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Chapterr 2, Part B 

Protonolysiss of (diimine) platinum(O) alkene Compounds: A 
Routee to (Cationic) Alkyl Platinum(ll) Complexes? 

2.66 Introduction 

2.6.11 Hydrogen transfer from transition metal hydrides 

IntramolecularIntramolecular hydrogen transfer from a transition metal hydride to an unsaturated ligand is 

onee of the most important processes in catalytic as well in stoichiometric metal-mediated 

reactions.[1,2]] For instance, hydride migration to a coordinated alkene, also known as alkene 

insertionn into an M-H bond (see Scheme 2.4), has been considered to be the key elementary step in 

thee hydrogenation, hydroformylation and isomerization of alkenes."1 

IntermolecularIntermolecular hydrogen transfer is also known and involves the transfer of a hydrogen which 

cann be considered either as a hydride, a hydrogen atom, or as a proton. In such processes the acidity 

off  the hydride is of importance.'21 

H H 
M-| | 

Schemee 2.4 Intramolecular alkene insertion in a metal hydride bond 

Ass described above, hydride migration to a coordinated alkene is an important elementary step 

inn many catalytic reactions. Although the equilibrium between an (alkene) transition metal hydride 

andd the corresponding alkyl species has only rarely been observed, a few experiments have 

elucidatedd the energetics of the hydride migration to coordinated alkene (See Scheme 2.5). Roe[ 

showedd that the hydride migration in a four-coordinate d8 Rh complex takes place with an activation 

enthalpyy of 13.0 kcal mol"1. Doherty and Bercaw141 analyzed in a kinetic study the electronic effects 

off  substituents on the hydride migration in a HNb(C2H4)-system, and showed that the activation 

energyy for migratory insertion in this system amounts to 14.7 kcal mol"1. 

M M 2) ) 
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Schemee 2.5 Kinetic studies towards hydride alkene insertion in a M-H bond 

Alkenee insertion from a five-coordinate complex is assumed to take place in several catalytic 

cycless and has also been studied theoretically, for example for Pt.PI The alkene insertion reaction of 

thee five-coordinate complex was found to be more complicated than that of the four- or six-

coordinatee complexes.'21 In four-coordinate complexes hydride migration creates a vacant 

coordinationn site into which a low-lying vacant rf-orbital extends. In the product, side-on bonding 

byy donation from the C-H a-orbital into a vacant metal af-orbital can take place.16"81 In optimized 

structuress of these ethyl complexes, a characteristic agostic interaction is found.191 This interaction 

alsoo activates the PC-H bond and thus lowers the activation energy of the P-elimination reaction.[10] 

Thee six-coordinate d6 M(H)(C2H4)L4 is isolobal to the four-coordinate d8 M(H)(C2H4)L2 and thus 

itss hydride migration to coordinated ethylene is expected to take place easily.121 

Concerningg Pt(II) complexes, Chatt and Shaw1111 first reported p-elimination of alkenes from 

thee thermolysis of frara.s-PtL2(Et)Cl giving fra«.s-PtL2(H)Cl) and ethene (L = PEt3). Since then, 

severall  studies have appeared attempting to clarify the detailed mechanism of the alkene 

insertion/p-eliminationn reaction.112"171 Nowadays, it is generally accepted that for cationic Pt(II) 

complexes,, insertion proceeds through a 4-coordinate intermediate of the type 

[Pt(PR3)2(H)(alkene)]+.118191 1 

tBuu tBu 

tBuu 'tBu 

Figuree 2.4 Cationic Pt-alkyl complex after insertion of norbomene in Pt-hydride: norbonyl 

ligandligand is bound via both a a-bond and /?-agostic interaction. 

Forr insertion or P-elimination, a cis, coplanar coordination of the alkene and the hydride ligand 

iss required. Hence, a trans to cis isomerization should be possible.1191 Spencer et al. characterized 
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thee Pt-alkyl complex obtained after the insertion (see Figure 2.4), clearly showing the presence of a 

j3-agosicc interaction between Pt and the P-hydrogen on the alkyl metal complexes.'201 

Whilee platina-phosphine systems have been extensively investigated concerning insertion-

reactionss and/or proton addition to Pt(0)-complexes [12-15] ] forr (L)n-Pt systems (L = mono- or 

bidentatee nitrogen or carbene-based ligand) there is almost nothing known about these reactions. 

Ruffoo et al. have investigated the protonation towards Pt(phenanthroline)(alkene) complexes. 

Theyy described the detection of stable five-coordinate complexes [PtH(X)(alkene)(N-N)] (X = CI, 

Br,, I, N-N = 2,9-dimethyl-l,10-phenanthroline) and insertion products [Pt(alkyl)(X)(N-N)] (X = CI, 

BF4",, N-N = 1,10-phenanthroline) upon proton addition to [Pt(alkene)(N-N)] (N-N = 2,9-dimethyl-

1,10-phenanthroline,, 1,10-phenanthroline). The way by which these products and several by-

productss are formed is rather unclear.'221 

2.6.22 Synthesis of cationic Pt(ll) complexes 

Theree has been considerable interest in the use of cationic late transition metal complexes for 

catalysiss and organometallic transformations. Since the mid-90's it is known that cationic nickel(II) 

andd palladium(II) species with bulky aryl-subsituted a-diimine ligands are excellent catalysts for 

thee polymerization of ethylene, oc-alkenes, and internal and cyclic alkenes to high molecular weight 

polymers.'2311 Also cationic platinum(II) diimine complexes have some interesting properties. 

Cationicc platinum(II) diimine complexes are known for the C-H activation of hydrocarbons at mild 

temperaturess such as benzene (at 20 °C) and methane (at 45 °C).'241 

o o NN Me 
M M 

Et20,, C /~N Me n n 
NN Me H+(OEt)2BAr4-

N,, Me CH2CI2 C 

-̂--
BAr4 4 

(( M 
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NN OEt2 
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Schemee 2.6 Synthesis of cationic Ni, Pd and Pt complexes from dimethyl metal complexes 
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Thee synthesis of these cationic metal complexes is not straightforward. As starting materials for 

thee synthesis of cationic palladium-alkyl and nickel-alkyl complexes, the quite unstable 

bisalkylpalladiumm or bisalkylnickel complexes are needed. A reliable method for the synthesis of the 

cationicc complexes proceeds via the generation of Pd(Me)(Cl)(cod) or Pt(Me)(Cl)(cod) 

complexes.[25,2611 Although many bidentate ligands can substitute the cod-ligand, the flexible diimine 

ligandss do not substitute the cod in the case of Pt(Me)(Cl)(cod). The best route up to now for the 

synthesiss of cationic [Pt(Me)(S)(diimine)]+ (S = solvent) is by protonolysis of the (diimine)Pt(Me)2 

complex.[24! ! 

oo R 

rN>pt—-/// + HX — rN^pt< 
R R 

Schemee 2.1 Addition of acids to(NN)Pt(alkene)-complexes 

Wee like to investigate whether the addition of strong acids (HX) to Pt°(R-DAB)(r|2-alkene)-

complexes,, leads to (alkyl)Ptn(R-DAB) complexes via oxidative addition of HX and then 

successivee insertion of the alkene into the Pt-H bond, to develop an alternative method for making 

cationicc platinum(II) complexes starting from a Pt°(R-DAB)(r)2-alkene) if e.g. X = BF4 (see Scheme 

2.7). . 

2.77 Results and Discussion 

Treatmentt of Pt°(tBu-DAB)(r)2-dmfu) (2cx) with 1 equivalent of HBF4 in ether overnight at 

roomm temperature gives the corresponding cationic platinum complex 7cx as a yellow precipitate in 

goodd yield (see Scheme 2.8). To see if this a general method for preparing (alkyl)Pt11 complexes, we 

alsoo used HC1 as proton source. Addition of an excess of HC1 gives as only product solid 

(NN)Pt(Cl)22 and free dmfu. This contrasts observations by Ruffo and co-workers; they found that 

thee alkene was hydrogenated by using platinum(O) alkene complexes with phenanthrolines as 

ligands.12211 Addition of one equivalent of HC1 at room temperature in dichloromethane, followed by 

additionn of hexanes lead to precipitation of a solid. Investigation by 'H NMR spectroscopy showed 

thee presence of small amounts of a platinum hydride, which slowly decomposes upon standing at 

roomm temperature. 

38 8 



ProtonolysisProtonolysis of (diimine) platinum(O) alkene compounds 
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Schemee 2.8 Addition ofHBF4 to (tBu-DAB)Pt°(dmfu) 

Thesee initial experiments prompted us to investigate the mechanism of these reactions. 

Additionn of 1 equivalent of HC1 in ether to Pt°(tBu-DAB)(r|2-drnfu) in deuterated acetone at -30 °C 

givess the corresponding hydrido platinum(II) chloride complex 3cx in quantitative yield (see 

Schemee 2.9), based on 'H NMR. The hydride is found at -25.79 ppm with lJjm = 1068 Hz, the 

latterr is indicative of a frans-chloride.1271 Two different resonances are found for the dmfu protons, 

namelyy two doublets at 4.26 and 3.88 ppm with platinum satellites superimposed on it. This implies 

thatt dmfu is coordinated in the Pt(NN)-plane and that rotation about the Pt-alkene axis is hindered 

att this temperature. The imine protons of the ligand are found as two doublets showing mutual 7HH 

splittingg and the expected platinum satellites (3/HPI = 49 Hz). Altogether, these patterns agree with a 

distortedd bipyramidal surrounding around the platinum center. This is confirmed by 195Pt NMR 

spectroscopy,, because the resonance is found at -2731 ppm, showing the "oxidation shift" of ca. 

13000 ppm.[281 When the temperature is raised to 0 °C, the hydride signal in the 'H NMR slowly 

disappearss to give 2cx and 4cx in a 1:1 ratio and H2 and dmfu. 

Additionn of 1 equivalent of HBF4 to Pt°(tBu-DAB)(r|2-dmfu) in deuterated acetone at -30 °C 

givess also a hydride (5cx), in !H NMR at -32.59 ppm with a ]Jm of 1228 Hz. This points at a 

similarr compound as 3cx, only now the weak frans-ligand acetone-̂ probably stabilizes the 

cationicc platinum center. Two new resonances for the dmfu alkene protons are present (4.53 and 

4.077 ppm) showing a simular pattern as in 3cx. The 195Pt-resonance for 5cx is found at -2687 ppm, 

inn the same range as for 3cx. Most of the starting compound is not converted and HBF4 etherate is 

alsoo found in the 'H NMR spectrum. Warming the solution to 0 °C, results in the disappearance of 

thee hydride. At this temperature also the remaining starting compound slowly reacts with the HBF4 

too give 7cx as main product, evidenced by comparison of *H NMR spectral data of isolated 7cx. 
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Schemee 2.9 Proposed route oxidative addition ofprotic acids to Pt°(tBu-DAB)(Tf-dmfu) 

Thee proposed route for the reactions of the protic acid towards Pt(NN)(dmfu) complexes is 

givenn in Scheme 2.9. The oxidative addition of HCI to 2cx is a very fast process and occurs already 

att temperatures below -60 °C. The initial oxidative addition product of HCI, 3cx, is formed 

quantitativelyy according to !H and 195Pt NMR spectroscopy, but is only stable at temperatures below 

00 °C. At higher temperatures fast disproponation into 2cx, 4cx, H2 and dmfu took place. Addition of 

twoo or more equivalents of HCI to 2cx at room temperature, indeed results in pure 4cx. 

Thee mechanism of the addition of HBF4 to 2cx is not that straightforward. At low temperatures 

(<< 0 °C) 5cx is formed in low yield, also when using an excess of HBF4. Most of the starting 

compoundd 2cx is not protonated, which implies that the equilibrium is unfavorable for 5cx and lies 

att the side of 2cx and HBF4. The question then arises whether 6cx (not observed) is formed out of 

5cx.. If insertion of the alkene into the platinum hydride occurs, this should involve the cis-hydrido 

alkenee complex 6cx. As this would be expected to rapidly give 7cx, a complex such as 6cx may not 

bee observable. At higher temperatures (> 0 °C) 5cx is absent in the 'H NMR spectrum, so there is a 

fastt conversion from 5cx to 6cx, or there is a direct formation of 6cx from 2cx. However, we cannot 

distinguishh within our experiments between those two pathways. 
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2.88 Conclusions 

Additionn of strong acids to Pt°(R-DAB)(r|2-dmfu) gives different products depending on 

whetherr HC1 or HBF4 is employed. In both reactions, 5-coordinated complexes 

HPtn(Cl)(R-DAB)(ri2-alkene)) and [HPtn(R-DAB)(T|2-alkene)(acetone)]+BF4 are observed as 

intermediatess upon acid addition to Pt°(R-DAB)(T|2-dmfu). 

Alkene-insertionn into the platinum hydride is exclusively observed from the cationic 5-

coordinatee complex [HPtn(R-DAB)(Tl2-alkene)(acetone)]+BF4" probably via a 4-coordinate 

[Ptn(H)(R-DAB)(r|2-alkene)]+BF4""  intermediate. Due to coordination of the carbonyl in the insertion 

product,, insertion of the alkene in the platinum hydride is facilitated. 

Inn contrast to what has been reported by De Felice et al.l22] for the analogous 

(phenanthroline)platinum(0)-systems,, the insertion product (alkyl)Ptn(Cl)(R-DAB) was not formed 

fromm Ptn(R-DAB)(rj2-alkene)(H)(Cl). The formation of a 4-coordinate intermediate is very difficult 

duee to the good coordinating properties of the chloride. Therefore, addition of HC1 instead leads to 

disproportionation,, to give the starting compound and PtCl2(R-DAB). Also, dmni and H2 are 

formedd in this reaction, instead of dimethyl succinate (hydrogenated dmfu) which was found by De 

Felicee et al.l22] for (phenanthroline)platinum systems. 

Overall,, the addition of HBF4 to Pt°(R-DAB)(r|2-dmfu) provides an alternative approach for 

thee synthesis of systems suitable for activation of C-H bonds. 

2.99 Experimental Section 

2.9.11 General 

Alll  reactions were carried out under nitrogen atmosphere in dry solvents. Diethyl ether was 

distilledd from sodium metal. Acetone-̂  was distilled from B2O3 and dichloromethane-tf2 was 

distilledd from CaF .̂ Chemicals were purchased from Acros Chimica, Aldrich and Fluka. The H 

andd 13C NMR spectra were recorded at appropriate frequencies on a Bruker DRX300 ('H: 300.13 

MHz,, 13C: 75.47 MHz) and 195Pt NMR spectra were measured via a normal HMQC sequence at 

298KK on a Bruker DRX300 spectrometer (195Pt: 64.13 MHz). 
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2.9.22 Addition of Bronsted acids to Pt(0)(NN)-complexes 

HPt(Cl)(i|2-dmfii)(iV,Ar'.rBuDAB )) (3cx) 

Too a solution of 4.5 mg (8.9 umol) 2cx in 0.7 ml acetone-,̂ 8.9 ul of a 1.0 M solution of HC1 in 

etherr was added at -70 °C in a 5 mm NMR tube. The tube was quickly transferred to the NMR-

spectrometer,, which had been pre-cooled to -30 °C. *H NMR (300.13 MHz, acetone-4, -30 °C, 

ÓXppm)):: 8.89 (d, 3/HH = 8.7 Hz, VHR = 49 Hz, 2H, N=CH), 4.26 (d, VHH = 8 Hz, VHR = 76 Hz, 1H, 

C=CH),, 3.88 (d, VHH = 8 Hz, 2Jm = 82 Hz, 1H, C=CH), -25.79 (s, %* = 1068 Hz, 1H, Pt-H). 195Pt 

NMRR (64.3 MHz, acetone-,̂ 6\ppm)): -2731. 

[HPt(Ar,A^,-ffiuDAB)(ii 2-dmfii)(0-acetone-rf6)][BF4](5cx) ) 

Ann amount of 4.0 mg (7.9 jimol) 2cx was dissolved in 0.7 ml acetone-ófe in a 5 mm NMR-tube. The 

tubee was cooled to -70 °C and 0.11 ml 0.73 M HBF4 in ether was added to the red solution. The 

tubee was quickly transferred to the NMR-spectrometer, which had been pre-cooled to -30 °C. *H 

NMRR (300.13 MHz, acetone-,̂ -30 °C, 5(ppm)): 8.4 (m, 2H, N=CH), 4.53 (d, JHH = 9.9 Hz, 2/HPt = 

866 Hz, 1H, C=CH), 4.07 (d, 37HH = 9.9 Hz, VR* = 85 Hz, 1H, C=CH), -32.59 (s, lJHPt = 1228 Hz, 

1H,, Pt-H). 195Pt NMR (64.3 MHz, acetone-rf6, 5(ppm)): -2687. 

[Pt(o-CH(COOMe))(CH2C(0-0)OMe)(Ar,iWBuDAB)][BF4](7cx) ) 

Ann amount of 9.7 mg (0.019 mmol) 2cx was dissolved in 15 ml ether resulting in a red solution. 

0.277 ml 0.73 M HBF4 in ether was added to the solution. The reaction mixture was stirred 

overnight.. The slightly red colored solution was decanted and the remaining yellow powder was 

washedd twice with 5 ml ether. Yield 9.0 mg (80%). 'H NMR (CD2C12): S= 8.6-9.0 (m, 2H, N=CH), 

4.500 (pst, 3/HH = 8.2 Hz, VKH = 80.4 Hz, 2H, C//2COOCH3), 4.10 (d, VHH = 9.3 Hz, VRH = 49.2 

Hz,, 1H, PtCH), 3.79 (s, 3H, CH2COOC#3), 3.56 (s, 3H, CHCOOC//3), 1.41 (br s, 18H, C(CH3)3. 
19FF (CD2CI2, 5 (ppm)): -148.7. 
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