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The focus of the work detailed in this dissertation is the investigation of mechanism 

and catalytic applications of Pt complexes supported by novel anionic di(2-

pyridyl)borate ligands.   

It was found that oxidation of Me,MeBPy2-supported PtII complexes bearing no 

hydrocarbyl complexes directly generated dimethyl ether in quantitative yields, with 

one methyl originating from the MeB fragment. We also found that increasing formal 

charge on the metal center renders related complexes reluctant to undergo oxidation. 

Based on a proposed mechanism involving a transient PtIV-Me complex, we set out to 

develop a series of modified R,RBPy2 ligands to prevent such oxidatively induced 

hydrocarbyl transfer.  



  

We found that the strategy of replacing one hydrocarbyl (Me) group in the dmdpb 

ligand by methoxo (OMe) was not sufficient in completely preventing degradation of 

the borate center. However, derived mono- and di-hydrocarbyl PtII complexes could 

still be easily oxidized under aerobic conditions. Interestingly, oxidation products 

corresponding to both B-to-PtIV methyl migration and ligand retention were observed.  

We focused our attention to a unique 1,5-cyclooctanediylBPy2 ligand, which, we presumed, 

would prevent hydrocarbyl migration due to the rigid structure imposed by the 

bicyclic framework. The derived PtIVMe3 complex was found to exhibit óenhancedô 

BC-H agostic stabilization of the penta-coordinate PtIV center. Oxidation of derived 

PtII complexes results in hydride migration from the B-CH fragment onto the PtIV 

center, led to the formation of a series of (MeO),(MeO)BPy2 supported Pt complexes, and 

unanticipated C-C and C=C coupling at the borate center.  

The (MeO),(MeO)BPy2 ligand proved to be the first example of  anionic facially chelating 

borate ligand capable of resisting oxidative degradation. The derived PtIV(Ph)2(OH) 

can be used for catalytic aerobic oxidation of NaBH(OMe)3 and NaBH4, with TOFs 

of 178/h and 216/h respectively. This may be of particular interest from the 

perspective of a direct-borohydride-fuel-cell (DBFC). We also found that the 

PtIV(Ph)2(OH) complex could be used as a catalyst to oxidize isopropanol to acetone 

under aerobic conditions with a TON of 3.8 after 56h at 80 °C. A mechanism 

involving selective hydride migration from a B-bound isopropoxy fragment to the 

PtIV center was proposed. 
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General Comments 

All manipulations were carried out under purified argon using standard Schlenk and 

Glove-box techniques. All reagents for which syntheses is not given are commercially 

available from Aldrich, Acros or Pressure Chemicals and were used as received 

without further purification. PTFE-syringe filters were purchased from VWR and 

used as obtained. Pt2Me4(SMe2)2 and PtPh2(SMe2)2 were prepared as described 

previously [1]. 1H (500.132 MHz) and 13C NMR (125.770 MHz) spectra were 

recorded on a Bruker Avance 500 spectrometer. 1H NMR (400.132 MHz) spectra 

were recorded on a Bruker Avance 400 spectrometer. Chemical shifts are reported in 

ppm and referenced to residual protio-solvent resonance peaks. Coupling constants 

(represented as J=) indicate the 1H-1H coupling unless noted otherwise. 1H NMR 

peaks corresponding to pyridine fragments in unsymmetrical complexes are assigned 

(as py or pyô). However in many cases distinction between them could not be made, 

except in cases where Pt-coupling constants were influenced strongly by difference in 

the trans-influence of ligands. In such cases, appropriate assignments are noted. 

Elemental analyses were performed by Columbia Analytical Services, Inc. ESI-MS 

were recorded on a JEOL AccuTOF-CS instrument using direct-injection technique, 

preventing exposure to O2 and /or adventitious acid, unless stated explicitly. ESI-MS 

were compared with mass envelopes for B and/or Pt ïcontaining compounds and 

most intense peaks are reported. Formulas for some solvent (THF) - containing 

sodium salts that we used to calculate their percent composition were deduced based 

on the amount of solvent we observed in the 1H NMR spectra of the same batch of the 

compounds. Sodium di(2-pyridyl)(methoxy)(methyl)borate and derived complexes 

reported in Chapter-III did not match elemental analyses, presumably due to the 

presence of sodium trifluoroacetate contamination. X-ray structures were solved by 

Dr. Peter Zavalij and are displayed as ORTEP drawings with 30% probability 

ellipsoids. DFT calculations were performed by Prof. Andrei Vedernikov using 

Priroda/Jaguar program with PBE96 exchange correlation and appropriate solvent 

PCM-model [2]. DART ESI-MS analysis was performed by Dr. Yiu Li. 
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Chapter 1: Development of anionic borate ligands for oxidative 

C-H functionalization 

1.1 Importance and Scope of C-H activation reactions 

C-H activation, defined by Periana [3] as ña facile C-H cleavage reaction with an 

óMXô species that proceeds by coordination of an alkane to the inner sphere of óMôé 

leading to an M-C intermediateò, can be categorized according to reaction 

stoichiometries. Stahlôs distinction [4] between C-H oxidative addition, ů-bond 

metathesis, electrophilic substitution, 1,2 addition to an M=X bond and homolytic 

(metallo-radical) activation does not necessarily imply a ómechanistic connotationô. 

For an intended C-H activation and subsequent functionalization, homolytic pathways 

are less desirable as the C-H bonds in intended products are usually weaker than in 

the parent compounds, and leads to the óclassical selectivityô of  3Á > 2Á > 1Á > H3C-H 

[5].  

C-H bond activation is the key step towards functionalization [6]. For alkanes, 

featuring C-H bonds with energies of ~100 kcal/mole, a C-H activation step is quite 

difficult [7]. Via functionalization, hydrocarbons can be used as feed-stock for a 

plethora of organic compounds [8] while no longer being confined as merely fuel, the 

latter resulting in complete oxidation to CO2 [9]. 

Hence, transition-metal mediated non-homolytic, i.e. heterolytic C-H activation and 

functionalization is a desirable alternative [10]. Although, from a mechanistic 

standpoint, transition metal mediated heterolytic activation can be classified 

according to Scheme 1.1, it is sometimes very difficult to draw a fine line between 
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them. The different modes however, have one mechanistic similarity; they ñappear to 

proceed through a ů-bond complexed intermediateò [5]. This leads to a metal-

hydrocarbyl complex Periana refers to as óM-Cô, which can then be submitted to 

subsequent transformations. 

 
 

1.2 PtII  -mediated C-H activation and subsequent functionalization 

Typically, for second and third-row 18e transition metal complexes to activate C-H 

bonds, a coordination vacancy must be generated by the loss of a ligand Lô from 1.1, 

as shown in Scheme 1.2. For most widely investigated systems [11], the ligand Lô 

remains unbonded from the final oxidative addition product, 1.2. Square planar 16e- 

PtII complexes, 1.3, however, show a substantial thermodynamic favorability, as the 

final product, an octahedral 18e- PtIV complex, 1.4, will have either Lô or a new ligand 

bound to the PtIV-center. Protic solvents such as alcohols or water can be sufficiently 

basic to afford deprotonation of the PtIV complex, 1.4, to produce a PtII-complex, 1.5. 

In cases where the intermediacy of 1.4 cannot be established, the overall outcome is 

the substitution of Lô in 1.3 by óRô in 1.5, i.e. electrophilic substitution of hydrogen in 

the R-H with PtII. 
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Pt complexes have shown immense promise in C-H bond activation and 

functionalization chemistry, mainly because of their selectivity and capability to work 

in mild conditions [12]. Often, the C-H activation process is reversible, which leads to 

the consideration of Pt-complexes as homogenous H/D exchange catalysts. In 1967 

Garnett and Hodges found that K2PtCl4 dissolved in D2O/CD3COOD could promoted 

H/D exchange in benzene and benzene derivatives [13], however, reactions with 

cyclohexane were reported to be slow. Concurrently Hay reported oxidative coupling 

of acetylenes [14]. Shilov et al demonstrated a system involving K2PtIICl4 and 

H2PtIVCl6 capable of functionalizing C-H bonds of methane into C-OH or C-Cl [15].  

The Shilov cycle, depicted in Scheme 1.3, involves the rate-limiting binding of an 

alkane to an óinorganicô PtII-complex 1.6, to form a transient PtII-ů(C-H) intermediate, 

1.7, which oxidatively adds the C-H bond to form a hydrocarbyl-hydrido-PtIV species, 

1.8. The PtIV-bound hydride is easily deprotonated by solvent (water or methanol) to 

form the PtII-hydrocarbyl complex, 1.9. In the presence of stoichiometric amounts of 

[PtCl6]
2- as oxidant, 1.9 is oxidized to the monohydrocarbyl-PtIV complex, 1.10, 

which then undergoes reductive elimination via nucleophilic substitution of the PtIV-

CH3 fragment leading to regeneration of the óinorganicô PtII-precursor, 1.6.   
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The scope of the Shilov system is not limited to methane alone, and the C-H bonds of 

higher alkanes also react, exhibiting a selectivity of the order: CH4 > 1° > 2° >> 3° 

[15].  This non-classical selectivity is in complete contrast to that observed for radical 

reactions, and hence lucrative. On the other hand, the use of the very expensive 

H2PtIVCl6 in stoichiometric amounts is a great drawback of the Shilov system. 

Another drawback that limits the Shilov system is the catalyst instability and Pt-black 

formation believed to originate from the disproportionation of PtIICl4
2- []. A number 

of groups, including Shilov himself, have investigated the possibility of the use of 

other oxidizing agents, viz. SO3, H2O2, O2/heteropolyacids, Cl2, O2/CuII [16]. The 

(bipyrimidine)PtCl2/H2SO4 system, developed by Periana et al, commonly called the 

Catalytica system deserves special mention [17]. In this system, following methane 

activation, the (bpym)PtII(Me)(Cl) is oxidized by SO3 in oleum, while the latter is 

reduced to SO2.  The monomethyl-PtIV complex then reductively eliminates CH3-

OSO3H. Although the reaction is severely inhibited by water or methanol, and any 

concentrations of H2SO4 below 90% results in unattractive rates, till date, this is the 

best known example of catalytic homogenous methane functionalization. It achieves 
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C-H activation, oxidation, and functionalization without significant over oxidation of 

CH4 into CO2 [9] or formation of halogenated derivatives of methane, with a yield of 

70%, a selectivity of 90%, and TONs of 300. The main drawbacks that limit practical 

applications are however, the use of fuming sulfuric acid as an oxidizing agent under 

harsh conditions (~200 °C) and the difficulty of separating CH3-OSO3H from oleum. 

Thus, the most imminent and compelling alternative is the use of O2 [18]. To this 

regard, there has been but only slight success in the oxidation of PtII-hydrocarbyl 

complexes by O2. In 2001, A. Sen et al showed catalytic oxidation of terminal methyl 

groups in ethylsulfonates by O2 and Na2PtCl6 with the use of mediators (co-catalysts) 

such as CuCl2 [19]. In the same year, Sames et al oxidized amino acids with SiO2 

supported [Pt(Mebipym)Cl2][H4PV2Mo10O40] complexes [20]. Not only are mediator-

enabled oxidations low in the TONs achieved, selectivity remains poor. Success in 

the regard has been modest, and no commercially applicable system exists till date. 

1.3 Oxidation of Dihydrocarbyl-PtII  complexes with O2 

Developing an aerobic catalytic cycle capable of oxidizing alkanes is a challenge due 

to factors outlined below. Firstly, the use of O2 as a terminal oxidant also requires the 

use of protic solvents [21] which are more coordinating than alkane C-H bonds. Thus, 

the competition between initial rate-limiting ů(C-H) bond coordination is dominated 

by coordination of the solvent. On the other hand, the C-H bonds in the resulting 

alcohol are more reactive than the parent alkane C-H bonds [22], and over-oxidation 

is highly likely. Ligand environment around the PtII-center, thus may be crucial in 

fine-tuning aforementioned parameters.   
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In the late 90s, Vedernikov et al screened via ab initio and DFT methodologies a 

number of d8 Pt complexes capable of activating C-H bonds in methane [23], and 

concurrent with experimental evidence found some pyridyl N-N ligands to be ligands 

of choice. Recalling that the initial binding of CH4 to the PtII center is rate limiting, 

the de-ligation of the coordinated ósolvô (Scheme 1.3), is crucial in generating a site 

for C-H activation [24]. In 1998-2002, Bercaw and Labinger reinvestigated 

Puddephattôs report of 1984 [25] and found that even trace amounts of O2 could be 

used to oxidize (TMEDA)PtIIMe2 and (bpy)PtIIMe2 to  form the corresponding 

oxidized PtIVMe2(OH)(OMe) complexes [26]. Molecular oxygen has later been 

shown to insert into PtII-Me bonds [27] to generate isolable PtII-OOMe species. 

Importantly, these examples feature facile oxidation of electron-rich PtIIMe2 

complexes, which when oxidized, lead to PtIVMe2 complexes that are reluctant to C-X 

eliminate. Less electron-rich diphenyl and monomethyl analogues could not be 

oxidized. The key intermediate in the Shilov cycle, on the other hand, is a PtII-Me 

complex, which is expected to be less electron rich and hence expected to be more 

difficult to oxidize. 

 

1.4 Ligand development towards C-H activation and aerobic oxidation 

Alongside concurrent developments illustrating easy access of octahedral PtIV 

complexes via anionic tripodal ligands such as tris(pyrazolyl)borate demonstrated by 

Brrokhart [28] and Templeton [29], Vedernikov et al demonstrated for the first time 

in 2006 [30], facile aerobic oxidation of monohydrocarbyl-PtII (as well as 
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dihydrocarbyl-PtII) complexes supported by facially chelating anionic ligands such as 

di(2-pyridyl)methane sulfonate (dpms), as shown in Scheme 1.4.  

 

The activation of O2 by the PtII-complex, 1.10 was proposed to involve a triplet-PtIII-

superoxo intermediate, 1.11. Protonation at the terminal O-atom followed by proton-

coupled electron transfer forms a hydroperoxo intermediate, 1.12, which then 

undergoes O-O cleavage to generate PtIV intermediates such as 1.13, capable of R-X 

reductive elimination.  

In addition to easy access to PtIV-complexes via aerobic oxidation enabled by facile 

switching of ə2/ə3 coordination modes, the use of facially chelating anionic ligands 

have far-reaching outcomes. Under the presumption that anionic [LPtII(R)(X)]- 

complexes are lipophilic enough to afford dilute solutions in hydrocarbons, related 

LPtIV(R)(X)(H) complexes (generated via protonation at the PtII-center) or 

LPtII(R)(XH) (generated via ligand protonation) are both  neutral and might be even 

more soluble in non-polar or hydrocarbon solvents. This is particularly important 

from a C-H activation standpoint as these complexes can allow access to a putative 

three-coordinate PtII-complex [11].  

The dpms-scaffold features an óexplicitô SO3
- polar head that renders related anionic 

complexes lipophobic, and limits solubility of the latter in hydrocarbon media [31]. 



 

 8 

 

Ligand development by Peters et al [32] and Tilley et al [33], involving 

bis(pyrazolyl)borate or indolide derived anionic PtIIMe2 complexes which could 

readily activate C-H bonds of benzene to form a PtIIPh2 complex, confirmed that the 

putative three-coordinate PtII intermediate could be readily accessible. In both cases, 

sub-stoichiometric amounts of strong acids viz. [HN(iPr2)(Et)][BPh4], was found to 

catalyze the ódouble-C-H-activationô of benzene. Ideally, the use of milder acids in 

accessing this three-coordinate PtII complex is more lucrative. To this regard, the 

choice of a Lewis-acidic counter-ion such as Na+ or K+
 makes the [LPtIIMe2] anionic 

complexes more basic due to enhanced acidity of added water or methanol in organic 

media via precipitation of NaOH or KOH. After initial screening, it was found by 

Khaskin and Vedernikov that a di(2-pyridyl)dimethylborato-PtII complex (Scheme 

1.5) had a 13.4 kcal/mole Gibbs free energy of dissociation of the H2O ligand, which, 

compared to that of 15.3 kcal/mole from the cis-PtII(Cl)2(OH2)2 in the original Shilov 

system, is encouraging. Bearing an óimplicitô anionic B-center, derived (dpdmb)PtII 

complexes are expected to be more lipophilic as well [34]. 
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1.5 Reactivity of di(2-pyridyl)dimethylborato-PtII  complexes 

 

Khaskin [34], following upon Hodgkins and Powellsô procedure [35], as shown in 

Scheme 1.6, added a solution of Dimethylbromoborane in ether to 2 equivalents of 2-

pyridyl-lithium at -78 °C in ether with subsequent work-up to obtain moderate yields 

of the protonated and sodium ligand, H[1.14] Na[1.14], respectively. The dimethyl-

PtII complex, 1.15, was synthesized by standard protocol. 

Khaskin found 1.15 to be extremely basic and reactive towards water [36]. As shown 

in Scheme 1.7(a), in the presence of benzene, it reacts with water to form the 

diphenyl-PtII complex, 1.16. In the presence of an additional few equivalents of water, 

the monophenyl-PtII complex 1.17 is formed. Although 1.15 is not soluble in 

hydrocarbons, a suspension in huge excess of cyclohexane reacts with water to form 

the PtII-cyclohexene-hydride complex, 1.18, as shown in Scheme 1.7(b).   
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As mentioned before, the initial protonolysis of the PtIIMe fragment is believed to 

proceed via a LPtIV(R1)(R2)H complex, 1.19, where R1=R2=Me along with the 

formation of NaOH. Unlike dpms or Tp analogues [37, 29], 1.19 (R1=R2=Me) 

eliminates methane with extreme facility, and the latter can be seen effervescing from 

the reactions immediately upon addition of a proton source. Following reductive 

elimination of methane and formation of the aforementioned putative three-

coordinate LPtIIMe complex, 1.20 (where R1=Me), C-H activation of benzene or 

cyclohexane leads to the formation of 1.19-analogue with R1=Me, and R2=Ph, or 

C6H11, respectively. One more reductive elimination step leads to the formation of 

methane and 1.20 (R2=Ph or C6H11). When R2=C6H11, ɓ-H abstraction from the Pt-

cyclohexyl fragment then leads to the formation of the olefin-hydride complex, 1.18.  

In the case where no ɓ-H is available, 1.20 (R2=Ph) C-H activates yet another 

benzene molecule to yield 1.19 (R1=R2=Ph). The PtIV-H is abstracted by the NaOH 

formed in the initial step to yield 1.16, and thus returns the proton to the solvent in a 
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catalytic fashion. This ódouble-C-H-activationô mechanism is consistent with the 

requirement of catalytic amounts of acid, as reported by Peters [32] and Tilley [33], 

the only difference in this case being the use of water as a proton source. Usual 

protonolysis of the PtII-Ph fragment in 1.16 by water leads to formation of 1.17 and 

benzene. Similarly, the dimethyl complex, 1.15, is also extremely reactive towards 

methanol, and within minutes of addition of methanol to 1.15, the monomethyl-PtII-

methoxy complex, 1.21 is formed (Scheme 1.7(c)).  

The facility with which (dpdmb)-supported PtII complexes activates C-H bonds of 

benzene and cyclohexane was encouraging for two reasons: (i) the reactions were 

high-yielding and selective and (ii) the some of the products were tolerant of water. 

Interestingly, (dpdmb)PtIIMe2, 1.15 was found to be stable towards O2 in THF 

solutions in the absence of a proton source. In the presence of a proton source, 

however, 1.15 quickly transformed into a PtIV complex. This means that coordination 

of O2 to the PtII center is rapid and reversible, and that the coordinated O2 can be 

trapped by hydroxylic solvents. This is consistent with previous reports from 

Goldberg [38] and Bercaw [39] who suggest that formal oxidation of the PtII center 

occurs after protonation of the coordinated O2.  
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Oxidation of both dpdmb-supported monohydrocarbyl and dihydrocarbyl PtII 

complexes lead to methyl migration from the B to the Pt center, as shown in Scheme 

1.8(a). Thus, oxidation of the monomethyl-PtII complex, 1.21 and dimethyl-PtII 

complex, 1.15 led to the formation of 1.22 (R1=Me, R2=OMe) and 1.23 (R1=R2=Me) 

respectively. Under the assumption that the dimethyl-PtII complex, 1.15 was stable 

towards the choice of protic solvent, ROH, the product was unaffected by the latter 

[34]. When R1=R2=Ph, a mixture of symmetrical and unsymmetrical PtIV complexes 

was observed, and the ratios depended on the choice of solvent. The hydrocarbyl 

migration from B-to-PtIV was believed to involve a five-coordinate PtIV-hydroxo 

complex, 1.24, which could then undergo back-side nucleophilic attack of ROH on 

the B-center, as shown in Scheme 1.8(b), to form 1.25. The five coordinate PtIV 

complex, 1.25, is expected to quickly isomerize to 1.22 or 1.23, the product 

óchoosingô a bridging alkoxy fragment over an agostic C-H interaction to stabilize the 

PtIV-center in the final product . The migration of the hydrocarbyl fragment, was 

believed to be propelled by the formation of strong B-OR bonds leading to 

exceptionally stable final PtIV products. This is manifested in the fact that the 
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trimethyl complex, 1.26, reacts with methanol, albeit slowly, to form 1.22 via loss of 

methane, as shown in Scheme 1.9. The origin of the óMeô fragment in the lost 

methane was proven to be the Pt-Me, and not the B-Me fragment by reacting the C13-

labeled derivative, 1.26-C13, with methanol and observing C13-labelled methane in the 

reaction mixture [40]. 

 

This phenomenon, termed oxidatively induced hydrocarbyl migration, lead to (i) a 

modification of the anionic borate center, and (ii) formation of a PtIVMen complex, 

where nÓ2. The resulting PtIV complexes had at least two hydrocarbyl groups on the 

Pt-center and were extremely stable and reluctant towards reductive elimination, even 

when heated up to 100 °C. Above such temperatures, amongst other undetermined 

thermal decomposition products, some C-C elimination product (viz. ethane) was 

observed, but C-O elimination products were never observed.  This severely restricted 

the plausibility of the use of (dpdmb)-supported PtII systems towards Shilov-type 

applications, and further ligand development is necessary. Reports of such ligand 

developments will be forthcoming in the following chapters. 
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1.6 Lipophilic variants (dpdmb)-PtII (cyclohexene)(hydride) complexes: 

alkane transfer dehydrogenation 

As opposed to oxidative functionalization, dehydrogenating alkanes to form olefins is 

another viable C-H functionalization strategy [41]. Once an alkane can be 

transformed to an olefin, a plethora of methods such as epoxidation [42], Grubbs-type 

metathesis [43], or even Wacker-type oxidation provide alternate routes [44]. 

Catalytic dehydrogenation in homogenous media was first reported by Crabtree [45], 

and in the 1990s, Group 9 transition metal catalysts have proven to be active in 

catalytic transfer dehydrogenation. Such reactions, examples of which are shown in 

Scheme 1.10, may employ a sacrificial hydrogen-acceptor, or may evolve hydrogen-

gas in the case of acceptor-less reactions. 

 

These systems are effective in terms of achieving large TONs, but require elevated 

temperatures. TBE is often used as the sacrificial hydrogen acceptor owing to the 

thermodynamic favorability of its hydrogenation, and thus milder conditions than that 

in acceptor-less dehydrogenations are found to work well [46].  Although acceptor-

less dehydrogenations are lucrative from an atom-economical point of view, 

drawbacks, such as development of H2 gas with the potential to shift the equilibrium 

backwards limit its application. 
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To this regard, Pt-complexes have been shown to stoichiometrically dehydrogenate 

alkanes. Examples include Goldbergôs [47] ketiminate (nacnac)-supported and 

Templetonôs [48] Tp-supported PtII complexes. Although these systems showed 

promise in stoichiometric reactions, non-innocence of the ketiminate ligands in the 

former, and low TONs of 1.1-1.3, alongside catalyst instability and Pt0 formation in 

the latter, limit their use in catalytic fashion. It is noteworthy to mention here that 

Goldbergôs ketiminate-supported PtII(cyclohexene)(H) complex was reported to be 

inert towards substitution of the cyclohexene fragment by TBE. The substitution of 

the alkene (corresponding to the alkane undergoing dehydrogenation) by the 

sacrificial alkene is crucial in realizing a catalytic cycle (c.f. Scheme 1.12).   

Coming back to dpdmb-supported-PtII complexes, although the dimethyl complex, 

1.15 was shown to cleanly dehydrogenate cyclohexane to form the olefin-hydride 

complex 1.18, the yields of the reaction were poor, presumably due to limiting 

solubility of the starting material, 1.15, as well as that of the involved intermediates, 

the related 1.19 and 1.20. Thus, a lipophilic variant of 1.15 was sought after. It was 

presumed that with 4-tbutyl substitutions on the pyridyl fragments in the dpdmb-

ligand, a more lipophilic variant of the PtIIMe2 complex, 1.27, shown in Scheme 1.11 

could be obtained. Gratifyingly, 1.27 was appreciably soluble in cyclohexane, and 

upon addition of 3 equivalents of water produced 1.28, quantitatively. Furthermore, 

1H-NMR signals corresponding to the olefinic protons of the bound Pt-cyclohexene 

fragment have chemical shifts (4.92 ppm, acetone-d6) not too far from free 

cyclohexene (5.5 ppm, acetone-d6) indicating that the extent of back-bonding from 

the PtII-center into the ˊ* orbitals of bound-cyclohexene was minimal. Consistent 
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with this indication, 1.28 underwent cyclohexene substitution even with a bulkier 

olefin such as TBE to form 1.29, suggesting that the use of TBE as sacrificial 

hydrogen acceptor might be viable.  

 

Indeed, 1.28 can be used as a transfer dehydrogenation catalyst [49]: a 5 mole % 

catalyst loading in a 3 mL cyclohexane solution with 20 equivalents of TBE added 

upon heating at 100 °C for 24h was found to produce 10-15 TONs of cyclohexene 

along with an equivalent decrease in TBE. Based on earlier reports, and to the best of 

our knowledge, the first proposed in-detail mechanism of transfer dehydrogenation 

with an IrIII-pincer complex [50], a similar mechanism involving PtII(olefin)(hydride) 

complexes, shown in Scheme 1.12 was proposed. In the key-step, the active catalyst, 

1.28, i.e., the starting olefin-hydride complex, undergoes substitution of the bound 

olefin with the sacrificial olefin to form 1.29. Reversible Pt-H insertion into the C=C 

bond of the bound-TBE generates 1.30. This reaction, in the case of TBE is expected 

to be extremely facile due to relief of steric-stress around the Pt-center. The putative 

3-coordinate PtII center in 1.30 readily activates a C-H bond of cyclohexane, via a 

ů(C-H) complex, 1.31, to form a dialkyl PtIV-hydride complex, 1.32. In the event that 

the Pt-bound tertbutylethyl fragment reductively couples with the Pt-hydride, 1.33 is 

formed.  Loss of tertbutylethane followed by ɓ-hydride elimination of the Pt-bound 

cyclohexyl fragment in 1.34 regenerates the active catalyst. 
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Based on the reversible nature of the steps in the proposed mechanism, it was 

presumed that a nalkenyl analogue of 1.28 could óchain-walkô across the linear chain, 

similar to that reported by Bercaw and Labinger [51]. To this regard, Khaskin found 

[34]  that 1.27 reacted with water in the presence of pentane within 20 minutes to 

form a multitude of products, with different Pt-H 1H-NMR signals, corresponding to 

different cis/trans and region isomers of 1.35 (Scheme 1.13). If the reaction was 

stopped by quickly evacuating the reaction mixture, one major product was observed. 

Similar to Bercawôs report, this major isomer, viz. 1.35, showed a AB-quartet in the 

olefinic region of the 1H-NMR spectra indicating a terminal C-H activation product. 

Interestingly, a solution of freshly prepared 1.28 in Cyclohexane-d12 isomerized over 

3 days, as evident by reappearance of the multitude of hydride signals in the 1H-NMR 

spectrum. 
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1.7 Remarks and proposed directions 

The main drawback in using dialkyl and diaryl borates as ligands in the oxidation 

chemistry of supported PtIIMe2 and PtII(Me)(OMe) complexes lies in the oxidatively 

induced migration of alkyl and aryl fragments from the borate to the platinum center. 

This leads to destruction of the borate ligand, resulting in replacement of one methyl 

group in the BMe2 fragment by an alkoxy group, where the alkoxy originates from 

the alcohol the oxidation was performed in. Also, the resulting LPtIVMen (nÓ2) 

complexes are very robust, and resistant to reductive elimination unless exposed to 

drastic conditions.  

Based on our current knowledge of di(2-pyridyl)borate supported PtII complexes, we 

set out to synthesize di(2-pyridyl)borato-ligands with modified borate centers and 

explore reactions of derived-PtII complexes. Results of such attempts and mechanistic 

investigations of such transformations shall be forthcoming in the following chapters. 
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Chapter 2: Preparation and Oxidation of (dpdmb)PtII complexes 

bearing no hydrocarbyls on the PtII center: Tandem B-to-PtIV 

methyl migration and C-O elimination 

 

2.1 Proposal 

Based on Khaskin and Vedernikovôs reports involving oxidatively induced B-to-PtIV 

hydrocarbyl migration [52], discussed in Chapter-I, we proposed that model 

óinorganicô (dpdmb)PtII complexes, such as 2.1 bearing no hydrocarbyls on the PtII 

center could be oxidized to produce a monomethyl-PtIV complex, 2.2, via B-to-PtIV 

methyl migration. As such these complexes would allow investigation of reductive C-

O or C-X elimination from the PtIV species. Furthermore, in the event of C-X 

reductive elimination, it might allow for successive transfer of the residual Me 

fragments from B to Pt, as shown in Scheme 2.1. This successive B-to-PtIV methyl 

migration can also lead to selective derivatization at the boron-center, i.e. allow 

preparation of di(2-pyridyl)(methoxy)(methyl)borato and di(2-pyridyl)dimethoxy 

borato PtII complexes, 2.3 and 2.5, respectively. 
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2.2 Implementation 

Conceivably, the most straightforward synthetic route to generate the aforementioned 

óinorganicô dpdmb-PtII complexes involves Na[(dpdmb)PtII(Me)(OMe)] complex, 

1.21 since it could be easily prepared by the protonolysis of Na[(dpdmb)PtII(Me)2] 

complex, 1.15 in methanol (c.f. Chapter-I). Thus, we presumed that either longer 

reaction times or stoichiometric amounts of a proton source would lead to a second 

protonolysis step, to form an óinorganicô Pt-complex, 2.1, as shown in Scheme 2.2(a). 

However, 1.21 in methanol, showed no signs of further protonolysis of the second Pt-

bound methyl group for a period of up to 7 days. Although (dpdmb)PtII(Me)(OMe), 

1.21 is expected to undergo methanolysis of the residual PtMe fragment by a 

mechanism similar to that discussed in Chapter-I (viz. initial protonation of the PtII-

center, followed by elimination of methane and capture of the three-coordinate PtII-

center by the methoxide ion, (c.f. Scheme 1.6, the presence of a electronegative O-

atom on the Pt-OMe fragment in 1.21 makes protonation at the PtII-center 

competitively difficult, resulting in the equilibrium between 2.6 and 2.6ô, depicted in 

Scheme 2.2(b) biased towards the left.  
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Thus, a stronger acid was called for. Although 1 equivalent of HBF4 added to a 

solution of 1.21 in methanol quickly protonolyzed the PtMe fragment to produce 2.6 

as shown in Scheme 2.2, the clear solution showed visible signs of decomposition 

over a period of 1h, i.e. formation of Pt-black. ESI+-MS of an aliquot recorded 

immediately after addition of HBF4 showed a peak at 456.1 corresponding to 2.6H+. 

Attempts to isolate 2.6 by removal of solvent failed owing to the decomposition 

which, we presumed, happens due to ɓ-hydride elimination of the coordinated 

methanol ligand [53] in 2.6, similar to that discussed in Scheme 2.7. A sample of 

(dpdmb)PtMe2 1.15, was dissolved in CD3OD in a NMR-tube. A 1H-NMR spectra 

recorded after 5 minutes of dissolution confirmed to the presence of 

(dpdmb)PtII(CD3)(OCD3), 1.21-d6. After this time, 1 equivalent of HBF4 was added to 

the solution. The reaction was carefully monitored by 1H-NMR. Although after 1h Pt-

black could be seen in the NMR-tube, the immediate product of ɓ-hydride 

elimination, formaldehyde, was not seen in the NMR spectra. Instead, a peak at 4.16 

ppm, assigned to the acetal CH2(OCD3)(OD) was observed. The spectrum was 

compared to that of an authentic sample of paraformaldehyde in CD3OD acidified 
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with HBF4 and found to be a match. Protonolysis reactions of 1.21 in CD3OD with 1 

equivalent of HBF4 at low temperatures with subsequent low-T NMR monitoring 

were not successful in observing any transient PtIV-H or PtII(CH4) species. 

Synthesis of dpdmb-supported PtII chloro or dichloro complexes, 2.7 and 2.8, 

respectively, were also considered as shown in Scheme 2.3. The routes described in 

scheme 2.3 were attempted based on literature precedence [54] of the synthesis of 

PtII-complexes featuring di(2-pyridyl) ligands, in which, an aqueous solution of 

potassium tetrachloroplatinate(II) was added to an equivalent amount of the ligand 

dissolved in water by adding appropriate amounts of acid [55]. Although such 

complexation reactions were virtually quantitative, all our attempts to synthesize 2.7, 

via this route, depicted in Scheme 2.3(a), proved to be unsuccessful. The difference in 

reactivities of dpdmb vs. neutral dipyridyl ligands can be ascribed to the difference in 

their basicities. The dpdmb ligand is expected to be more basic than neutral dipyridyl 

ligands. Allowing for longer reaction times produces no change in overall yield of the 

reaction. We hypothesized that the need of acid to involve K2PtCl4 and ligand 

homogenously in aqueous media could be avoided by allowing reaction of 

lipophilized derivatives of both the dpdmb ligand as well as the tetracholoroplatinate 

salt [56], as shown in Scheme 2.3 (b). Although the ligand in this form is expected to 

be more coordinating in this form, 2.8 could not be obtained.  
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Henceforth, we discarded a bottom-up approach to synthesizing dpdmb-supported 

óinorganicô PtII-complexes and started investigating variations in ancillary ligands that 

would allow protonolysis of the second PtMe fragment, similar to what was 

illustrated in Scheme 2.2(a). We considered dimethylsulfide as an ancillary ligand in 

lieu of methanol, based on established inertness [57] and low basicity [58] of the 

coordinated dimethylsulfide moiety. To our advantage, complex 2.9 can be easily 

synthesized in analytically pure form in virtually quantitative yields, as shown in 

Scheme 2.4. Furthermore, with a weakly basic ancillary ligand, the equilibrium such 

as that shown in Scheme 2.2(b) is expected to be biased more to the right, which 

might allow direct protonation of the PtII-center. 
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2.3 Results and Discussion 

2.3.1 Synthesis of (dpdmb)PtII (Me)(SMe2) complex 

 

Complex 2.9 can be synthesized in excellent yields by two routes, as shown in 

Scheme 2.4, by either (a) reacting equivalent amounts of dpdmb-H with [Me2Pt(µ-

SMe2)]2 or (b) by reacting of Na(dpdmb)PtIIMe2, 1.15 with water in the presence of 

dimethylsulfide. We presume that both reactions in Schemes 2.4(a) and 2.4(b) involve 

protonation of the PtII center in 1.15 by either H-dpdmb or water to form the transient 

PtIV hydride 1.19, which then reductively eliminates methane to form the methane 

complex 1.20, as was also discussed in Chapter-I. Substitution of the coordinated 

methane with Me2S leads to free methane and the target complex 2.6. The overall 

reaction is very fast owing to (i) previously established high basicity of electron rich 

1.15 complexes, (ii) the kinetic instability of both rapidly equilibrating 1.19 and 1.20 

and (iii) thermodynamic driving force of forming a strong PtII-SMe2 bond, via known 

affinity of neutral sulfur ligands for the PtII center [59]. 1H and 13C NMR spectra of 
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2.9 in acetonitrile-d3 are consistent with the presence of a C1 symmetric species in 

these solutions. 1H NMR spectra of 2.9 exhibit eight multiplets of equal intensity in 

the aromatic region, indicating the presence of two non-equivalent pyridyl rings, and 

two signals of nonequivalent boron-bound methyl groups integrating as 3H each 

suggesting the presence of a relatively rigid dipyridylborate fragment. In addition, 

two singlets of sulfur-bound methyl groups with the platinum-195 satellites confirm 

the presence of the Pt-coordinated dimethylsulfide ligand. ESI+-MS of 2.9 dissolved 

in methanol containing an acid additive indicates the presence of the cation 2.9·H+ 

with m/z = 470.14 (calculated for C15H23BN2PtS, 470.13).  

 

Figure 2.1: 1H-NMR spectrum of (dpdmb)PtII(Me)(SMe2), 2.9 in CD3CN (22 °C, 

500.132 MHz). Note the non-equivalence of the signals corresponding to the BMe 

groups at 0.22 and 0.65 ppm. 
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2.3.2 Preparation of cationic (dpdmb)PtII (SMe2)-solvento complexes by 

protonolysis of the PtII Me fragment 

 

The strategy of using neutral sulfido complex 2.9 as a starting material to protonolyze 

the PtIIMe fragment proved to be promising. The PtIIMe fragment in 2.9 is much less 

basic than that in the anionic 1.15. While the former cannot be protonolyzed by weak 

acids such as acetic and propionic acid, the latter, as established previously by 

Khaskin [34], undergoes protonolysis in methanol almost immediately. Reaction of 

complex 2.9 suspended in CD3OD or CD3CN in NMR tubes and equivalent amount 

of 50% aqueous HBF4 leads to immediate evolution of methane gas and formation of 

the target complexes 2.10-d4 or 2.11-d3, respectively, as shown in Scheme 2.5. NMR 

monitoring revealed that the formation of either complex was extremely facile and 

quantitative and no detectable intermediates were observed. Similar protonolysis 

reactions of neutral monohydrocarbyl-PtII complexes have been demonstrated in 

literature [60].  The 1H and 13C NMR spectra of 2.10-d4 in CD3OD show the presence 

of a fluxional C1 symmetric species lacking the PtIIMe fragment.  
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Figure 2.2: 1H-NMR spectrum of (dpdmb)PtII(SMe2)(CD3OD), 2.10-d4 in CD3OD (22 

°C, 500.132 MHz) Note the equivalence of the signals corresponding to the BMe and 

SMe groups at 0.17 ppm and 2.45 ppm, respectively, and the absence of a Pt-Me 

resonance (~0-1ppm) 

 

 

Additionally, an increase in the Pt-H coupling of the ortho-H of the pyridine from 

22Hz in 2.9 to 46 Hz in 2.10-d4 indicates the substitution of a strong trans-influencing 

group such as CH3, by a weak trans-influencing group such as CD3OD. Two methyl 

groups attached to the sulfur atom of the Pt-bound SMe2 ligand in 2.10-d4 produce a 

single broad peak integrating as 6H at 2.45 ppm (3JPt-H=47 Hz) suggesting that, unlike 

in 2.9, there is a fast exchange of the two methyl groups of the SMe2 ligand. 

Similarly, two methyl groups attached to the boron atom of the dpdmb ligand produce 

one broad signal at 0.17 ppm integrating as 6H.  
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We performed VT-NMR studies to find the temperatures at which exchange of the 

methyl groups of the SMe2 and BMe2 fragments could be halted. At -15 °C the 

methyl group signals of the SMe2 fragment de-coalesce whereas the signals of the 

BMe2 fragment de-coalesce at ï30 °C. Various mechanisms accounting for the 

fluxional behavior may be proposed, such as órotationô of dpdmb and Pt(OMe)(SMe2) 

fragments relative to each other leading to the methyl group exchange in the SMe2 

fragment as well as a reversible dissociation of one of the Pt-N bonds with subsequent 

protonation of the dissociated pyridine nitrogen atom. As shown in Scheme 2.6, 

deprotonation of cationic 2.10-d4 to form neutral (dpdmb)PtII(OCD3)(SMe2), 2.12-d3, 

might facilitate the Pt-N bond dissociation whereas protonation of the dissociated 

nitrogen may allow for a relatively long life of the protonated intermediate, 2.10ô-d4, 

sufficient for rotation of the dpdmb ligand about the remaining Pt-N bond by 180o to 

form 2.10ôô-d4. Subsequent deprotonation and re-coordination of the free pyridine 

residue produces the neutral (dpdmb)PtII(OCD3)(SMe2) complex, 2.12ô-d3. The result 

of this reaction sequence is an apparent BC2N2Pt ring inversion and the methyl group 

exchange in the BMe2 fragment, viz. the conversion of 2.10-d4 to 2.10ôôô-d4. A 
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solution of 2.10-d4 in CD3OD diluted with methanol showed masses corresponding to 

both [2.7-d4]+ and [2.7-d3ĀH]+
 in the ESI-MS indicating facile proton exchange, in 

accord with reversible deprotonation. 

Attempts were made to isolate the corresponding non-deuterated complexes: while 

2.11 could be isolated by removal of CH3CN from the reaction vessel, complex 2.10 

could not be isolated without observing substantial decomposition.  Although more 

stable than 2.6 which decomposed within 1h, 2.10-d4 in CD3OD or 2.10 in CH3OH 

are both unstable in solution at room temperature over long periods of time. In less 

than 12 h a dark precipitate formed consistent with an intractable mess observed in 

the 1H-NMR spectra recorded after this time period. Even faster decomposition was 

observed when attempted to isolate it by removal of solvent. Presumably, the neutral 

methanol ligand is weakly bound to the PtII-center in 2.10 and prolonged exposure to 

vacuum generates a highly unstable three-coordinate PtII species, 2.13, as shown in 

Scheme 2.7. 

 

The slow decomposition of 2.10 in solution most likely involves ɓ-hydride 

elimination of methanol ligand leading to formation of an unstable PtII hydride along 

with formaldehyde-derived acetal, as shown in Scheme 2.7. Accordingly, a sample of 

2.10-d1 prepared by reacting 2.9 in CH3OD was let to sit for 12h at room temperature 
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after which precipitate of Pt-black was clearly visible. According to the 1H-NMR 

spectra, products of decomposition of 2.10-d1 in CH3OD solutions contain a singlet at 

4.16 ppm assigned to the methylene group of methoxy methanol CH3OCH2OD [61]. 

This signal was compared to that of an authentic sample of the latter compound 

prepared by dissolving paraformaldehyde in the same solvent. ESI+-MS of the 

CH3OD sample showed a peak at 199.1 corresponding to doubly-protonated ligand, 

H2-dpdmb, consistent with the aforementioned mechanism. This decomposition route 

might be similar to that observed for 2.6 discussed before. 

The acetonitrile analogues 2.11 and 2.11-d3 are more stable both in solutions and in 

solid state but still shows signs of decomposition in the course of few days and hence 

could not be isolated in an analytically pure form. As compared to 2.10-d4, the 

acetonitrile complex, 2.11-d3 is not so fluxional in solution at room temperature. The 

1H NMR spectrum of 2.11-d3 in CD3CN shows two broad singlets of two sulfur-

bound methyl groups with the platinum-195 satellites and two broad singlets of two 

boron-bound methyl groups.  

Figure 2.3: 1H-NMR spectrum of [(dpdmb)PtII(SMe2)(CD3CN)]BF4
-, 2.11-d3 in 

CD3CN (22 °C, 500.132 MHz). Note the inequivalent BMe resonances at 0.24 and 

0.81 ppm, and the inequivalent SMe resonances at 2.36 and 2.66 ppm.  
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The fluxionality of complex 2.10-d4 as opposed to complex 2.11-d3 may be attributed 

to the ability of the former to exchange the Pt-bound (CD3OD) with solvent. 

Acetonitrile on the other hand is expected to be very tightly bound to the PtII-center. 

Experimentally, the non-deuterated variant, 2.11 showed no signs of exchange with 

CD3CN when dissolved in it for a period of up to 2 days. ESI-MS of a sample of 

2.10-d4 in CD3OD diluted with excess CH3OH showed peaks corresponding to both 

2.10-d4 (m/z=490.1) and 2.10 (m/z=486.1) indicating that exchange of the Pt-bound 

CD3OD with CH3OH was facile. 

2.3.3 Oxidation of di(2-pyridyl)dimethylborato -PtII (Me)(SMe2) complex with 

H2O2 

 

In contrast to [(dpdmb)PtIIMe(OMe)]-, 1.21, complex 2.9 does not react with oxygen. 

Similar change in reactivity towards O2 is observed for monomethyl PtII complexes 

supported by di(2-pyridyl)methanesulfonate ligand (dpms) [62]. In particular, for 

(dpms)PtIIMe(L), an ionizable ligand such as methanol replaced with non-ionizable 

neutral ligand such as DMSO renders the PtII-complex inert towards oxygen. 

Nevertheless, oxidation of 2.9 to form a cationic PtIV derivative 2.14 is facile when a 

stronger oxidant, H2O2, is used in combination with a few equivalents of acetic acid 

in methanol, as shown in Scheme 2.8.  The 1H NMR spectrum of the product of 
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oxidation dissolved in acetone-d6 shows the presence of a C1-symmetric species with 

two singlets of two non-equivalent Pt-bound methyl groups at 1.33 ppm (2JPt-H=66 

Hz) and 1.83 ppm (2JPt-H=74 Hz), integrating as 3H each. Only one signal of the 

boron-bound methyl group at 0.53 ppm integrating as 3H can be found, indicating 

complete methyl migration. The singlet at 3.33 ppm (JPt-H = 12.4 Hz) integrating as 

3H could be assigned to the B-(µ-OCH3)-Pt fragment of the Pt-coordinated 

(methoxy)(methyl)di(2-pyridyl)borate (MeO-mdpb) (c.f. p-28 for 1H-NMR and 

appendix p-127 for 13C-NMR spectra).  

Figure 2.4: 1H-NMR spectrum of [(Me)BPy2(µ-OMe)PtIV(SMe2)(Me2)]OAc, 2.14 in 

acetone-d6 (22 °C, 500.132 MHz). Note the residual B-Me resonance at 0.51 ppm 

integrating to 3 hydrogens. Also note two Pt-Me resonances at 1.36 and 1.84 ppm, 

consistent with a C1 symmetric structure.  The region corresponding to the pyridine 

ortho hydrogens has been expanded: clear distinction of the effect of trans PtMe and 

trans PtSMe2 fragments on the Pt-coupling to the pyridine ortho hydrogens are 

visible. 
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As in the case of the aerobic oxidation of anionic species (dpdmb)PtII complexes 

described previously [34], (methoxy)(methyl)di(2-pyridyl)borate ligand results from 

oxidatively induced B-to-Pt methyl group migration assisted by nucleophilic attack of 

methanol at the boron atom. Two singlets of the sulfur-bound methyl groups are 

observed in the NMR spectrum of 2.14 as well, each corresponding to 3H and having 

the platinum-195 satellites so confirming retention of the SMe2 ligand in the platinum 

coordination sphere. The identity of 2.14 was also confirmed by ESI+-MS, and purity 

was ascertained by elemental analysis. 2.14 bears resemblance to a RuII complex 

bearing a (Me)(OH)BPy2 ligand synthesized by Williams et al. [63] via agostic 

demethylation of the original dimethylborato ligand, 1.14. The oxidation of 2.9 is the 

first example of oxidation of a di(2-pyrdiyl)dimethylborato-PtII-complex with H2O2 

and provides proof of concept that oxidation with H2O2 also results in B-to-PtIV Me-

migration.  

It was previously established by Vedernikov et al. that the trihydrocarbyl and 

dihydrocarbyl PtIV complexes supported by (methoxy)(methyl)di(2-pyridyl)borate 

ligand, such as 1.22 and 1.23, are inert towards C-C and C-O reductive elimination at 

temperatures up to 120oC [34]. Therefore, it was interesting to check if the analogous 

electron-poorer cationic dimethyl PtIV complex 2.14 exhibit different reactivity and 

can reductively eliminate products with new C-C or C-O bonds.  It has been 

demonstrated in literature that reductive elimination from octahedral PtIV or PdIV 

centers is possible via a five-coordinate intermediates [64]. Thus, in order to explore 

the possibility of C-C or C-O reductive elimination from 2.14, the complex must be 

converted to a five-coordinate system. While the bridging B-µ(methoxy) ligand does 
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not exchange in CD3OD even when heated at 80oC, as evidenced by clearly visible 

Pt-satellites in the 1H-NMR spectra, addition of 1 eqv. of 50% aqueous HBF4 caused 

immediate disappearance of the corresponding 1H-NMR signal.  

Figure 2.5: 1H-NMR Spectrum of [(Me)(CD3O)BPy2PtIV(Me2)(SMe2)]OAc, 2.14-d3 

in CD3OD after addition of HBF4 and heating at 80 °C for 24h. Note absence of the 

bridging B-µ(methoxy). 
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In this acidified CD3OD solution, 2.14 showed no signs of decomposition at 20 °C, 

according to 1H-NMR spectroscopy. Heating the mixture at 100oC for 2 days caused 

no changes. Heating the solution further at 120 °C led to its darkening, decomposition 

and formation of black solid. In all cases, neither methanol, dimethyl ether nor ethane 

were detected by 1H-NMR. According to these observations, cationic dimethyl 

complex 2.14 does not undergo either C-C or C-O reductive elimination up to 100 °C. 

Hence, the presence of a positive charge is not sufficient to make PtIVMe2 complex 

electrophilic enough to undergo attack by solvent (e.g. MeOH) to afford reductive 

elimination. 

2.3.4 Oxidation of di(2-pyridyl)dimethylborato -PtII (CD3OD)(SMe2)+ complex 

with H 2O2 

 

We next explored the oxidation of the cationic complexes 2.10-d4 (generated in-situ) 

and 2.11 in CD3OD. A solution of 2.10-d4 in CD3OD is stable under bubbling O2 for 

at least 2h but reacts rapidly with H2O2. The oxidation is cleaner when performed at 
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lower temperatures using slight excess H2O2. When performed at 0oC the reaction 

leads to virtually quantitative and immediate formation of methyldi(2-pyridyl)borane 

(mdpb) complex 2.15-d3 in 71% yield, as shown in Scheme 2.9, along with 1 

equivalent of CD3OCH3, 2.17-d3, detectable by 1H-NMR.  

 

The presence of excess H2O2 leads also to the oxidation of the ancillary SMe2 ligand 

and formation of the dimethylsulfoxide analogue, 2.16-d3, in 20% yield. While a 

short-lived PtIV-peroxo intermediate is believed to form upon reaction of H2O2 with 

2.10-d4, we presumed that the oxidation of the ancillary SMe2 fragment was directly 

by the oxidant and not by the peroxo-intermediate as demonstrated by Goldberg et al. 

[65]. 2.17-d3 was characterized in the reaction mixture using the 1H-NMR 

spectroscopy and ESI+-MS. The results were compared to that of an authentic sample 

of CD3OCH3 independently prepared by reacting NaOMe with CD3I in methanol. 

Complex 2.15-d3, as formed in-situ, was dirty, and could not be isolated as a solid due 

to rapid darkening upon removal of CD3OD, a behavior similar to that of 2.10-d4. The 

evacuation of CD3OD was stopped at this point, and a 1H-NMR spectrum was 

recorded. The 1H-NMR spectrum of 2.15-d3 is typical for a C1 symmetric 

dipyridylborate species. The coordinated SMe2 produces two broad singlets of equal 
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intensity 3H at 2.64 ppm and 2.89 ppm, both with the platinum-195 satellites and 

almost identical Pt-H coupling constants of 39 Hz.  

Figure 2.6: 1H-NMR spectrum of [(Me)BPy2PtII(SMe2)(OCD3)]BF4, 2.15-d3 in 

CD3OD (22 °C, 400.131 MHz) (contains trace amounts of decomposition products). 

Note the residual B-Me resonance at 0.26 ppm and the resoances corresponding to the 

non-equivalent SMe fragments at 2.64 and 2.89 ppm.  

 

Only one signal originating from the boron-bound methyl group at 0.26 ppm 

integrating as 3H could be found suggesting that the second methyl group of the 

original B(CH3)2 fragment was lost in the course of the reaction. Analysis of the 

organic reaction product, CD3OCH3, indicates the direction of this loss. Finally, ESI+-

MS characterization of the CD3OD solution indicates the presence of the cation 2.15-

d3 with m/z = 473.13 (calculated for C14H17BD3N2O
195PtS, 473.12). It is noteworthy 

at this point to mention that unlike 2.10-d4, 2.11 could not be oxidized in CD3OD 

even with up to 5 equivalents of H2O2.  

2.3.5 Mechanism of oxidation of di(2-pyridyl)dimethylborato -PtII (L)(SMe2)+ 

complexes, L=CD3OD, CH3CN with H2O2 

While discussing the role of the Pt center in the formation of dimethyl ether, it is 

important to note that in the absence of coordinated platinum, the dpdmb ligand used 
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in the form of H(dpdmb) does not react with H2O2, which was proven in a separate 

experiment under conditions identical to those employed for oxidation of 2.10-d4. The 

mechanism of oxidation of 2.9 and that of 2.10-d4 in CD3OD solutions presumably 

progress via methyl migration to the PtIV center. While for 2.9 it leads to a stable 

dimethyl-PtIV complex, 2.14, for 2.10-d4 it leads to 2.15-d3 and CD3OCH3, 2.17-d3. 

 

The reaction sequence shown includes an electrophilic attack of H2O2 at the PtII 

center leading to the cationic PtIV intermediate 2.18-d5. The attack most likely 

involves a zwitterionic complex 2.12-d3 with the PtII center bearing a formal charge 

+1, lower than a formal charger of +2 in 2.10-d4. In turn, complex 2.12-d3 results 

from dissociation of acidic proton of the coordinated methanol ligand in 2.10-d4. The 

same formal charge +1 at the PtII atom is found in complex 2.9, hence explaining its 

facile and clean oxidation with H2O2. Interestingly, complex 2.11 does not react with 

H2O2 under comparable reaction conditions which may be due to the presence of a 

too electron-poor Pt atom bearing +2 formal charge. The facile deprotonation of the 
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PtII(CD3OD) fragment in 2.10-d4 may also be invoked to explain why unlike the 

former, 2.11 is reluctant to undergo oxidation by H2O2, under similar conditions. 

The cationic PtIV center in the transient 2.18-d5 is involved in the B-to-Pt methyl 

group transfer leading to another cationic monomethyl PtIV intermediate 2.19-d6. We 

propose that the B-to-Pt methyl group transfer step involving 2.18-d5 is similar to that 

operational in the aerobic oxidation of anionic (dpdmb)PtII complexes, 1.15 and 1.21. 

The cationic PtIV transient 2.19-d6 has only one methyl group at the metal and, 

therefore, is more electron-poor than the cationic dimethyl PtIV complex 2.14. We 

propose that complex 2.19-d6 is electrophilic enough to accept fast nucleophilic attack 

of CD3OD at the C-atom of the PtIV-Me fragment, leading to the formation of 2.15-d3 

and CD3OCH3, 2.17-d3. 

In order to detect plausible intermediates in oxidation of 2.10-d4 with H2O2, the 

reaction was performed at lower temperatures. The oxidation did not occur at 

appreciable rate below -30 °C even with 20 equivalents of H2O2 used. When 

performed at -15 °C, the disappearance of the starting material was accompanied with 

formation of CD3OCH3 with no detectable intermediate complexes. Hence, we 

suggest that the reductive elimination step involving presumed transient 2.19-d6 is 

much faster than conversion of 2.18-d5 to 2.19-d6 at -15 °C. A possible way to change 

the ratio of these two reaction rates was to perform the oxidation of the neutral 

complex 2.12-d3 generated from cationic 2.10-d4 in the presence of sodium 

methoxide. The larger fraction of 2.12-d3 present in such solution would lead to a 

faster oxidation rate. However, no reaction intermediates were detected by means of 

1H NMR spectroscopy in reaction mixtures containing 2.10-d4 and 1 equivalent of 
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NaOMe though the rate of disappearance of 2.10-d4 and formation of dimethylether-

d3 at -15 °C increased 1.4 fold compared to the case when no base additives were 

present. A possible explanation is that complex 2.10-d4 dissociates to produce 2.12-d3 

in a significant extent already in neat CD3OD, and as the latter undergoes oxidation, it 

is replenished rapidly be further deprotonation of 2.10-d4. 

 

2.4 Conclusions 

Although attempts to synthesize anionic óinorganicô complexes supported by the 

dpdmb ligand failed, the observation of the facile C-O bond formation in the course 

of oxidation of complexes bearing no hydrocarbyls on the PtII center with H2O2 

allows us to propose that model di(2-pyridyl)borate PtIV complexes may be involved 

at the C-O bond forming step of a potential catalytic cycle allowing for aerobic 

functionalization of C-H bond donors. We find that even towards a strong oxidant 

like H2O2, formal charge on the Pt-center plays a crucial role in the oxidation of 

complexes. Based on direct comparison to the aerobic oxidation of anionic dpdmb-

supported monohydrocarbyl and dihydrocarbyl PtII complexes, we propose that 

similar mechanism of óoxidatively induced hydrocarbyl migrationô may be in 

operation for oxidation of the cationic complexes with H2O2 discussed herein. 
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2.5 Experimental Section 

2.5.1 Attempted synthesis of (dpdmb)PtII (OMe)2, 2.1 (a) and 

(dpdmb)PtII (OCD3)(CD3OD), 2.6-d7 (b): 

(a) 25 mg (54.2 µmol) of Na(dpdmb)PtII(Me)(OMe), 1.21, was dissolved in 1 mL of 

methanol in a vial equipped with a stir bar in the glove-box, and to it was added  6.8 

µL (1 eqv.) aq. 50% HBF4. Slight evolution of gas could be seen, followed by 

progressive formation of dark-brown solution and particulates within 10 minutes. At 

this point an ESI+-MS of an aliquot was recorded, and a signal at m/z=199.1, 

corresponding to (dpdmb)H2
+ was seen. The sample decomposed completely within 

1h. In another experiment, faster decomposition was observed when the sample was 

exposed to high-vacuum within 2 minutes after addition of HBF4. 

(b) Henceforth we decided to monitor the reaction by 1H-NMR spectroscopy. 15 mg 

(33.7 µmol) of 1.15 was dissolved in CD3OD and a 1H-NMR spectra was recorded. 

According to the NMR, clean formation of 1.21-d6 had occurred [34]. At this point, 

4.2 µL (1 eqv.) of HBF4 was added and a 1H-NMR spectra was quickly recorded. 

Although significant decomposition could be visible, one set of aromatic signals 

presumed to belong to 2.6-d7 were identified. After 10 minutes, more than 30 peaks in 

the aromatic region were visible along with the formation of Pt-mirror on the walls of 

NMR-tube. Integrations were not reliable due to line-broadening and overlap of 

multitude of peaks. 

2.6-d7 (tentative assignment): 1H NMR (22 °C, 400 MHz, CD3OD, ppm), d: 0.18 

(BMe), 6.97, 7.11, 7.78, 8.01 (JPt-H=~31 Hz). 

 

2.5.2 Attempted synthesis of [(dpdmb)PtII (Cl)]2, 2.7 (a), and 

nBu4[(dpdmb)PtII Cl2], 2.8 (b): 

(a) 50 mg (252.4 µmol) of dpdmb-H and 10.4 mg (1 eqv.) of K2PtCl4 was added to a 

reaction vial containing 1 mL of H2O. To this suspension was added 42 µL of aq. 

HCl, and immediate dissolution of all components was observed to form an orange 

colored solution. The reaction mixture was stirred, periodically monitoring for color 

change. After 24h when no color change or formation of precipitate was observed, the 

solution was stripped to dryness to obtain an amorphous powder. The powder seemed 

to consist of two separate entities, one soluble in CD2Cl2, and the other soluble in 

D2O. While the former confirmed to free ligand by 1H-NMR spectroscopy, 

corresponding to no Pt-H coupling of the ortho pyridine hydrogens, the latter was 

almost 1H-NMR-silent. No complexation had occurred. 

(b) 10 mg of nBu4N[dpdmb] (22.7 µmol) [34] was combined with 19 mg ( 1 eqv) of 

(nBu4N)2[PtCl4] in 0.7 mL of CD2Cl2 in an NMR tube. Immediate dissolution of all 

components was seen.  No reaction, as evident from the absence of Pt-H coupling of 

the ortho pyridine hydrogens, was observed even after 24 h. 

 

2.5.3 Synthesis of (dpdmb)PtII (Me)(SMe2), 2.9: 

(a) Protonated dimethyldipyridylborate ligand, H(dpdmb) (138 mg, 696 µmol) was 

dissolved in 20 mL of THF in a vial. This solution was added dropwise with vigorous 

stirring over a 2 minute period to a 100 mL Schlenk flask containing 200mg 
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Pt2Me4(µ-SMe2)2 (348 µmol). Gas evolution was seen, and after 15 minutes of 

addition, the solution turned light-brown. After a total of 30 minutes the Schlenk flask 

was evacuated and kept under vacuum overnight to yield a tan colored powder. The 

solid was washed with hexanes and recrystallized from methanol to yield 309 mg of a 

pure product, a yellow colored powder, 2.9 in 95% yield.  

(b) Complex 2.9 was independently synthesized from Na[(dpdmb)PtMe2], 1.15, as 

follows: 50 mg of Na[(dpdmb)PtMe2] complex (112.3 µmol) was dissolved in 3 mL 

of dimethyl sulfide placed in a vial equipped with a stirring bar. To this solution was 

added 4.0 µL H2O (2 equivalents) with vigorous stirring. Gas evolution and some 

yellow particulates were seen immediately. After 5 minutes, the contents were filtered 

through Celite and the residues were washed with 1 mL of THF. The solvent was 

removed from the combined filtrate and washings. The residue was dried under high 

vacuum to give a tan colored solid. The solid was washed with 3 mL of 1:1 v/v ether-

hexane mixture to give 46.9 mg of 2.9, 89% yield. Complex 2.9 is an air-stable solid, 

showing no signs of thermal decomposition at temperatures up to 80 °C under argon 

atmosphere. Complex 2.9 is resistant toward the protonolysis of the Pt-Me fragment 

by methanol and water but reacts with acetic acid slowly over 24h. Complex 2.9 is 

sparingly soluble in methanol and ether, moderately soluble in benzene, and highly 

soluble in acetone, THF, and acetonitrile. c.f. appendix p-125 for 13C-NMR spectrum. 
1H NMR (22 °C, 500 MHz, CD3CN, ppm), d: 0.22 (br, s, 3H, B-Me), 0.59 (s, 2JPt-

H=72 Hz, 3H, Pt-Me), 0.64 (br s, 3H, B-Me), 2.28 (br s, 3JPt-H=54 Hz, 3H, SMe), 2.42 

(br s, 3JPt-H=54 Hz, 3H, SMe), 6.93 (dt, J=6.7, 1.9 Hz, 1H), 6.97 (dt, J=6.9, 1.9 Hz, 

1H), 7.53 (dq, J=7.2, 1.8 Hz, 1H), 7.61 (vd, J=7.6 Hz, 1H), 8.41 (d, JH-H=8.41, JPt-

H=52 Hz, 1H), 8.56 (d, JH-H=5.7, JPt-H=29 Hz, 1H).  
13C NMR (22 °C, 500 MHz, CD3CN, ppm), d: -15.2 (s, 1JPt-C=733 Hz), 11.9 (br, 

BMe), 15.9 (br, BMe), 20.8 (br, SMe), 24.4 (br, SMe), 121.2, 121.5, 129.1, 129.4, 

135.8, 135.9, 150.5 (o-py carbon trans- to Pt-Me, Pt-195 coupling not seen), 151.5 

(o-py carbon, JPt-C=43 Hz), 187-193 (br, py-2-C(B)) 

ESI of a methanolic solution of 2.9 with 10% aqueous acetic acid, 2.9·H+, 

C15H24BN2PtS: 470.14, Calculated: 470.13.  

Elemental analysis: calculated for C15H23BN2PtS, C, H, N: 38.5, 4.94, 5.96. Found C, 

H, N 39.0, 4.99, 5.65.  

 

2.5.4 Preparation of [(dpdmb)PtII (SMe2)(MeOH)](BF4) complex, 2.10-d4: 

15 mg (31.96 µmol) of 2.9 was suspended in 0.5 mL of CD3OD in an NMR tube and 

4 µL (32 µmol) of 50% aqueous HBF4 was added. Immediate evolution of gas was 

observed. The methanolic solution decomposes slowly over a period of 12 h. 

Attempted isolation of 2(BF4) in a solid state leads to even faster decomposition.  
1H NMR (22 °C, 500 MHz, CD3OD, ppm), d: 0.17 (br s, 6H, BMe2), 2.45 (br s, 3JPt-

H=47 Hz, 6H, SMe2), 6.9 (dt, J=6.8, 2 Hz, 1H), 7.45 (vd, J=6.2 Hz, 1H), 7.46 (vd, 

J=7.5 Hz, 1H), 7.5 (dt, J=7.0, 1.4 Hz, 1H), 7.7 (dt, J=7.6, 1.5 Hz, 1H), 7.9 (dt, J=7.9, 

1.5 Hz, 1H), 8.01 (d, J=8.1, JPt-H=34 Hz, 1H), 8.4 (d, J=6.2, JPt-H=60 Hz, 1H).  
13C NMR (22 °C, 500 MHz, CD3OD, ppm), d: 23.43 (SMe2), 122.8, 123.1, 129.6, 

138.2, 139.8, 142.9, 143.1, 149.4. B-Me fragment and ipso-C of the pyridine ring 

were not seen due to boron splitting.  

ESI+ of a CD3OD solution of 2.10-d4, C15H20D4OBN2PtS: 490.18. Calculated: 490.16.  
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2.5.5 Decomposition of 2.10-d4 in CH3OD leading to formaldehyde and 

methoxymethanol: 

10 mg (21.31 µmol) of 2.9 was dissolved in CH3OD in an NMR tube, 2.7 µL (21.6 

µmol) of 50% aqueous HBF4 was added and the tube was sealed. Immediate 

evolution of gas was seen. An NMR spectrum recorded by suppressing the methyl 

group signal of the CH3OD solvent confirmed the quantitative and clean formation of 

2.10-d4. The solution was left standing overnight after which a black particulate was 

seen. In the NMR spectrum, two new sets of signals were clearly identifiable. One set 

of signals was assigned to the protonated dpdmb ligand, H(dpdmb). The second set 

included one singlet at 4.61 ppm. The spectrum was compared to that of a solution of 

paraformaldehyde in CH3OD acidified with small amount of HBF4. The peak at 4.61 

ppm matched in both cases.  

 

2.5.6 Synthesis of [(dpdmb)PtII (SMe2)(NCMe)](BF4) complex, 2.11: 

50 mg (106.54 µmol) of 2.9 was dissolved in 4 ml of acetonitrile in a reaction vial 

equipped with a stirring bar and 19 µL (108 µmol) of 50% aqueous HBF4 was added 

with vigorous stirring. Immediate evolution of gas was observed. After 10 minutes 

the solution was stripped to dryness and a white solid was obtained. The solid was 

washed with a 1:1 v/v ether - hexane mixture, followed by further drying to yield 52 

mg of a highly-hygroscopic micro-crystalline white solid 2.11 in quantitative yield. 

Complex 2.11 is insoluble in ether and methanol, but soluble in THF, acetone and 

acetonitrile. c.f. appendix p-126 for 13C-NMR spectrum. 
1H NMR (22 °C, 500 MHz, acetone-d6, ppm), d: 0.26 (br s, 3H, B-Me), 0.83 (br s, 

3H, B-Me), 2.53 (br s, 3JPt-H=33 Hz, 3H, SMe), 2.85 (br s, 3H, NCMe), 2.88 (br s, 
3JPt-H=33 Hz, 3H, SMe), 7.15 (dt, J=6.8, 2.1 Hz, 1H), 7.20 (dt, J=6.6, 2.0 Hz, 1H), 

7.66-7.77 (m, 4H), 8.71 (d, J=6.2 Hz, 1H), 8.78 (d, J=5.8 Hz, JPt-H=30 Hz, 1H).  
13C NMR (22 °C, 500 MHz, acetone-d6, ppm), d: 4.1 (NCCH3), 10.9 (br, BMe), 

15.64 (br, BMe), 22.4 (SMe), 24.5 (SMe), 122.5, 122.8, 129.9, 130.0, 138.3, 151.5, 

152.7. ipso-carbon of the pyridine ring were not seen due to boron splitting.  

ESI(+)-MS of a THF solution of 2.11: 495.14, Calculated: 495.14.  

The solid complex shows signs of decomposition in the course of few days when 

stored at 20 oC under an argon atmosphere. Hence, satisfactory elemental analysis 

could not be obtained. Elemental analysis: calculated for C16H23B2F4N3PtS, C, H, N: 

33.01, 3.98, 7.22. Found C, H, N 33.60, 3.59, 6.50 

 

2.5.7 In-situ preparation of [(dpdmb)PtII (SMe2)(NCCD3](BF4), 2.11-d3 in 

CD3CN: 

The protonolysis of 10m mg of 2.9 in CD3CN in an NMR tube was performed in a 

manner identical to that above with equivalent amount of aq. HBF4. Note the signal 

corresponding to water in the NMR spectrum. 
1H NMR (22 °C, 500 MHz, CD3CN, ppm), d: 0.24 (br, s, 3H, BMe), 0.81 (br, s, 3H, 

BMe), 2.35 (s+Pt-satellites, 3H, J=~40 Hz, PtSMe), 2.66 (s+Pt-satellites, 3H, J=~41 

Hz, PtSMe), 3.25 (br, H2O from aq. HBF4), 7.06 (m, 1H, py-5-CH), 7.13 (m, 1H, pyô-

5-CH), 7.62-7.75 (overlapping m+m, 4H, py-3-CH, pyô-3-CH, py-4-CH, pyô-4-CH), 
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8.5 (d+Pt-satellites, 1H, J=6.4, JPt-H=~23 Hz, py-6-CH), 8.55 (d+Pt-satellites, J=5.9, 

JPt-H=~18 Hz, pyô-6-CH). 

ESI(+)-MS of a THF solution of 2.11-d3: 498.16, Calculated: 498.14 

 

2.5.8 Oxidation of (dpdmb)PtII Me(SMe2), 2.9, to form [(MeO-

mdpb)PtIVMe2(SMe2)]OAc, 2.14 

51 mg (108.6 µmol) of 2.9 was dissolved in 4 mL of methanol in a Schlenk flask 

equipped with a stirring bar. The solution was acidified with 6.2 µL (1 equiv.) of 

acetic acid. To this solution, with rapid stirring was added 11.2 µL (1 equiv.) of aq. 

30% H2O2. Stirring was continued for 5 minutes and some fine yellow particulates 

were observed. After this time, the solution was filtered through a cotton plug and the 

filtrate was stripped to dryness to obtain a yellow solid. The solid was recrystallized 

from benzene to produce 2.14, 55.3 mg, 91% yield. c.f. appendix p-127 for 13C-NMR 

spectrum. 
1H NMR (22 °C, 500 MHz, acetone-d6, ppm), ŭ: 0.51 (br s, B-Me, 3H), 1.36 (s, 2JPt-

H=66 Hz, Pt-Me, 3H), 1.78 (s, OAc, overlapping with a Pt-satellite, 3H), 1.84 (s, 2JPt-

H=74 Hz, Pt-Me, 3H), 2.55 (s, 3JPt-H=35 Hz, SCH3, 3H), 2.63 (s, 3JPt-H=42 Hz, SCH3, 

3H),  3.30 (s, 3JPt-H=12 Hz, B-µ-OCH3-Pt, 3H), 7.48-7.53 (m, 2H), 7.7 (vd, J=7.9 Hz, 

1H), 7.8 (vd, J=8.4 Hz, 1H), 7.94 (vt, J=7.9 Hz, 1H), 7.99 (vt, J=8.4 Hz, 1H), 8.51 (d, 

J=5.9, JPt-H=19 Hz, 1H), 8.95 (d, J=5.9, JPt-H=20 Hz, 1H).  
1H NMR (22 °C, 400 MHz, CD3OD, ppm), ŭ: 0.53 (br s, B-Me, 3H), 1.34 (s, 2JPt-

H=64 Hz, Pt-Me, 3H), 1.74 (s, 2JPt-H=71 Hz, Pt-Me, 3H), 1.92 (s, OAc, 3H), 2.37 (s, 
3JPt-H=32 Hz, SCH3, 3H), 2.50 (s, 3JPt-H=42 Hz, SCH3, 3H), 7.38-7.43 (m, 2H), 7.7 

(vd, J=7.9 Hz, 1H), 7.81 (vd, J=7.7 Hz, 1H), 7.88-7.93 (m, 2H), 8.38 (d, J=6.0, JPt-

H=38 Hz, 1H), 8.68 (d, J=5.9, JPt-H=15 Hz, 1H).  
13C NMR (22 °C, 500 MHz, acetone-d6, ppm), ŭ: -0.4 (2JPt-C=307 Hz, PtMe), -0.2 

(2JPt-C=285 Hz), 1.34 (br, BMe), 19.9 (2JPt-C=9 Hz, SMe), 21.2 (2JPt-C=13 Hz, SMe), 

24.5 (OCOCH3), 53.9 (br, B-µ-OCH3-Pt, Pt-satellites not resolved), 124.5 (JPt-C=16 

Hz), 125.5 (JPt-C=40 Hz), 128.8, 129.9 (JPt-C=26), 139.3, 139.8, 147.3 (JPt-C=35 Hz), 

147.5, 174.2 (OCOCH3).  

ESI+-MS of a methanolic solution of 2.14: 500.18. Calculated for C16H26BN2OPtS: 

500.15.  

Elemental analysis: calculated for C18H29BN2O3PtS, C, H, N: 38.65, 5.23, 5.01. 

Found C, H, N: 39.00, 4.93, 5.08.  

 

2.5.9 Oxidation of [(dpdmb)PtII (SMe2)(CD3OD)]BF4 complex, 2.10-d4, to form 

[(mdpb)PtII (SMe2)(OCD3)]BF4, 2.15-d3, [(mdpb)Pt II (OSMe2)(OCD3)]BF4, 2.16-d3 

and dimethyl ether-d3, 2.17-d3: 
An NMR tube containing 21.3µmol of 2.10-d4 (synthesized in CD3OD) was cooled to 

0 °C in an ice-bath. 2.4 µL of aq. 30% H2O2 was added, Teflon sealed and shaken for 

homogeneity. An NMR experiment revealed the formation of 1 equivalent of d3-

dimethylether and the formation of 2.15-d3. To quantify the amount of d3-

dimethylether observed, the above reaction was repeated with 1,4-dioxane as an 

internal standard, and following addition of 1.2 equivalents H2O2, d3-dimethylether (1 

equivalent) was observed.   

2.15-d3:  
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1H NMR (22 °C, 500 MHz, CD3OD, ppm), ŭ: 0.26 (br s, BMe, 3H), 2.64 (br s, 3JPt-

H=40 Hz, 3H, SMe), 2.89 (br s, 3JPt-H=39 Hz, 3H, SMe), 7.18 (dt, J=6.5, 2.0 Hz, 1H), 

7.26 (dt, J=6.7, 1.9 Hz, 1H), 7.48-7.60 (m, 3H), 7.89 (vt, J=7.0 Hz, 1H), 8.71 (d, 

J=6.2 Hz, 1H), 8.78 (d, J=5.4 Hz, JPt-H=29 Hz, 1H).  

ESI(+)-MS of an aliquot of the NMR solution above gave m/z = 473.13 (calculated 

for C14H17OBD3N2PtS, 2.15-d3
+: 473.12), 50.12 (calculated for CD3OCH3-H

+) as the 

major peaks. Complex 2.16-d3
+ was observed at m/z = 489.12 (calculated for 

C14H17O2BD3N2PtS, 2.16-d3
+, 489.12). 

 

2.5.10 Attempted 1H NMR detection of the presumed reactive intermediate, 2.19-

d6.  

21.3 µmol of fresh 2.10-d4 in CD3OD, prepared from 10 mg (21.3 µmol) of 2.9 by 

protonolysis with equivalent amounts of 50% aqueous HBF4 was taken in a sealable 

NMR tube and cooled to -90 °C. To it was added 1 µL dichloromethane as internal 

standard, and added 2.2 µL of 30% H2O2 (1.0 equivalent), through a long needle, very 

slowly in order to avoid local heating. The NMR tube was quickly lowered into the 

NMR spectrometer where the probe was precooled to -60 °C. No changes to the 

starting material were observed. The sample was warmed up slowly in 10 °C intervals 

with careful monitoring. Formation of dimethyl ether-d3 was first observed at -15 °C, 

however the rate of accumulation of dimethyl ether-d3 was very slow. After 90 min at 

-15 °C formation of 0.34 equivalents of dimethyl ether-d3 was observed. No 

detectable accumulation of intermediate complexes was noticed. The above 

experiment was repeated with 10 equivalents of H2O2 with a starting temperature of 

-20 °C. In this case also, no intermediate were detected, although increase in the rate 

of formation of dimethyl ether-d3 was observed.  

Attempts were also made to observe Pt(IV)-Me intermediate, 2.19-d6, by performing 

the oxidation reaction with added sodium methoxide. To 21.3 µmol of 2.10-d4, 

prepared as above in a sealable NMR tube, was added 1.2 mg (1 equivalent) 95% 

sodium methoxide and shaken for homogeneity. 1 µL of 1,4-dioxane as internal 

standard was added. The NMR tube was cooled to -90 °C; 10 equivalents of H2O2 

was added, sealed, shaken and inserted into the precooled NMR probe. No dimethyl 

ether-d3 was observed below -15 °C, as above. The progress of the reaction was 

monitored at -15 °C, in ten minute intervals up to 90 min. At the end of that time 

period a total of 0.66 equivalents of dimethyl ether-d3 were obtained. The average 

rate of formation of dimethyl ether-d3 was found to be 1.4 faster in the latter 

experiment.  

 

2.5.11 Attempted oxidation of H(dpdmb) with H 2O2 : 

12.0 mg (60.6 µmol) of H(dpdmb) was dissolved in 0.5 mL CD3OD, 7.57 µL aq. 50% 

HBF4 (1 equivalent) was added and an 1H NMR spectrum was acquired. Further, 6.2 -

62 µL (1-10 equivalents) of aq. 30% H2O2 was added to the solution. No change in 

the NMR spectra was seen after 1h, establishing the inertness of the ligand towards 

oxidative degradation. 

 

2.5.12 Attempted oxidation of of [(dpdmb)PtII (SMe2)(NCMe)]BF4, 3(BF4), in 

CD3CN: 
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[(dpdmb)PtII(SMe2)(NCCD3)]BF4, 2.11-d3 was generated by dissolving 15 mg (31.96 

ɛmol) of 2.9 in 0.5 mL of CD3CN in a NMR Young tube followed by addition of 4.0 

ɛL of aq. 50% HBF4 (1 equiv.). According to NMR spectroscopy, 2.11-d3 formed 

quantitatively. To this solution was added 1 equiv. of H2O2. The complex was found 

to be resistant towards oxidation by H2O2, tested with up to 20 equiv. of the oxidant.  

 

2.5.13 Attempted reductive elimination from 2.14 in CD3OD: 

16.2 mg (32.4 ɛmol) of 2.14 was dissolved in 0.5 mL of CD3OD in a NMR Young 

tube and acidified with 4 ɛL of aq. 50% HBF4 (1 equiv.). The acidified solution was 

analyzed by 1H NMR spectroscopy. The spectrum still conformed to 2.14 with minor 

chemical shift changes of the peaks. No new products generated by protonolysis were 

observed. Further, the NMR Young tube was exposed to elevated temperatures with 

careful monitoring by NMR spectroscopy. Initially, the NMR tube was left in an oil 

bath pre-set at 80 °C for several days and no changes were observed. Similar results 

were found when the temperature was raised to 100 °C and kept at this temperature 

for 2 days. ESI-MS of an aliquot from the NMR solution conformed to 2.14-d3 with a 

m/z =503.1, corresponding to exchange of the B(µ-OCH3-PtIV) fragment with 

CD3OD. When temperature was raised to 120 °C, quick darkening of the solution was 

observed along with some black particulates.  

 

Figure 2.7: Expanded region of 3.1-3.5 ppm (c.f. section 2.5.10) showing evolution 

of CD3OCH3 with time. From bottom to top: -40 °C, -30 °C, -20 °C, -15 °C, -12 °C (0 

min, 10 min, 20 min, 30 min, 40 min, 60 min, 90 min), -10 °C (0 min, 10 min, 30 

min). No PtIV-Me intermediate was observed 
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Chapter 3: Aerobic Oxidation of di(2-pyridyl)(methoxy) 

(methyl)borato -PtII complexes: Competition of O-coordination 

and methyl migration 

 

3.1 Proposal 

Based on the observation of the C-O elimination products upon oxidation of a model 

dimethyldi(2-pyridyl)borato-PtII complexes, as discussed in Chapter-II, we set out to 

modify the borate center to potentially avoid oxidatively induced B-to-PtIV methyl 

migration. Although the cationic complexes discussed in Chapter-II could only be 

oxidized by a stronger oxidant such as H2O2, we presumed that both mono- and 

dihydrocarbyl anionic PtII complexes derived from a resistant ligand could potentially 

be involved in O2 activation. It was proposed earlier, based on DFT analysis [2], that 

the major driving force for B-to-PtIV hydrocarbyl migration observed upon oxidation 

of complexes such as 1.15 is the formation of strong B-OR bonds, where ROH 

corresponds to the protic solvent the oxidation is performed in. We proposed that by 

substituting the B-bound methyl fragments in the dpdmb ligand, 1.14, by alkoxy 

groups, the ligand would become more resistant towards such methyl migration. 

Envisioned ligands with one (3.1) or both (3.2) alkyl-for-alkoxy substitutions, 

depicted in Scheme 3.1, may serve this purpose. To the best of our knowledge, there 

were no literature precedents for either free-ligands, although Williams et al. reported 

in-situ formation of complex 3.3, featuring a RuII-bound 3.1 (R=Me) [63].  
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3.2 Implementation 

 

Synthesis of 3.1 was first attempted with H(dpdmb) 1.14 as the starting material via a 

top-down approach owing to the established ease of synthesis of the latter. 1.14 was 

found to be very stable towards various óde-alkylatingô agents such as Br2, BBr3 etc 

[66], although such reagents are known to cleave B-C bonds with facility. At 

temperatures above 100  °C with such reagents, ligand degradation was substantial, 

and no change in conversion whatsoever was observed for aqueous HBF4. On the 

other hand, given the anionic boron center, we anticipated 1.14 to react with strong 

acids to protonate the B-Me fragment leading to B-C bond cleavage and elimination 

of methane. A sample of 1.14 in TFA-d at room-temperature showed trace amounts 

of CH3D, identified by observing a small triplet at 0.18ppm in the 1H-NMR after 7 

days.  
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Figure 3.1: 1H-NMR spectrum of MeBPy2, 3.4, in TFA-d (22 °C, 400.131 MHz) 

after heating at 180 °C for 24h. Note the triplet corresponding to CH3D and the 

residual BCH3 fragment integrating to 3H 
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The rate of reaction was carefully monitored by 1H-NMR by comparison of signals at 

0.1 ppm and 0.5 ppm corresponding to the BMe2 fragment in 1.14 and a new BMe 

fragment in 3.4, respectively. A 24h reflux at 180 °C was found to be optimal in 

converting 1.14 to 3.4 without noticeable decomposition.  3.4 was could be isolated, 

however upon exposure to high-vacuum a gel-like material containing excess TFA 

was obtained. ESI+-MS of the gel showed a signal at 183.1 consistent with the protio-

adduct, 3.4ĀH+. Treatment with a methanolic solution containing excess sodium 

methoxide and extraction with THF afforded 3.1 in good yields. 3.1 was 

characterized by 1H and 13C-NMR (c.f. appendix pp. 128-129) and ESI-MS. 3.1 could 

not be obtained in analytically pure form, due to the presence of sodium 

trifluroacetate. 

Synthesis of 3.2 was attempted via a bottom-up approach as 3.1 could not be cleanly 

óde-methylatedô a second time without observing substantial decomposition. Various 

ratios of 2-pyridyl-lithium and 2-pyridyl-magnesium chloride on boron precursors 

such as BBr3, B(OMe)3 and B(OiPr)3 produced intractable mixtures of mono(2-

pyridyl), di(2-pyridyl) and tri(2-pyridyl) borates and further attempts to purify 

mixtures were unsuccessful. Brown et al. reported similar reaction outcomes [67]. 
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3.3 Results and Discussion 

3.3.1 Synthesis of di(2-pyridyl)(methoxy)(methyl)borato-PtII  complexes 

 

With our new ligand 3.1 at hand, the derived PtIIMe2 complex, 3.5, was synthesized 

by standard protocol, as shown in Scheme 3.3(a). 3.5 was found to be stable at room-

temperature in aprotic solvents in the absence of O2. According to NMR, a solution of 

3.5 in CD3CN showed the presence of a Cs symmetric species with JPt-H coupling of 

81 Hz corresponding to the PtMe2 fragment and broad singlets at 0.53 ppm and 3.32 

ppm corresponding to the BMe and BOMe fragments, respectively. Although NMR 

spectra recorded in THF or CD3CN were reasonably clean, 3.5 could not be isolated 

in analytically pure form due to decomposition, and was characterized in solution by 

1H and 13C-NMR spectroscopy and ESI-MS (c.f. appendix p-130 for 13C-NMR 

spectrum). 
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Figure 3.2: 1H-NMR spectrum of (Me)(MeO)BPy2PtIIMe2 complex, 3.5, in CD3CN 

(22 °C, 400.131 MHz) 
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3.5 underwent complete H/D exchange of the PtIIMe2 fragment upon dissolution in 

CD3OD within 10 minutes, without noticeable protonolysis of the PtII-Me fragment 

according to the 1H-NMR spectra, which shows four multiplets of equal intensity 

corresponding to the pyridine hydrogens. The JPt-H coupling of 28.8 Hz (400 MHz) of 

the ortho-pyridine hydrogen is typical of PtII complexes with Pt-bound trans methyl 

groups. Unlike 1.15, 3.5 reacted extremely slowly with CD3OD to form the 

monomethyl-PtII complex, 3.6-d6. No exchange of the B-OMe fragment was observed 

by 1H-NMR in the course of the reaction. Hence, the new ligand, 3.1 makes the 

derived PtII complex, 3.5, less basic and less electron-rich rendering the PtII center in 

3.5 less susceptible to protonolysis of one of the PtMe fragments than in the (dpdmb)-

analogue, 1.15. After careful monitoring of the reaction, quantitative conversion of 

3.5 to 3.6-d6 was found to have occurred in 2h. ESI--MS showed a peak at 460.1, a 

mass 6 units higher than that calculated for 3.6, consistent with the presence of PtII-

bound CD3 and OCD3 fragments. 3.6-d6 did not react further with CD3OD and 

according to NMR, no decomposition in solution was evident up to 2 days at room-

temperature. 3.6 was synthesized accordingly in methanol. 
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Figure 3.3: 1H-NMR monitoring of reaction between 3.5 and CD3OD (22 °C, 

400.131 MHz) to form 3.5-d6 (~5 min) and eventually, 3.6-d6 (2h, quantitatively). 
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3.3.2 Synthesis of di(2-pyridyl)(met hoxy)(methyl)borato-PtIV Me3 complex 

 

The dimethyl-PtII complex, 3.5 reacted with methyliodide to form the trimethyl-PtIV 

complex, 3.7, as shown in Scheme 3.4(a). 3.7 is identical to the product obtained by 

Khaskin [34] by slow reaction of 1.26 with methanol (c.f. Scheme 1.8), as shown in 

Scheme 3.4(b). According to the 1H-NMR spectra (c.f. appendix p-131), no C-H 

agostic interaction of the B-Me fragment with the PtIV center was present. The B-

OMe fragment however, with a small JPt-H coupling constant of 15 Hz (CDCl3, 500 

MHz) clearly indicative that the B-OMe fragment sufficed as the 6th axial ligand at 

the PtIV center, trans to a strongly trans-influencing axial PtIV-Me fragment. The 

higher preference of the B-OMe over an agostic C-H is expected due to better 

donicity of the lone pairs on the O-atom as opposed to C-H bonds of the B-Me 

fragment. The structure of 3.7, shown in Figure 3.4, was established using X-ray 

diffraction of a single crystal grown from a dichloromethane solution by vapor 

diffusion with pentanes. In the X-ray structure, the bridging O-atom is tightly bound 

to both the B and PtIV centers, with distances of 1.55 and 2.21 Å, respectively.  
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Figure 3.4: X-ray structure of di(2-pyridyl)(methoxy)(methyl)borato-PtIVMe3 

complex, 3.7 

 

The bridging B-OMe fragment is basic enough to be protonated by acid. The 1H-

NMR of a THF-d8 solution of 3.7 acidified with 2 equivalents of 50% HBF4, shows a 

singlet at 3.35 ppm, corresponding to free CH3OH produced as a result of protonation 

and loss of the bridging B-OMe fragment. However, unlike Goldbergôs report on 

trimethyl-PtIV complexes [68], rapid exchange of axial and equatorial PtMe groups 

was not observed and was presumed to be slow on the NMR time scale, as evident 

from two sets of singlets at 0.77 ppm (6H, JPt-H=68.5 Hz, 400 MHz) and 1.02 ppm 

(3H, JPt-H=74.0 Hz, 400 MHz). To confirm this hypothesis, a 13C-labelled derivative, 

3.7* was synthesized by reacting 3.5 with 13CH3I.  
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Figure 3.5: 13C-NMR spectrum of 3.7* in CD3OD (22 °C, 500.132 MHz) showing 

statistical 1:2 distribution of 13C labelled PtIVMe fragments (JPt-C=678 Hz, axial, JPt-

C=764 equatorial) 

 

 

The 13C-NMR spectra revealed complete 12C/13C scrambling, i.e. both axial and 

equatorial PtMe fragments had incorporated 13C in the statistical 1:2 integral ratio. 

Extending the time-frame of Khaskinôs observations [34], 3.7 is stable in CD3OD 

solution for at least 10 days. No changes in the 1H-NMR spectra of the CD3OD 

solution of 3.7* was observed upon heating at 80 °C for 12h. 

3.3.3 Oxidation of di(2-pyridyl)(methoxy)(methyl)borato-PtII Me2 complex 

Owing to relatively slow reaction of 3.5 with methanol, compound 3.5 could be 

selectively oxidized in methanol unlike 1.15, for which only much less acidic solvents 

such as isopropanol or ethanol could be used to avoid excessive protonolysis [34]. 3.5 

was dissolved in methanol in the glove-box and quickly exposed to O2 for 10 

minutes. A 1H-NMR spectrum recorded in CDCl3 after stripping away methanol 

showed signals corresponding to two sets of compounds, in the ratio 3:1.  
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Interestingly, the major fraction of the corresponded to 3.8, the product of methyl 

migration, as evident from a signal at 1.29 ppm with a JPt-H coupling of 78.0 Hz, 

consistent with the presence of a B(µ-OMe) fragment trans to it. A singlet at 0.85 

ppm, with JPt-H coupling of 68 Hz, matching in intensity to that of the equatorial 

PtIVMe2 fragment of the major product, 3.8, was also visible. The presence of the 

bridging B(µ-OMe) fragment with a small JPt-H coupling of 12.3 Hz is consistent with 

the presence of a trans PtIV-Me fragment. Four multiplets corresponding to 

resonances of the pyridine fragment matching in intensity to those of the major 

product, 3.8, could also be located. 
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Figure 3.6: 1H-NMR spectrum in CDCl3 (22 °C, 400.131 MHz) corresponding to the 

mixture of products (3.8 and 3.9) produced upon oxidation of di(2-

pyridyl)(methoxy)(methyl)borato-PtIIMe2 complex, 3.5 
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On the other hand, a singlet at 0.46 ppm with JPt-H coupling of 70.2 Hz, matching in 

intensity to the minor product, 3.9, is consistent with its assigned structure, i.e. the 

equatorial PtIVMe2 fragment. As opposed to that in 3.8, the bridging B(µ-OMe) 

fragment in 3.9 with a much larger JPt-H coupling of 27.0 Hz, is consistent with the 

presence of a shorter Pt-OCH3 bond due to weakly trans-influencing PtIV-OH (axial) 

fragment. A broad singlet at 0.46 ppm, corresponding to the residual BMe fragment, 

and four multiplets corresponding to resonances of the pyridine fragment matching in 

intensity to those of the minor product, 3.9, could also be located. It is important to 

note here that although each of the PtIV products, viz. 3.8 and 3.9 are expected to be 

chiral due to the presence of a non-labile chiral bridging B(µ-OMe) fragment in 
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either, signals corresponding to non-equivalent pyridyl and methyl groups could not 

be resolved by NMR spectroscopy.  

In order to investigate the origin of the methoxy groups in 3.8 and 3.9, we performed 

oxidation of 3.5 in CD3OD and closely looked at the 1H-NMR spectra of the mixture 

after oxidation. According to the NMR spectra, and by comparison to the NMR 

spectra of 3.5-d6 obtained immediately after dissolution in CD3OD, none of the 

starting material remained. A noticeable degree (n) of H/D exchange of the PtIIMe2 

fragment in 3.5, with CD3OD, proved to be extremely useful in identifying the origin 

of the PtMe signals in the products. Again, two sets of signals corresponding to a 3:1 

product distribution ratio, as shown in Scheme 3.6, were visible in the 1H-NMR 

spectrum. 

 

The spectral pattern did not change even after exposing the same CD3OD solution to 

O2 for an additional 1h, indicating that oxidation was already complete in the first ten 

minutes of exposure to O2, ruling out the possibility that the BMe resonance seen in 

the NMR spectra might belong to starting material or its derivative(s). A clean singlet 
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at 1.19 ppm with a large JPt-H of 78 Hz but no evident D-satellites, corresponded to 

the axial PtIV-Me fragment in 3.8-d(n+3), where n represents the degree of deuteration 

prior to oxidation. No signal corresponding to the bridging B(µ-methoxy)PtIV 

matching in intensity to this major product was visible, indicating CD3OD as its 

origin. A broad singlet at 3.6 ppm of intensity matching to the major product was 

concurrently assigned to the exo BOCH3 fragment of 3.8-d(n+3).  

Figure 3.7: 1H-NMR spectrum of 3.8-d(n+3) and 3.9-d(n+1) in CD3OD (22 °C, 400.131 

MHz) produced upon oxidation of partially deuterated di(2-

pyridyl)(methoxy)(methyl)borato-PtII(CD3-nDn)2 complex, 3.5-dn Note the signal at 

2.99 ppm corresponding to the B-OCH3 fragment of 3.9-d(n+1) and that at 1.20 ppm 

corresponding to the non-deuterated Pt-Me fragment of 3.8-d(n+3) 

 

 

On the other hand, all resonances corresponding to the PtIVMe2 fragment of the minor 

product, 3.9-d(n+1) showed D-satellites, consistent with its assigned structure. 

Furthermore, a singlet at 2.9 ppm, matching in intensity to that of the minor product 
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had corresponding JPt-H coupling of 78 Hz, consistent with the presence of a trans 

PtIV-OD fragment, as would be expected for 3.9-d(n+1). 

Based on these labeling experiments, the bridging B(µ-methoxy)PtIV in the major 

product corresponding to methyl migration originates from solvent, whereas that for 

the minor product corresponding to ligand retention originates from the ligand. 

We hypothesized that the result of the oxidation reaction reflects the composition of 

the starting material, 3.5, as an equilibrium mixture of 3.5ô and 3.5ôô in solution, with 

an exo-BOCH3-endo-BCH3 in 3.5ô and endo-BOCH3-exo-BCH3 in 3.5ôô, as shown in 

Scheme 3.7. Each of these isomers undergoes oxidation to yield distinct products.  

 

According to DFT calculations [2], the isomerization between the structures 3.5ô and 

3.5ôô and that between 3.6ô and 3.6ôô corresponded to a Gibbôs free energy change 

(MeOH solution, 298K) of 3.8 kcal/mole and 3.5 kcal/mole, respectively. The 

calculated [69] equilibrium constants (298 K) for the isomerization of 3.5ô and 3.5ôô 

and that of 3.6ôô and 3.6ôô are 1.6x10-3 and 2.6x10-3, indicating significant 

predominance of the (endo-methyl, exo-methoxy) isomer (i.e. 3.5ô or 3.6ô) in 

solution. The 1H-NMR spectrum of 3.5 in CD3CN and CD3OD shows only one set of 

sharp signals, consistent with either (i) fast equilibriation or (ii) predominance of one 

isomer in solution. On the other hand, oxidation leads to both products corresponding 

to methyl migration and ligand retention. Thus, if the rate of oxidation is slower than 
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the rate of isomerization, the ratio of the product corresponding to methyl migration 

and ligand retention is not governed by the equilibrium ratios of the starting material, 

but by the different rates of oxidation of the individual isomers. 

3.3.4 Oxidation of di(2-pyridyl)(methoxy)(methyl)borato-PtII(Me)(OMe) 

complex 

 

The oxidation of 3.6 was performed by dissolving 3.5 in methanol, waiting for 2h, as 

shown in Scheme 3.3(b), and then exposing the solution to O2. A 1H-NMR spectra 

recorded in CDCl3 after stripping away methanol revealed two sets of products in 1:1 

ratio. According to the NMR, some peaks could be definitively assigned. Singlets at 

1.75 ppm with JPt-H of 78 Hz and at 1.43 ppm with JPt-H of 67.1 Hz were consistent 

with the axial and equatorial PtIV-Me fragments in 3.10, respectively. On the other 

hand, singlets at 1.75 ppm with JPt-H of 69.2 Hz and 0.49 ppm were consistent with 

the equatorial PtIV-Me fragment and residual BMe fragment in 3.10, respectively. A 

lone-standing singlet at 3.11 ppm with JPt-H of 18.5 Hz could also be assigned to the 

bridging B(µ-OMe)PtIV fragment of 3.11. Although, the fortuitous product ratio of 
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1:1 made it very difficult to assign NMR signals corresponding to the pyridine 

hydrogens to the respective compounds, the identities of 3.10 and 3.11 were 

additionally confirmed by ESI-MS. 

3.4 Conclusions 

Based on the limitations imposed by a first-generation di(2-pyridyl)dimethylborate 

(dpdmb) ligand towards oxidative functionalization of PtII-hydrocarbyl fragments in 

derived complexes, a second-generation di(2-pyridyl)(methoxy)(methyl)borato borate 

ligand was conceived. A new, convenient and high-yielding synthetic route with 

dpdmb ligand as the starting material was developed. Derived PtIIMe2 complexes 

were found to behave similarly to (dpdmb)PtIIMe2 complexes with respect to PtII-Me 

protonolysis, albeit reacting a bit slower, which is presumably due to a less electron-

rich ligand. However, the new ligand is sufficiently electron-rich in that it enables 

facile oxidation of even the derived PtII(Me)(OMe) complex. Products corresponding 

to both ómethyl migrationô and óligand retentionô were observed, consistent with the 

fast rate of oxidation of both rapidly equilibrating diastereomeric PtII complexes. 

Although replacement of one methyl in dpdmb for a methoxy does not completely 

prevent óoxidatively induced methyl migrationô, the structural dependence on product 

distribution is suggestive of future direction involving (i) a bulkier alkyl group (c.f. 

Chapter-IV for additional restrictions) or (ii) dimethoxy borate (c.f. Chapter-V for 

demonstration of redox reactions) 
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3.5 Experimental Section: 

3.5.1 Preparation of MeBPy2. TFA, 3.4 by reaction with TFA-d:  

15mg of 1.14 was dissolved in 0.6 mL TFA-d inside the glove-box in a Young tube, 

the tube sealed and a 1H-NMR was recorded. The NMR tube was then immersed in 

an oil bath at 180 °C. The sample was monitored by 1H-NMR over time. According 

to the NMR, after a period of 24h, complete protonolysis of one of the BMe2 

fragments had occurred to form 3.4, along with the formation of CH3D. No other 

products were observed. 

Before reaction, 1.14 in TFA-d (22 °C, 400 MHz, TFA-d, ppm) ŭ: 0.12 (s, br, 6H, 

B(CH3)2), 7.47 (vt, 2H, J=7.3 Hz), 7.66 (d, 2H, J=8.6 Hz), 8.01 (vt, 2H, J=7.9 Hz) 

After reaction, 3.4 in TFA-d (22 °C, 400 MHz, TFA-d, ppm) ŭ: 0.02 (t, JD-H=2.0 Hz, 

CH3D), 0.56 (s, br, 3H, BCH3), 7.63-7.77 (m, 4H), 8.24 (vt, 2H, J=7.7 Hz), 8.56 (d, 

br, 2H).  

3.5.2 Synthesis of sodium (Me)(MeO)BPy2, 3.1 

Based on the NMR reaction, protonolysis of 2g of 1.14 (10 mmol) was performed in 

5 mL TFA in a Schlenk-tube under similar conditions. ESI+-MS of an aliquot of the 

reaction mixture showed a peak at 183.1, corresponding to 3.4, and none at 199.1 

corresponding to 1.14. The reaction mixture was exposed to high vacuum to yield a 

brown colored gel-like material. A 4mL methanolic suspension containing 4g 

NaOMe was slowly added to the Schlenk-tube at 0 °C with rapid stirring. 

Immediately upon addition, copious amounts of brown tar-like material formed. The 

Schlenk-tube was warmed to room-temperature, and stirring was continued for a 

period of 4h. After this time, only fine white precipitate could be seen suspended in a 

brown colored supernatant. The mixture was stripped to dryness under high-vacuum 

to obtain an amorphous brown solid. The solid was dispersed in 5mL THF, filtered 

through a PTFE filter, washed with an additional 1mL THF and concentrated. 

Recrystallization by adding hexanes afforded 2.0 g of 3.1 as a beige-colored powder, 

in 87% yield. 3.1, although clean by 1H-NMR and 13C-NMR spectrosocopy could not 

be obtained as an analytically pure compound presumably due to the presence of 

sodium trifluoroacetate.  

1H NMR (22 °C, 500 MHz, DMSO-D6, ppm) ŭ: 0.15 (s, 3H, BCH3), 3.0 (s, 3H, 

BOCH3), 6.78-6.80 (m 2H, py-5-CH), 7.25-7.31 (m, 4H, py-4-CH, py-3-CH), 8.33 

(td, 2H, J=4.6, 1.3 Hz, py-6-CH) 

13C NMR (22 °C, 500 MHz, DMSO-D6, ppm) ŭ: 50.34 (s, BOCH3), 117.90, 125.90, 

132.80, 147.81, B-bound Carbon atoms not seen due to B-coupling 

ESI--MS of a methanolic solution, Found: 213.14, Calculated 213.12 

3.5.3 Synthesis of sodium (methoxy)(methyl)di(2-pyridyl)borato -PtII Me2 

complex, 3.5: 

250 mg (1.06 mmol) of 1.14 and 304 mg of [Me2Pt(µ-SMe2)]2 (1.06 mmol) were 

combined in a vial and 3 mL THF was added to it with rapid stirring. After a period 

of 3h, the light-brown solution formed was stripped to dryness to obtain an 
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amorphous solid. Recrystallization from THF with heptanes afforded 447 mg 3.5 as a 

beige solid in 92% yield. Complex 3.5 is highly unstable and could not be obtained in 

analytically pure form. The sample was, however, satisfactorily clean by NMR 

spectroscopy (c.f. 13C-NMR spectra: appendix p-130). 

1H NMR (22 °C, 400 MHz, CD3CN, ppm) ŭ: 0.44 (s+Pt-satellites, 6H, JPt-H=81 Hz, 

PtMe2), 0.53 (br, 3H, BMe), 3.32(br, 3H, BOMe), 6.82 (t, 2H, J=6.3 Hz, py-5-CH), 

7.49 (td, 2H, J=7.6, 1.7 Hz, py-4-CH), 7.62 (d, 2H, J=8.1 Hz, py-3-CH), 8.65 (d+Pt-

satellites, 2H, JPt-H=25.2, J=5.5 Hz, py-6-CH) 

13C NMR (22 °C, 500 MHz, CD3CN, ppm) ŭ: -18.42 (s+Pt-satellites, JPt-C=812.7 Hz, 

PtMe2), 6.76-8.68 (br, BMe), 51.7 (s, BOMe), 121.15, 128.39, 133.35, 150.80, 183.0-

187.5 (br, py-2C) 

ESI--MS of a THF solution: 438.11, Calculated: 438.13 

3.5.4 Preparation of sodium (methoxy)(methyl)di(2-pyridyl)borato -

PtII (CD3)(OCD3) complex, 3.6-d6: 

15 mg of 3.5 was dissolved in CD3OD in a Young tube and a 1H-NMR was recorded. 

According to the NMR, methanolysis of one of the PtMe fragments was slow. The 

reaction was monitored over time and after a period of 2h, quantitative conversion of 

3.5 to 3.6-d6 was observed. Exchange of the B-OMe fragment with solvent was not 

observed in the course of the reaction. 

(3.5-d6, 10 minutes after dissolution in CD3OD) 

1H NMR (22 °C, 400 MHz, CD3OD, ppm) ŭ: 0.46 (br, s, 3H, BCH3), 1.87 (m, 2.8H, 

THF), 3.16 (br, s, BOCH3), 3.72 (m, 2.8H, THF), 7.0 (m, br, 2H, py-5-CH), 7.56-7.71 

(m+m, 4H, py-3-CH, py-4-CH), 8.56 (d+Pt-satellites, 2H, J=5.4, JPt-H=28.8 Hz, py-6-

CH). 

(3.6-d6, 2 hours after dissolution in CD3OD) 

1H NMR (22 °C, 400 MHz, CD3OD, ppm) ŭ: 0.78 (s, 3H, BMe), 1.87 (m, 2.8H, 

THF), 3.46 (s, 3H, BOMe), 3.72 (m, 2.8H, THF), 6.72 (dd, 1H, J=5.8, 2.0 Hz, py-5-

CH), 6.99 (dd, 1H, J=5.4, 1.8 Hz, pyô-5-CH), 7.44-7.57 (m, 3H, py-3-CH, py-4-CH, 

pyô4-CH), 7.65 (d, 1H, py-3-CH), 8.51 (d+Pt-satellites, 1H, JPt-H=55 Hz, py-6-CH, 

trans to Pt-OCD3), 8.74 (d+unresolved Pt-satellites, 1H, pyô-6-CH, trans to Pt-CD3) 

3.5.5 Synthesis of sodium (methoxy)(methyl)di(2-pyridyl)borato -PtII (Me)(OMe) 

complex, 3.6: 

Based on the NMR reaction, 100 mg of 3.5 (216 µmol) was dissolved in 2 mL 

methanol and left stirring for 2.5 h. At the end of this period the contents were striped 

to dryness and washed with ether to obtain 92.1 mg of 3.6, in 89% yield. According 

to the NMR spectra, excess of methanol remained in the compound. Attempts to 

remove methanol over long periods of time resulted in darkening of the sample and 

the NMR spectra getting progressively dirtier.   

1H-NMR (22 °C, 400 MHz, acetone-d6, ppm) ŭ: 0.53 (br, s, 3H, BMe), 0.83 (s+Pt-

satellites, 3H, JPt-H=82.3 Hz, PtMe), 3.27 (could not be integrated due to overlap with 

methanol), 3.52 (s+Pt-satellites, 3H, JPt-H=53.3 Hz, PtOMe), 6.71 (vt, 1H, J=6.8 Hz, 
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py-5-CH), 6.97 (vt, 1H, J=7.1 Hz, pyô-5-CH), 7.40-7.56 (m+m+m, 3H, py-4-CH, pyô-

4-CH, py-3-CH), 7.6 (d, 1H, J=7.1 Hz, pyô-3-CH), 8.52 (d+Pt-satellites, 1H, J=6.5, 

JPt-H=53 Hz, py-6-CH, trans to PtOMe), 8.84 (d+unresolved Pt-satellites, 1H, J=4.7 

Hz, pyô-6-CH, trans to PtMe). 

ESI--MS of a methanolic solution basified with NaOMe: 454.12, Calculated: 454.13 

3.5.6 Synthesis of (methoxy)(methyl)di(2-pyridyl)borato -PtIV Me3 complex, 3.7 

100 mg 3.5 was dissolved in 2mL THF and 25 µL MeI was added to it. After a period 

of 10 minutes, the contents of the vial were stripped to dryness to obtain a powder. 

The powder was re-dispersed in 3mL dichloromethane and the mixture was filtered 

through a PTFE filter, residues washed with an additional 1 mL of dichloromethane 

and the combined filtrates were dried under high-vacuum to obtain 100 mg of a 97 

mg of 3.7 in quantitative yield. Crystals suitable for X-ray structure determination 

were grown by layering the dichloromethane solution with pentanes.  

1H-NMR (22 °C, 500 MHz, CDCl3, ppm) ŭ: 0.47 (s, br, 3H, BMe), 0.81 (s+Pt-

satellites, 6H, JPt-H=67.7 Hz, PtMe2, equatorial), 1.16 (s+Pt-satellites, 3H, J=77 Hz, 

PtMe, axial), 3.13 (s+Pt-satellites, 3H, JPt-H=12.3 Hz, B(µ-OCH3)PtIV), 7.06 (m, 2H, 

py-5-CH), 7.54 -7.61 (d+m, 4H, py-4-CH, py-3-CH), 8.33 (d+Pt-satellites, 2H, J=5.6, 

JPt-H=15.9 Hz, py-6-CH). 
13C NMR (22 °C, 500 MHz, CDCl3, ppm) ŭ: -11.9 (s+Pt-satellites, JPt-C=763 Hz, 

PtMe, axial), -9.3 (s+Pt-satellites, JPt-C=676 Hz, PtMe2, equatorial), 0.83-2.47 (br, 

BMe), 52.7 (s, B(µ-OCH3)PtIV, no Pt-C coupling), 121.8 (s+Pt-satellites, JPt-C=18 Hz), 

127.6, 135.7, 144.8 (s+Pt-satellites, JPt-C=20 Hz), 178-180 (py-2-C(B)). 

 

3.5.7 Oxidation of 3.5 in methanol to produce 3.8 and 3.9 in the ratio 3:1 

50 mg of 3.5 was dissolved in methanol in the glove-box and quickly taken out and 

exposed to O2 for a period of 10 minutes. After this period, the solution was stripped 

to dryness to obtain 52 mg an amorphous powder. A 1H-NMR of the mixture in 

produced the following peaks, resolved based on known ratio of 3.8 : 3.9= 3:1. 3.8 

and 3.9 have similar solubility in THF and chloroform, and could not be separated. 
1H-NMR of 3.8 (22 °C, 400 MHz, CDCl3, ppm) ŭ: 0.85 (s+Pt-satellites, 6H, JPt-

H=67.9 Hz, PtMe2, equatorial), 1.19 (s+Pt-satellites, 3H, JPt-H=78 Hz, PtMe, axial), 

3.14 (s+Pt-satellites, 3H, JPt-H=12.3 Hz, B(µ-OCH3)PtIV), 3.07 (s, br, 3H, BOMe, 

exo), 7.11 (td, 2H, J=5.4, 1.8 Hz, py-5-CH), 7.63 (vt, 2H, J=7.7 Hz, py-4-CH, 

overlapping with py-4-CH of 3.9), 7.72 (d, 2H, J=7.7 Hz, py-3-CH), 8.34 (d+Pt-

satellites, 2H, J=5.6 Hz, JPt-H=16 Hz, py-6-CH) 
1H-NMR of 3.9 (22 °C, 400 MHz, CDCl3, ppm) ŭ: 0.46 (s, br, 3H, BMe), 1.34 (s+Pt-

satellites, 6H, JPt-H=70.2 Hz, PtMe2, equatorial), 3.05 (s+Pt-satellites, 3H, JPt-H=27 

Hz, B(µ-OCH3)PtIV), 3.48 (s, br, 3H,  BOMe, exo), 7.16 (vt, 2H, J=6.7 Hz, py-5-CH), 

7.55 (d, 2H, J=7.7 Hz, py-3-CH), 7.63 (2H, overlapping with py-4-CH of 3.8), 8.61 

(d+unresolved Pt-satellites, 2H, J=5.9 Hz, py-6-CH). 

ESI-MS of a methanolic solution containing 3.8 and 3.9: 438.1 (3.8-OMe)+, 456.1 

(3.9H+) 
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3.5.8 Oxidation of 3.5 in CD3OD to form 3.8-d(n+3) and 3.9-d(n+1) in the ratio 3:1 

15 mg of 3.5 was dissolved in CD3OD in the glove-box in an NMR tube and quickly 

taken out and exposed to O2 for 10 minutes. A 1H-NMR was recorded after this time. 

The 1H-NMR spectra was not resolved to correspond to individual products. 
1H NMR (22 °C, 400 MHz, CD3OD, ppm) ŭ: 0.44 (s, br, 1H, BCH3), 0.82 (s+Pt-

satellites+D-satellites, Pt(CHnD(3-n))2, JPt-H=~66 Hz, could not be reliably integrated), 

1.19 (s+Pt-satellites, no D-satellites, 3H, JPt-H=~78 Hz), 2.99 (s+Pt-satellites, 1H, JPt-

H=28.6 Hz, B-µ-OCH3-Pt), 3.6 (s, 3H, BOCH3), 7.2 (vt, 2H), 7.26 (vt, 0.66H), 7.6 (d, 

0.66H), 7.67 (d, 2H), 7.70-7.77 (m, 2.66H), 8.40 (d+Pt-satellites, 2H, J=7.0, JPt-H=17 

Hz), 8.62 (d+unresolved Pt-satellites, 0.66H).  

 

3.5.9 Oxidation of 3.6 in methanol: 

25 mg of 3.5 was dissolved in methanol in a reaction and stirred inside the glove-box 

for a period of 2h. After this time, it was taken out and exposed to O2 for 10 minutes. 

The solution was stripped to dryness and the mixture was analyzed by 1H-NMR and 

ESI+-MS. The 1H-NMR spectra was not resolved to correspond to individual 

products. Only definite assignments are noted. 
1H-NMR of a mixture of 3.10 and 3.11 (22 °C, 400 MHz, CDCl3, ppm) 0.48 (3H, 

BMe), 1.43 (s+Pt-satellites, 3H, JPt-H=68.4 Hz), 1.74 (s+Pt-satellites, 3H, JPt-H=77 

Hz), 1.94 (s+Pt-satellites, 3H, JPt-H=68 Hz, PTMe axial, 3.10), (overlapping s+Pt-

satellites, 3.1, 3.16, 3.17, 3.24), 3.65 (s, br, 3H, BMe, exo, 3.11), 7.02-7.16 (2H), 

7.17-7.25 (2H), 7.47 (d, 1H), 7.56-7.71 (m, 6H), 7.76 (1H), 8.0 (d+Pt-satellites, 1H, 

J=5.9 Hz, JPt-H=33 Hz), 8.41(d+unresolved Pt-satellites, 1H), 8.53(d+unresolved Pt-

satellites, 1H), 8.85(d+unresolved Pt-satellites, 1H). 

 

ESI-MS of a methanolic solution containing 3.10 and 3.11: 486.09 (3.10H+), 472.09 

(3.11H+); Calculated: 486.1, 472.1 

 

Figure 3.8: ESI-MS spectrum of solution containing 3.10 and 3.11: 

 

 
 

 



 

 66 

 

Chapter 4: Aerobic Oxidation of di(2-pyridyl)-1,5-

cyclooctanediylborato-PtII complexes: C-C and C=C coupling at 

the Boron-center via multiple O2 activation 

4.1 Proposal 

In our attempts towards developing di(2-pyridyl)borate ligands that would retain the 

anionic borate center upon oxidation of derived PtII complexes, we considered a 

bicyclic borate center. Inspired by Trofimenkoôs ligand, 4.1 [70], as shown in Scheme 

4.1(a), we conceived a dipyridyl analogue, viz. di(2-pyridyl)-1,5-

cyclooctanediylborate, 4.2, as shown in (b). According to Trofimenko, the 

bis(pyrazolyl) analogues exhibit óenhancedô agostic interaction (Scheme 4.1(c)), 

owing to the pseudoaxial bridgehead hydrogen forced into close proximity to the 

metal, 4.3 [70]. Furthermore, for a Co(III) center bound to two such ligands, the 

propensity of the ligand to ódonateô the C-H bond electron density can manifest in 

two axial agostic interactions [70]. 

We anticipated that such interaction would provide the necessary sixth axial ligation 

in an octahedral PtIV(OH) complex generated via O2 activation (c.f. Scheme 1.3) 

while resisting B-to-PtIV hydrocarbyl migration due to the constraints imposed by the 

bicyclic (9-BBN) fragment. Other than a few substituted-pyrazolyl derivatives [71] of 

the original ligand (4.1), to the best of our knowledge, there are no reports of anionic 

borate ligands featuring the 9-BBN fragment. 
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4.2 Implementation 

Synthesis of 4.2 was first attempted in a manner similar to 1.14 [35]. Typically, 2 

equivalents of 2-pyridyl-lithium is added at -78  °C to a dialkylboron-precursor in 

ether, and upon working up, good to moderate yields of the protonated ligand are 

obtained. A similar strategy involving B-methoxy-9-BBN was adopted, however 4.2 

was not observed upon work-up.  ESI-MS analysis revealed signals at M/z =200 and 

157 corresponding to protonated-(2-pyridyl)-1,5-cyclooctanediylborane, 4.4, and 

protonated-bipyridyl, respectively, as shown in Scheme 4.2(a). Disappointingly, 

addition of up to 10 equivalents of 2-pyridyl-lithium showed no changes in the ESI-

MS spectra and no signals at M/z = 279, corresponding to diprotonated-4.2 were 

seen. We presumed that the steric-bulk at the boron-center requires higher activation 

energy for the attack of the second pyridyl fragment, and higher temperatures might 

be required.  
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Based on the demonstration of the use of the more thermally stable 2-pyridyl-

magnesium halides in the synthesis of boron compounds at room-temperatures by Cui 

et al [72], we pursued synthesis of 4.2 via a conveniently synthesized Grignard 

reagent, as shown in Scheme 4.2(b). Gratifyingly, analysis of an aliquot of the 

reaction mixture containing 3 equivalents of 2-pyridylmagnesium chloride after 24h 

at 25 °C, revealed, in addition to an intense peak at M/z 200, a small-peak at M/z 279 

indicating the formation of di(2-pyridyl)-1,5-cyclooctanediylborate, 4.2. To increase 

rates of reactions, a reaction mixture containing B-methoxy-9-BBN and 3 equivalents 

of 2-pyridylmagnesiumchloride in THF was ramped to 80 °C and the progress was 

monitored by ESI-MS, owing to the complicated nature of the 1H-NMR spectra of 

aliquots. After 24h, the only observable signal was that of H2[4.2]+. Acid workup 

with HCl led to the formation of needle-like crystals of H2[4.2]Cl. Single crystal X-

ray diffraction in conjunction with 1H-NMR and elemental analysis was used to 

definitively confirm the identity and purity of the ligand. An ORTEP representation 

for H2[4.2]Cl is shown in Figure 4.1 along with relevant geometric parameters. 

Notice that the B-center displays a contracted Cexo(11) Cendo(15) angle of 104°, 

consistent with a tight framework owing to the tethered B-alkyls of the 9-BBN 
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moiety. Na[4.2] was obtained by treatment of H2[4.2]Cl with NaH. C.f. appendix pp 

133-134 for 1H-NMR and 13C-NMR spectra.  

Figure 4.1:  X-ray structure of protio-di(2-pyridyl)-1,5-cyclooctanediylborate, HCl 

salt, 4.2H2Cl 

 

 

4.3 Results and Discussion 

4.3.1 Synthesis of di(2-pyridyl) -1,5-cyclooctanediylborato-PtII  complexes 

With our new ligand at hand, derived dimethyl (4.5) and diphenyl (4.6) PtII 

complexes were synthesized from the sodium salt, Na[4.2], in excellent yields 

according to standard literature procedure, as shown in Scheme 4.3.  
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Figure 4.2: 1H NMR spectrum of 4.5 in CD3CN (22 °C, 500.132 MHz) 
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Both 4.5 and 4.6 are stable in aprotic solvents in the absence of O2 for at least 24h at 

room-temperature.  4.5 reacts vigorously with water in the presence of an alkane such 

as cyclohexane to form the olefin hydride complex, 4.7, and in the presence of a good 

donor such as dimethylsulfide to form 4.8. This reactivity, shown in Scheme 4.4, is 

expected and similar to 1.15 

 

The 1H and 13C NMR spectra of 4.5 and 4.6 (c.f. appendix pp. 135-136) show the 

presence of a Cs symmetric species in solution, whereas that for 4.7 and 4.8, a C1 

symmetric species (c.f. appendix pp. 137-140). Amidst the complex multiplets 

corresponding to the 9-BBN fragment in PtII-complexes 4.5, 4.6, 4.7 and 4.8, one well 
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resolved signal integrating to 1 hydrogen, appears considerably downfield at ~4.5 

ppm. This signal, assigned to the exo-BCH of the 9-BBN fragment, showed no 

significant NOE response in 4.5 and 4.8 to any pyridine-hydrogens which would have 

been expected for proximity. Distinction between the 1H-NMR signals of the exo and 

endo bridgehead BCH signals were made by DEPT-45, 90 and 135 spectroscopy. We 

presume the downfield shift of the exo-BCH as opposed to the ónormalô chemical 

shift of the endo-BCH fragment (c.f. experimental section) is due to it being 

sandwiched between the two aromatic (pyridine) rings, enough for it to be shielded by 

aromatic ring currents, but not enough for it to show appreciable NOE response. X-

ray structure of a representative stable PtII complex (4.8) featuring an intact 9-BBN 

fragment with clearly resolved exo-BCH 1H-NMR signal is shown in Figure 4.3. It is 

important to note that the Cexo Pt and Cendo Pt angles in 4.8 are 175.7° and 72.4°.   

Figure 4.3: X-ray structure of di(2-pyridyl)-1,5-cyclooctanediylborato-

PtII(SMe2)(Me) complex, 4.8 

 

A stable trimethyl-PtIV complex, 4.9 was synthesized from the dimethyl-PtII complex, 

4.5 by reaction with methyliodide. Complex 4.9 features a PtIV-CH agostic 

interaction, as shown in Figure 4.5. A direct proof of óenhancedô agostic interaction 
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manifests in a short 1.99 ¡ (ŭ-C)HïPtIV distance. The 2.71 Å (B)C-PtIV contact is 

significantly longer, indicating unsymmetric ɖ1 (C-H)-donation to the PtIV-center. 

Interestingly, the 9-BBN fragment is tilted by ~10° towards the PtIV-center in 4.9 in 

order to accommodate the short(ŭ-C)HïPtIV contact, evident from the Cexo Pt and 

Cendo Pt angles of 165.8° and 62.4°, respectively. The signal corresponding to the 

agostic C-H fragment in the 1H-NMR spectra of 4.9 , shown in Figure 4.4, has a 

considerable upfield shift (-3.36ppm, CD2Cl2) with higher JPt-H coupling of 207 Hz 

(500MHz, CD2Cl2) in comparison to that at -0.91 ppm with JPt-H coupling of 58.1 Hz 

(500 MHz, THF-d8) for (dpdmb)PtIVMe3, 1.26 [34]. The 1H-NMR signal 

corresponding to the exo-BCH of the 9-BBN fragment in 4.9 shifts back to the 

óaliphaticô region, integrating to 1H at 1.62 ppm in CD2Cl2 solution. Two sets, viz. 

axial and equatorial PtMe fragments of 4.9 could be clearly seen in the 13C-NMR 

spectrum, shown in appendix, p-141. 

Figure 4.4: 1H NMR spectrum of 4.9 in CD2Cl2 (22 °C, 500.132 MHz) 
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Figure 4.5: X-ray structure of di(2-pyridyl)-1,5-cyclooctanediylborato-PtIVMe3 

complex, 4.9 

 

The closer proximity of the H atom to the PtIV center manifests itself in a more 

hydridic character. In contrast to 1.26, which reacts with methanol at elevated 

temperatures to form 1.22 along with the elimination of methane [34], 4.9 was found 

to be resistant towards B-to-PtIV hydrocarbyl migration under similar conditions. 

Attempts to deprotonate the agostic C-H bond in 4.9 with a strong base such as 

NaOMe in MeOH was unsuccessful at elevated temperatures of up to 100 °C, as 

expected due to the constraints imposed by the 9-BBN fragment.  
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Similar to the (dpdmb)PtMe2 complex, 1.15, 4.5 reacted instantaneously with 

methanol along with visible evolution of methane (vide infra) to form, based on its 

1H-NMR spectra, the C1 symmetric monomethyl complex, 4.10, similar to 

(dpdmb)Pt(Me)(OMe), 1.21, as shown in Scheme 4.5(a). On the other hand, the 

monomethyl PtII complex 4.9, reacted slowly with methanol over a period of 24h to 
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form an óinorganicô PtII complex, 4.11, unlike 1.21 which did not undergo further 

methanolysis. This contrast is due to a more basic PtII-center in 4.9 due to the 

presence of a more electron donating borate ligand, i.e. 4.2. The 1H-NMR spectra 

recorded immediately after dissolution of 4.5 in CD3OD corresponds to 4.10-d6, 

which was also confirmed by ESI--MS. The absence of signals corresponding to 

either evolved CH4 or a PtIICH3 fragment in the 1H-NMR spectra recorded 

immediately after dissolution of 4.5 in CD3OD is consistent with rapid H/D exchange 

between CD3OD and 4.5 that involves transient intermediates 4.12 and 4.13 before 

expulsion of CD4 from the coordination sphere of Pt, as shown in Scheme 4.5(b). No 

deuteration of either B-CH fragments of the BBN moiety was observed even after 3 

days establishing its inertness towards C-H activation by the proximal Pt-center.  

Figure 4.6: 1H NMR spectrum of 4.10-d6 in CD3OD (22 °C, 500.132 MHz) 

1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0 ppm

1
.3

6

1
.4

0

1
.5

3

1
.5

4

1
.5

6

1
.7

5

1
.8

1

1
.8

5

1
.8

6

1
.8

7

2
.3

8

2
.3

9

2
.4

0

2
.4

6

2
.4

7

2
.4

8

3
.3

1

3
.7

2

4
.6

4

4
.9

1

6
.5

2

6
.5

3

6
.5

4

6
.7

9

6
.8

1

6
.8

2

7
.2

6

7
.2

7

7
.2

9

7
.3

3

7
.3

4

7
.3

5

7
.3

8

7
.4

0

7
.5

0

7
.5

1

8
.4

8

8
.4

9

8
.7

6

8
.7

7

3
.1

7

4
.2

1

1
3
.3

7

2
.1

5

9
.3

2

1
.0

2

1
.0

0

1
.0

3

1
.0

8

1
.0

7

1
.1

0

1
.2

1

0
.9

9

0
.9

8

 

Although the diphenyl PtII complex, 4.6 is resistant towards methanolysis of the 

PtIIPh fragment, a sample of 4.6 in CD3OD underwent complete deuteration of the 

PtIIPh2 fragment within 8h at 20 °C after dissolution (Figure 4.7), evident from the 

absence of the initially visible PtIIPh2 
1H-NMR signals. An aliquot of the NMR 

solution analyzed by ESI--MS showed a signal with the mass increased by 10 mass 

units compared to 4.6, confirming the presence of 4.6-d10. Interestingly, 4.6-d10 
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underwent complete H/D exchange in the reverse direction upon dissolution in 

CD3OH in the course of 4h, confirmed by the reappearance of the PtIIPh2 signals. 

Figure 4.7: 1H NMR spectrum of 4.6/ 4.6-d10 in CD3OD (22 °C, 500.132 MHz)  

(Immediately after dissolution)  
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(8h after dissolution) 

1.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5 ppm
1
.4

7

1
.4

9

1
.4

9

1
.7

7

1
.7

8

1
.7

9

1
.8

2

1
.8

3

1
.8

5

1
.8

5

1
.8

6

1
.8

7

1
.8

7

1
.8

8

1
.9

6

1
.9

7

1
.9

8

1
.9

9

2
.0

0

2
.4

9

2
.5

0

2
.5

2

3
.3

1

3
.7

2

4
.7

7

6
.4

6

6
.4

7

6
.4

8

6
.4

8

6
.4

9

6
.5

0

6
.5

0

7
.2

4

7
.2

5

7
.2

6

7
.2

6

7
.2

8

7
.2

8

7
.5

0

7
.5

2

8
.2

3

8
.2

3

8
.2

4

8
.2

4

8
.2

4

1
8
.2

0

2
.1

3

5
.5

1

1
.1

1

2
.0

0

2
.0

6

2
.1

6

1
.9

9

 

The difference in reactivity of 4.6 as opposed to that of 4.5 towards methanolysis can 

be attributed to the PtII center in 4.5 being more electron rich and more basic due to 

the presence of two electron donating Me fragments. Thus the initial protonation of 

the PtII center in 4.5 is expected to be shifted more toward the hydrido-PtIVMe2 

complex, 4.12, as compared to a similar equilibrium between 4.6 and a derived 

hydrido-PtIVPh2 complex, 4.12ô. Once the consecutive equilibrium between the 

PtIVMe2 complex, 4.12 and the PtII(methane) complex, 4.13, is established, the 
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reaction proceeds irreversibly to 4.10 (or 4.10-d6) via rapid loss of gaseous methane. 

For the diphenyl analogue, 4.6, however, the fraction of the hydrido-PtIVPh2 is much 

lower and the H/D exchange rate is much slower. Hence, in order to prepare a 

monophenyl PtII complex, viz. 4.14, at a fast rate, an acid stronger than methanol was 

required. 1 equivalent of HCl generated in-situ by reacting TMSCl in methanol, 

followed by treatment with subsequent neutralization with NaOMe, afforded complex 

4.14 in good yields (c.f. appendix pp. 143-144 for 1H and 13C-NMR spectra). The d8-

derivative, i.e. 4.14-d8 can be similarly prepared by treatment of 4.6-d10 with TMSCl 

in CD3OD followed by treatment with NaOCD3. 

4.3.2 Oxidation of di(2-pyridyl) -1,5-cyclooctanediylborato-PtII  complexes 

 

Derived monohydrocarbyl complexes viz. 4.10 and 4.14 and dihydrocarbyl- PtII 

complexes viz. 4.5 and 4.6, at hand, we set out to explore their reactivity towards 

aerobic oxidation. Solutions of 4.10 and 4.14 in CH3OH were exposed to O2 for a 

period of 10 minutes and upon drying a light-tan colored powder was obtained in 

either case. Signals corresponding to either Pt-Me or Pt-Ph fragments could not be 

located in the 1H-NMR spectra of either reaction product in dmso-d6. Interestingly, 

reaction products in either case was found to be an identical Cs symmetric complex. 

When the oxidation of either 4.10 or 4.14 was performed in CD3OD, in addition to an 
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identical set of aromatic signals in the 1H-NMR spectra, singlets at 0.22 ppm assigned 

to CH4 and 7.32 ppm assigned to C6H6 were observed in the respective cases.  

Figure 4.8: 1H NMR monitoring of in-situ oxidation of 4.10 in CD3OD (22 °C, 

400.131 MHz) 
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(After oxidation, showing methane at 0.18 ppm) 
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X-ray structure determination on crystals grown by saturating a THF solution of the 

product 4.15 with heptanes at -20 °C revealed unprecedented reorganization of the 9-

BBN fragment in the starting material (viz. 4.10 and 4.14) to a bicyclo[3.3.0]octyl 

fragment in the final product (Scheme 4.6, Figure 4.9). ESI--MS of the product 

obtained from the oxidation of 4.10 in CD3OD revealed a M/z 6 units higher than that 

obtained from the oxidation in CH3OH, consistent with the presence of two OCD3 
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fragments and the structure assigned for the anionic PtII complex, 4.15. The PtII-

bound OCH3 fragment in 4.10 did not undergo substitution in the course of the 

reaction. However, the PtII-OCH3 fragment in 4.15 underwent slow exchange in 

CD3OD to form 4.15-d9 at elevated temperatures to form 4.15-d9. 4.15-d9 did not 

afford further oxidation: a sample of 4.15-d9 prepared in CD3OD was exposed to O2 

and no changes were observed in the 1H-NMR spectra even after a period of 2 days.  

Figure 4.9: X-ray structure of di(2-pyridyl)-B-methoxy-B-

[3.3.0]bicyclooctanylborato-PtII(OMe)2, 4.15 

 

 

Similar 1-5 migration of the B-2°C alkyl of the 9-BBN fragment was observed by 

Brown et al [73] upon treating lithium tetra-alkylborate derivatives of 9-BBN with 

acetyl chloride to form l-bicyclo[3.3.0]nonanyl dialkylborane. Such rearrangements 

presumably led to hydride migration [74] from the bridgehead B2°CH fragment to an 

accepting electrophile such as an alkyl and aryl halides [75] or acylchlorides [76]. In 

our case, the hydride-accepting electrophile is a PtIV(OH) center generated via 

oxidation (vide infra). 

Based on this unanticipated reaction involving oxidative C-C coupling at the boron-

center [76], we next oxidized the dihydrocarbyl-PtII complexes, 4.5 and 4.6 in 
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CH3OH. Owing to the stability of 4.6 in methanol, the oxidation of 4.6 in methanol 

was performed in straightforward manner. On the other hand, to avoid rapid 

methanolysis of one of the PtIIMe fragments (c.f. Scheme 4.5(a)) 4.5 was oxidized at -

60 °C by adding a THF solution of 4.5 to a solution of O2 in methanol pre-cooled to -

60 °C. In both cases, upon removal of solvent, the 1H-NMR spectra of the products, 

viz. 4.16 and 4.17 in CDCl3 exhibited no signals in the aliphatic region matching to 

the initial 9-BBN or [3.3.0]bicyclooctyl fragment. As opposed to the oxidation of the 

monohydrocarbyl-PtII complexes, the PtMe2 and PtPh2 fragments were retained in the 

respective cases. To be able to characterize reaction products originating from the 

1,5-cyclooctanediyl (9-BBN) fragment by 1H-NMR spectroscopy, oxidation of 4.5 

and 4.6 were performed in CD3OD in a sealable NMR-tube. Upon close examination 

of the aliphatic region in the 1H-NMR spectra, two new multiplets between 2.1-2.2 

ppm integrating to 4H and 8H could be seen in either case, in addition to a new set of 

aromatic signals consistent with the presence of the Cs symmetric species, 4.16 or 

4.17 in solution. No methane or benzene was observed, respectively. X-ray 

diffraction was used to confirm the structure, shown in Figure 4.10, of the Pt-

containing product of oxidation of 4.6, i.e., 4.17.  4.17 features two distinct B-bound 

methoxy groups: an exo group showing no coupling of the OCH3 to the PtIV center in 

the 1H-NMR spectra (c.f. appendix pp 146-147), and an endo group showing a 3JPt-H 

of 22.5 Hz for the OCH3 fragment corresponding to a short O-PtIV contact of 2.09 Å 

in the crystal-structure, shown in Figure 4.10. No exchange of the either BOCH3 

fragments in 4.17 was found to occur in CD3OD for a period of up to 24h at room 

temperature. The identity of the organic compound, viz. 1,5-bicyclo[3.3.0]octene, 
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4.18, was confirmed by 1H and 13C-NMR spectroscopy and GC-MS of a C6D12 

extract of the reaction mixture and comparison to literature [77]. Based on analogy to 

the confirmed structure of 4.17, together with 1H and 13C-NMR and ESI+-MS, the 

structure of the oxidation product of 4.5, viz. 4.16 was proposed. Furthermore, ESI+-

MS analysis of the products of oxidation of 4.5 performed in CD3OD, revealed a 

mass of 479.1, as opposed to a mass of 472.1 when performed in methanol. An M/z 7 

units higher is consistent with deuteration in B(OCD3)2 and PtIV-OD fragments (4.16-

d7) originating from CD3OD only. 

 

Figure 4.10: X-ray structure of di(2-pyridyl)-dimethoxyborato-PtIV-diphenyl-hydroxo 

complex, 4.17 
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4.4 Mechanistic Investigations 

 

Although the oxidation of monohydrocarbyl-PtII (4.10 and 4.14) and dihydrocarbyl-

PtII (4.5 and 4.6) complexes result in very different outcomes, leading to a 

reorganization of B-bound [3.3.1]bicyclooctyl fragment in the former, and complete 

loss of bicylooctyl fragment altogether in the latter, we anticipated a sequential 

mechanism involving a similar initial C-H bond cleavage / C-C bond formation for 

either case (Scheme 4.8). Three possibilities were considered: (A) formation and 

subsequent transformation a tertiary radical intermediate 4.19, (B) formation and 

subsequent transformations of a carbanionic intermediate 4.20, as well as (C) 
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formation of a CH-agostic PtIV-complex, 4.21, featuring an axial hydroxo ligand. 

PtIV(OH) complexes are typically encountered in the oxidation of PtII-hydrocarbyl 

complexes with O2 in hydroxylic solvents [78].  

We performed oxidation of two representative complexes viz. 4.6 and 4.10 in the 

presence of 2 equivalents of TEMPO under otherwise similar conditions. The 

oxidation was equally facile as in the absence of TEMPO and no TEMPO-derived 

[79] new products were observed in the 1H-NMR spectra as well as in the ESI-MS, 

thus arguing against a radical mechanism (A). Furthermore, no product of C-O bond 

formation, such as 4.22, as expected in the oxidation of carbon-centered radical 

intermediates [80] were observed.  To rule out a one-electron oxidation pathway, 

oxidation of 4.6 was also performed with H2O2. Products identical to those observed 

for the case when O2 was used as terminal oxidant was observed (cf. sections 4.5 and 

4.6). 

No changes in the 1H-NMR spectra of 4.10-d6 or 4.6-d10 prepared by dissolving 4.5 or 

4.6 (respectively) in CD3OD was observed even after a period of 24 h. No H/D 

exchange at either ligand bridgehead BC-H positions, leading to products such as 

4.23 was observed in either case, arguing against initial C-H deprotonation, as shown 

in Scheme 4.8(B). Thus, the most plausible reaction pathway for the C-H cleavage / 

C-C coupling is that depicted in Scheme 4.8(C). Complex 4.21, bearing an agostic 

BC-H-PtIV bond, can undergo B-C bond cleavage and C-PtIV bond formation, dubbed 

óhydrocarbyl migrationô (pathway C0), to form 4.24 or undergo concerted C-C 

coupling and óhydride migrationô to form 4.25, (pathway C1). The DFT-calculated [2] 

Gibbs activation energies of the transition state TS0 corresponding to the conversion 
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of 4.21 to 4.24 and TS1, corresponding to the conversion of 4.21 to 4.25, were found 

to be 17.5 kcal/mole and 9.1 kcal/mole, respectively (vide infra). The much higher 

activation energy of hydrocarbyl migration is in accord with the stability of the model 

trimethyl-PtIV-complex, 4.9 in methanol at elevated temperatures, as mentioned 

before. 4.21 (when R=X=Me) differs from 4.9 in that the ligand trans to the agostic 

CH fragment is a óOHô ligand in the former, as opposed to a óMeô in the latter. The 

presumed high reactivity of 4.21 towards hydride migration as opposed to that 4.9 

can be explained by a much weaker trans-influence of the axial OH ligand, which 

allows to bring the H atom in proximity to the PtIV center, strongly encouraging 

hydride migration. This is observed in the DFT optimized structures [2] of 4.9 and 

4.21, shown in Figure 4.11: the calculated distances between the agostic H and the 

PtIV center are 1.94 Å and 1.76 Å, respectively. It is worthy to note at this point that 

the same H-PtIV distance observed in the X-ray structure of 4.9 (1.99 Å) is very close 

to that projected by DFT calculations (1.94 Å).  

Figure 4.11: DFT optimized structures of di(2-pyridyl)-1,5-cycloctanediylborate 

supported PtIVMe3, 4.9 (left) and PtIV(Me2)(OH), 4.21 (right) complexes 

 



 

 85 

 

The proposed B-H-Pt bridged intermediate, 4.25 can undergo an attack by a 

methoxide ion, as shown in Scheme 4.9, to produce a PtIV-hydride complex, 4.26, 

presumed to be an intermediate featuring di(2-pyridyl)-B-methoxo-B-

[3.3.0]bicyclooctylborate-supported monohydrocarbyl-PtII (R=Me, Ph, X=OMe) and 

dihydrocarbyl-PtII (R=X=Me, Ph) complexes. The difference in outcomes of the 

oxidation reactions stems from the possibility of 4.26 to react via pathway (i) when 

R=X=Me or Ph or via pathway (ii) when R=Me or Ph and X=OMe, as shown in 

Scheme 4.9.  

 

We presume that the complex 4.26 is the point of divergence in the observed 

reactivities of monohydrocarbyl and dihydrocarbyl PtIV complexes: 

(i) When X=OMe, 4.26 can afford loss of the OH- fragment from the PtIV center, thus 

establishing pathway (i) to form 4.27. The cationic PtIV center in 4.27 may 

additionally be stabilized by the methoxide O lone-pairs. 4.27 reacts in a fashion 

typical of 5-coordinate PtIV(R)(H) complexes [81] via reductive elimination of 

methane (when R=CH3) or benzene (when R=C6H5) to form 4.15. The absence of any 
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hydrocarbyl groups makes the PtII center in 4.15 electron poor, thereby rendering it 

unable to oxidize further even when exposed to O2 for extended periods of time.  

(ii) When R=Me, Ph and X=OMe, loss of the OH- from the PtIV center is less likely in 

the absence of lone-pair aided stabilization discussed in case (i). External attack of a 

MeO-
 onto the PtIV-H fragment in 4.26, followed expulsion of OH- leads to the 

reduced PtII complex, 4.28 (R=Me) or 4.29 (R=Ph).  

To prove the origin of the H-atom in the R-H coupling products, samples of 4.10-d6 

and 4.14-d8 were prepared in CD3OD and oxidized in-situ in a closed NMR-tube, to 

ensure that all volatiles remained in the NMR-tube. Upon oxidation, a septet at 0.16 

ppm assigned to CD3H (Figure 4.12) and a singlet at 7.33 ppm assigned to C6D5H 

were observed, respectively, along with quantitative (by NMR) formation of 4.15-d9 

in both cases. Since all Pt-bound hydrocarbyl and methoxy groups were deuterated in 

the starting material, and the oxidation was performed in CD3OD, the only origin of 

the H-atom could have been the bridgehead BC-H group of the 1,5-bicyclooctyl (9-

BBN) fragment. Furthermore, since no other isotopologues of CDnH(4-n) (where n>1) 

were observed in the reaction mixture after oxidation of the non-deuterated 4.10 in 

CD3OD, the H-migration was presumed to have occurred in an intramolecular 

fashion, thus reinforcing our mechanistic statement that 4.25, 4.26 and 4.27 are all 

transient intermediates. 
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Figure 4.12: 1H NMR of 4.15-d9 in CD3OD (22 °C, 400.131 MHz) produced upon 

oxidation of 4.10-d6 showing formation of CD3H 
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Although the óinorganicô [3.3.0]bicycloctylborato complex 4.15 does not afford 

further oxidation, the intermediates 4.28 and 4.29, bearing two hydrocarbyl groups on 

the PtII-center afford further oxidation to generate the final dimethoxyborate-PtIV 

complexes, 4.16 (when R=Me) and 4.17 (when R=Ph) along with bicyclooctene 

(4.18) via another O2-activation / Hydride-abstraction / C-C coupling sequence as 

shown in Scheme 4.10(a). 

 

The sequence is similar to that explained earlier in Scheme 4.9. In the case of 4.28 

and 4.29, the aerobic oxidation produces a C-H agostic PtIV-hydroxo intermediate 
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4.30, which, similar to 4.21, undergoes a facile hydride migration from the agostic C-

H bond to the PtIV center, accompanied with the unprecedented intramolecular C=C 

coupling. This reaction produces the bicycloolefin 4.18 and a neutral dihydrocarbyl-

PtII complex, 4.31. As shown in Scheme 4.10(b), the borate center can then undergo 

an attack by the methoxide ion produced in the first step of oxidation (Scheme 

4.8(a)), and reductively eliminates H2O to from an anionic dihydrocarbyl-PtII 

complex, 4.32 (R=Me) or 4.33 (R=Ph). Surprisingly, the end product of oxidation, 

viz. 4.16 (where R=Me) or 4.17 (where R=Ph), respectively) is formed by oxidation 

of 4.32 or 4.33, respectively, via yet another O2 activation step. 

To support the step-wise manner of oxidation in the proposed mechanism involving 

two sequences of O2-activation / Hydride migration / C-C coupling, a known amount 

of 4.6 was oxidized in CD3OD first with 0.5 mol of O2 in a closed NMR-tube. Upon 

shaking and recording a 1H-NMR, no starting material was found to have remained in 

solution. Based on THF as internal standard, a new compound, with an aliphatic 

signals matching in pattern to that of 4.15 was observed in 94% yield (Figure 4.13), 

along with the formation of 6.5% of bicyclooctene, 4.18, and 6.5% of 4.17-d7. The 

product was confirmed to be 4.29-d3 by observing a mass of 659.2 in the ESI--MS 

spectra of an aliquot of the NMR reaction mixture. Upon further exposure to O2, 

quantitative NMR-yields of 4.16-d7 and 4.18 were obtained, thus proving the 

intermediacy of 4.29 in the oxidation of 4.6 to 4.17. The oxidation of 4.5 under 

limited supply of O2 was not performed as the oxidation is expected to generate a 

dimethyl-PtII complex, 4.28, which would then lead to protonolysis products, both of 

which are expected to oxidize to different products. 
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Figure 4.13: 1H NMR monitoring of stepwise oxidation of 4.6 (c.f. NMR 4.4) in 

CD3OD (22 °C, 400.131 MHz) under controlled amounts of O2, leading to 4.29-d3 

and finally 4.17-d7 (and 4.18) 

After admitting 0.5 eqv. O2, showing formation of 4.29-d3 and trace amounts of 4.18 

and 4.17-d7 
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Completion of oxidation showing complete conversion to 4.18 and 4.17-d7
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4.5 Forced oxidation of O2-inert PtII -complexes with H2O2 

Although the óinorganicô PtII-complex 4.15 was reluctant to oxidize under O2, it 

reacted cleanly with 2 equivalents of H2O2 in methanol, leading to a similar outcome: 

formation of the dimethoxy-PtIV complex 4.34, in 89% yield, as shown in Scheme 

4.11(a). Oxidation of 4.15-d9 in CD3OD similarly with THF as internal standard led 

to the formation of bicyclooctene, 4.18, and 4.34-d13 in quantitative NMR-yields. The 

identity of 4.34-d13 was additionally proven by ESI+-MS. A crude sample of 4.11 in 
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methanol also went underwent oxidation to form 4.34, identified by NMR. Yields 

were not determined owing to the unavailability of pure 4.11. Reasonably clean 1H-

NMR and 13C-NMR spectra were obtained (c.f. appendix pp 148-149). Crystals 

suitable for X-ray structure determination were grown by vapor diffusion of pentanes 

into a dichloromethane solution. 4.34 features a dimethoxy- borate center, with the 

endo-methoxy group bridging B and the PtIV-center, as shown in Figure 4.14. The 

two reactions, represented in Scheme 4.11, leading to the same product, 4.34, is 

consistent with the previously discussed mechanism involving sequential BC-H 

cleavage / Hydride migration and C-C bond formation, since 4.15 can be envisioned 

as an intermediate in the oxidation of 4.11 to 4.34. 
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Figure 4.14: X-ray structure of di(2-pyridyl)-dimethoxyborato-PtIV-dimethoxo-

hydroxo complex, 4.34 

 

 

4.6 Oxidation of LPtII Ph2, 4.6 complex in CD3OD with H2O2 

To compare the reactivity of di(2-pyridyl)-1,5-cyclooctanediylborato-PtII complexes 

with O2 and H2O2, we decided to compare the outcome of the oxidation of the 

supported LPtIIPh2 complex, 4.6 with H2O2 to that with O2. Owing to the 

unappreciable solubility of the expected product, viz. 4.17 in CD3OD, a 1:1 v/v 

mixture of CD3OD: THF-d8 was used. Upon addition of 4 equivalents of H2O2, 

according to NMR, formation of 4.17-d7 and 4.18 in 90% and 84 % yields 

respectively, was observed.  

Figure 4.15: 1H NMR monitoring of oxidation of 4.6 in CD3OD: THF-d8 with H2O2 

(22 °C, 400.131 MHz) 

(Before oxidation, note integral intensity of internal standard) 
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(after oxidation, showing quantitative formation of 4.17-d7 and 4.18 
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4.7 Conclusion 

To the best of our knowledge, di(2-pyridyl)-1,5-cyclooctanediylborate supported PtII 

complexes represent the first system to demonstrate oxidative C-C and C=C bond 

formation at the boron center with O2 as the terminal oxidant. Derived dimethyl-PtII-

complexes behave similar to (dpdmb)PtII complexes with respect to C-H activation 

and PtII-Me protonolysis. Although we were unable to generate the desired 

monohydrocarbyl LPtIV(R)(OH) complexes due to unusual ligand reactivity in this 

study, we investigated the mechanism involved for such transformations and have 

characterized possible intermediates. In addition to the restrictions imposed by having 

methyl or phenyl groups on the B-center, as demonstrated by Khaskin and 

Vedernikov [40], we have unveiled yet another restriction on the choice of the alkyl 

fragment in a sought-after  di(2-pyridyl)-B-alkyl-B-alkoxy borate: the alkyl group 

cannot have ɓ-H available for agostic bonding. The óenhancedô C-H--PtIV agostic 

interaction, influenced by the choice of axial trans-ligands on the PtIV center, furthers 

our understanding of the reactivity of C-H bonds near a proximal PtIV center. Finally, 

and gratifyingly, complete oxidation of related dihydrocarbyl-PtII  complexes affords a 
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route to di(2-pyridyl)dimethoxo borato-PtIV complexes, which, as forthcoming in the 

following chapter (V), proves to be a system demonstrating an óinertô anionic borate 

center leading to facile redox reactions of derived Pt complexes. 

 

4.8 Experimental Section 

4.8.1 Synthesis of hydrogen-di(2-pyridyl) -1,5-cyclooctanediylborate(L), LHĀHCl, 

4.2 

2-pyridylmagnesium chloride was synthesized similar to Cui et al [72]. An air-free 

250 mL round-bottom Schlenk flask was equipped with a stir-bar. To it 50 mL of dry 

THF and 4.3 mL of 2-bromopyridine (0.045 mole) were added. To this solution 22.5 

mL of 2M isopropylmagnesium chloride (0.045 mole) was added dropwise with 

stirring, at room temperature. Immediately upon addition, the solution turned yellow. 

Stirring was continued for a period of 12h, over which, the solution gradually 

changed color from yellow to orange to wine-red. 18 mL of a 1M solution of 9-

methoxy-9-borabicyclo[3.3.1]nonane in hexanes (0.018 mole) was added dropwise to 

it. The color immediately changed to light brown, followed by formation of copious 

amounts of precipitate within 10 minutes. The mixture was left to stir for 12h, 

followed by a 1-hour temperature increase to 80 °C. During this period all precipitate 

dissolved, forming a greenish-brown solution. The mixture was stirred for a period of 

24h at 80 °C. The solution was then cooled down to room temperature and carefully 

transferred to a beaker containing 450 mL of ice water. Immediately upon contact 

with water, a tan precipitate developed with a yellow-brown supernatant solution. 

After 30 minutes of stirring the mixture was filtered through a medium fritted funnel. 

An excess of water is required to minimize loss of ligand dissolved in THF. The 

residue produced upon drying is a cream colored amorphous solid. The residue was 

washed with 100 mL of water followed by 100 mL of hexanes to aid in removal of 

organic byproducts. The filtrates were analyzed by ESI-MS and confirmed to contain 

a mixture of 2-bromopyridine, pyridine, and B-(2-pyridyl)-9-

borabicyclo[3.3.1]nonane. The off-white residue was air-dried overnight to yield 11.2 

g of an off-white solid. The solid is poorly soluble in THF, acetone and acetonitrile 

and but soluble in all of the above in the in the presence of 1 equivalent of acid. 3.0 g 

of the residue was suspended in 200 mL of dichloromethane and 25 mL of 10 M 

aqueous hydrochloric acid was added to it. The biphasic system was left to stir for a 

period of 5 hours. A yellow organic layer and a yellow aqueous layer formed. The 

organic layer was collected and the aqueous layer was extracted twice with 50 mL of 

dichloromethane. The organic layers were combined, dried with anhydrous sodium 

sulfate, and stripped to dryness to yield 3.0 g of the target compound as a hydrogen 

chloride salt [4.2]H·HCl in virtually quantitative yield. Crystals suitable for XRD 

structure determination were obtained by dissolving 400 mg of [4.2]H·HCl in 

dichloromethane and vapor diffusion of pentane at 40 °C.  
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1H NMR (22 °C, 500 MHz, DMSO-D6, ppm) ŭ: 1.21-1.24 (br, m, 2H, J=6.4 Hz), 

1.47-1.7 (br, 2m, 8H), 1.70-1.85 (m, 2H), 1.90-2.0 (br, 2H, B-CH), 3.5 (residual 

H2O), 5.75 (residual CH2Cl2), 7.57 (t, 2H, J=6.8 Hz, py-5-CH), 8.01 (d, 2H, J=8.0 

Hz, py-3-CH),  8.19 (t, 2H, J=7.4 Hz, py-4-CH), 8.53 (t, 2H, J=6.2 Hz, py-6-CH), 

14.33 (br, s, 2H, NH) 
13C NMR (22 °C, 500 MHz, DMSO-D6, ppm) ŭ: 19.9 (br, B-C), 24.1, 31.0, 

54.9(residual CH2Cl2), 122.36, 131.0, 140.5, 142.6, 180.2 (br, BC) 

ESI+ MS of a solution of 1 in MeOH acidified with HBF4: 279.19, Calculated 279.20.  

 

4.8.2 Synthesis of L, sodium salt, Na[4.2] 
3.0 g of 4.2ĀHCl was dissolved in 20 mL of THF in a large vial inside a glove box. To 

this vial 1.0 g sodium hydride was carefully added with vigorous stirring. Vigorous 

evolution of hydrogen gas was observed. The color of the solution became light 

brown. Stirring was continued for another 8h. After this period, the solution was 

filtered through Celite, the residues washed with an additional 5 mL of THF in two 

portions. The combined filtrate was stripped to dryness and washed with hexanes to 

obtain 1.08 g of Na[4.2] in quantitative yield. The solvent of crystallization could not 

be removed even upon exposure of the product to high-vacuum for extended periods 

of time. Na[4.2] is extremely moisture sensitive, but stable in the presence of oxygen.  
1H-NMR (22 °C, 500 MHz, Acetone-D6, ppm) ŭ: 1.27 (br, q, 2H, J=6.0 Hz), 1.49 (br, 

2H), 1.55-1.69 (br, m, 4H), 1.84-2.0 (m, 6H), 3.63 (THF), 6.60 (td, 2H, J=6.0, 1.4 Hz, 

py-5-CH), 7.21 (td, 2H, J=7.4, 1.9 Hz, py-4-CH), 7.44 (d, 2H, J=8.0 Hz, py-3-CH), 

8.26 (d, 2H, J=4.7 Hz, py-6-CH) 
13C-NMR (22 °C, 500 MHz, DMSO-D6, ppm) ŭ: 24.2(br, q, B-CH), 25.1 (THF), 26.0 

(CH2), 32.4 (CH2), 116.0, 126.7, 131.6, 147.8, 192.1-193.1 (q, BC).   

ESI- MS of a solution of Na[4.2] in MeOH basified with NaOCH3: 277.18, Calculated 

277.19.  

Elemental Analysis (C, H, N): Calculated (C26H38BN2NaO2): 70.27, 8.62, 6.30, 

Found: 69.82, 7.67, 7.63 

 

4.8.3 Attempted reaction of Na[4.2] with O2 
A 15mg sample of Na[4.2] dissolved in a (0.4 mL CD3OD : 0.2 mL THF-D8) solution 

showed no change after a 4-day exposure to O2.  

 

4.8.4 Synthesis of LPtII Me2 complex, 4.5 

1.0 g (2.25 mmol) of Na[4.2] was dissolved in 10 mL THF in a reaction vial equipped 

with a stir bar. To the solution was added 0.646 g (1.125 mmol) of Pt2Me4(µ-SMe2)2 

with rapid stirring. The solution became light yellow in ten minutes. Stirring was 

continued for 5h with intermittent exposure to vacuum to facilitate removal of Me2S. 

After this period, the solution was stripped to dryness to obtain a tan powder. The 

sample was recrystallized from a THF solution by precipitation with hexanes to yield 

1.520 g of a tan colored powder, in 91% yield. 4.5 is unstable and decomposes at 

room temperature even if kept under Ar over long periods of time (10 days), and 

therefore must be stored in cold conditions. No decomposition was observed by NMR 

after 2 months when kept at -20 °C in a vial sealed under Argon.   
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1H NMR (22 °C, 500 MHz, CD3CN, ppm): 0.53 (s+Pt-satellites, JPt-H=82.4 Hz, 6H, 

PtMe2), 1.29-1.46 (complex multiplet, br, 6H, BCH (1H), CH2 (5H)), 1.68-1.90 (m, 

10H, THF(6H), CH2 (4H)), 2.41 (m+m, 2H, CH2), 3.64 (m, 6H, THF), 4.43 (br, 1H, 

BCH), 6.65 (vt, J=5.5, 1.7 Hz, 2H, py-5-CH), 7.34 (td, J=7.5, 1.7 Hz, 2H, py-4-CH), 

7.45 (d, J=7.7 Hz, 2H, py-3-CH), 8.65 (d+Pt-satellites, JPt-H=26.4, J=5.9 Hz, 2H, py-

6-CH). 
13C NMR (22 °C, 500 MHz, CD3CN, ppm): -19.95 (s+Pt-satellites, JPt-C=830.8 Hz, 

PtMe2) 21.3 (br), 23.8, 26.1, 30.6, 120.7, 127.2, 138.4, 143.5 (2JPt-C=38Hz).  

ESI- MS of a THF solution of 4.5: 502.20, Calculated 502.20. 

Elemental Analysis (C, H, N): Calculated (C20H28BN2NaPtĀ1.5THF): 49.30, 6.36, 

4.42 Found: 49.32, 6.41, 3.65 

 

4.8.5 Synthesis of LPtII Ph2 complex, 4.6 

1.0 g (2.25 mmol) of Na[4.2] was dissolved in 10 mL THF in a reaction vial equipped 

with a stir bar. To the solution was added 1.06 g (2.25 mmol) of PtPh2(SMe2)2 with 

rapid stirring. The solution became yellow in ten minutes. Stirring was continued for 

5h with intermittent exposure to vacuum to facilitate removal of Me2S. After this 

period, the solution was stripped to dryness to obtain a light-tan colored powder. The 

sample was recrystallized from THF-hexanes mixture to yield 1.68 g of a cream 

colored powder, analytically pure 4.6, in 94% yield. Complex 4.6 is stable both in 

solution in THF-d8, CD3CN, and acetone-d6 at room temperature if kept under Ar 

over long periods of time (2-3 days), and as a solid when stored under inert 

conditions.  
1H NMR (22 °C, 500 MHz, CD3CN, ppm) ŭ: 144-1.54 (br, multiplet, 3H, 

B(CH)+B(CH)(CH2), 1.70-1.88 (m, 11.7H, THF=5.6H, CH2=6H), 1.96-2.06 (m, 2H, 

B(CH)(CH2)), 2.43-2.55 (m+m, 2H, B(CH)(CH2)), 3.58 (THF, 5.6H), 5.15 (br, 1H, 

B(CH)), 6.52 (vt, J=5.5, 1.6 Hz, 2H, py-5-CH), 6.62 (tt, J=7.2, 1.5 Hz, 2H, Ph-p-CH), 

6.78 (unresolved t, J=7.5 Hz, 4H, Ph-m-CH), 7.31 (td, J=7.6, 1.8 Hz, 2H, py-4-CH), 

7.53 (d, J=7.9 Hz, 2H, py-3-CH), 7.57 (d+Pt-satellites,  JPt-H=67, J=7.9 Hz, 4H, Ph-o-

CH), 8.29 (d+Pt-satellites, JPt-H=27, J=5.9 Hz, 2H, py-6-CH).  
13C NMR (22 °C, 500 MHz, CD3CN, ppm) ŭ: 23.0-24.75 (br, m, B-CH), 26.36 (s, 

THF), 26.42 (s, BCH(CH2)), 33.72 (s, BCH(CH2)), 34.82 (s, BCH(CH2)), 68.42 (s, 

THF), 119.09 (s+Pt-satellites, JPt-C=28.4 Hz), 128.45 (s+unresolved-Pt-satellites), 

126.74 (s+Pt-satellites, JPt-C=76.7 Hz), 130.17 (s+unresolved-Pt-satellites), 133.38 (s), 

140.71 (s+Pt-satellites, JPt-C=24.7 Hz), 150.33 (s), 151.68 (s+Pt-satellites, JPt-C=34.9 

Hz), 189.6-191.5 (br, m, py-2-C-B).  

ESI- of a THF solution of 4.6: 626.22, Calculated 626.23.  

Elemental Analysis (C, H, N): Calculated (C30H32BN2NaPtĀ1.4THF): 56.98, 5.80, 

3.73 Found: 57.38, 6.50, 3.37  

 

4.8.6 Synthesis of LPtII (cyclohexene)(H) complex, 4.7 

50 mg of 4.5 (95.2 µmol) was dispersed in 5 mL of dry cyclohexane in a reaction vial 

and to it was added 3.5 µL (2 equivalents) H2O with rapid stirring. Immediate 

vigorous evolution of methane was seen. After 20 minutes, copious amounts of 

precipitate and a yellow supernatant was visible. The contents of the vial were filtered 

through a cotton plug, washed with 2 mL of cyclohexane and the filtrate was stripped 
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to dryness to yield 27 mg of a dark brown powder, in 50% yield. 4.7 could not be 

obtained in analytically pure form, presumably due to its thermal instability. 

Significant broadening of signals could be seen in the 1H-NMR spectrum.  
1H NMR (22 °C, 500 MHz, CDCl3, ppm) ŭ: -21.96 (s+Pt-satellites, 1H, JPt-H=1251.8 

Hz, PtH), 1.1-2.1 (m, 15H, CH2(9-BBN)+CH2(cyclohexene)), 2.35 (br, 4H, 

C=CCH2), 2.6-2.9 (br, m+m, 2H, CH2(9-BBN)), 3.67 (br, 1H, BCH), 4.60 

(br+unresolved Pt-satellites, 1H, CH=CH), 5.14 (s+Pt-satellites, JPt-H=~91 Hz, 1H, 

CH=CH), 6.71 (br, 1H), 6.83 (br, 1H), 7.41 (vt, J=7.4 Hz, 2H), 7.68 (br, 2H), 7.90 

(br, 1H), 8.71 (br+Pt-satellites, J=~56 Hz, 1H, Py-6-CH, trans to Pt(CH=CH)). 
13C NMR (22 °C, 500 MHz, CDCl3, ppm) ŭ: 21.7 (CH2), 22.2 (br, BCH), 22.8 (CH2), 

25.3 (CH2), 25.4 (CH2), 27.1 (CH2), 28.2 (CH2), 31.1 (CH2), 32.3 (CH2), 32.8 (CH2), 

37.7 (br, BCH), 73.6 (JPt-C=165 Hz, (CH=CH)), 80.3 (JPt-C=211 Hz, Pt(CH=CH)), 

119.1, 119.4, 127.4, 130.9, 131.3, 134.5, 135.1, 145.3, 154.2, 188 (br, py-2C), 190 

(br, py-2C). 

Elemental Analysis (C, H, N): Calculated (C24H33BN2Pt): 51.90, 5.99, 5.04 Found: 

52.99, 6.35, 4.92 

 

4.8.7 Synthesis of LPtII (Me)(SMe2) complex, 4.8 

To a 200 mg sample of 4.5 (381 µmol) in a reaction vial equipped with a stir-bar, was 

added 3 mL of dimethylsulfide. The entirety of the complex dissolved, after which 

was added 13.5 µL of H2O (2 eqv.) with rapid stirring. Immediate effervescence was 

observed followed by formation of precipitate. The mixture was let to stir for a period 

of 20 minutes following which a brilliant-yellow supernatant was obtained. The 

precipitate was filtered off by passing the mixture through an anhyd. Na2SO4 packed 

pipette, and washed with an additional 2 mL of dimethylsulfide. The solution 

obtained was stripped to dryness to yield a light yellow powder. The powder was 

washed with 1 mL of methanol to obtain analytically pure 4.8, 195 mg as a cream 

colored powder, in 93% yield. 4.8 is insoluble in ether or methanol, poorly soluble in 

toluene but highly soluble in dichloromethane, acetone, and THF. Crystals suitable 

for X-ray diffraction were grown by slow evaporation of a 3mL dichloromethane 

solution containing 100 mg of 4.8. 
1H-NMR (22 °C, 500 MHz, CD2Cl2, ppm) ŭ: 0.69 (s+d, 3H, 

2JPt-H=75.0 Hz, PtMe), 

1.33-2.04 (6m, 13H, 6CH2+1B-CH), 2.3-2.5 (br, 2m, 6H, SMe2), 4.02 (br, 1H, B-

CH), 6.78 (td, 1H, J=6.6, 1.7 Hz, py-5-CH), 6.83 (td, 1H, J=6.4, 1.5 Hz, pyô-5-CH), 

7.41 (2t, 2H, J=7.6, 7.5 Hz, py-4-CH, pyô-4-CH), 7.62 (unresolved-t, 2H, py-3-CH, 

pyô-3-CH), 8.35 (d+Pt-satellites, 1H, JHH=5.5, JPt-H=55.8 Hz, py-6-CH, trans to 

SMe2), 8.52 (d+Pt-satellites, 1H, JHH=5.7, JPt-H=19 Hz, pyô-6-CH, trans to PtMe) 
13C-NMR (22 °C, 500 MHz, CD2Cl2, ppm) ŭ: -16.92 (s+d, 1JPt-C=721.7 Hz, PtMe), 

20.5 (br, s, SMe), 22.0-23.6 (q, JC-B=53 Hz, B-CH), 25.0 (br, s, SMe), 25.68 (s, CH2), 

25.7 (s, CH2), 32.79 (s, CH2), 32.8 (s, CH2), 33.0 (s, CH2), 33.4-34 (q, unresolved JC-

B, B-CH), 34.5 (s, CH2), 119.7 (s, py-5-C), 119.93 (s+d, JPt-C=56 Hz), 131.0 (s+d, JPt-

C=42 Hz), 131.2 (s+d, unresolved JPt-C), 134.3, 134.4, 149.7, 150.8 (s+d, JPt-C=39.7 

Hz), 188.3-190.7 (q+q, br) 

Elemental Analysis (C, H, N): Calculated (C21H31BN2PtS): 45.91, 5.69, 5.10 Found: 

45.74, 5.35, 4.89 
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4.8.8 Synthesis of LPtIV Me3, 4.9 

100 mg of 4.5 was dissolved in 7 mL of ether in a reaction vial and 25 µL of methyl 

iodide (2 eqv.) was added to it. After 5 minutes of stirring, fine white precipitate 

could be seen. After a period of 20 minutes of stirring, the contents of the vial were 

filtered through a PTFE-Acrodisc filter and washed with an additional 2mL of ether. 

The filtrate was stripped to dryness to obtain 102 mg of a pale yellow flaky solid, 4.9, 

in quantitative yield. 4.9 is stable in CD3OD and under air at room temperatures. 

Prolonged heating in CD3OD showed no signs of decomposition at temperatures up to 

100 °C. X-ray quality crystals were obtained vapor diffusion of pentanes into a 

solution of 100 mg of 4.9 in 2 mL of dichloromethane at 40 °C.  
1H NMR (22 °C, 500 MHz, CD2Cl2, ppm) ŭ: -3.36 (br, s+d, 1H, JPt-H=207.7 Hz, B-

CH, agostic), 0.96 (s+d, 6H, 2JPt-C=65.0 Hz, PtMe2, equatorial), 1.4 (s+d, 3H, 2JPt-

C=81.2 Hz, PtMe, axial), 1.39-1.52 (m, 4H, CH2), 1.62 (br, 1H, B-CH), 1.73-1.87 (br, 

m, 2H, CH2), 1.89-1.97 (m, 2H, CH2), 2.22-2.30 (m, 2H, CH2), 7.0 (td, 2H, J=6.4, 1.8 

Hz, py-5-CH), 7.55 (td, 2H, J=7.6, 1.7 Hz, py-4-CH), 7.59 (d, 2H, J=7.3 Hz, py-3-

CH), 8.19 (d+Pt-satellites, 2H, JPt-H=18.1 Hz, J=5.9 Hz, py-6-CH) 
13C NMR (22 °C, 500 MHz, CD2Cl2, ppm) ŭ:  -10.4 (s+d, 1JPt-C=631.0 Hz, PtMe2, 

equatorial), 2.0 (s+d, 1JPt-C=783.2 Hz, PtMe, axial), 22.0 (q, JC-B=43.7 Hz, B-CH), 

25.7 (s, CH2), 31.5 (s, CH2), 33.0 (s, CH2, JPt-C=7.5 Hz), 56.0 (q, JC-B=39 Hz, B-CH), 

120.86 (s+d, JPt-C=19.5 Hz), 130.54 (br), 135.53, 145.57 (s+d, JPt-C=19.6 Hz), 189.6 

(q, JC-B=49 Hz, py-2-C) 

Elemental Analysis (C, H, N): Calculated: 48.75, 6.04, 5.41, Found: 49.14, 5.92, 5.25 

 

4.8.9 Synthesis of LPt II (Me)(OMe), 4.10 

50 mg of 4.5 was taken in a stir-bar equipped reaction vial and 3 mL of methanol was 

added to it. Vigorous evolution of gas was seen. The entirety of the solid dissolved 

after 5 minutes, and stirring was continued for a period of 20 minutes. The contents of 

the vial were stripped to dryness, and a brown powder was obtained.  The powder 

was washed with 1:1 v/v ether hexane mixture and exposed to high vacuum to obtain 

a yellow colored powder, 4.10. The compound is stable in CD3OD for at least 12 

hours at RT and over long periods of time in CD3CN in the absence of air or moisture. 

4.10 could not be isolated in analytically pure form even upon repeated crystallization 

from methanol or THF and was characterized in solution by NMR and ESI-MS. The 
1H and 13C NMR spectra show a satisfactory purity of the sample used in our 

experiments.  
1H NMR (22 °C, 500 MHz, THF-D8, ppm) ŭ: 0.76 (s+Pt-satellites, 3H, JPt-H=70.9 Hz, 

PtMe), 1.28-2.00 (m, 11H, BCH(1H)+CH2(10H)), 2.36-2.56 (m+m, 2H, CH2), 3.33 

(s, 1H, residual MeOH), 3.50 (s+d, 3H, JPt-H=38 Hz, PtOCH3), 4.67 (br, 1H, B-CH), 

6.43 (vt, 1H, J=6 Hz, py-5-CH), 6.71 (vt, 1H, J=5.9 Hz, pyô-5-CH), 7.23 (vt, 1H, 

J=7.2 Hz, py-4-CH), 7.30 (vt, 1H, J=6.8 Hz, pyô-4-CH), 7.39 (d, 1H, J=7.5 Hz, py-3-

CH), 7.51 (d, 1H, J=7.8 Hz, pyô-3-CH), 8.47 (d+Pt-satellites, 1H, JPt-H=50.9, J=7.8 

Hz, py-6-CH), 8.83 (d+unresolved Pt-satellites, 1H, J=5.1 Hz, pyô-6-CH).  
13C NMR (22 °C, 500 MHz, THF-D8, ppm) ŭ: -19.2 (s+d, JPt-C=848.3 Hz, PtCH3), 

23.0-24.6 (br, BCH), 26.4 (CH2), 26.43 (CH2), 31.0-32.4 (br, BCH), 33.5 (CH2), 33.6 

(CH2), 33.9 (CH2), 34.4 (CH2), 60.23 (s+unresolved Pt-satellites, PtOCH3), 118.3, 

119.3 (s+unresolved Pt-satellites), 130.1, 130.3, 131.7, 132.8, 148.5, 152.5 
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(s+unresolved Pt-satellites), 187.8-189.6 (br, BC), 190.2-192.1 (br, BC). Peak 

Assignments were made by correlation with DEPT-45, 90 and 135 NMR spectra.   

ESI- MS of a methanolic solution basified with sodium methoxide: 518.18, 

Calculated 518.19. 

4.8.10 Synthesis of LPt II (OMe)2, 4.11 

40 mg of 4.5 was dissolved in 5 mL of methanol in a reaction vial equipped with a 

stir-bar and left stirring inside the glove box for 24h. After this period, some 

precipitate and darkening of the solution could be seen. The contents were filtered 

through a cotton plug, and stripped to dryness. The residue was washed with 2 ml of 

1:1 v/v ether hexane mixture to yield a brown colored powder, 33.5 mg of 4.11 (79% 

yield). Complex 4.11 is only moderately soluble in methanol, hence it is necessary to 

have a huge amount of solvent during the synthesis of 4.11; otherwise yields are very 

poor as most of 4.11 is lost in the filtration step. No exchange of Pt-bound methoxy 

groups was observed when dissolved in CD3OD at RT even after 24h. Repeated 

recrystallization attempts progressively made the sample dirtier and 4.11 was 

characterized by 1H-NMR spectroscopy and ESI-MS. We presume this is due to 

dimerization/oligomerization expected for anionic PtII complexes bearing labile 

anionic methoxy ligands on the PtII center.  
1H-NMR (22 °C, 400 MHz, CD3CN, ppm) ŭ: 1.33-1.49 (br, m, 4H, CH), 1.52-1.63 

(br, m, 3H, CH), 1.65-1.83 (br, m, 4H, CH), 2.36-2.51 (br, sept, 2H, CH), 3.41 

(s+unresolved Pt-satellites, 6H, Pt(OCH3)2), 5.0 (br, 1H, B-CH), 6.66 (vt, J=6.6 Hz, 

2H, py-5-CH), 7.36 (vt, J=8.1 Hz, 2H, py-4-CH), 7.46 (d, J=7.7 Hz, 2H, py-3-CH), 

8.88 (d+unresolved Pt-satellites, 2H, py-6-CH).  

ESI- of a methanolic solution basified with NaOCH3: 534.19, Calculated 534.20 

ESI+ of a methanolic solution with NaBArF additive: 536.22 (4.11ĀH2
+), Calculated 

536.20 

 

4.8.11 Synthesis of LPt II (Ph)(OMe), 4.14 

200 mg of 4.6 (266 µmol) was dissolved in 3 mL of methanol in a reaction vial 

equipped with a stir-bar. In another vial, 34.0 µL (1 eqv.) of trimethylchlorosilane 

was dissolved in 1 mL of methanol and quantitatively transferred to the first vial 

containing 4.6 with rapid stirring. An additional 1 mL of methanol was used to 

complete the transfer. The solution was let to stir for a period of 5 minutes and 

rapidly stripped to dryness. During the process of evacuation, fine white precipitate of 

NaCl could be seen. Evacuation was completed in approx. 1h to obtain a tan colored 

powder. At this point, the entire solid was re-dispersed in 5 mL THF, cooled to -20  

°C and 15 mg of sodium hydride was carefully added to the suspension with rapid 

stirring. Vigorous evolution of gas was observed and the mixture was let to stir for 10 

minutes after which the contents were filtered through a PTFEïSyringe filter with an 

additional 1 mL of THF to aid in quantitative separation. The combined filtrates were 

stripped to dryness, and a light-tan colored powder was obtained. Recrystallization of 

the entire solid from a THF solution by addition of hexanes and precipitation by 

cooling to -20 °C produced 125 mg 4.14, in 78% yield. 1.0 mole of Na-bound THF 

could not be removed even upon extended exposure to high-vacuum.  
1H NMR (22 °C, 500 MHz, THF-D8, ppm) ŭ: 1.38-1.52 (br, m, 3H, CH2(2H)+B-

CH(1H)), 1.56-1.87(m, 10H, CH2(6H)+THF(4H)), 1.88-2.03 (m, 2H, CH2), 2.39-2.61 
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(m+m, 2H, CH2), 3.43 (s+unresolved Pt-satellites, 3H, PtOCH3), 5.05 (br, 1H, B-

CH), 6.26 (td, J=5.8, 1.8 Hz, py-5-CH), 6.69-6.78 (m, 2H, pyô-5-CH+Ph-p-CH), 6.87 

(t, 2H, J=7.4 Hz, Ph-m-CH), 7.17 (td, 1H, J=7.6, 1.7 Hz, py-4-CH), 7.31 (td, 1H, 

J=7.5, 1.7 Hz, pyô-4-CH), 7.40 (d, 1H, J=7.8 Hz, py-3-CH), 7.49 (d, 2H, J=7.1 Hz, 

Ph-o-CH), 7.55 (d, 1H, J=7.7 Hz, pyô-3-CH), 8.31 (d+Pt-satellites, 1H, JPt-H=44, 

J=6.1 Hz, py-6-CH, trans to PtPh), 8.80 (d+unresolved Pt-satellites, J=4.9 Hz, pyô-6-

CH, trans to PtOCH3). 
1H NMR (22 °C, 400 MHz, CD3OD, ppm) ŭ: 1.35-1.55 (br, m, 3H, CH2(2H)+B-

CH(1H)), 1.58-1.71 (br, m, 2H, CH2), 1.71-2.03 (br, m+m+m, THF(1.9H)+CH2(6H)), 

2.37-2.60 (br, m+m, 2H, CH2), 3.2-3.4 (s+unresolved Pt-satellites, overlapping with 

CD3OD signal), 3.72 (m, 1.9H, THF), 5.03(br, 1H, BCH), 6.30 (td, 1H, J=5.6, 2.2 Hz, 

py-5-CH), 6.75 (vt, 1H, J=7.4 Hz, p-Ph), 6.8-6.9 (m, 3H, m-Ph(2H)+py(1H)), 7.23 

(vt, 1H, J=8.1 Hz, py-CH), 7.30-7.50(m, 4H, o-Ph(2H)+Py(2H)), 7.55 (d, 1H, J=7.7 

Hz, py-3-CH), 8.11 (d+Pt-satellites, J=6.8, JPt-H=49 Hz, py-6-CH, trans to OCH3), 

8.86 (d+unresolved Pt-satellites, J=5.4 Hz, py-6-CH, trans to PtPh). 
13C NMR (22 °C, 500 MHz, THF-D8, ppm) ŭ: 23.1-24.6 (br, BCH), 26.4 (br, m, 

CH2+CH2+THF*), 31.6-32.9 (br, BCH), 33.7 (CH2), 33.8 (CH2), 34.53 (CH2), 34.57 

(CH2), 60.1 (s+unresolved Pt-satellites, PtOCH3), 68.3 (THF), 118.3, 119.1, 122.1, 

127.0 (JPt-C=51.7 Hz), 130, 130.2, 132.3, 133.4, 139.2, 147.2 (JPt-C=1092 Hz, Pt-

ipsoPh(C)), 149.2, 153.7, 188.2-190.0 (br, BC), 190.1-191.7 (br, BC) *Complex peak 

at 26.4 was cross checked for correct assignment by subtracting the integral 

corresponding to CH2O- (of THF at 68.3 ppm) from the integral at 26.43 ppm. Such 

computation results in 68.29 (set to 1 C), 26.43 (3 C). 

Elemental Analysis (C, H, N): Calculated (C25H30BN2NaOPtĀ1.0THF): 51.56, 5.67, 

4.15 Found: 51.31, 5.73, 4.07. 

 

4.8.12 Synthesis of 4.15 by oxidation of LPtII (Me)(OMe), 4.10 or LPtII (Ph)(OMe), 

4.14 in methanol with O2 

200 mg of 4.10 was dissolved in 4 mL methanol in a stir-bar equipped reaction vial in 

the glove box. The vial was taken out from the box and was exposed to O2 with 

vigorous stirring. Stirring was continued for 10 minutes following which the mixture 

was stripped to dryness to yield a light yellow powder. The entirety of this solid was 

recrystallized from a 1 mL of THF solution by precipitation with hexanes to yield 200 

mg of analytically pure 4.15 in 90 % yield. Crystals suitable for XRD were grown by 

layering a 100 mg sample of 4.15 dissolved in 3mL of THF with 2 mL of hexanes at -

20 °C. 0.4 mole of THF co-crystallized with 4.15 was visible by 1H-NMR. 13C NMR 

resonance corresponding to the 4 °C-B of the [3.3.0]bicyclooctyl fragment of  4.15 

could not be located even when the possibility of overlap of this signal with those of 

THF in the sample was excluded by recording 13C-NMR spectra after completely 

exchanging THF present in the sample with THF-d8. 
13C-NMR peak assignments 

were made by correlation with DEPT 45, 90 and 135 spectra. 4.15 is unstable in the 

presence of even traces of acid or water but stable in the presence of excess base 

(NaOCH3).  

Oxidation of 100 mg of 4.14 was performed in a manner identical to that of 4.10 

mentioned above to yield 91 mg of 4.10 in 93% yield.  
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1H NMR (22 °C, 400 MHz, CD3CN, ppm) ŭ: 0.80-0.94 (br, 3H, CH), 0.98-1.09 (br, 

m, 3H, CH), 1.20-1.35 (br, m, 4H, CH), 1.79 (m, 1.2H, THF), 2.56-2.78 (s+m, 

3H+2H, B-OCH3+CH), 3.25 (s unresolved Pt-satellites, 6H, Pt(OCH3)2), 3.63 (1.2H, 

THF), 4.22 (br, sept, 1H, 3 °C-H), 6.85 (td, 2H, J=6.7, 1.7 Hz, py-5-CH), 7.51 (td, 

2H, J=7.9, 1.8 Hz, py-4-CH), 7.62 (d, 2H, J=7.7Hz, py-3-CH), 9.1 (d+unresolved Pt-

satellites, 2H, J=5.7 Hz, py-6-CH). 
13C NMR (22 °C, 500 MHz, DMSO-d6, ppm) ŭ: 25.7 (CH2), 35.3 (CH2), 39.1 (CH2), 

44.4 (CH), 51.6 (BOCH3), 58.7 (Pt(OCH3)2), 119.8, 129.8, 132.1, 148.7, 179.0-181.1 

(br, BC). 

ESI- MS of a methanolic solution basified with NaOCH3: 564.18, Calculated 564.20.  

Elemental Analysis (C, H, N): Calculated (C21H30BN2NaO3PtĀ0.4THF): 44.05, 5.43, 

4.55 Found: 44.05, 5.58, 4.48. 

 

4.8.13 Synthesis of 4.16 by rapid oxidation of LPtII Me2, 4.5 in methanol at -60 °C 

with O2  

200 mg of 4.5 was dissolved in 1 mL of THF inside the glove-box. In a Schlenk tube 

equipped with a stir-bar, 4 mL of methanol was taken, cooled to -60  °C (dry-

ice/Acetone) and O2 was bubbled through it for 5 minutes. While continuing bubbling 

O2, the 1 mL THF solution of 4.5 was added to it via a syringe. The dry-ice bath was 

removed and the solution was allowed to warm to room temperature over a period of 

10 minutes, while continuing bubbling O2. During this time a faint odor resembling 

óalkenesô was found emanating from the reaction mixture. The solution in the Schlenk 

tube was stripped to dryness to yield a tan-colored powder. The contents were re-

dispersed in 3 mL THF, 0.1 mL water was added to it, and the contents were stirred 

for 10 minutes. Fine white precipitate appeared along with the formation of a light-

yellow solution. The contents were filtered through a PTFE-syringe filter and stripped 

to dryness to yield a powder. This powder was dissolved in 2 mL CHCl3 and 

recrystallization was attempted by precipitation with hexanes to yield 158 mg of 16 

(approx. 88% yield). Trace amounts of impurities, presumably due to unavoidable 

methanolysis and subsequent oxidation of those byproducts could be seen in the 

NMR spectra. 
1H NMR (22 °C, 400 MHz, CDCl3, ppm) ŭ: 1.31 (br, PtOH),  1.33 (s+Pt-satellites, 

6H, JPt-H=69.4 Hz, PtMe2), 3.0  (s+Pt-satellites, 3H, JPt-H=27.5 Hz, B-µ(OCH3)-Pt), 

3.57 (s, 3H, B-exo(OCH3)), 7.11-7.16 (m, 2H, py-5-CH), 7.56-7.66 (overlapping-m, 

4H, py-4-CH, py-3-CH), 8.57 (dt+Pt-satellites, 2H, J=5.3, 1.4 Hz, JPt-Hå16 Hz, py-6-

CH) 

 

4.8.14 Synthesis of 4.17 by oxidation of LPtII Ph2, 4.6 in methanol with O2 
200 mg of 4.6 was dissolved in 5 mL methanol in a reaction vial equipped with a stir-

bar inside the glove box and taken out. O2 was bubbled through the solution for a 

period of 10 minutes. A characteristic óalkeneô smell was noticed. The solution 

changed from colorless to a faint yellow gradually. The solution was stripped to 

dryness, during the course of which fine precipitate started to appear. The sample was 

further dried to obtain a solid. Part of the solid was soluble in chloroform and part 

insoluble. The solid contents were re-dispersed in 3 mL CHCl3, 0.2 mL water was 

added to the mixture and stirred for 10 minutes. As before, fine white precipitate and 
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a light-yellow supernatant appeared. The supernatant was extracted with 2 mL 

chloroform in two more fractions, filtered through a PTFE-syringe filter and stripped 

to dryness to yield 142.6 mg of 4.17, in 95% yield. 4.17 was recrystallized from a 

mixture of THF and hexanes at -20 °C, and fine colorless crystals suitable for X-ray 

diffraction were obtained. The same sample was used for elemental analysis. 
1H NMR (22 °C, 500 MHz, CDCl3, ppm) ŭ: 0.39 (br, 1H, PtOH), 1.86 (1.2H, residual 

THF) 3.33 (s+Pt-satellites, 3H, JPt-H=22.5 Hz, Pt-µ(OCH3)B), 3.69-3.78 (s+m, 4H, B-

OCH3(3H), THF (1H)), 6.99-7.22 (m+m+td, 12H, PtPh2+py-5-CH), 7.67 (td, 2H, 

J=7.34, 1.3 Hz, py-4-CH), 7.73 (d, 2H, J=7.45, py-3-CH), 8.68 (d+unresolved Pt-

satellites, 2H, J=5.43, py-6-CH). 
13C NMR (22 °C, 500 MHz, CDCl3, ppm) ŭ: 25.8 (THF), 51.9 (s+unresolved Pt-

satellites, Pt-µ-(OCH3)B), 55.4 (s, B-OCH3), 68.2 (THF), 122.9 (s), 125.1 (s), 127.5 

(s+unresolved Pt-satellites), 127.5 (s), 129.6 (s), 133.4 (s), 137.0 (s), 146 (s), 171.1 

(br, BC). 

Elemental Analysis (C, H, N): Calculated (C24H25BN2O3PtĀ0.3THF): 49.06, 4.48, 

4.54 Found: 49.10, 4.84, 4.28 

 

4.8.15 Characterization of bicyclo[3.3.0]octene, 4.18: 
In a separate experiment, 50 mg of 4.6 was oxidized in a manner similar to above, the 

methanolic solution was cooled to 0 °C and extracted with 0.8 mL of cyclohexane-

d12. The cyclohexane extract was passed through a pipette packed with silica, and 

further filtered through a PTFE-syringe filter. The colorless solution was analyzed by 
1H and 13C NMR, as well as GC-MS and found to match the mass of 108, 

corresponding to that of bicyclo[3.3.0]oct-1(5)-ene.  
1H-NMR (22 °C, 500 MHz, C6D12, ppm) ŭ: 2.10-2.16 (m, set to 8H, (C=C)CH), 2.18-

2.25 (m, 4H, (C=C)CH2CH). 
13C-NMR (22 °C, 500 MHz, C6D12, ppm) ŭ: 29.33 (C=C-CH2-CH2), 29.95 (C=C-

CH2-CH2), 146.51 (C=C-CH2-CH2). 

GC-MS (EI): 108  

 

4.8.16 In-situ preparation of LPt II (CD3)(OCD3), 4.10-d6 

10 mg of 4.5 was dissolved in CD3OD in an NMR tube and a 1H-NMR spectrum was 

recorded immediately. According to the NMR spectrum, complete conversion of 4.5 

to 4.10-d6 had occurred. 4.10-d6 was not isolated from solution, but characterized by 
1H and 13C NMR spectroscopy and ESI-MS. 
1H NMR (22 °C, 500 MHz, CD3OD, ppm) ŭ: 1.27-1.44 (br, m, 3H, CH), 1.45-1.61 

(br, m, 4H, CH), 1.66-1.82 (br, m, 4H*, CH, overlapping with THF), 2.32-2.53 

(m=sept+sept, 2H, CH), 4.64 (br, 1H, B-CH), 6.53 (td, J=6.6, 1.6 Hz, 1H, py-5-CH), 

6.80 (td, J=6.7, 1.5 Hz, 1H, pyô-5-CH), 7.27 (td, J=7.8, 1.5 Hz, 1H, py-4-CH), 7.34 

(td, J=7.6, 1.6 Hz, 1H, pyô-4-CH), 7.38 (d, J=7.9 Hz, 1H, py-3-CH), 7.50 (d, J=7.6 

Hz, 1H, pyô-3-CH), 8.48 (d, JPt-H=33, J=6.1 Hz, 1H, py-6-CH), 8.76 (br, d, J=5.0 Hz, 

unresolved Pt-satellites, 1H, pyô-6-CH). *Peak overlapping with THF was integrated 

by including THF signal and then subtracting from it the integral corresponding to the 

non-overlapping downfield THF signal.  
13C NMR (22 °C, 500 MHz, CD3OD, ppm) ŭ: 24.1 (br, B-CH), 26.50 (CH2), 26.58 

(CH2, overlapping with THF), 32.6 (br, B-CH), 33.7 (CH2), 33.8 (CH2), 34.1 (CH2), 
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34.7 (CH2), 119.2, 120, 130.6, 130.6, 132.6, 133.6, 150.5, 153.3, 188-193 (br+br, 

ipso-py-C). 

ESI- of the NMR-solution basified with NaOCD3:  524.22, Calculated 524.23 

 

4.8.17 Oxidation of LPtII (Me)(OMe), 4.10 and LPtII (CD3)(OCD3), 4.10-d6 with O2 

in CD3OD: Detection of CH4 and CD3H and 4.15-d6 or 4.15-d9 

Oxidation of LPt II (Me)(OMe). 10 mg of 4.10 was dissolved in 0.5 mL of CD3OD 

and a 1H NMR was recorded. According to NMR, no deuteration of either Pt-bound 

CH3 or OCH3 groups had occurred. 1.1 eqv. of THF present in the sample was used 

as an internal standard to monitor product yields. 1.0 mL of CD3OD was saturated 

with O2 and the NMR-tube was completely filled with it, and shaken. A 1H-NMR was 

recorded. On comparison of the two spectra, before and after oxidation, and 

calibrating the integrals with previously set value for THF, oxidation was found to 

have occurred cleanly to form 4.15-d6, in 96% yield by NMR. A very strong singlet at 

0.21 ppm was visible, and assigned to methane. The Pt-bound OCH3 did not 

exchange with OCD3 of the solvent in the course of the reaction.  

Oxidation of LPt II (CD3)(OCD3). The contents of the NMR-tube obtained after 

dissolution of 4.5 in CD3OD were frozen with liq. N2 and the headspace of the NMR-

tube was evacuated. O2 was then admitted into the headspace at 30 psi pressure, the 

NMR-tube was sealed and the contents were thawed and shaken for homogeneity. An 

NMR was recorded quickly within 10 minutes of thawing. According to NMR, 4.10-

d6 underwent complete oxidation to form 4.15-d9.  

Observation of CD3H upon oxidation of 4.10-d6 in CD3OD: In another similar 

experiment, to a 0.2mL solution of 4.10-d6 in CD3OD was added O2-saturated 

CD3OD, taking care to fill the entire headspace of the NMR tube. The NMR tube was 

sealed and a 1H-NMR spectra was recorded. A septet at 0.15 ppm, corresponding to 

CHD3 was observed, in addition to signals corresponding to 4.15-d9. 

4.15-d9:  
1H NMR (22 °C, 500 MHz, CD3OD, ppm) ŭ: 0.85-0.94 (br, sept, 2H, CH), 1.03-1.11 

(br, sept, 2H, CH), 1.17-1.25 (br, quint, 2H, CH), 1.26-1.44 (br, m+m, 4H, CH), 2.42-

2.53 (br, m, 2H, CH), 4.73 (br, sept, 1H, 3 °CH), 6.94 (td, J=6.7, 1.6 Hz, 2H, py-5-

CH), 7.56 (vt, J=7.5 Hz, 2H, py-4-CH), 7.64 (d, J=7.9 Hz, 2H, py-3-CH), 8.82 (d, 

J=6.0 Hz, 2H, unresolved Pt-satellites, py-6-CH). Residual THF signals not reported. 
13C NMR (22 °C, 500 MHz, CD3OD, ppm) ŭ: 27.1 (CH2), 36.8 (CH2), 40.4 (CH2), 

46.8 (3°-CH), 47.1 (br, B4 °C), 121.44, 133.94, 131.77, 151.59, 181.20 (br, ipso-py-

C).  Residual THF signals not reported. 

ESI- of the NMR solution basified with NaOCD3: 573.23, Calculated 573.26. 

 

4.8.18 In-situ preparation of LPt II (C6D5)2, 4.6-d10 : H/D exchange between 

CD3OD/LPt II Ph2 and CD3OH/LPt II (C6D5)2 

35 mg of 4.6 was dissolved in 0.6 mL CD3OD and a 1H NMR was recorded 

immediately. The spectrum was consistent with the presence of two Pt-bound phenyl 

groups and a Cs symmetrical structure. The solution was monitored by 1H NMR 

periodically every hour. The signals corresponding to the protons of the PtPh2 moiety 

were found to gradually decrease in intensity and after 8h, complete deuteration of the 

PtPh2 moiety was observed. The solution was then transferred to a vial equipped with 
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a stir-bar and the solvent was stripped off under vacuum. An off-white solid similar in 

appearance to the starting material was observed. The solid was dissolved in 0.6 mL 

CD3OH and periodically monitored by 1H-NMR (with suppression of the OH signal) 

for reappearance of the aforesaid signals. The sample underwent complete H/D 

exchange after a period of 4h.  

4.6, immediately after dissolution in CD3OD:  
1H NMR (22 °C, 500 MHz, CD3OD, immediately after dissolution, ppm) ŭ: 1.42-1.56 

(m, 3H, CH2+CH), 1.73-1.90 (m+m, 11H, THF=5H, CH2=6H), 1.93-2.06 (m, 2H, 

CH2), 2.44-2.57 (m, 2H, CH2), 3.71 (m, 5H, THF), 4.73-4.80 (br, 1H, CH), 6.48 (vt, 

2H, J=5.5, 1.5 Hz, py-5-CH), 6.64 (vt, 2H, J=7.2 Hz, Ph-p-CH), 6.78 (vt, 4H, J=7.6 

Hz, Ph-m-CH), 7.26 (td, 2H, J=7.6, 1.7 Hz, py-4-CH), 7.51 (d, 2H, J=8.0Hz, py-3-

CH), 7.63 (d+Pt-satellites, 4H, JPt-H=62.0 Hz, J=7.1 Hz, Ph-o-CH), 8.24 

(d+unresolved Pt-satellites, 2H, J=5.6 Hz, py-6-CH). 

4.6-d10, 8h after dissolution in CD3OD:  
1H NMR (22 °C, 500 MHz, CD3OD, 8h after dissolution, ppm) ŭ: 1.42-1.56 (m, 3H, 

CH2+CH), 1.73-1.90 (m+m, 11H, THF=5H, CH2=6H), 1.93-2.06 (m, 2H, CH2), 2.44-

2.57 (m, 2H, CH2), 3.71 (m, 5H, THF), 4.73-4.80 (br, 1H, CH), 6.48 (vt, 2H, J=5.5, 

1.5 Hz, py-5-CH), 7.26 (td, 2H, J=7.6, 1.7 Hz, py-4-CH), 7.51 (d, 2H, J=8.0Hz, py-3-

CH), 8.24 (d+unresolved Pt-satellites, 2H, J=5.6 Hz, py-6-CH). Peaks corresponding 

to PtPh2 moiety silent. 
13C NMR (22 °C, 500 MHz, CD3OD, 8h after dissolution, ppm) ŭ: 23.7-25.0 (br, m, 

B-CH), 26.6 (s, THF), 26.8 (s, CH2), 33.5-34.7 (overlapping, br, B-CH), 34.0 (s, 

CH2), 35.0 (s, CH2), 69 (s, THF), 118.9 (s+Pt-satellites, JPt-C=22.3 Hz, py-CH), 130.2 

(s+unresolved Pt-satellites, py-CH), 133.3 (py-4-CH), 152.4 (s+Pt-satellites, JPt-

C=34.7 Hz, py-6-CH), 190.7-192.2 (br, py-ipso-C).  

ESI- MS of a methanolic solution of 4.6-d10: 636.28, Calculated 636.29.  

 

4.8.19 In-situ preparation of LPt II (C6D5)(OCD3), 4.14-d8 

A 0.5 mL CD3OD solution containing 50 mg of 4.6 in a vial was let stir for 10h to 

convert it to 4.6-d10 via complete deuteration of the PtPh2 fragments, as mentioned 

above. Following a procedure identical to that mentioned for the synthesis of 4.14, 9 

µL (1 eqv.) of trimethylchlorosilane in 0.5 mL CD3OD was added and immediate 

formation of precipitate was observed. After 10 minutes of further stirring, the 

mixture was stripped to dryness. To this mixture was added 2 mL THF followed by 

addition of 5 mg NaH. The suspension was filtered quickly and stripped to dryness to 

obtain a brown solid. Although trace impurities were visible in the 1H-NMR spectrum 

in CD3OD, the major species was identified as 4.14-d8 by comparison with the 1H-

NMR spectrum of analytically pure 4.14, in CD3OD. Yields were not determined 

owing to multi-step conversions/filtrations involving minute quantities. 
1H NMR (22 °C, 400 MHz, CD3OD, ppm) ŭ: 1.35-1.55 (br, m, 3H, CH2(2H)+B-

CH(1H)), 1.55-2.04 (17H, CH2(8H)+THF(9H)), 2.37-2.60 (br, m+m, 2H, CH2), 3.72 

(m, 9H, THF), 5.03(br, 1H, BCH), 6.30 (td, 1H, J=5.6, 2.2 Hz, py-5-CH), 6.84 (vt, 

1H, py-CH), 7.23 (vt, 1H, J=7.9 Hz, py-CH), 7.36 (vt, 1H, J=7.7 Hz, py-CH), 7.55 (d, 

1H, J=7.8 Hz, py-3-CH), 8.11 (d+Pt-satellites, J=6.8, JPt-H=49 Hz, py-6-CH, trans to 

OCH3), 8.86 (d+unresolved Pt-satellites, J=5.4 Hz, py-6-CH, trans to PtPh). Some 
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trace impurities could be seen in the 1H-NMR spectrum. Peak assignments were made 

with respect to 1H-NMR spectrum of 4.14 in CD3OD. 

 

4.8.20 Oxidation of LPtII (Ph)(OMe), 4.14 and LPtII (C6D5)(OCD3), 4.14-d8 with 

O2 in CD3OD: Detection of C6H5 and C6D5H 

Oxidation of 4.14: 25 mg of 4.14 was dissolved in 0.6 mL CD3OD in a sealable 

NMR-tube inside the glove box and a 1H NMR was recorded. According to NMR, no 

deuteration of either Pt-bound C6H5 or OCH3 fragments had occurred. The contents 

of the NMR-tube were then frozen, the headspace was evacuated and refilled with 30 

psi O2 and the NMR tube was sealed. The contents were thawed, the NMR tube was 

shaken for homogeneity and a 1H NMR was recorded within 10 minutes of thawing. 

According to NMR, complete oxidation of 4.14 was observed along with the 

formation of 1 equivalent of benzene. The amount of benzene produced was 

quantified using signals of the THF present in 4.14 as an internal standard.  

Oxidation of 4.14-d8: A partially deuterated complex 4.14-d8 was oxidized similarly 

in a NMR tube in CD3OD and a 1H NMR was recorded. One singlet at 7.16 ppm 

integrating to 1H (with THF as an internal standard) in the 1H NMR spectrum 

confirmed the formation of C6D5H. Some unassigned decomposition was also seen.  

 

4.8.21 In-situ synthesis of 4.16-d7 by fast oxidation of LPtII Me2, 4.5 with O2-

saturated CD3OD at -60 °C 

Oxidation of 4.5: 5 mg of solid 4.5 containing 2.5 moles THF/mole complex was 

charged in an NMR-tube and placed at -60 °C in a dry-ice/acetone bath. 0.8 mL of 

CD3OD was cooled to -60 °C in a vial and O2 was bubbled through it for a period of 

10 minutes and quickly transferred to the NMR-tube. The NMR-tube was sealed, 

shaken and a 1H-NMR was recorded within 5 minutes. According to NMR, based on 

THF-internal standard, the yields of 4.16-d7 and bicyclo[3.3.0]oct-1-ene were 92% 

and 94% respectively (c.f. NMR spectra). Yield for 4.16-d7 was computed by 

averaging the integrations of the aromatic signals over 8 units (theoretical maximum). 

Partial D-incorporation into the PtMe2 fragment could not be avoided. The identity of 

4.16-d7 was additionally confirmed by ESI-MS of the NMR-solution.  
1H NMR (22 °C, 400 MHz, CD3OD, ppm) ŭ: 1.44 (s+multiplets+Pt-satellites, 4.7H, 

JPt-H=68.4 Hz, Pt(CH(3-n)Dn)2), 1.87 (m, THF, internal-std, 10H), 2.08-2.29 (m+m, 

11.36 H, bicycloocetene), 3.73 (m, THF, internal-std, 10H), 7.32 (ddd, 1.84H, J=5.4, 

1.5 Hz, py-5-CH), 7.70 (d, 1.72H, J=7.5 Hz, py-3-CH), 7.80 (td, 1.89H, J=7.6 Hz, 

py-4-CH), 8.65 (d+unresolved Pt-satellites, 1.91H, J=5.5 Hz, py-6-CH). 

ESI+-MS of CD3OD solution, 4.16-d7·H: 485.23, Calculated: 485.21 

 

4.8.22 Step-wise oxidation of LPtII Ph2, 4.6 in CD3OD under controlled supply of 

O2: Detection of 4.29-d3, and completion of oxidation to form 4.17-d7: 
15 mg of 4.6 was dissolved in 0.6 mL of CD3OD in a sealable NMR tube and 0.25 

mL of O2 (~0.5eqv. at RTP) taken in a syringe was slowly bubbled through the 

solution from the bottom of the NMR tube with a long needle. The tube was quickly 

sealed and shaken for 10 minutes. A 1H NMR spectrum was recorded after this time. 

According to NMR, According to NMR, and based on THF as internal standard, 

4.29-d3 was formed in 94% yield, along with the formation of 6.5% of bicyclooctene, 
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4.18, and 6.5% of 4.17-d7. The characteristic signature of the B-bound 

bicyclo[3.3.0]octyl fragment, similar to that of previously characterized 4.15, is 

clearly seen in the 1H-NMR spectrum. An aliquot was analyzed by ESI-MS and a 

peak at 659.26 confirmed the identity of 4.29-d3. 4.29-d3 was characterized by 1H-

NMR and ESI-MS only for mechanistic proof-of-concept and no attempts were made 

towards isolating it. The oxidation of 4.29-d3 was completed by bubbling about 1.0 

mL O2 through the remaining solution in the NMR-tube and it was found to convert 

to 4.17-d7 and 4.18 in 91% yield.  

4.29-d3:  
1H NMR (22 °C, 400 MHz, CD3OD, ppm) ŭ: 0.93-1.02 (m, 2H, CH2), 1.09-1.18 (m, 

2H, CH2), 1.21-1.31 (m, 2H, CH2), 1.32-1.50 (m+m, 4H, CH2), 2.45-2.57 (m, 2H, 

CH2), 4.74 (complex-septet, 1H, BCCH), 6.53-6.64 (m, 4H, py-5-CH(2H)+Ph(2H)), 

6.67-6.79 (m, 4H, py-4-CH(2H)+Ph(2H)), 7.34-7.54 (m, 6H, Ph), 7.79 (d, 2H, J=8.2 

Hz, py-3-CH), 8.37 (d+unresolved Pt-satellites, 2H, py-6-CH).  

ESI- MS of CD3OD solution basified with NaOCD3: 659.27, Calculated: 659.26. 

4.8.23 Oxidation of LPtII Ph2, 4.6 in CD3OD by H2O2: 

14 mg of 4.6 was dissolved in a mixture of 0.3 mL of CD3OD and 0.3 mL THF-d8 in 

a NMR tube and a 1H-NMR spectrum was recorded. The THF signal was used as 

internal standard. 6 µL of 30% aq. H2O2 was added to the NMR tube and shaken, and 

a 1H-NMR NMR spectrum was recorded immediately. According to the NMR, based 

on THF integration, 4.6 was completely oxidized to 4.17-d7 (90% yield) and 4.18 

(90% yield). 

 

4.8.24 Oxidation of LPtII Ph2, 4.6 and LPtII (Me)(OMe), 4.10 in CD3OD with O2 in 

the presence of TEMPO radical: 

Oxidation of 4.6. 15 mg of solid 4.6 (20.0 µmol) was added to a vial with 6 mg (2 

eqv.) solid TEMPO radical. To this vial was added 0.6 mL of CD3OD and stirred for 

2 minutes to obtain an orange colored solution. A 1H-NMR was recorded and found 

to be a match to that of 4.6, i.e. no reaction between 4.6 and TEMPO was observed. 

The peaks were broadened significantly, however, no difference in chemical shifts 

was observed. This solution was oxidized by bubbling O2 through the tube for a 

period of 10 minutes. After this period, according to 1H NMR, all starting material 

had converted to 4.17-d7 and 4.18.  

ESI+-MS of the CD3OD solution: 603.18, Calculated: 603.16, 157.2 (TEMPOH+) 

Oxidation of 4.10. 15 mg of 4.10 (27.7 µmol) in the presence of 6 mg (2 eqv.) 

TEMPO radical in CD3OD, O2 was directly bubbled after dissolution for a period of 2 

minutes. According to 1H-NMR, oxidation was found to have occurred cleanly, and 

spectral match confirmed the identity of 4.15-d6. Signals were significantly broadened 

due to the presence of TEMPO.  

 

4.8.25 Oxidation of LPt II Ph2, 4.6 and LPtII (Me)(OMe), 4.10 in methanol with 
18O2: 

A sample of 10 mg of 4.6 was oxidized under 1 atm of 18O2 and the methanolic 

solution was analyzed by ESI-MS (positive mode).  

ESI+ of methanolic solution of 4.17-18O acidified with 10% HBF4: 4.17-18O·H+: 

598.16, Calculated: 598.17. 
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Similarly, a sample of 4.10 was oxidized under 1 atom of 18O2 in methanol, and an 

ESI-MS (negative mode) was recorded. 

ESI- of methanolic solution of 4.15 basified with NaOMe: 518.18, Calculated 518.19.  

Thus, according to ESI-MS one 18O atom was incorporated in 4.17 but none in 4.15. 

 

4.8.26 Oxidation of (MeO)(BCO)BPy2-PtII (OMe)2, 4.15 in with H2O2 to form 

(MeO)2BPy2-PtIV (OMe)2(OH), 4.34 

100 mg (170 µmol) of 4.15 was dissolved in 5 mL methanol in a reaction vial 

equipped with a stir-bar and 52 µL of 30% H2O2 (3 equivalents) was added to it with 

rapid stirring. After 20 minutes, the contents were stripped to dryness and the solid 

was extracted with 5 mL chloroform. The yellow colored solution was dried with 

anhyd. Na2SO4 and filtered through a cotton plug. 76 mg of 4.34 in 89% yield was 

obtained by recrystallization from this chloroform solution by precipitation with 

hexanes. Crystals suitable for X-ray structure determination were grown from a 

chloroform solution by vapor diffusion of pentanes at 25 °C. 
1H NMR (22 °C, 500 MHz, CD2Cl2, ppm) ŭ: 1.26 (br+unresolved Pt-satellites, 1H, 

PtOH), 3.05 (s+Pt-satellites, 6H, JPt-H=20.0 Hz, Pt(OMe)2, equatorial), 3.06 (s+Pt-

satellites, 3H, JPt-H=15.4 Hz, B(µ-OCH3)PtIV), 3.6 (s, 3H, exo-BOCH3), 7.28 (td, 2H, 

J=6.0, 1.8 Hz, py-5-CH), 7.61 (d, 2H, J+7.6 Hz, py-3-CH), 7.75 (td, 2H, J=7.6, 1.4 

Hz, py-4-CH), 8.64 (d+Pt-satellites, 2H, J=5.8 Hz, JPt-H=20.9 Hz, py-6-CH). 
1H NMR (22 °C, 500 MHz, CD2Cl2, ppm) ŭ: 51.5 (s, exo-BOCH3), 52.2 (s+Pt-

satellites, JPt-C=6 Hz, B(µ-OCH3)PtIV), 57.0 (s+Pt-satellites, JPt-C=13 Hz, Pt(OCH3)2, 

equatorial), 124 (s+Pt-satellites, JPt-C=25 Hz), 128.2 (s+Pt-satellites, JPt-C=22 Hz), 

138.6, 146.5, 169-172 (br, B-py-2-C) 

ESI+-MS: 504.14, Calculated: 504.12 

 

4.8.27 Oxidation of LPtII (OMe)2, 4.11 with H2O2 in methanol to form 

(MeO)2BPy2PtIV (OMe)2(OH), 4.34 and bicyclooctene, 4.18 
25 mg of a crude sample of 4.11 was dissolved in methanol in a reaction vial and 4 

equivalents of H2O2 was added to it with rapid stirring. After 20 minutes, white 

precipitate and a yellow supernatant formed. The mixture was stripped to dryness, 

and a part of the crude solid was extracted with C6D12. A 1H-NMR spectra was 

recorded and compared to that of 4.18 and found to be a match. The rest of the solid 

was dissolved in CDCl3 and the identity of the solid was confirmed by comparison of 

the concurrent 1H-NMR spectra with that of 4.34. Trace undetermined impurities 

could be seen, presumably because 4.11 was not pure. Yields were not determined. 

 

4.8.28 Oxidation of 4.15-d9 in CD3OD with H2O2 

10 mg of LPtIIMe2, 4.5, was dissolved in CD3OD in an NMR tube in the glove-box 

and a 1H-NMR spectra was recorded to confirm the complete conversion to 

LPtII(CD3)(OCD3), 4.10-d6. Afterwards, O2 was bubbled through the solution and a 
1H-NMR spectra was recorded.  According to NMR, based on THF present in the 

sample, complete conversion of 4.10-d6 to 4.15-d9 had occurred as before. 6 µL of 

30% H2O2 (3 equivalents) was added and the solution was shaken. According to a 1H-

NMR recorded after this time, quantitative formation of 4.34-d13 and 4.18 had 

occurred.  
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Chapter 5:  Catalytic applications of di(2-pyridyl)-

dimethoxyborato-PtII/IV  complexes: aerobic oxidation of 

borohydrides and isopropanol 

 

5.1Proposal 

In our search for an anionic borate di(2-pyridyl)borate ligand that would retain the 

borate center in PtII-mediated oxidation chemistry, we found that replacement of one 

methyl in the dpdmb ligand by a methoxy was not sufficient (Chapter-III), as 

oxidation products corresponding to both ómethyl migrationô and óligand retentionô 

were observed. In another pursued direction involving tethered hydrocarbyls on the 

borate center, as in the 1,5-cyclooctanediyl derivative, unprecedented C-C and C=C 

coupling occurred, also leading to destruction of the borate center (Chapter-IV). Thus, 

without significantly modifying the di(2-pyridyl)-backbone, di(2-

pyridyl)dialkoxyborato-PtII complexes were the only imminently remaining metal-

ligand platform worth exploring. As mentioned before, repeated bottom-up 

approaches to synthesize di(2-pyridyl)dialkoxyborates were intractable. Gratifyingly, 

the oxidation of di(2-pyridyl)-1,5-cyclooctanediylborato-PtIIR2 complexes (where 

R=Me, 4.5 and R=Ph, 4.6) in methanol led to the formation of the much anticipated 

dimethoxyborato-PtIV complexes,  in excellent yields. According to the mechanism 

proposed for the complete oxidation of 4.5 and 4.6, the di(2-pyridyl)dimethoxyborate 

ligand retains its configuration while enabling aerobic oxidation of derived 
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dihydrocarbyl-PtII complexes. Pending availability of a suitable reducing agent [R], a 

reaction  involving either 4.35 or 4.17 as catalyst, as shown in 

Scheme 5.1, could be envisioned: 

 

Furthermore, based on the proposed mechanism of sequential hydride abstraction 

from the bridgehead (B)CH (1,5-bicycloocatendiyl) fragment upon oxidation of 4.5 

and 4.6 and from the bridge head (BC)-CH (3.3.0-bicyclooctyl) fragment upon 

oxidation of 4.28 and 4.29, we envisioned that derivatives of 4.17 with B-bound 

secondary alkoxy groups, such as 5.1 might allow for a hydride transfer from the 2° 

C-H fragment of an alkoxy group, as shown in Scheme 5.2, leading to the formation 

of a PtIV(H) complex, 5.2. Scheme 5.2 shows a direct analogy of 4.30, 4.31 and 4.33 

to 5.2, 5.3, and 5.4, respectively. 
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However, in order for such transformation to occur, 5.1 must isomerize to 5.2, 

featuring an agostic (C-H)-PtIV bond, corresponding to a calculated gas-phase 

activation energy of 21.2 kcal/mole [2]. The activation energy for the C-H cleavage in 

5.2 leading to 5.3, involving a transition-state, 5.5, shown in Figure 5.1, was found to 

be 13.8 kcal/mole in the gas-phase and 6.5 kcal/mole in MeOH.  

Figure 5.1: DFT calculated transition-state (5.5) for the conversion of 5.2 to 5.3  

 

Thus, provided isomerization of 5.1 to 5.2 is possible, intramolecular C-H cleavage in 

5.2 by the PtIV center might be possible. Deprotonation of the PtIV(H) fragment would 

then lead to a di(2-pyridyl)diisopropoxyborato-PtII complex, 5.4, possibly allowing 

for a catalytic aerobic conversion of a isopropanol to acetone. 
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5.2 Implementation 

5.2.1 Reduction of di(2-pyridyl)dimethoxyborato -PtIV (Ph2)(OH) complex with 

NaBH4 

 

In order to access to the putative PtII complex, 4.33, featuring the new ligand, di(2-

pyridyl)dimethoxyborate, the PtIV(Ph2)(OH) complex, 4.17, had to be reduced. 

Synthesis of the dimethyl-analogue of 4.32 was not attempted from a difficultly 

synthesized 4.16 as the hypothetical PtIIMe2 complex is expected to undergo 

methanolysis of one of the PtIIMe fragments in the course of the reaction.  

We found that 4.17 in methanolic solutions could be reduced in 90 min by an excess 

of 2 equivalents of NaBH4 or 5 equivalents of NaBH(OMe)3 as shown in Scheme 5.3. 

An excess of borohydride was found to be necessary, presumably, to account for the 

background reaction of NaBH4 with methanol. Although small amounts of colloidal 

material, presumed to be Pt0 [82] formed, similar to reported reduction of PtII 

complexes with NaBH4 leading to colloidal Pt0, the Pt0 was easily separated by 

centrifugation and/or filtration through a 0.2 µm PTFE syringe-filter.  The identity of 

the PtII product was established by 1H-NMR and ESI--MS. Owing to the presence of a 

large amount of NaB(OMe)4, which could not be removed completely even after 
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repeated recrystallization attempts, 4.33 could not be obtained in analytically pure 

form. It is, however, as evident from a clean aromatic region 1H-NMR spectrum, the 

only Pt-complex is solution.  

Figure 5.2: Aromatic region of the 1H NMR spectrum of 4.33 (with admixed 

NaB(OMe)4) in acetone-d6 (22 °C, 500.132 MHz) 
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When the reduction of 4.17 with NaBH4 was repeated in CD3OD in an NMR-tube 

with THF as internal standard, 4.33-d16 corresponding to complete deuteration at the 

PtPh2 and B(OCH3)2 fragments was obtained in 92% NMR-yield. Although the 

reduction of 4.17 was complete within 90 min, the methanolysis and H/D exchange of 

the excess NaBH4 added was complete within 6h as evident by the disappearance of 

the 1H-NMR signals corresponding to the BH-fragment. An equivalent increase in the 

signal of CD3OH after completion of reaction and a small amount of benzene, were 

observed in the 1H-NMR spectrum. The origin of benzene presumably stems from the 

same decomposition that results in Pt0-black. 

5.2.2 In -situ Oxidation of di(2-pyridyl)dimethoxyborato -PtII Ph2-d16 complex in 

CD3OD 

After completion of reduction and after complete disappearance of the 1H-NMR 

peaks corresponding to NaBH4, the CD3OD solution containing 4.33-d16 and 

NaB(OMe)4 was exposed to O2. Within 10 minutes of exposure to O2, a 1H-NMR 
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spectra was recorded. According to the NMR, complete conversion of 4.33-d16 to 

4.17-d17 had occurred, as shown in Scheme 5.4(a).  

To prove the identity of 4.17-d17, the 1H-NMR spectrum of the oxidation product of 

the d10-derivative of di(2-pyridyl)-1,5-cyclooctanediylborato-PtIIPh2 complex, 4.6-d10, 

viz. 4.17-d17 was compared and found to be a match. The ESI+-MS of both solutions 

showed a mass of 612.1, consistent with 4.17-d17, as shown in Scheme 5.4(b). The 

oxidation of 4.33-d16 was also performed in CD3OD solutions with NaB(OMe)4 

additive and no depreciation in rates of oxidation or change in products were found, 

out ruling the involvement of the latter in the oxidation reactions. 

Figure 5.3:  1H NMR comparisons of 4.33-d16 and 4.17-d17 (obtained from 4.33-d16 

and 4.6-d10) in CD3OD (22 °C, 400.131 MHz) 

(4.33-d16, 6h after adding NaBH4, note the small amount of benzene appeared) 
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(After admitting O2 to the solution above showing formation of 4.17-d17) 
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(Direct oxidation of 4.6-d10 to 4.17-d17 and 4.18) 
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5.2.3 Mechanisms of reduction of LPtIV (Ph2)(OH) complexes with borohydrides 
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Two mechanisms for the reduction of the PtIV complex, 4.17, by NaBH4 or 

NaBH(OMe)3 are shown in Scheme 5.5, where R = H, OMe. Based on literature 

precedence of concerted mechanisms of hydride delivery from borohydrides to metals 

[83] and organic substrates [84], two mechanisms, differing in how the borohydride 

source delivers a óhydrideô fragment to the PtIV center, were proposed: 

(a) Involves concerted transfer of H- directly to the PtIV center via ů-bond metathesis 

with the PtIV-bound axial OH ligand to form 5.6 which can then undergo óusualô 

deprotonation by methanol to generate the PtII complex, 5.5. Although LPtIV(H) 

complexes similar to 5.6 have been synthesized by Puddephatt et al [85] by direct 

reaction of a LPtIV(Me3)(OTf) complex with NaBH4, it did not undergo reductive 

elimination to form any PtII product, the stability of the latter being ascribed to the 

presence of a Pt-Me fragment trans to the Pt-H. Thus, in the presence of a weakly 

trans-influencing ligand such as the B-µ-OCH3-Pt fragment in 5.6, deprotonation may 

be viable. Alternatively, (b) involves a sequential B-to-B and B-to-Pt hydride 

delivery. Although examples of metathetic comproportionation involving B-to-B 

hydride scrambling have been reported in literature [86], they involve association of 

tetracoordinate R3BH- with tricoordinate alkylboranes to produce 

alkylhydridoborates. Based on our experimental findings of the difficulty in breaking 

B-OMe bonds in non-acidic solutions, disfavoring the formation of a di(2-pyridyl)-B-

methoxyborane moiety ligated to the PtIV center under current alkaline conditions, 

both front-side and back-side attack of the hydride, leading to 5.7ôô or 5.7 might be 

extremely endergonic. An empirical test of substitution of a B-bound OCH3 fragment 

by a B-H fragment was performed. The di(2-pyridyl)(methoxo)(methyl) borate 
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ligand, 3.1 (c.f. Chapter-III), was dissolved in CD3OD and 2 equivalents of NaBH4 

and THF as internal standard was added to it. Based on the 1H-NMR spectra recorded 

after 1 hour, no new B-H signals indicative of new product was observed. On the 

other hand, dihydrocarbylborohydrides are more reactive towards protonolysis [87], 

so the absence of new B-H signals does not necessarily rule out installation of a 

hydride on the ligated Py2B(OMe)2 to form 5.7ô or 5.7ôô, i.e. mechanism (a). Closely 

related, stable bis(pyrazolyl)dihydridoborato-PtIV complexes have been reported in 

literature [88], however,  only those featuring a Pt-Me trans to the B-µ-H-Pt could be 

isolated. In our case, with an axial OMe (in 5.6) or OMe (in 5.7ôô) ligand trans to the 

PtIV-H fragment, deprotonation might be viable, leading to the PtII-complex, 4.35. It 

is interesting to note at this point that attempts to reduce 4.17 with even 1 equivalent 

of NaBH4 in THF-d8 led to complete destruction of the complex within 10 minutes, 

formation of >1 equivalent amounts of benzene and copious amounts of Pt0. 

Regardless of the mechanism of hydride delivery, the different outcomes of the 

reaction performed in THF-d8 and CD3OD suggests that the putative PtIV-H complex, 

in the absence of methanol, reductively eliminates benzene to form an unstable three-

coordinate PtIIPh complex, leading to decomposition. Similar observations have been 

reported by Bennett et al for PtII(Ph)(H) complexes [89]. 
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5.2.4 Attempted preparation of diisopropoxy derivatives of di(2-

pyridyl)dimethoxoborate-supported PtII Ph2, 4.35, and PtIV (Ph2)(OH), 4.17 

complexes 

 

As discussed before, substitution of either B-bound OCH3 fragments in 4.17 with 

OCD3 was slow in CD3OD even at elevated temperatures of 80 °C. On the other hand 

similar exchange for the PtIIPh2 complex, 4.33, was more facile, as shown in Scheme 

5.6(a), with complete conversion to 4.33-d16 in CD3OD in 12h at 50 °C. Therefore in 

order to observe a diisopropylborate variant 5.4, it was imperative to attempt reaction 

of 4.33 with isopropanol, as shown in Scheme 5.6(b). To our disappointment, 4.33 

(with admixed NaB(OMe)4) dissolved in isopropanol showed no exchange of the B-

bound OCH3 for OiPr  even after heating at 60 °C for 24h. When the solution was 

warmed further to 80 °C, black precipitate formed, indicating decomposition. An ESI-

-MS on an aliquot of the reaction mixture did not show signals at 606.2 or 634.2 

which would suggest replacement of one or two B-bound OCH3 fragments with OiPr 

fragments.  
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We then attempted to synthesize the diisopropylborate variant of the PtIV(Ph2)(OH) 

complex, i.e. 5.1, via aerobic oxidation of the di(2-pyridyl)-1,5-

cyclooctanediylborato-PtIIPh2 complex, 4.6 in isopropanol, as shown in Scheme 5.7. 

As opposed to the rapid aerobic oxidation of 4.6 in methanol which yields clean 

formation of di(2-pyridyl)dimethoxyborato-PtIV(Ph2)(OH), the oxidation of 4.6 

performed in isopropanol with O2 produced an intractable mixture of products and 

further attempts to isolate diisopropoxoborate PtII/PtIV variants were discarded. We 

presumed that the higher steric bulk imposed by two isopropoxy fragments severely 

hindered the formation of 5.1. Owing to the higher thermal stability of the 

PtIV(Ph2)(OH)complex, 4.17, catalytic oxidation of isopropanol was attempted 

directly, with di(2-pyridyl)-dimethoxyborato-PtIV(Ph2)(OH), 4.17, as pre-catalyst, in 

the hope that the aforementioned substitution would happen in-situ to generate the 

active catalyst, by substitution of one or more methoxy for isopropoxy fragments on 

the boron center. 

5.3 Results and Discussion 

5.3.1 Catalytic aerobic oxidation of NaBH(OMe)3 and NaBH4 

Based on the success of reducing the PtIVPh2 complex, 4.17 and re-oxidizing 4.35-d16 

in the same pot, we decided to investigate the possibility to use 4.17 as a catalyst in 

the conversion of a óhydrideô source into óprotonô source. To the best of our 

knowledge, homogenous, aerobic and catalytic conversion of NaBH4 or 

NaBH(OMe)3 to NaB(OMe)4 is hitherto unreported. As such, catalytic conversion of 

borohydrides to óinorganicô borates, which have great potential in fuel cell 
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applications [90] are typically carried out by mixed-metal oxides [91] or by electro-

catalysis [92] in protic solvents. A limiting factor for such applications is 

uncontrolled protonolysis of the B-H fragment leading to unwanted H2 gas evolution 

[93], the extent of which could be reduced by establishing a faster oxidation process 

[94]. Since the oxidation of the di(2-pyridyl)dimethoxyborate-supported PtIIPh2 

complex, 4.35, was rapid, we felt it pertinent to explore the viability of using our 

PtIV(Ph2)(OH) complex, 4.17, as a catalyst in the aerobic oxidation of NaBH4 or any 

other borohydride reagent. If the least reactive NaBH(OMe)3 could also be 

catalytically converted to NaB(OMe)4, there is no doubt that similar catalysis would 

also work for NaBH4, given the fact that attempts to reduce 4.17 in methanol by both 

were successful.  In order to suppress decomposition of 4.17 immediately after 

addition of NaBH4, catalytic oxidations of NaBH4 were performed with two-fold 

excess of NaOMe added, based on the known effect of alkalinity on the protolytic 

stability of NaBH4 [95].   

100 mg of NaBH(OMe)3 (0.78 mmol in [H-]) or 5 mg of NaBH4 (0.54 mmol in [H-]), 

with 2 equivalents of NaOMe in the latter case, were dissolved in CD3OD in an NMR 

tube, and appropriate amounts of 4.17 were added with THF as internal standard. The 

NMR-tube was quickly exposed to 16 psi of O2, and reaction progress was monitored 

at intervals of 1h. TONs/h were calculated by integrating residual óB-Hô resonances 

(q+sept., -0.18 ppm) with respect to THF signal intensity. The decrease in integral 

intensity corresponding to the B-H resonance was correlated to the increase in the 

CD3OH signal intensity. A similar experiment was performed in the absence of O2 to 

correct for the slow background methanolysis and H/D exchange of the BH fragment. 
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The TOF of at about 178/hour was observed for Na[BH(OMe)3] with 0.5 mole % 

catalyst loading and 216/hour for NaBH4 with 1.66 mole % catalyst loading. Note 

that catalyst mole % was calculated based on the number of oxidizable BH fragments 

in the substrate. Consistent with the presence of continuous supply of excess O2 and 

fast oxidation of the PtIIPh2 complex 5.5, when NaBH(OMe)3 or NaBH4 was 

completely oxidized after 1 hour, the only Pt-containing species observed in solution 

by 1H-NMR spectroscopy was 4.17-d17.  

Table 5.1. The catalytic performance of complex 4.17 in the oxidation of 

Na[BH(OMe)3] with O2 (1 atm) in 0.8 mL CD3OD at 22 oC; reaction time is 1.0 hour.  

# Na[BH(OMe)3], 

mg 

Catalyst 4.17, mole 

% 

Conversion of 

Na[BH(OMe)3], % 

TON 

1 50.0  - 3.2 - 

2 100.0  0.5 92.2 178a 

3 50.0  1.0 100 97a 

4 50.0  2.15 100 45a 

a The value is corrected for the contribution of the background reaction. 

Table 5.2. The catalytic performance of complex 4.17 in the oxidation of NaBH4 with 

O2 (1 atm) in 0.6 mL CD3OD at 22 oC; reaction time is 1.0 hour.  

# NaBH4,  

mg 

Catalyst 4.17, mole 

% 

NaOMe 

added 

Conversion of 

NaBH4, % 

TON 

1 5 - 14.2 10.1 - 

2 5  1.66 14.2 100 216b 

4 5  5 14.2 100 71.9b 

b The value is corrected for the contribution of the background reaction, TONs 

reported are based on 4 oxidizable Hydrides in NaBH4. 
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5.3.2 Catalytic oxidation of isopropanol by di(2-pyridyl)dimethoxyborato -

PtIV (Ph2)(OH) 

Selective oxidation of alcohols is extremely important for the synthesis of commodity 

chemicals and intermediates [96]. Typically, oxidation of alcohols involve use of 

halogenated solvents [97], as well as use of waste-producing stoichiometric oxidants 

[98]. An ideal system could involve water or even the alcohol being oxidized as 

solvent and O2 as oxidant. Although there have been reports involving both [99], the 

role of O2 is not fully understood. Very few examples of aerobic oxidation of alcohols 

without the need of sacrificial H2 acceptors exists [100]. With our new ligand at hand, 

and DFT predicted appreciable activation energy barrier (of agostic C-H 

deprotonation) calculated, we decided to explore aerobic oxidation of isopropanol 

with 4.17 as a catalyst. As 4.17 was not appreciably soluble in isopropanol, a solution 

of it in 1:1 THF : isopropanol v/v mixture in a Schlenk flask was exposed to 30 psi O2 

and the solution was immersed in an oil bath at 80 °C (t=0). The reaction was 

monitored by recording 1H-NMR spectra of aliquots every 2h initially. Since no 

acetone was found to have formed in 8h, the reaction was hence forth monitored 

every 24h, as shown in Figure 5.4. According to NMR, at t=32h, a singlet resonance 

at 2.1 ppm was visible. At t=56h, by integrating the signal w.r.t to THF, a TON of 3.8 

was calculated. An ESI+-MS recorded on an aliquot taken from the reaction vessel 

after this time period showed, in addition to a major signal at 596.1 corresponding to 

4.17H+, a small peak at 624.1 corresponding to substitution of one B-bound OCH3 

fragment by a OiPr fragment, i.e 5.8 (c.f. Scheme 5.8, Figure 5.2). Owing to 

significant decomposition evident in the aromatic region of the NMR spectrum 
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suggestive of catalyst decomposition, consistent with trace amounts of benzene at 

t=56h, the reaction was not monitored further. The presence of acetone was 

confirmed by comparing NMR spectra before and after adding an external authentic 

sample of acetone. Acetone was detected as a peak at 59.1 corresponding to an H+-

adduct by DART-ESI+-MS of an aliquot of the reaction mixture, as shown in Figure 

5.5. No acetone was detected by 1H-NMR in a control experiment with a 1:1 THF-d8 : 

isopropanol v/v mixture heated at 80 °C for 4 days under 30 psi pressure of O2. A plot 

of moles of acetone formed versus time is depicted in Figure 5.4 

Figure 5.4: ESI+-MS spectrum of an aliquot of the reaction mixture showing in 

addition to a signal at 596.1 corresponding to 4.17H+, another small signal at 624.1 

corresponding to 5.8H+: 

 

 

Figure 5.5: DART-ESI+-MS spectrum of an aliquot of the reaction mixture: 
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Figure 5.6: Plot of TONs of acetone and benzene over time: 

 

 

5.3.3 Mechanism of aerobic oxidation of isopropanol 

 

According to the proposed mechanism, shown in Scheme 5.8, 5.8 undergoes cleavage 

of the PtIV-OiPr bond, in step (i) to form a transient 2 °CH-agostic complex, 5.9. 

Based on the preference for O-atom ligation over agostic C-H bonds towards 

sufficing as the sixth axial coordination site on octahedral PtIV centers (c.f. Scheme 
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3.4), we presume this step to be the most endergonic and hence the rate-liming step in 

the catalytic cycle. A C-H to PtIV hydride migration similar to that discussed in 

Scheme 5.2, via elimination of water (step (ii)) leads to the formation of acetone and 

the neutral PtII complex, 5.10. In order for aerobic oxidation to take place, the anionic 

borate center is replenished by iPrOH to generate 5.11 and one mole of proton (step 

(iii)). The proton can be shuttled back to aid in the oxidation, step (iv), to regenerate 

the active catalyst species, 5.8, thus completing the cycle.     

Based on the observation of an induction period of 8h, and failure to synthesize 

complexes 5.1 or 5.3, we presumed that the initiation of the catalytic reaction includes 

the formation of the catalytically active species, 5.8, via the initial displacement of the 

B-bound OMe fragment in 4.17. Thus in order to achieve higher TONs, the PtIV 

center has to be modified appropriately to facilitate PtIV-OiPr bond cleavage, which 

may be achieved by replacing the PtIV-bound phenyl groups by bulkier aryls. 

5.4 Conclusions 

The di(2-pyridyl)dimethoxyborate ligand is the first borate ligand capable of resisting 

degradation while enabling aerobic oxidation of derived organo-PtII complexes. We 

found that supported PtIV(Ph2)(OH) complexes are able catalysts in the aerobic 

oxidation of both NaBH4 and NaBH(OMe)3 in high TOFs of ~200. To the best of our 

knowledge, homogenous, aerobic and catalytic conversion of NaBH4 or 

NaBH(OMe)3 to NaB(OMe)4 is hitherto unreported. As opposed to a direct 

borohydride fuel cell, which operates at high temperaures of >70 °C, the catalysis 

reported herein operates at ambient temperatures at pressures of O2 slightly more than 
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atmospheric. No adverse effects of alkalinity, which was maintained to retard 

background protonolysis of borohydrides, was observed.  

Furthermore, the di(2-pyridyl)dimethoxoborato-PtIV(Ph2)(OH) complex was found to 

be involved in the catalytic aerobic oxidation of isopropanol. Although TONs 

achieved were low and TOFs lower, appropriate Pt-centered modifications might 

allow for a more efficient alcohol oxidation catalyst. 

 

5.5 Experimental Section 

5.5.1 Preparation of di(2-pyridyl)dimethoxyborato -PtII Ph2 complex, 4.33: 

25 mg of 4.17 (42 µmol) was dispersed in 2 mL of methanol. To this suspension was 

added 5mg NaBH4. After stirring for 1h, the mixture was filtered through a PTFE 

syringe filter and the filtrate was stripped to dryness to obtain 30 mg of a tan colored 

solid. A 1H-NMR and ESI-MS of the crude product confirmed the identity of 4.33. 

4.33 could not be obtained in analytically pure form owing to a large amount of 

NaB(OCH3)4 which could not be removed from the sample even after attempted 

recrystallization from THF: heptanes mixture or attempts to selectively extract 4.33 

with various solvents.  
1H NMR (22 °C, 400 MHz, acetone-d6, ppm) ŭ: 

6.49 (vt, 2H, J=7.5 Hz, Ph-p-CH), 6.57-6.71 (m, 6H, Ph-m-CH (4H), py-5-CH (2H)), 

7.38 (td, 2H, J=7.7, 1.7 Hz, py-4-CH), 7.6 (d+Pt-satellites, 4H, J=7.7 Hz, JPt-H=~63 

Hz, Ph-o-CH), 7.76 (d, 2H, J=8.4 Hz, py-3-CH), 8.41 (d+unresolved Pt-satellites, 2H, 

J=5.9 Hz, py-6-CH) 
1H NMR (22 °C, 400 MHz, CD3OD, ppm) ŭ: 3.35 (br, B(OMe)2+NaB(OMe)4), 6.6 

(vt, J=7.2 Hz, 2H, p-Ph), 6.75 (m, 6H, m-Ph(4H)+py-4-CH(2H)), 7.48-7.58(m, 6H, o-

Ph+py-4-CH), 7.73 (d, 2H, J=8.6 Hz, py-3-CH), 8.43 (d+unresolved-Pt-satellites, 2H, 

py-6-CH). 

ESI- (of methanolic solution): 578.18, Calculated: 578.16 

 

5.5.2 Preparation of di(2-pyridyl)dimethoxyborato -PtII (C6D5)2 complex, 4.33-d16 

by reduction of 4.17 

A sealable NMR-tube was charged with 15mg of 4.17 (25.2 µmol) and 3.0 mg 

NaBH4 (79.3 µmol). To this was added 0.7 mL of CD3OD cooled to -20 °C and the 

NMR-tube was shaken. Slow bubbling and formation of trace amounts of Pt-black 

was seen. The reaction mixture was monitored by 1H-NMR using THF present in the 

sample as internal standard and reaction was found to be complete in 90 minutes. 

According to NMR, 83% of all starting material was converted to 4.33-d16. The 

mixture was then filtered through a PTFE-syringe filter to obtain a clear light-yellow 
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filtrate. An ESI-MS (negative mode) was recorded using 0.1 mL aliquot of the 

filtrate. The rest of the filtrate was saved in an NMR tube for the purpose of 

oxidation. 

4.33-d16 1H NMR (22 °C, 400 MHz, CD3OD, ppm): ŭ: 6.74 (td, 2H, J=5.8, 1.8 Hz, 

py-5-CH), 7.50 (td, 2H, J=7.2, 1.8 Hz, py-4-CH), 7.7 (d, J=7.8 Hz, py-3-CH), 8.4 

(d+unresolved Pt-satellites, 2H, py-6-CH) 

ESI- (of CD3OD solution): 594.19, Calculated: 594.16 

 

5.5.3. In-situ oxidation of 4.33-d16 to 4.17-d17. O2 was bubbled through the NMR 

solution obtained from (A) for a period of 10 minutes and an NMR was recorded. 

According to NMR, 4.17-d17 was formed in 83% yield. Some benzene, presumably 

from decomposition, was seen in the NMR spectrum. ESI-MS was recorded of the 

filtrate. 

ESI+ (of CD3OD solution): 4.17-d17·H: 612.19, Calculated: 612.17 

 

5.5.4. Direct oxidation of 4.6-d10 to 4.17-d17 and 4.18. 15 mg of 4.6 was dissolved in 

CD3OD and stored in a sealed NMR-tube for 8h as mentioned before. After 8h a 1H-

NMR was recorded to confirm complete deuteration of the PtPh2 fragment. At this 

point, O2 was bubbled through the solution for a period of 10 minutes and a 1H-NMR 

was recorded. According to NMR, complete conversion of 4.6-d10 to 4.17-d17 had 

occurred and the spectra was found to be a match with the product of oxidation of 

4.33-d16 viz. 4.17-d17. Signals corresponding to bicyclo[3.3.0]oct-1-ene were found to 

match to those observed in the experiment where 4.6 was oxidized prior to 

deuteration of the PtPh2 fragment.  

 

5.5.5 Catalytic oxidation of NaBH4 and NaBH(OMe)3: 

Oxidation of Na[BH(OMe)3]  

(50.0 mg; 0.391 mmol) was performed with 0.5, 1.0, and 2.0 mole % catalyst 12 

loading in 0.8 mL CD3OD with THF as internal standard. Catalyst was weighed out, 

dissolved in 0.3 mL CD3OD and appropriate amount of NaBH(OMe)3 (see Table 

below) as a solution in 0.3 mL CD3OD were combined under argon atmosphere. 

Oxygen gas was admitted into the reaction mixture which was stirred vigorously in a 

5 mL Schlenk flask. An 1H NMR spectrum was recorded before introducing O2 and 

after 1h of the reaction. The decrease in the integral intensity corresponding to the BH 

fragment of [BH(OMe)3]
- (q+sept., -0.18 ppm) matched the increase in the CD3OH 

signal intensity. A similar experiment was performed in the absence of O2 to correct 

for the slow background methanolysis and the H/D exchange of the BH fragment.  

Oxidation of NaBH4 was similarly performed. A stock solution of 76 mg catalyst in 3 

mL CD3OD containing THF as internal standard was prepared, appropriate amounts 

of this solution was added to a 5 mL Schlenk flask containing 5mg (0.132 mmol 

NaBH4), with added 14.2 mg of NaOMe in each run to suppress protonolysis of 

NaBH4.  

A similar experiment was performed in the absence of O2 to correct for the slow 

background methanolysis and the H/D exchange of the BH fragment.  
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The TOF of at about 178/hour was observed for Na[BH(OMe)3] with 0.5 mole % 

catalyst loading and 216/hour for NaBH4 with 1.66 mole % catalyst loading.  

 

Figure 5.7: Representative 1H-NMR spectra for the monitoring of aerobic oxidation 

of NaBH4: 

 

(a) immediately after combining catalyst 4.17 (1.66 mole%) and NaBH4, showing B-

H signals: 
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(b) 1h after admitting O2 to (a), showing complete depletion of B-H signals 
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(c) immediately after combining catalyst 4.17 (2 mole%) and NaBH(OMe)3, showing 

B-H signals: 
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(d) 1h after admitting O2 to (c), showing complete depletion of B-H signals  
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5.5.6: Catalytic aerobic oxidation of isopropanol: 

78 mg of 4.17 (131 µmol) was charged into a 25 mL Schlenk flask in the glove-box. 

To this was added a 2mL equimolar solution of THF:iPrOH. A 25 µL aliquot was 

taken out, and the Schenk flask was freeze pumped to remove Argon, following 

which it was filled with O2 at 30 psi pressure and Teflon sealed. The iimediate aliquot 

was dissolved in CDCl3, and a 1H-NMR spectra was recorded, and referenced at t=0. 

The mixture was immersed in an oil-bath maintained at 80 °C. 25 µL aliquots were 

taken out at 1, 2, 8, 32, and 56 h with similar periodic monitoring. Acetone in moles 

was calculated based on THF signals corresponding to the sample. At t=8 h, when the 

first traces of acetone were seen, the NMR solution in CDCl3 was analyzed by ESI-

MS. At t=56 h, based on THF integral intensity, 8% catalyst survived. TON was 

calculated to be 3.8 with a corresponding TOF of 0.06/h. At this point the sample was 

analyzed by DART-MS. 1H-NMR signals could not be reliably integrated due to 

dilution. 
1H NMR (22 °C, 400 MHz, CDCl3, ppm) ŭ: 

Before oxidation:  

6.68 (vt), 6.74 (overlapping multiplet), 6.78 (t), 6.95 (m), 7.40 (m), 7.55 (m), 7.75 (d), 

8.45 (d) 

After Oxidation (80 °C, t=56h): 

Major species: 6.98 (m), 7.25-7.29 (overlapping with CDCl3), 7.33 (C6H6), 7.42 (t), 

7.57 (m), 8.58 (m) 

Minor species: 7.08(m), 7.46, 7.74, 7.96(t), 8.41, 8.66 (d) 

 

 

 

  


























































