1.2453220 
H       -3.1691520        1.9112990        1.2732970 
H       -3.5323410        0.1818070        0.9896650 
H       -2.3420500        0.6428840        2.2289300 
P       -1.4376750        0.8273950        0.0024640 
P        1.7678310        0.3900630       -0.0102720 
H       -1.6527190       -1.7420340        0.0391390 
 
[(dmpe)Pt(ethylene)H]+ 
C       -1.8359080        1.8494180        0.2983180 
H       -2.7833710        2.2976450       -0.0287680 
H       -1.7716750        1.9897020        1.3865520 
C       -0.6396580        2.4760330       -0.4039960 
H       -0.7619340        2.4448440       -1.4959100 
H       -0.5116010        3.5291860       -0.1214760 
C       -3.0472340       -0.6386490        1.2227350 
H       -3.9937050       -0.0860230        1.1956860 
H       -3.2375260       -1.6939510        1.0013790 
H       -2.6126320       -0.5688460        2.2247190 
C       -2.7020620       -0.1824040       -1.6141410 
H       -2.7581320       -1.2500560       -1.8500220 
H       -3.7141390        0.2391220       -1.5955640 
H       -2.1150390        0.3085470       -2.3972250 
C        1.4105080        2.1416250        1.6306850 
H        2.3585880        1.6724760        1.9153000 
H        1.5438300        3.2299390        1.6229010 
H        0.6625720        1.8701010        2.3829290 
C        2.1562140        2.1895440       -1.1493460 
H        2.1634870        3.2858570       -1.1227960 
H        3.1468510        1.8269220       -0.8544950 
H        1.9510420        1.8554190       -2.1715250 
P        0.8983080        1.5340300       -0.0096410 
P       -1.8911950        0.0308820       -0.0025550 
Pt        0.2630570       -0.7752880        0.0080690 
H       -0.5095640       -2.1985110        0.0813450 
C        2.4941820       -1.1706460       -0.0883470 
H        2.8291290       -0.8154480       -1.0618860 
H        2.9485150       -0.7033730        0.7847980 
C        1.8493910       -2.3887990        0.0248920 
H        1.6642350       -3.0020980       -0.8537480 
H        1.7633130       -2.8894060        0.9865770 
 
TS3 
Pt        0.4009310       -0.6744270        0.0095690 
C       -2.0640810        1.6148450        0.3091230 
H       -3.0592000        1.9464730       -0.0152210 
H       -2.0140290        1.7594100        1.3979080 
C       -0.9556270        2.3919920       -0.3919400 
H       -1.0754150        2.3497580       -1.4839210 
H       -0.9589930        3.4524040       -0.1075270 
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C       -2.9859930       -0.9962350        1.2106710 
H       -4.0006850       -0.5868160        1.1407200 
H       -3.0186610       -2.0724000        1.0109270 
H       -2.6013550       -0.8475240        2.2244730 
C       -2.6775580       -0.4861440       -1.6105600 
H       -2.6526180       -1.5562290       -1.8413540 
H       -3.7193590       -0.1442400       -1.5988860 
H       -2.1295350        0.0417650       -2.3981650 
C        1.1623550        2.3223820        1.6140940 
H        2.1591760        1.9543440        1.8804400 
H        1.1784290        3.4187070        1.5928500 
H        0.4604730        1.9827200        2.3828730 
C        1.8567210        2.3936940       -1.1819920 
H        1.7805380        3.4872250       -1.1644740 
H        2.8777980        2.1064180       -0.9079300 
H        1.6555740        2.0313180       -2.1950970 
P        0.6879660        1.6463980       -0.0084690 
P       -1.8846370       -0.1993720        0.0041690 
C        2.5019100       -1.1896910       -0.0607220 
H        2.9216970       -0.8799060       -1.0173120 
H        3.0120270       -0.8105980        0.8243510 
C        1.8371470       -2.4422100        0.0179660 
H        0.2031240       -2.3315050        0.0672180 
H        1.8410690       -2.9891100        0.9593310 
H        1.7681280       -3.0640810       -0.8729570 
 
[(dmpe)Pt(Et)]+ 
Pt        0.4748920       -0.5884220        0.0190740 
C       -2.1999250        1.4405590        0.2656520 
H       -3.2063110        1.7059410       -0.0833130 
H       -2.1782010        1.6162770        1.3506520 
C       -1.1327070        2.2700410       -0.4401080 
H       -1.2269230        2.1853460       -1.5322110 
H       -1.2082820        3.3368080       -0.1907510 
C       -2.9899230       -1.1790660        1.2200540 
H       -4.0166440       -0.8044960        1.1303500 
H       -2.9909050       -2.2602270        1.0472240 
H       -2.6251120       -0.9943640        2.2353340 
C       -2.6869140       -0.7214330       -1.6021090 
H       -2.6052490       -1.7901820       -1.8262220 
H       -3.7467250       -0.4398430       -1.5901560 
H       -2.1742740       -0.1717000       -2.3988460 
C        0.9525460        2.3824500        1.6089440 
H        1.9670310        2.0840870        1.8944500 
H        0.8986370        3.4770250        1.5659930 
H        0.2603800        2.0108850        2.3712480 
C        1.6963920        2.4361060       -1.1816730 
H        1.5463630        3.5222420       -1.1999510 
H        2.7256990        2.2219070       -0.8745750 
H        1.5409340        2.0282240       -2.1853180 
P        0.5510450        1.6616160       -0.0092150 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

S11 
	  

P       -1.8984250       -0.3682100        0.0066570 
C        2.5015860       -1.0440100       -0.0499500 
H        2.9841350       -0.7498280       -0.9848290 
H        3.0679880       -0.7119360        0.8229500 
C        2.0006740       -2.4517400        0.0025930 
H        0.8271320       -2.5306110        0.0418840 
H        2.2706400       -2.9964660        0.9110730 
H        2.2084710       -3.0406740       -0.8948300 
 
[(dmpe)Pt(Et)(benzene)]+ 
Pt       -0.1637810       -0.4835440        0.0499910 
C       -1.0281260        2.6687550       -0.7369570 
H       -0.8936580        3.7573760       -0.6890130 
H       -1.2439800        2.4127530       -1.7846740 
C       -2.1503060        2.2078650        0.1786620 
H       -1.9665920        2.5276270        1.2146180 
H       -3.1243770        2.6192870       -0.1172690 
C        1.6636980        2.3722200       -1.6318260 
H        1.5653340        3.4541500       -1.7828840 
H        2.7045190        2.1449980       -1.3834140 
H        1.4103440        1.8537120       -2.5627680 
C        1.1296780        2.7680580        1.1620460 
H        2.1530470        2.4722170        1.4128560 
H        1.1128190        3.8461300        0.9605520 
H        0.4975640        2.5500820        2.0300970 
C       -3.4018790       -0.0682980       -1.1421950 
H       -3.5948620       -1.1461020       -1.1325360 
H       -4.3525490        0.4616590       -1.0076110 
H       -2.9690480        0.2003550       -2.1114690 
C       -3.1722760       -0.0048510        1.7296660 
H       -4.0806940        0.6088700        1.7720760 
H       -3.4590950       -1.0602800        1.7625710 
H       -2.5447980        0.2138790        2.5995590 
P       -2.2595300        0.3683330        0.2025590 
P        0.5533160        1.8167590       -0.2911740 
C       -1.0656120       -2.4009870        0.1801810 
H       -0.4108590       -3.0232690        0.8079510 
H       -2.0335090       -2.3850180        0.6977000 
C       -1.2333980       -3.0111770       -1.2022440 
H       -0.2823310       -3.1196430       -1.7395390 
H       -1.6803470       -4.0142700       -1.1445820 
H       -1.8830360       -2.4062410       -1.8483630 
C        3.6945900       -0.1847290       -0.6528930 
C        3.7295230        0.1390460        0.7098460 
C        2.8561670       -0.4642070        1.6004680 
C        1.9584690       -1.4417310        1.1442430 
C        1.9242020       -1.7748020       -0.2241010 
C        2.7903240       -1.1210470       -1.1222190 
H        4.3929090        0.2881820       -1.3397910 
H        4.4561260        0.8634960        1.0721440 
H        2.8934850       -0.2193090        2.6591100 
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H        1.3729510       -2.0134670        1.8607170 
H        1.3810320       -2.6544750       -0.5583230 
H        2.7774180       -1.3973380       -2.1738450 
 
TS4 
Pt       -0.1452980       -0.3922640       -0.1042230 
C       -1.8685840        2.5139620       -0.1563910 
H       -2.0149330        3.5190030        0.2598600 
H       -1.9409750        2.6016590       -1.2500300 
C       -2.8984670        1.5243650        0.3801210 
H       -2.9062060        1.5291610        1.4797270 
H       -3.9145830        1.7737390        0.0482260 
C        0.9730870        2.9305030       -0.7600040 
H        0.7951720        3.9960180       -0.5726500 
H        2.0040650        2.6856940       -0.4787130 
H        0.8472970        2.7215920       -1.8275620 
C        0.1591500        2.3705430        1.9455050 
H        1.1974370        2.1210840        2.1913460 
H        0.0063660        3.4451410        2.1015690 
H       -0.4953720        1.8069170        2.6185680 
C       -3.1819240       -0.3719580       -1.8134570 
H       -3.0068920       -1.3893560       -2.1805740 
H       -4.2611620       -0.1777800       -1.8028200 
H       -2.6937070        0.3250970       -2.5027910 
C       -3.5005230       -1.2782350        0.8982710 
H       -4.5569300       -0.9940410        0.8205880 
H       -3.3930970       -2.3179150        0.5691170 
H       -3.1856040       -1.2061460        1.9443080 
P       -2.4745310       -0.1965750       -0.1434490 
P       -0.1666260        1.9075290        0.2150500 
C        4.0600610       -0.1107290        1.0862620 
C        4.7313230        0.1105810       -0.1144310 
C        4.0566980       -0.0070300       -1.3272290 
C        2.7033130       -0.3297870       -1.3396500 
C        2.0131260       -0.5296050       -0.1377760 
C        2.7080960       -0.4385520        1.0758060 
H        4.5936070       -0.0317050        2.0308440 
H        5.7891590        0.3627000       -0.1047720 
H        4.5879010        0.1501770       -2.2632240 
H        2.1756960       -0.4282780       -2.2883150 
H        1.0772280       -1.6377120       -0.2585900 
H        2.1845940       -0.6140270        2.0160070 
C       -0.0086900       -2.6642500       -0.2569940 
H       -0.8863690       -2.8009050       -0.8972970 
H        0.8079940       -3.1617380       -0.8021150 
C       -0.1597270       -3.2437010        1.1348530 
H       -1.0301650       -2.8356070        1.6621330 
H       -0.2736370       -4.3350120        1.1005020 
H        0.7220630       -3.0321000        1.7526980 
 
[(dmpe)Pt(ethane)(Ph)]+ 
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Pt        0.1261240        0.3007140       -0.0259750 
C        2.3612020       -2.1015430       -0.2755570 
H        2.6509170       -3.1108870        0.0468610 
H        2.5198470       -2.0525630       -1.3626320 
C        3.1626080       -1.0216150        0.4418990 
H        3.0782830       -1.1321970        1.5324420 
H        4.2293200       -1.0849550        0.1913860 
C       -0.2569310       -2.9003890       -1.2808310 
H        0.1376120       -3.9232050       -1.2455450 
H       -1.3365990       -2.9200930       -1.1039190 
H       -0.0713760       -2.4723740       -2.2712870 
C        0.1577810       -2.6828530        1.5757510 
H       -0.9248270       -2.6519600        1.7366140 
H        0.4912790       -3.7276430        1.5658530 
H        0.6475350       -2.1491030        2.3966300 
C        3.3057770        1.0962500       -1.5536670 
H        2.9844270        2.1004570       -1.8530820 
H        4.3980650        1.0861840       -1.4606290 
H        3.0013090        0.3988450       -2.3413750 
C        3.2559750        1.7716810        1.2444680 
H        4.3445560        1.6448220        1.2760230 
H        3.0317190        2.8107940        0.9795310 
H        2.8395150        1.5738550        2.2377280 
P        2.5004530        0.6523120        0.0219030 
P        0.5483300       -1.8943790       -0.0094900 
C       -0.5211600        2.8669050       -0.0334310 
H       -0.2796720        2.2822500        0.8846390 
H        0.2331200        3.6619310       -0.0647880 
C       -1.9462180        3.3798280        0.0390830 
H       -2.6672110        2.5544000        0.0619520 
H       -2.0983980        3.9837780        0.9392310 
H       -2.1801050        4.0053260       -0.8282690 
C       -3.9621060       -0.3365430        1.2285780 
C       -4.6834420       -0.3467170        0.0385250 
C       -4.0107010       -0.2671560       -1.1778620 
C       -2.6204420       -0.1712200       -1.2039880 
C       -1.8845000       -0.1365540       -0.0136310 
C       -2.5711950       -0.2412850        1.2016020 
H       -4.4825640       -0.4032400        2.1820750 
H       -5.7682390       -0.4219900        0.0582390 
H       -4.5702180       -0.2790570       -2.1112990 
H       -2.1089630       -0.1069260       -2.1659150 
H       -0.3688100        2.2860170       -0.9700440 
H       -2.0198420       -0.2298830        2.1437680 
 
TS5 
C       -3.9251050        0.4406490        0.4703090 
H       -4.9685750        0.2289360        0.2021660 
H       -3.8859900        0.5472370        1.5637830 
C       -3.4082510        1.6999040       -0.2135740 
H       -3.5616900        1.6461660       -1.3012250 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

S14 
	  

H       -3.9245860        2.6019870        0.1410300 
C       -3.3356570       -2.3096330        1.2055650 
H       -4.4237290       -2.4459860        1.2106250 
H       -2.8671240       -3.2554500        0.9118410 
H       -2.9971640       -2.0546090        2.2151490 
C       -3.4949700       -1.5858720       -1.5672920 
H       -2.9549940       -2.4911330       -1.8670440 
H       -4.5658310       -1.8151080       -1.5073440 
H       -3.3279210       -0.8260580       -2.3382190 
C       -1.4209080        2.6923080        1.6703800 
H       -0.3614360        2.8750090        1.8817010 
H       -1.9590080        3.6478900        1.6867510 
H       -1.8136040        2.0397300        2.4574450 
C       -1.0673960        3.1366500       -1.1526580 
H       -1.6890220        4.0360350       -1.0668880 
H       -0.0224330        3.4120660       -0.9743910 
H       -1.1478440        2.7343530       -2.1678560 
P       -1.5862370        1.8722370        0.0504520 
P       -2.8486510       -0.9992280        0.0360440 
C        1.3299970        0.5412470       -0.2809100 
H        1.5825530        0.5213560       -1.3515840 
H        1.3585820        1.6063120        0.0121000 
C        2.3949120       -0.0905640        0.5424250 
H        2.1557680       -1.3763850        0.3898550 
H        2.1738680       -0.1120670        1.6185390 
C        3.8283580        0.0336060        0.2534850 
C        4.3038080        0.2282070       -1.0524320 
C        4.7520970       -0.0841660        1.3035010 
C        5.6658750        0.3194740       -1.2944930 
H        3.6006490        0.3068750       -1.8792210 
C        6.1140650        0.0126670        1.0600890 
H        4.3871270       -0.2443810        2.3173420 
C        6.5717850        0.2138550       -0.2400840 
H        6.0272400        0.4712630       -2.3084340 
H        6.8216300       -0.0690520        1.8811840 
H        7.6391880        0.2861000       -0.4343230 
Pt       -0.6275600       -0.2303680       -0.0609520 
C        0.1686070       -2.2628770       -0.1213340 
H       -0.3194000       -2.8026960        0.6976850 
H       -0.2308660       -2.5832570       -1.0935630 
C        1.6135040       -2.4037720       -0.0873490 
H        2.1402010       -2.4065790       -1.0481190 
H        2.0630670       -3.0950620        0.6340590 
 
[(dmpe)Pt(CH2CH2Ph)(benzene)]+ oxidative addition transition state 
Pt       -0.5057230        0.0475890       -0.4514450 
C       -3.1283920        1.0753630        1.4459580 
H       -3.4546770        1.4519450        2.4241040 
H       -3.6940770        1.6277370        0.6825060 
C       -3.3559980       -0.4267780        1.3139510 
H       -2.8988620       -0.9659490        2.1566700 
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H       -4.4248120       -0.6777230        1.3104570 
C       -1.2503350        3.2610600        0.9091680 
H       -1.7562420        3.8020490        1.7175300 
H       -0.1979830        3.5657650        0.8791300 
H       -1.7128830        3.5206940       -0.0487080 
C       -0.5375980        1.1960950        2.7896120 
H        0.5263260        1.4442750        2.7025260 
H       -0.9896100        1.8238330        3.5668600 
H       -0.6183910        0.1423680        3.0786600 
C       -3.7022160       -0.6507900       -1.5698110 
H       -3.3218780       -1.0628970       -2.5112200 
H       -4.7011590       -1.0614180       -1.3802320 
H       -3.7687410        0.4362490       -1.6841590 
C       -2.6902570       -2.8823080       -0.0784740 
H       -3.7382710       -3.1669850        0.0760060 
H       -2.3323640       -3.3578970       -0.9982850 
H       -2.0954800       -3.2510550        0.7636090 
P       -2.5520600       -1.0724110       -0.2190180 
P       -1.3452410        1.4680830        1.1805240 
C        3.1885410        2.3088690        0.2732200 
C        3.1213270        3.3362200       -0.6654300 
C        2.1436530        3.3147710       -1.6571180 
C        1.2194600        2.2750050       -1.6976860 
C        1.2620300        1.2530050       -0.7412320 
C        2.2685010        1.2659510        0.2321660 
H        3.9659870        2.3158330        1.0342840 
H        3.8447910        4.1478190       -0.6348260 
H        2.1044300        4.1068190       -2.4016820 
H        0.4575130        2.2561980       -2.4771880 
H        0.9861800       -0.0563000       -1.3579580 
H        2.3333700        0.4531340        0.9564220 
C        0.5062280       -1.3499710       -1.9407100 
H        1.3323460       -1.0226430       -2.5943520 
H       -0.3435440       -1.4846390       -2.6200780 
C        0.9080650       -2.6237550       -1.2028980 
H        0.0223230       -3.0845350       -0.7462980 
C        1.9480170       -2.3855610       -0.1392250 
C        1.5871060       -2.2564520        1.2043610 
C        3.2932390       -2.2418980       -0.4846550 
C        2.5443350       -1.9891130        2.1796560 
H        0.5408900       -2.3813600        1.4906860 
C        4.2542680       -1.9748150        0.4857360 
H        3.5904130       -2.3494670       -1.5283330 
C        3.8823020       -1.8459210        1.8211680 
H        2.2476460       -1.9056760        3.2234560 
H        5.2985660       -1.8733900        0.1990820 
H        4.6339800       -1.6467970        2.5813310 
H        1.2965050       -3.3468280       -1.9364000 
 
TS6 
Pt        0.1499850       -0.6446480       -0.0670540 
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C        1.8924030        2.1983490        0.5206590 
H        2.0364160        3.2621230        0.2919200 
H        1.9859360        2.0838070        1.6099150 
C        2.9015220        1.3198410       -0.2100110 
H        2.8825070        1.5185750       -1.2911680 
H        3.9271250        1.5080360        0.1329160 
C       -0.9426700        2.4749480        1.2597360 
H       -0.7551630        3.5541870        1.3032010 
H       -1.9770080        2.3035240        0.9396190 
H       -0.8119030        2.0401320        2.2559020 
C       -0.1841140        2.4674430       -1.5237190 
H       -1.2164310        2.2343080       -1.8075950 
H       -0.0700910        3.5559440       -1.4580490 
H        0.4821320        2.0762620       -2.2996340 
C        3.1916930       -0.9200140        1.6275680 
H        3.0182690       -1.9850360        1.8142370 
H        4.2697290       -0.7214460        1.6531600 
H        2.6969970       -0.3542320        2.4240390 
C        3.5131190       -1.3437050       -1.2085670 
H        4.5708030       -1.0852980       -1.0796690 
H        3.3895460       -2.4237130       -1.0781220 
H        3.1964820       -1.0811550       -2.2229080 
P        2.4897260       -0.4678310        0.0098030 
P        0.1806510        1.6828430        0.0757540 
C       -4.0680610       -0.0832340       -1.1471520 
C       -4.7295370       -0.1389710        0.0771790 
C       -4.0372320       -0.5005180        1.2296390 
C       -2.6773310       -0.7919320        1.1621410 
C       -2.0039620       -0.7109850       -0.0592380 
C       -2.7090930       -0.3775630       -1.2192890 
H       -4.6139950        0.1836540       -2.0493930 
H       -5.7919650        0.0868460        0.1301820 
H       -4.5581870       -0.5603770        2.1825370 
H       -2.1372260       -1.0791100        2.0639690 
H        0.0141960       -2.3514090       -0.2318810 
H       -2.1959300       -0.3425130       -2.1801390 
H       -0.9771370       -1.9277330       -0.2098500 
 
TS7 
Pt        0.2994470        0.1396140       -0.4636900 
C        0.0430510        3.2271740        0.9453080 
H        0.1270210        3.7979050        1.8790120 
H        0.4561470        3.8560710        0.1441240 
C       -1.4002440        2.8383440        0.6433770 
H       -1.8574670        2.3193080        1.4989480 
H       -2.0201770        3.7175270        0.4242740 
C        2.8171790        2.2644780        0.8981360 
H        3.0243900        3.0743750        1.6076120 
H        3.4829070        1.4208530        1.1145510 
H        3.0174200        2.6116010       -0.1207560 
C        0.9352690        1.1267600        2.7587400 
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H        1.5296940        0.2147420        2.8850040 
H        1.2932630        1.8866140        3.4638430 
H       -0.1120800        0.8933320        2.9790370 
C       -1.1650810        2.6839850       -2.2527950 
H       -1.2688900        2.0594100       -3.1471630 
H       -1.8875340        3.5072000       -2.3085320 
H       -0.1473710        3.0879650       -2.2438320 
C       -3.1989640        1.1665840       -0.9086040 
H       -3.8259980        2.0595660       -1.0206180 
H       -3.3417910        0.5263420       -1.7854920 
H       -3.5091740        0.6104480       -0.0167520 
P       -1.4549740        1.6568220       -0.7731800 
P        1.0930250        1.7125850        1.0419950 
C        3.6070680       -2.2980550        1.1338470 
C        4.6519680       -2.0162610        0.2568940 
C        4.4099840       -1.3010420       -0.9134770 
C        3.1247230       -0.8510270       -1.1973110 
C        2.0707830       -1.1039410       -0.3096000 
C        2.3199380       -1.8521600        0.8487580 
H        3.7960620       -2.8707310        2.0390980 
H        5.6565490       -2.3680570        0.4796600 
H        5.2233630       -1.0976590       -1.6062520 
H        2.9324710       -0.2988560       -2.1174710 
H        0.8672210       -1.4009800       -1.0624180 
H        1.5064530       -2.0832180        1.5370910 
C       -0.4310740       -1.6446110       -1.7422910 
H        0.2337320       -2.0620940       -2.5128600 
H       -1.1850900       -1.0692580       -2.2894980 
C       -1.0454920       -2.7545460       -0.8922950 
H       -1.4595710       -3.5194250       -1.5650340 
C       -2.1273470       -2.2845150        0.0416100 
C       -3.4688760       -2.3481140       -0.3369020 
C       -1.8157560       -1.7536930        1.2980020 
C       -4.4755300       -1.8943120        0.5123670 
H       -3.7276960       -2.7712500       -1.3076890 
C       -2.8158070       -1.2904500        2.1478160 
H       -0.7728510       -1.7225100        1.6193930 
C       -4.1518290       -1.3602020        1.7560570 
H       -5.5162230       -1.9647800        0.2038750 
H       -2.5573060       -0.9010250        3.1309320 
H       -4.9369570       -1.0155330        2.4250590 
H       -0.2519200       -3.2552880       -0.3173650 
 
 
 


