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The focus of the work detailed this dissertationis theinvestigation ofmechanism

and catalytic applications oPt complexes supported by novel anionic €i(2
pyridyl)borateligands.

It was found that oxidation ot"®MeBPy,-supported Pt complexes bearing no
hydrocarbyl complexes directly generated dimethyl ether in quantitative yields, with
one methyl originating from th¥°B fragment. We also found that increasing formal
charge on the metal center renders related comptekegant to undergo oxidation
Based on a proposed mechanism involving a transi€RRt complex, we set out to
develop a series ahodified R*RBPy, ligands to prevent such oxidatively induced

hydrocabyl transfer.



We found thathe strategyof replacing one hydrocarbyl (Me) group in the dmdpb
ligand by methoxo (OMeyas not sufficient in completely preventinggtadation of

the borate center. Howeveterived mone and dihydrocarbyl Pt complexes ould

still be easily oxidizedunder aerobic conditiondnterestingly, oxidation products
corresponding tboth B-to-PtY methyl migration antigandretention were observed

We focused our attention to a unigrsyeleoctanedyBpy, ligand, which, we pesumed,
would prevent hydrocarbyl migration due to the rigid structure imposed by the
bicyclic framework The derived PtMesc o mp |l ex was found to
BC-H agostic stabilization of the pertaordinate Pf center. Oxidation of derived

Pt complexes result; hydride migration from the #H fragment onto the Pt
center led to the formation of a series 49 MeOBPy, supported Pt complexeand
unanticipated € and C=C coupling at the borate center

The Me0).(MeOBPy, ligand provedo be the first example of anionic facially chelating
borate ligand capable of resisting oxida degradation. fie derived PY(Phk(OH)
canbe usedfor catalytic aerobic oxidation of NaBH(OMeand NaBHs, with TOFs

of 178/h and 216/h respectivelythis may be of particular interest from the
perspective of a dirediorohydridefuel-cell (DBFC). We also found that the
PtV (Ph)(OH) complex could be used as a catalyst to oxidize isopropanol to acetone
under aerobic conditions with a TON of 3.8 after 56h8@t°C. A mechanism
involving selectivehydride migration from a B-bound isopropoxy fragmerib the

PtV centerwas proposed
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General Comments

All manipulations were carried out under purified argon using standard Schlenk and
Glove-box techniques. All reats for which syntheses is not given are commercially
available from Aldrich, Acros or Pressure Chemicals and were used as received
without further purification. PTFEByringe filters were purchased from VWR and
used as obtained. #Mes(SMe). and PtPH(SMe). were prepared as described
previously [1]. *H (500.132 MHz) and™*C NMR (125.770 MHz) spectra were
recorded on a Bruker Avance 500 spectrometarNMR (400.132 MHz) spectra
were recorded on a Bruker Avance 400 spectrometer. Chemical shifts aredeport
ppm and referenced to residual pregmvent resonance peaks. Coupling constants
(represented ad=) indicate theH-'H coupling unless noted otherwis#d NMR

peaks corresponding to pyridine fragments in unsymmetrical complexes are assigned
(aspyor pyo6) . However in many cases distinct
except in cases where-&tupling constants were influenced strongly by difference in
the transinfluence of ligands. In such cases, appropriate assignments are noted.
Elemental anlgses were performed by Columbia Analytical Services, Inc-NSI

were recorded on a JEOL AccuT€@rS instrument using direatjection technique,
preventing exposure to-@nd /or adventitious acid, unless stated explicitly.-ESlI

were compared with masmvelopes for B and/or Ricontaining compounds and
most intense peaks are reported. Formulas for some solvent (TEdNtaining
sodium salts that we used to calculate their percent composition were deduced based
on the amount of solvent we observed i@tH NMR spectra of the same batch of the
compounds. Sodium digyridyl)(methoxy)(methyl)borate and derived complexes
reported in Chaptelll did not match elemental analyses, presumably due to the
presence of sodium trifluoroacetate contaminatiomaystructures 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 ESIMS analysis was performed by Dr. Yiu Li.
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Chapter 1Development of anionic borate ligands for oxidative

C-H functionalization

1.1 Importance and Scope of €l activation reactions

C-H activation, defined by Periana][3 a s ldi@&H cleavage reaction with an

OMXd6 species that proceeds by coordination
leading to an MC i nter medi at e0, accoadny tob eacticnat egor i
stoichiometries. St ah |-H exidative sd ii tnic-bando n 0 [ 4 ]
metathesis, electrophilic substitution, 1,2 addittonan M=X bondand homolytic
(metalloradical) activation does not necessaiilynpl vy a o6 mechani stic c
For an intended & activation and subsequent functionalization, homolyathways

are less desirable as theHCbonds in intended products are usually weaker than in

the parent compounds, and | eads t:6Ht he O6cl
[5].

C-H bond activation is the key step towards functionalization [@f &kanes,

featuring CH bonds with energies of ~100 kcal/mole, ddGctivation step is quite

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

plethora of organic compounds [8] while no longer being confined as meet|yHa

latter resulting in complete oxidation to €[O].

Hence, transitionometal mediatechon-homolytic, i.e.heterolytic GH activation and
functionalization is adesirable alternative [10]. Although, from a mechanistic

standpoint, transition metal meatitd heterolytic activation can belassified

according toScheme 11, it is sometimes very difficultat draw a fine line between



them.The different modebhoweverh ave one mechanistic simil a
proceed t-hond aompiexed inteimedidte ][ This leads to a metal
hydrocar byl compl ex-CPer whma hr efaemr ¢t hteam &<

subsequent transformations.

Scheme 1.1: Mechanisms of heterolytic C-H activation
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1.2Pt" -mediated GH activation and subsequent functionalization

Typically, for second and thirdow 18e transition metal complexés activate GH

bonds, aoordination vacancgnustbeg e ner at ed by the 1lloss of a
as shownn Schemel.2. For mog widely investigated systems 1 he | i gand L6
remains unbonded from the final oxidative addition prodiét, Square planat6e

Pt' complexes1.3, however show a substantial thermodynamic favorability, as the

final product, aroctahedrall8e PtV complex,1.4 wi | | have either L6 or
bound to thePtV-center Protic solvents such as alcohols or water can be sufficiently

basic to afford deprotonation of tRdY complex,1.4, to produce #t'-complex,1.5.

In caseswvhere the intermediacy df.4 cannot be established, the overall outcome is

the substil3btyi @ mRS oefieletirdphiiicsubstitution of hydrogen in

the RH with Pt'.



Scheme 1.2: C-H activation by 18 e” and 16 e" complexes
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Pt complexes have shown immenseorpise in GH bond activation and
functionalization chemistry, mainly because of their selectivity and cafyatoilivork

in mild conditions [12 Often, the GH activation process is reversible, which leads to
the consideration of Rtomplexes as homoger®H/D exchangecatalysts. In 1967
Garnett and Hodges found thatR¢CL dissolved in DO/CD:COOD couldpromoted
H/D exchangein benzene and benzene derivatives ][1Bowever, reactions with
cyclohexane were reported to be sl@wncurrently Hay reported aative coupling

of acetylenes [14]Shilov et al demonstrated a system involvingP¥Cls and
H.PtVClg capable of functionalizing <€l bondsof methane into @H or GCI [15].

The Shilov cycle, depicted in Scheme 1.3, involves thelirateng binding of an

al kane t o PRt'complexth.§ to prarairangdert!-0 C-H) intermediate,
1.7, which oxidatively adds the-8 bond to form dydrocarbythydrido-PtV species,
1.8. ThePtV-bound hydride is easily deprotonated by solvent (water or methanol) to
form thePt'-hydrocarbylcomplex,1.9. In the presence of stoimmetric amounts of
[PtCls]> as oxidant,1.9 is oxidized to the monohydrocarbitV complex 1.10
which then undergoes reductive elimination via nucleophilic substitution d?tthe

CHsf ragment | eading to rRgreaursorlebt i on of

t

he



Scheme 1.3: The Shilov cycle

MeCl i, e T

Pt“\\\\

u v Plson. = w—tacn,
€ 1.6 1.7

CII/II,Pt|V“‘\\\ T

,l “WCH; i, e\

- ‘CH3
1.8
1.10 /
N H,PtClg /””"Pt“‘\
1.9 H*

The scope of the Shilov system is not limited to methane alone, andHhgo@ds of
higher alkanes also react, exhibiting a selectivity of the ordes: >CH > 2° >> 3°

[15]. This nonclassical selectivity i;m complete contrast to that observed for radical
reactions, and hence lucrative. On the other hand, the use of the very expensive
H.PtVCls in stoichiometric amounts is a great drawback of the Shilov system.
Another drawback that limits the Shilov systesrthe catalyst instability and 4Btack
formation believed to originate from the disproportionation dCRE []. A number

of groups, including Shilov himself, have investigated the possibility of the use of
other oxidizing agents, viz. SOH,0,, O./heteropolyacids, G O/Cu' [16]. The
(bipyrimidine)PtCH/H.SQs system, developed by Periana et al, commonly called the
Catalytica syeem deserves special mention J.1Ih this system, following methane
activation, the (bpym)B¢(Me)(Cl) is oxidized by S@in oleum while the latter is
reduced toSQ.. The monomethyPtY complexthen reductively eliminageCHs-
OSQGH. Although the reaction is severely inhibited by water or methanol, and any
concentrations of ¥5Qs below 9®% results in unattractive rated| tlate, this is the

best known example of catalytic homergpus methane functionalizatiom.alchieves



C-H activation, oxidation, and functionalization without significant over oxidation of
CHas into CQO [9] or formation of halogenated derivatives of methawith 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 oxidigergt under
harsh conditions 00°C) and the difficulty of separating GHDSOzH from oleum

Thus, the most imminent and compelling alternative is the use; §18D To this
regard, there has been but only slight success in the oxidatior-bfdtbcarbyl
complexes by @ In 2001, A. Sen et al showed catalytic oxidation of taahmethyl
groups in ethylsulfonates by-@nd NaPtCk with the use of mediators (ematalysts)
such as CuGlI[19]. In the same year, Sames et al oxidized amino acids with SiO
supported [Pt(Mebipym)@J[H 4PV2M010040] complexes [20 Not only are mediater
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 DihydrocarbyiPt' complexes with @

Developing an aerobic catalytic dgacapable of oxidizing alkanes is a challenge due
to factors outlined below. Firstly, the use of & a terminal oxidant also requires the
use of protic solvents [21] which are more coordinating than alkaddo@nds. Thus,
the competition between initiaatel i mi t iH) lpndcdo@ination is dominated
by coordination of the solvent. On the other hand, tHd Bonds in the resulting
alcohol are more reactive than the parent alkah¢ lfonds [22], and ovesxidation

is highly likely. Ligand environmenaround the Ptcenter, thus may be crucial in

fine-tuning aforementioned parameters.



In the late 90s, Vedernikov et al screened alminitio and DFT methodologies a

number of 8 Pt complexes capable of activatingHCbonds in methane [23], and

concurent with experimental evidence found some pyridyNNgands to be ligands

of choice. Recalling that the initial binding of Ckb the Pt center is rate limiting,

thedel i gati on of the coordinated O6solvdé (Sch
for C-H activation [24]. In 1998002, Bercaw and Labinger reinvestigated
Puddephattdéds report of 1984 [ 25hcpuldbeand f ounc
used to oxidize (TMEDA)PMe, and (bpy)PtMe; to form the corresponding

oxidized PYMez(OH)(OMe) mmplexes [26]. Molecular oxygen has later been

shown to insert into PtMe bonds [27] to generate isolable1OMe species.

Importantly, these examples feature facile oxidation of elegtotn Pt'Me;

complexes, which when oxidized, lead t¢/ Mte; conplexes that are reluctant teXC

eliminate. Less electrench diphenyl and monomethyl analogues could not be

oxidized. The key intermediate in the Shilov cycle, on the other hand, i5MePt

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

difficult to oxidize.

1.4Ligand development towards-8 activation and aerobic oxidation

Alongside concurrent developments illustrating easy access of octatettral
complexes via anionic tripodal ligands such as tris(pyrazolyl)eatamonstrated by
Brrokhart [28] and Templeton [29], Vedernikov et al demonstrated for the first time

in 2006 [30], facile aerobic oxidation of monohydrocasBi#l (as well as



dihydrocarbyiPt') complexes supported by facially chelating anionic ligang sis
di(2-pyridyl)methane sulfonate (dpms), as shown in Scheme 1.4.

Scheme 1.4 Proposed mechanism of O, activation by (dpms)Pt"-alkyl complexes
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X =OH’, MeO", PhNH" P
The activation of0; by thePt'-complex,1.10was proposed to involve a tripiet!' -
superoxo intermediatd, 11 Protonation at the terminal-@omfollowed by proton
coupled electron transfer forms a hydroperoxo intermediate2 which then
undergoes @D cleavage to generaRt" intermediates such ds13 capable of RX
reductive elimination.
In addition to easy access Ri¥-complexes via aelic oxidation enabled by facile
switching of 982/ 83 coordination modes,
have fafreaching outcomes. Under the presumption that anionic"(RRX)]
complexes are lipophilic enough to afford dilute solutiondwydrocarbons, related
LPtV(R)(X)(H) complexes (generated via protonation at thé-center) or
LPt'(R)(XH) (generated via ligand protonation) are both neutral and might be even
more soluble in noolar or hydrocarbon solvents. This is particularlypartant
from a GH activation standpoint as these complexes can allow access to a putative
threecoordinate Pt-complex [11].
Thedpmss caf f ol d f e at usrpela headnthatorenders Irelated anidnic S O

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

t

he



Ligand development by Peters et al [32] and Tilley et al [33], involving
bis(pyrazolyl)borate or indolide derived anionic'l®e; complexes which could

readily activate €H bonds of benzene to form a'Pk. compkex, confirmed that the

putative threecoordinate Ptintermediate could be readily accessible. In both cases,
substoichiometric amounts of strong acids viz. [IHNf)(Et)][BPhs], was found to

cat al yze -GHaec tG dvoauthbiloen &6 o f ubeeohmilden &idsin deal |y
accessing this threeoordinate Pt complex is more lucrative. To this regard, the

choice of a Lewisacidic countesion such as Naor K* makes the [LPtMe;] anionic

complexes more basic due to enhanced acidity of added watethl@mnolkein organic

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

Khaskin and Vedernikov that a dif®ridyl)dimethylboratePt' complex (Scheme

1.5) had a 13.4 kcal/mole Gibbs free energy of dissociation of #@digand,which,

compared to that of 15.3 kcal/mole from the-Rt§Cl)2(OH>). in the original Shilov
system, is encouragi ng. -ceBteraderived ¢dpdnmPt 6 i mp | i c
complexes are expected to be more lipophilic as well [34].

Scheme 1.5: Calculated 'aqua’ ligand dissociation energies
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1.5 Reactivity of di(2pyridyl)dimethylboratePt' complexes

Scheme 1.6: Synthesis of di(2-pyridyl)dimethylborate and derived Pt"Me, complex
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Khaskin [34], following upon Hodgkins and

Scheme 1.6added asolution of Dimethylbromoboraria etherto 2 equvalents of 2
pyridyl-lithium at-78 °C in ether with subsequent wetp to obtairmoderate yikls

of the protonated and sodium ligand,1H[4 Na[l.14], respectively. The dimethyl

Pt' complex,1.15 was synthesized by standard protocol.

Khaskin foundl.15to 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
diphenytPt! complex,1.16 In the presence of an additional few equivalents of water,
the monophenyPt' complex 1.17 is formed. Although1.15 is not soluble in
hydrocarbons, a suspension in huge excess of cyclohexane reacts with water to form

the PY-cyclohexenehydride complex1.18 as shown in Scheme 1.7(b).



Scheme 1.7: Reactivity of di(2-pyridyl)dimethylborato-Pt'Me, complex towards protonolysis
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As mentbned before, the initial protonolysis of thé'le fragment is believed to
proceed via a LP{(RYH(R)H complex, 1.19 where R'=R?>=Me along with the
formation of NaOH. Unlike dpms or Tp analogues [37, 2B]19 (R!=R?=Me)
eliminates methane with extrenecility, 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 LPtMe complex,1.20 (where R=Me), C-H activation of benzene or
cyclohexane leads to the formation bfil%analogue with R=Me, and R=Ph, or
CeH11, respectively. One more reductive elimination step leads to the formation of
methane and.20 (R>=Ph or GH11). When R=CgH11, b-H abstraction from the Pt
cyclohexyl fragment then leads to the formation of the olefidride complex1.18

In the case where nb-H is available,1.20 (R>=Ph) GH activates yet another
benzene molecule to yiefl19 (R'=R?=Ph). ThePt"-H is abstrated by the NaOH

formed in the initial step to yieldl.16 and thus returns the proton to the solvent in a

10



catalytic fashionT hi s éCdHeaucbtlievat i ond mechani sm i
requirement of catalytic amounts of acid, as reported by Peterauj@Z2Tilley [33],

the only difference in this case being the use of water as a proton source. Usual
protonolysis of thePt!-Ph fragment inl.16 by water leads to formation df17 and
benzene. Similarly, the dimethyl complek 15 is also extremely reagg towards
methanol, and within minutes of addition of methanol b5 the monomethyPt'-
methoxy complexl.21is formed (Scheme 1.7(c)).

The facility with which (dpdmbyupportedPt' complexes activates-8 bonds of
benzene and cyclohexane was emaging for two reasons: (i) the reactions were
high-yielding and selective and (ii) the some of the products were tolerant of water.
Interestingly, (dpdmiBt'Me,, 1.15 was found to be stable toward® in THF
solutions in the absence of a proton sourcethle presence of a proton source,
however,1.15quickly transformed into &t complex. This means that coordination

of O, to the Pt' center is rapid and reversible, and that the coordin@tedan be
trapped by hydroxylic solvents. This is consistenthwprevious reports from
Goldberg [38] and Bercaw [39] who suggest that formal oxidation oPtheenter

occurs after protonation of the coordina@d

11
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Scheme 1.8: Oxidation of di(2-pyridyl)dimethylborato-Pt'Me,, complexes (n =1, 2)
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Oxidation of both dpdmisupported monohydrocarbyl and dihydrduodr Pt
complexes lead to methyl migration from the B to the Pt center, as shown in Scheme
1.8(a). Thus, oxidation of the monometfdt complex, 1.21 and dimethyPt!
complex,1.15led to the formation of.22 (R'=Me, R=OMe) and1.23 (R!=R*=Me)
respetively. Under the assumption that the dimetRyl complex,1.15was stable
towards the choice of protic solvent, ROH, the product was unaffected by the latter
[34]. When R=R?=Ph, a mixture of symmetrical and unsymmetrietf complexes

was observed, @nthe ratios depended on the choice of solvent. The hydrocarbyl
migration from Bto-PtV was believed to involve a fiveoordinatePtV-hydroxo
complex,1.24, which could then undergo baside nucleophilic attack of ROH on

the B-center, as shown in Scheme8(b), to form1.25 The five coordinatePt
complex, 1.25 is expected to quickly isomerize tb.22 or 1.23 the product
06choosingd a bridging a-Hkteracionfostablizethet over
PtV-centerin the final product . The migtian of the hydrocarbyl fragment, was
believed to be propelled by the formation of strongOB bonds leading to

exceptionally stable finaPtV products. This is manifested in the fact that the

12



trimethyl complex,1.26 reacts with methanol, albeit slowkp form 1.22via loss of

met hane, as shown in Scheme 1. 9. The ori
methane was proven to be theNRt, and not the Bvle fragment by reacting the'&
labeledderivative,1.26-C13, with methanol and observing'@abelled nethane in the

reaction mixture [40].

Scheme 1.9: Reaction of di(2-pyridyI)Pt'VMe3 with methanol: induced methy! migration
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This phenomenontermed oxidatively induced hydrocarbyl migration, lead toa(i)
modification of the anionic drate centgrand (ii) formation of &tYMe, complex,
wher e n O2ting Pttc@nplexesshadl at least two hydrocarbyl groups on the
Ptcenter and were extremely stable and reluctant towards reductive elimination, even
when heated up to 10TC. Above such temperatures, amongst other undetermined
thermal decomposition prodgctsome €C elimination product (viz. ethane) was
observed, but €© elimination products were never observétiis severely restricted

the plausibility of the use of (dpdmblpportedPt' systems towards Shiletype
applications, and further ligand dewpment is necessary. Reports of such ligand

developments will be forthcoming in the following chapters.
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1.6 Lipophilic variants (dpdmbjPt' (cyclohexene)(hydride) complexes:
alkane transfer dehydrogenation

As opposed to oxidative functionalization, delggknating alkanes to form olefins is
another viable €H functionalization strategy [41]. Once an alkane can be
transformed to an olefin, a plethora of methods such as epoxidation [42], Gypbbs
metathesis [43], or even Wackiype oxidation provide alteate 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 whishata in
Scheme 1.10, may employ a sacrificial hydrogeneptor, or may evolve hydrogen

gas in the case of accepless reactions.

Scheme 1.10: Examples of alkane-dehydrogenation: with (a) and without (b) sacrificial hydrogen acceptors

Catalyst:
(Me;P)Rh(CI)(CO) C— C
(a) Z > —_— * ) *
1000 psi H, 0 o
60°C, 2h

Catalyst:
SOl el
(b)
250°C 80h

These systems are effective in terms of achieving large TONs, but require elevated
tempeatures. TBE is often used as the sacrificial hydrogen acceptor owing to the
thermodynamic favorability of its hydrogenation, and thus milder conditions than that
in acceptoiless dehydrogenations are found to work well [46]. Although acceptor
less dehydrgenations are lucrative from an ate@eonomical point of view,
drawbacks, such as development efgds with the potential to shift the equilibrium

backwards limit its application.
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To this regard, Ptomplexes have been shown to stoichiometrically delyrate

al kanes. Exampl es i nclude G-suppmbived ramdod s [ 47]
Templ et on &aepporfedPd Jcomflgxes. Although these systems showed
promise in stoichiometric reactions, nimmocence of the ketiminate ligands in the
former, and dw TONs of 1.11.3, alongside catalyst instability and Rirmation in

the latter, limit their use in catalytic fashion. It is noteworthy to mention here that
Gol dber g6 ssuppoeddrt ayclohaxerse)(H) complex was reported to be
inert towards shistitution 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 dpdmbupporteePt! complexes, although the dimethyl complex,
1.15was shown to cleanly dehydrogenate cyclohexane to form the -blafinde
complex 1.18 the yields of the reaction were poor, presumably due to limiting
solubility of the starting material,.15 as wellas that of the involved intermediates,
the relatedl.19and 1.20. Thus, a lipophilic variant of.15was sought after. It was
presumed that with -butyl substitutions on the pyridyl fragments in the dpemb
ligand, a more lipophilic variant of tref'Me, complex,1.27, shown in Scheme 1.11
could be obtained. Gratifyinglyi.27 was appreciably soluble in cyclohexane, and
upon addition of 3 equivalents of water produde®8 quantitatively. Furthermore,
H-NMR signals corresponding to the olefinic protongtef bound Rtyclohexene
fragment have chemical shifts (4.92 ppm, acewypenot too far from free
cyclohexene (5.5 ppm, acetedg indicating that the extent of bationding from

thePt'-cent er i nto t he-cytldhexeme Wwas miaina. @astent b o u n d

15



with this indication,1.28 underwent cyclohexene substitution even with a bulkier
olefin such as TBE to forni.29 suggesting that the use of TBE as sacrificial
hydrogen acceptor might be viable.

Scheme 1.11 Synthesis of *Y(dpdmb)-Pt(olefin)(hydride) complexes: substitution of olefins
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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 100C for 24h was found to produce -lI® TONs of cyclohexene
along with an equivalent decreas TBE. Based on earlier reports, and to the best of
our knowledge, the first proposed-detail mechanism of transfer dehydrogenation
with an I"-pincer complex [50], a similar mechanism involviat) (olefin)(hydride)
complexes, shown in Scheme 1\as proposed. In the kesgep, the active catalyst,
1.28 i.e., the starting olefihydride complex, undergoes substitution of the bound
olefin with the sacrificial olefin to formi.29 Reversible PH insertion into the C=C
bond of the boundBE generate4.30. This reaction, in the case of TBE is expected
to be extremely facile due to relief of stesitess around the ¥enter. The putative
3-coordinatePt! center in1.30 readily activates a <€l bond of cyclohexane, via a

0 (-K8) complex,1.31, to forma dialkyl PtV-hydride complex1.32 In the event that

the Ptbound tertbutylethyl fragment reductively couples with théRiride, 1.33 is
formed. Loss of tertbutylethane followed byhydride elimination of the Rhound

cyclohexyl fragment iri.34regenerates the active catalyst.
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Scheme 1.12 Catalytic transfer dehydrogenation of cyclohexane with TBE as sacrificial H acceptor
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Based on the reversible nature of the steps in the proposed mechanism, it was
presumed that Zalkenyl analogue of.28c o ul d -wéad tk&i mmcr oss t he
similar to that reported bBercaw and Labinger [51]. To this regard, Khaskin found
[34] that1.27 reacted with water in the presence of pentane within 20 minutes to
form a multitude of products, with different-Pit'H-NMR signals, corresponding to
different cis/trans and region isers of 1.35 (Scheme 1.13). If the reaction was
stopped by quickly evacuating the reaction mixture, one major product was observed.
Similar to Bercawds r k33 showed a ABjuartet inntheej o r
olefinic region of thetH-NMR spectrandicating a terminal @& activation product.
Interestingly, a solution of freshly prepare@8in Cyclohexaned:2 isomerized over

3 days, as evident by reappearance of the multitude of hydride signalskiXiR

spectrum.

Scheme 1.13: Olefin isomerization and 'chain-walking'
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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 tle; and Pt(Me)(OMe) complexes lies in the oxidatively
induced migration of alkyl and aryl fragmentsrfrahe borate to the platm center

This leads to d&ruction of the borate ligand, resulting in replacement of one methyl
group in the BMe fragment by an alkoxy group, where the alkoxy originates from
the alcohol the oxidation was performed ilso, tre resulting LPYMen (n O 2
complexes are very robust, and resistant to reductive elimination unless exposed to
drastic conditions.

Based on our current knowledge dif2-pyridyl)borate supported Ptomplexes, we

set out to synthesize di{®ridyl)borateligands with modified borate centers and
explore reactions of derivef' complexes. Results of such attempts and mechanistic

investigations of such transformations shall be forthcoming in the following chapters.
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Chapter 2Preparation and Oxidatiorf (@dpdmb)Pt complexes
bearing no hydrocarbyls on the'Renter: Tandem #8o-PtV

methyl migration and € elimination

2.1 Proposal

Based on Khaskin and Vederni kovotesPtreport s
hydrocarbyl migration [52], discussesh Chapterl, we proposed that model

dnorganicd (dpdmbpPt' complexes such a2.1 bearing no hydrocarbyls on tht'

center could b@xidized to produce a monometitY complex,2.2, via B-to-PtV

methyl migrationAs suchthese complexesould allowinvestigation of reductive -C

O or GX elimination from the PtV species Furthermore, in the event of-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 succesgx®t8 methyl

migration can also lead to selective derivatization at the bosorier, i.e. allow

preparation of di(zyridyl)(methoxy)(methyl)borato and dH2yridyl)dimethoxy

boratoPt' complexes2.3and2.5, respectively.
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Scheme 2.1: Hypothetical successive B(Me) functionalization via B-to-Pt'"V methyl migration
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2.2 Implementation

Conceivably, he most straightforward synthetic route to generate the aforementioned
6i nor gpambiPt domplexes involvesNa[(dpdmbpPt!'(Me)(OMe)] complex,

1.21 since itcould be easilypreparedoy the protonolysis of N&ipdmbpt'(Me),]
complex 1.15in methanol(c.f. Chapteil). Thus, we presumed that either longer
reaction times or stoichiometric amountsaoproton sourcevould lead to a second
protond ysi s step, t o -chnmplex?.lasnshdwninSchegnelal c 6 Pt
However,1.21in methanol, showed no signs of furtipeotonolysisof the second Pt
bound methyl group for a period of up to 7 dafkhough (dpdmbpt'(Me)(OMe),

1.21 is expected to undergo methanolysis of the residual PtMe fragment by a
mechanism shilar to that discussed in Chapleviz. initial protonation of thePt!-
center, followed by elimination of methane and capture of the-ttueslinatePt'-

center by the methoxide ion, (c.f. Scheme 1.6, the presence of a electronegative O
atom on the POMe fragment in1.21 makes protonation at th@t'-center
competitively difficult, resulting in the equilibrium betweré and?2 . , @dpicted in

Scheme 2.2(b) biased towards the left.
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Scheme 2.2: Subsequent protonolysis of Pt'Me fragments in (dpdmb)Pt" complexes
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Thus, a stronger acid was called.félthough 1 equivalent oHBFs added to a
solution of1.21in methanol quickly protonolyzed the PtMe fragment to prod6e
as shown in Scheme 2.2, the clear solution showed visible sigscompogion
over a period of 1h, i.e. formation of-Bfack ESI'-MS of an aliquot recorded
immediately after addition of HBFshowed a peak at 456.1 corresponding.@bi*.
Attempts to isolate2.6 by removal of solvent failed owing to ttdecomposition
which, we presumedhappens due td-hydride elimination of the coordinated
methanol ligand [53] ir2.6, similar to that discussed in Scheme. ZA7sample of
(dpdmb)PtMe 1.15 was dissolved if€DsOD in a NMRtube. A*H-NMR spectra
recorded after 5 minutes of dissolution confirmed to theesgmce of
(dpdmbPt! (CD3)(OCDs), 1.21-ds. After this time, 1 equivalent ¢1BFs was added to
the solution. The reaction was carefully monitoredi$NMR. Although after 1h Pt
black could be seen in the NMRbe, the immediate product ofb-hydride
elimination, formaldehyde, wamot seen in the NMR spectra. Insteagheakat 4.16
ppm, assigned to the acetalHg{OCDs)(OD) was observed. The spectrum was

compared tahat of an authentic sample of paraformaldehyde in:@D acidified
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with HBF4 and found to be enatch.Protonolysisreactions oflL.21in CDsOD with 1
equivalent of HBE at low temperatures with subsequent {BMNMR monitoring

were not successful in observing any transieNtiRtor Pt'(CH,) species.

Synthesis of dpdmbupportedPt' chloro or dichbro complexes,2.7 and 2.8,
respectively, weralso onsidered as shown in Schem8&.2Zhe routes described in
scheme B wereattemptedbased on literature precederiéd] of the synthesis of
Pt'-complexesfeaturing di(2pyridyl) ligands, in which an ageous solution of
potassium tetrachloroplatinate(ll) was added to an equivalent amount of the ligand
dissolved in water by adding appropriate amounts of #%]. Although such
complexation reactions were virtually quantitative, all our attengpsynthsize?2.7,

via this route depicted in Scheme 2.3(@)oved to be unsuccessful. The difference in
reactivities ofdpdmbvs. neutraldipyridyl ligands can be ascribed to the difference in
their basicitiesThe dpdmb ligand is expected to be more basic tieartraldipyridyl
ligands. Allowing for longer reaction times produces no chammgeverall yield of the
reaction We hypothesized that the need of acid to involw®t&lL and ligand
homogenouslyin aqueous media could be avoided by allowirgpction of
lipophilized derivatives of both the dpdmb ligand as well as the tetracholoroplatinate
salt [56], as shown in Scheme 2.3 (Although the ligand in this form iexpected to

bemore coordinatingn this form,2.8 could not be obtained
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Scheme 2.3: Attempted syntheses of (dpdmb)Pt"-chloro complexes
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Henceforth, we discarded a bottarqp approach to synthesizirdpdmbsupported

6 i n o r Rf'aamiplexés 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(aVe considered dimethylsulfide as an amaeil ligand in

lieu of methanolbased on established inertngSg] and low basicity [58]of the
coordinated dimethylsulfide moiety. To our advantage, coml@xcan be easily
synthegzed in analytically pure form in virtually quantitative yieldss shown in
Scheme 2.4Furthermore, with aveakly basicancillary ligand,the equilibrium such

as that shown in Scheme2p) is expected to be biased more to the rig¥tiich

might allowdirect protonation of thet'-center.
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2.3 Results and Discussion

2.31 Synthesis of (dpdmb)Pt(Me)(SMez2) complex

Scheme 2.4: Synthesis of (dpdmb)Pt'(Me)(SMe,) complex
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Complex 2.9 can be synthesized in excellent yields tao routes, as shown in
Scheme 2.4, bgither (a) reactng equivalent amounts apdmbH with [MexPt(p-
SMe)]2 or (b) byreactingof Na(dpdmbPt'Me,, 1.15with waterin the presence of
dimethylsulfide We presume that both reactionsSchemes 2(a) and.4(b) inwlve
protonation of thét' center in1.15by either Hdpdmbor waterto form thetransient
PtV hydride 1.19 which thenreductively eliminates methane torfio the methane
complex1.20 aswas also discussed in ChapteiSubstitution ofthe coordinated
methane with MgS leads to free methane artk ttarget comple2.6. The overall
reaction is very fast owing to (i) previously established high basicity of electron rich
1.15complexes, (ii) the kinetic instability of both rapidly equilibratthd9and1.20
and (iii) thermodynamic driving force of fiming a strongPt'-SMe: bond, via known

affinity of neutral sulfur ligands for thEt' center [59].1H and**C NMR spectra of
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2.9 in acetonitrileds are consistent with the presence ofasymmetric species in
these solutionstH NMR spectra oR.9 exhibit eight multiplets of equal intensity in
the aromatic region, indicating the presence of two-egunvalent pyridyl rings, and
two signals of nonequivalent bordmound methyl groups integrating as 3H each
suggesting the presence of a relativetyd dipyridylborate fragment. In addition,
two singlets of sulfubound methyl groups with the platineb®5 satellites confirm
the presence of the ®bordinated dimethylsulfide ligan&SI-MS of 2.9 dissolved

in methanol containing an acid additive indicates pinesence of the catich9-H"
with m/z = 470.14 (calculated fori€23BN2PtS, 470.13).

Figure 2.1 H-NMR spectrum of (dpdmiPt'(Me)(SMe), 2.9 in CDsCN (22 °C,

500.132 MHz) Note the norequivalence of the signals corresponding to the BMe
groups at @2 and 0.65 ppm.
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2.3.2 Preparation of cationic (dpdmb)Pt(SMez)-solvento complexes by

protonolysis of the Pt Me fragment

Scheme 2.5: Protonolysis of the Pt'Me fragment in (dpdmb)Pt'(Me)(SMe,) complex
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The strategy of using neutral sulfido compRQas a starting material fwrotonolyze
the P¥Me fragmentproved to be promisindhe PtMe fragment in2.9is much less
basic than that in the anionlcl5 While the former cannot be protonolyzedvagak
acids sech as acetic and propionic acithe latter, as established previously by
Khaskin [34] undergoes protonolysis in methanol almost immediateaction of
complex2.9 suspended i€D:0D or CD:CN in NMR tubesand equivalent amount
of 50% aqueous HBHeads to immediate evolution of methane gas and formation of
the target complexea10-ds or 2.11-ds, respectively, as shown in Schemb.AMR
monitoring revealed that the formation of either complex was extremely facile and
guantitative and no detectable intermediates were observed. Similar protonolysis
reactions of neutral monohydrocari®3' complexes have been demonstrated in
literature [60] The'H and**C NMR spectra 02.10-ds in CDsOD show the presence

of a fluxionalC1 symmetric species lacking the! Rte fragment
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Figure 2.2 'H-NMR spectrum of (dpdmiPt'(SMe)(CDsOD), 2.10-dsin CDsOD (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-llea Pt
resonance (~Qppm)
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Additionally, an increase in the 4Pt coupling of the ortb-H of the pyridine from
22Hz in2.9t0 46 Hz in2.10-d4 indicates the substitution of a strong tramituencing
group such a€Hzs, by a weak tranmfluencing group such aSDz:OD. Two methyl
groups attached to the sulfur atom of theo®uindSMe ligandin 2.10-d4 produce a
single broad peak integrating as 6H at 2.45 pfimi{=47 Hz) suggesting that, unlike
in 2.9 thee is a fast exchange of thevo methyl groups of the SMdigand
Similarly, two methyl groups attached to the boron atom oflftenbligand produce

one broad signal at 0.17 ppm integrating as 6H.
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Scheme 2.6: Mechanism of exchange of the B-Me fragments in [(dpdmb)Pt"(SMe,)(CD;0D)]BF,
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We performed VINMR studies to find the temperatures at which exchange of the
methyl groups of the SMeand BMe fragments could be halted. AL5 °C the
methy group signals of the SMdragment decoalesce whereas the signals of the
BMe> fragment decoalesce afi 30 °C. Various mechanisms accounting for the
fluxional behavi or may ofdpdmimanddifGMVe)Stly such a
fragments relative toaeh other leading to the methyl group exchange in theaSMe
fragment as well as a reversible dissociation of one of thelinds with subsequent
protonation of the dissociated pyridine nitrogen atém.shown in Scheme 2.6,
deprotonation of cationi2.10-ds to form neutraldpdmbPt!'(OCDs)(SMe), 2.12ds,
might facilitate the PN bond dissociation whereas protonation of the dissociated
nitrogen may allow for a relatively long life of the protonated intermedial€-da,
sufficient for rotation of th@pdmbligand about the remaining-Rt bond by 180to

form 2 . ©d). Bubsequent deprotonation ando@ordination of the free pyridine
residueproduces the neutral (dpdnitf)(OCDs)(SMe2) complex,2.12-ds. The result

of this reaction sequence is an appa@CN2Pt ring inversion and the methyl group

exchange in the BMefragment viz. the conversion 0£.10ds to 2 . 160465
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solution 0f2.10-d4 in CDs0OD diluted with methanol showed masses corresponding to
both [2.7-ds]* and [2.7-dsA H n the ESIMS indicating facile proton exchange, in
accord with reversible deprotonation.

Attempts were made to isolate the correspondingdererated complexeshile
2.11could be isolatedy removal of CHCN from the reaction vessedomplex2.10

could not be isolated without observing substantial decompositiithough more
stable thar2.6 which decomposed within 118.10-d4 in CDsOD or 2.10in CHsOH

are both unstable isolution at room temperature over long periods of time. In less
than 12 ha dark precipitate formed consistent with an intractable mess observed in
the H-NMR spectra recorded after this time peri@&ven faster decomposition was
observed when attempted to isolate it by removal of solvent. Presumably, the neutral
methanolligandis weakly bound to thet'-centerin 2.10and prolonged exposure to
vacuum generates a highly unstable threerdinatePt' species2.13 as shown in

Scheme 2.7.

Scheme 2.7: Decomposition of cationic (dpdmb)Pt"(SMe,)(MeOH) complex
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The slow decompositionof 2.10 in solution most likely mvolves b-hydride
elimination ofmethanolligand leading to formation of an unstablé Rydride along
with formaldehydederived acetal, as shown in Scheme Adcordingly,a sample of

2.10-d; prepared by reacting.9in CHsOD was let to sit for 12h at room teerature
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after which precipitate of Filack was clearly visible. According to tHel-NMR
spectraproducts of decomposition @10-d: in CH3OD solutions contain a singlet at
4.16 ppm assigned to the methylene group of methoxy methangDCHOD [61].
This signal was compared to that an authentic sample of the latter compound
prepared by dissolving paraformaldehyde in the same sol&Sit-MS of the
CH3OD sample showed a peak at 199.1 corresponding to dputtignated ligand,
H>-dpdmb, consistent witthe aforementioned mechanism. This decomposition route
might be similar to that observed 216 discussed before.

The acetonitrile analogse.11 and 2.11ds; aremore stable both in solutions and in
solid state but still shows signs of decomposition endburse of few days and hence
could not be isolated in an analytically pure form. As compared.16-ds, the
acetonitrile complex2.11-ds is not so fluxional in solution at room temperature. The
'H NMR spectrum of2.11-ds in CDsCN shows two broad single of two sulfur
bound methyl groups with the platineb®5 satellites and two broad singletstwb
boronbound methyl groups.

Figure 2.3 H-NMR spectrum of [(dpdmIBt'(SMe)(CDsCN)]BFs, 2.11ds in

CDsCN (22 °C, 500.132 MHz) Note the inequivalent BMeesonances 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 complexX2.10-d4 as opposed to compléx11-dz may be attributed
to the ability of the forrar to exchange the #Bbund (CROD) with solvent.
Acetonitrile on the other hand is expected to be very tightly bound tBttheenter.
Experimentally,the nondeuterated variang.11 showed no signs of exchange with
CD3CN when dissolved in it for a period of up to 2 dagSFMS of a sample of
2.10-d4 in CDsOD diluted with excess C#DH showed peaks corresponding to both
2.10-ds (Mm/z=490.1) and®.10 (m/z=486.1) indicating that exchange of thebBund

CDs0OD with CHzOH was facile.

2.3.3 Oxidation of di(2pyridyl)dimethylborato -Pt" (Me)(SMez2) complex with

H202

Scheme 2.8: Oxidation of (dpdmb)Pt"(Me)(SMe,) complex with H,0,
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In contrast to ([dpdmbpPt'Me(OMe)T, 1.21, complex2.9 does not react with oxygen.
Similar change in reactivity towards; @ observed for monomethyl 'Ptomplexes
supported by di(yridyl)methanesulfonate ligand gohs) [62]. In particularfor
(dpms)PtMe(L), an ionizable ligand such as methargplaced wih nonionizable
neutral ligandsuch as DMSOrenders the Picomplex inert towards oxygen
Nevertheless, oxidation @9to forma cationic PY derivative2.14 is facile when a
stronger oxidantH»O;, is used in combinatiowith a few equivalents of acetic acid

in methanol, as shown in Scheme 2.8he *H NMR spectrum of the product of
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oxidation dissolved in acetoftlz shows the presence ofGa-symmetric speeis with
two singlets of two nomquivalent Rbound methyl groups at 1.33 ppRIH=66

Hz) and 1.83 ppm2pn=74 Hz), integrating as 3H each. Only one signal of the
boronbound methyl group a@.53 ppm integrating as 3H cée found indicating
complee methyl migration The singlet at 3.33 ppndfn = 12.4 Hz) integrating as
3H could be assigned to the-(B-OCHaz)-Pt fragment of the Rtoordinated
(methoxy(methy)di(2-pyridyl)borate (MeGmdpb) (c.f. p-28 for 'H-NMR and
appendix p127 for'3C-NMR specta).

Figure 2.4 'H-NMR spectrum of [(Me)BPyu-OMe)PtY(SMe)(Me2)]OAc, 2.14in
acetoneds (22 °C, 500.132 MHz) Note the residual B/1e resonance at 0.51 ppm
integrating to 3 hydrogens. Also note twoNP¢ resonances at 1.36 and 1.84 ppm,
consistent witha C1 symmetric structure. The region corresponding to the pyridine
ortho hydrogens has been expanded: clear distinction of the effect of trans PtMe and
trans PtSMe fragments on the Rtoupling to the pyridine ortho hydrogens are
visible. .
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As in the cas of theaerobic oxidation of anionic species (dpdPib)complexes
described previously [34[methoxy(methy)di(2-pyridyl)borate ligand results from
oxidatively induced Bo-Pt methyl group migration assisted by nucleophilic attack of
methanol at the on atom. Two singlets of the sulfbobund methyl groups are
observed in the NMR spectrum ®fl4as well, each corresponding to 3H and having
the platinum195 satellites so confirming retention of the SMgand in the platinum
coordination sphere. Thdentity of2.14was alsaconfirmed by ESFMS, and purity
was ascertained by elemental analygid4 bears resemblance to a 'Rcomplex
bearing a (Me)(OH)BRyligand synthesized by Williams et al. [63] via agostic
demethylation of the original dimethyltaio ligand,1.14 The oxidation oR.9is the
first example of oxidation of a dif@yrdiyl)dimethylboratePt'-complex with HO2
and provides proof of concept that oxidation witfOklalso results in Bo-PtY Me-
migration.

It was previously establishelly Vedernikov et al.that the trihydrocarbyl and
dihydrocarbyl PtY complexessupported by(methoxy(methy)di(2-pyridyl)borate
ligand, such ag&.22and1.23 are inert towards € and GO reductive elimiation at
temperatures up to 12D[34]. Thereforejt was interesting to check the analogous
electronpoorer cationic dimethyl Pt complex2.14 exhibit different reactivity and
can reductively eliminate products with newGCor GO bonds. It has been
demonstrated in literature that reductive elimimatifrom octahedraPt¥ or PdY
centers is possible via a famordinate intermediates [64]. Thus, in order to explore
the possibility of GC or GO reductive elimination fron2.14 the complex must be

converted to a fiseoordinate system. While the bgidg B-pi(methoxy) ligand does
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not exchange if€D30OD even when heated at ®) as evidenced by clearly visible
Ptsatellites in théH-NMR spectra, addition of 1 eqv. 0% aqueous HBFcaused
immediate disappearance of the correspontiilMR signal.

Figure 2.5 H-NMR Spectrum of[(Me)(CDs;0)BPy:PtY(Me2)(SMe)]OAC, 2.14d;

in CDsOD after addition of HBFFand heating at 80C for 24h Note absence of the
bridging B-u(methoxy).
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In this acidifiedCDsOD solution,2.14 showedno signs of decomposition 30 °C,
according to'H-NMR spectrosopy. Heating the mixture at 18D for 2 days caused

no changes. Heating the solutimmtherat 120°C led to its darkening, decomposition
and formation of ldck solid. In all cases, neither methammethyl ethemor ethane
were detectedby H-NMR. According to these observations, cationic dimethyl
complex2.14does not undergo eitherC or GO reductive elimination up to 10C.
Hence, the presence of a positive charge is not sufficient to m&kéePtomplex
electiophilic enough to undergo attack by solvent (e.g. MeOH) to afford reductive

elimination.

2.3.4 Oxidation of di(2pyridyl)dimethylborato -Pt'" (CD3sOD)(SMe2)* complex

with H202

We next explored the oxidation of the cationic complexé&§-ds (generated irsitu)
and2.11in CDz0OD. A solutionof 2.10-d4 in CD30D is stable undebubbling Q for

at least 2h but reaxtapidly with H-O2. The oxidation is cleaner when performed at
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lower temperatures using slight excesgOH When performed at°G the reaction
leadsto virtually quantitativeand immediatéormation of methyldi(2oyridyl)borane
(mdpb) complex2.15ds in 71% vyield, as shown in Scheme 2.9, along with

equivalent of CBOCHs, 2.17-d3, detectable byH-NMR.

Scheme 2.9: Oxidation of (dpdmb)Pt'(CD;0D)(SMe,)* complex with H,0,
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The presencefexcess HO> leads also to the oxidation of thacillary SMe ligand
and formation of tb dimethylsulfoxide analogu&,.16-ds, in 20% yield.While a
shortlived PtV-peroxo intermediate is believed to form upon reaction :Hvith
2.10ds, we presumedhat the oxidation of the ancillary SM&tagment was directly
by the oxidant and not by the perexdermediate as demonstrated by Goldberg et al.
[65]. 2.17-d; was characterized in the reaction mixture using theNMR
spectroscopy and ESMS. The resits were compared to that ahauthentic sample
of CDsOCH;z independently preparebly reacting NaOMe with C# in methanal
Complex2.15ds, asformed insitu, was dirty, andould not be isolated as a solid due
to rapiddarkeningupon removal o€Ds:0D, abehavior similar to that &.10ds. The
evacuation ofCDsOD was stopped at this point, andd-NMR spectrum was
recorded. The H-NMR spectrum of 2.15ds is typical for a C; symmetric

dipyridylborate species. The coordinated SMeduces two broad singteof equal
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intensity 3H at 2.64 ppm and 2.89 ppm, both with the platia@& satellites and
almost identical RPH coupling constants of 39 Hz.

Figure 2.6 'H-NMR spectrum of [(Me)BPyPt'(SMe)(OCDs)]BF4, 2.15d3 in
CDsOD (22 °C, 400.131MHz) (contains tace amounts of decomposition products).

Note the residual B/le resonance at 0.26 ppm and the resoances corresponding to the
norrequivalent SMe fragments at 2.64 and 2.89 ppm.

hhhhhhhhhhhhhhhhhhhhhh

—2.89
—Z.64
0.26

Only one signal originating from the bortwound methyl group at 0.26 ppm
integrating as 3H could be found suggesting that the second methyl group of the
original B(CHs). fragment was lost in the course of the reaction. Analysis of the
organic reaction product, GDCHg, indicates the direction of this loss. Finally, ESI

MS charaatrizationof the CD:OD solution indicates the presence of the cafldis

ds with m/z = 473.13 (calculated for1gH17BD3N2O'"PtS, 473.12)It is noteworthy

at this point to mention that unlike10-ds, 2.11 could not be oxidized if€DsOD

even with up to Bquivalents of KO,.

2.3.5 Mechanism of oxidation of di(2pyridyl)dimethylborato -Pt'' (L)(SMe2)*

complexes, L=CROD, CH3CN with H202

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

important to note that in the abserafecoordinated platinum, thépdmbligand used
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in the form of Hdpdmb)does not react with #,, which was proven in a separate
experiment under conditions identical to those employed for oxidati2ri@ts. The
mechanism of oxidation &.9 and that 0f2.10-ds in CD3OD solutionspresumably
progress via methyl migration to thePtenter. While for2.9 it leads to a stable
dimethytPtY complex,2.14 for 2.10-ds it leadsto 2.15d3 andCDsOCHs, 2.17-ds.

Scheme 2.10: Mechanism of tandem B-to-Pt"Y methy! migration and C-O elimination

CD;0D c
HsC_ . HsC_ . 3.
/\\ B—CHs /\\\\B—CH:’ /\\\\‘B—CHQ,
n* | | >
\/ N, 2*,1(CD50D) P U+ 20CDy H,0, , \0CD,
’ ‘ _— | ~Z 11, Pt ~ —_— | \/ I, Ptlv
SMe, N SMe, CD;0D | “VSMe,
2.10-d, 2.12-d; 2.18-dg

CHs HsC,_ .

B Y
/\ B /\ /B oco3
+ wOMe -— I |V\OCD3
CH;OCH, + |\/ i, pg: _@ t‘
“V¥sMe, | SMe,
2.17-d,
2.15-d, s10u
CD;0D nUe

The reaction sguence shown includes an electrophilic attack e®Hat the Pt

center leading to the cationic "Ptintermediate2.18ds. The attackmost likely
involvesa zwitterioniccomplex2.12-ds with the PY center bearing a formal charge

+1, lower than a formatharger of +2 in2.10-ds. In turn, complex2.12-ds results

from dissociation of acidic proton of the coordinated methanol liga2dlidds. The

same formal charge +1 at the' Rtom is found in comple®.9, henceexplaining its

facile and clean oxidatiowith H>O. Interestimgly, complex2.11does not react with

H>O2 under comparable reaction conditions which may be due to the presence of a

too electrorpoor Pt atom bearing +2 formal chardée facile deprotonation of the
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Pt!(CDsOD) fragment in2.10ds may also be invoked to explain why unlike the
former,2.11is reluctant to undergo oxidation bigO, under similar conditions.

The cationic PY center in the transier.18ds is involved in the Bto-Pt methyl
group transfer leading to another cationiomamethyl PY intermediate2.19-ds. We
propose that the 8>-Pt methyl group transfer step involvi@gl8ds is similar to that
operational in the aerobic oxidation of anionic (dpdRthomplexesl.15and1.21

The cationic PY transient2.19ds has mly one methyl group at the metal and,
therefore, is more electregoor thanthe cationic dimethyl PY complex2.14 We
propose that compleX 19-desis electrophilic enough to accept fast nucleophilic attack
of CDsOD at theC-atom of thePt¥-Me fragment leading to the formation &.15d;

and CROCHg, 2.17-ds.

In order to detect plausible intermediates in oxidatior2.40-ds with H>O>, the
reaction was performed at lower temperatures. The oxidation did not atcu
appreciable rate below30 °C even wih 20 equivalents of #D. used. When
performed atl5 °C, the disappearance of the starting material was accompanied with
formation of CD:OCHz with no detectable intermediate complexes. Hence, we
suggest that the reductive elimination step involving predutrensient2.19-ds is
much faster than conversion 218-ds to 2.19-ds at-15 °C. A possible way to change
the ratio of these two reaction rates was to perform the oxidation of the neutral
complex 2.12dz generated from catiom 2.10-ds in the presence fosodium
methoxide. The larger fraction @&.12ds present in such solution would lead to a
faster oxidation rate. However, no reaction intermediate® detected by means of

'H NMR spectroscopy in reaction mixtures containthfj0-ds and 1 equivalent of
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NaOMe though the rate of disappearance.d0-ds and formation of dimethgkher

ds at -15 °C increased 1.4 fold compared to the case when no base additives were
present. A possible explanation is that com@&X-ds dissociates to produ@12ds

in a sgnificant extent already in ne@D30D, and as the latter undergoes oxidation, it

is replenished rapidly be further deprotonatior2 Gi0-ds.

2.4 Conclusions

Al t hough attempts to synthesize anionic 6
dpdmb ligand faild, the observation of the facile@ bond formation in the course

of oxidation of complexes bearing no hydrocarbyls on tHecenter with HO;

allows us to propose that model difgridyl)borate PY complexes may be involved

at the GO bond forming stef a potential catalytic cycle allowing for aerobic
functionalization of GH bond donors. We find that even towards a strong oxidant

like H.O, formal charge on the fenter plays a crucial role in the oxidation of

complexes. Based on direct comparisorthte aerobic oxidation of anionic dpdmb

supported monohydrocarbyl and dihydrocarbyl Bomplexes, we propose that
similar me oxidatively sintuced thydratarbyl migratibn may be I n

operation for oxidation of the cationic complexes widOkdisaussed herein.
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2.5 Experimental Section

25.1 Attempted synthesis of (dpdmiBt'(OMe),, 2.1 (a) and
(dpdmb)Pt" (OCD3)(CDs0OD), 2.6d7 (b):

(a) 25 mg (54.2umol) of Na(dpdmbipt'(Me)(OMe), 1.21, was dissolved in 1 mL of
methanol in a vial equipped with ardiar in the glovébox, and to it was added 6.8
ML (1 eqv.) aq. 50%HBF4. Slight evolution of gas could be seen, followed by
progressive formation of datrown solution and particulates within 10 minutes. At
this point an ESIMS of an aliquot was recoed, and a signal at m/z=199.1,
corresponding to (dpdmb)Xwas seen. The sample decomposed completely within
1h. In another experiment, faster decomposition was observed when the sample was
exposed to higlvacuum within 2 minutes after addition leBF4.

(b) Henceforth we decided to monitor the reactiondyNMR spectroscopy. 15 mg
(33.7 umol) of 1.15wasdissolved inCDsOD and alH-NMR spectra was recorded.
According to the NMR, clean formation @f21-ds had occurred [34]. At this point,
4.2 UL (1 eqv.) ¢ HBF4 was added and ¥H-NMR spectra was quickly recorded.
Although significant decomposition could be visible, one set of aromatic signals
presumed to belong th6-d; were identified. After 10 minutes, more than 30 peaks in
the aromatic region were vide along with the formation d#t-mirror on the walls of
NMR-tube. Integrations were not reliable due to dmeadening and overlap of
multitude of peaks.

2.6-d7 (tentative assignment}H NMR (22 °C, 400 MHz, CDsOD, ppm) d: 0.18
(BMe), 6.97, 7.11, 7.78.01 (ptn=~31 Hz).

25.2 Attempted synthesis of [(dpdmdPt'(Cl)]2, 2.7 (a), and
nBus[(dpdmb) Pt Cl2], 2.8 (b):

(a) 50 mg(252.4umol) of dpdmbH and 10.4 mg (1 eqgv.) of RtClL was added to a
reaction vial containing 1 mL of 4. To this suspensionas added 42iL of aq.

HCI, 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 precipitaseolvserved, the
solution was stripped to dryness to obtain an amorphous powder. The powder seemed
to consist of two separate entities, one soluble inQI) and the other soluble in
D2O. While the former confirmed to free ligand bYI-NMR spectroscopy,
corresponding to no R4 coupling of the ortho pyridine hydrogens, the latter was
almost'*H-NMR-silent. No complexation had occurred.

(b) 10 mg of nBuN[dpdmb] (22.7umol) [34] was combined with 19 mg ( 1 eqv) of
(nBwN)2[PtCls] in 0.7 mL of CRCIz in an NMR tube. Immediate dissolution of all
components was seen. No reaction, as evident from the abseneld cbpling of

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

2.5.3 Synthesis of (dpdm®t" (Me)(SMe2), 2.9:

(a) Protonated dimethyldipidylborate ligand, H(dpdmb§138 mg, 696 umol) was
dissolved in 20 mL of THF in a vialhis solution was added dropwise with vigorous
stirring over a 2 minuteperiod to a 100 mL Schlenk flask containing 200mg
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PbMes(u-SMe). (348 pumol). Gas eolution wasseen, and after 15 minutes of
addition, the solution turned ligiirown. 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 frotham®| to yield 309 mg cd

pure product, a yellow colored powd2r9in 95% vyield.

(b) Complex2.9 was independently synthesized from[(dadmbPtMe)], 1.15 as
follows: 50 mg of N{dpdmbPtMe] complex(112.3 umo) was dissolved in 3 mL

of dimethyl silfide placedin a vial equipped with a stirring bail o this solutionwas
added 4.0 pL KO (2 equivalents with vigorous stirring.Gas evolution and ®me
yellow particulates were seen immediately. After 5 minutes, the contents were filtered
through Celiteand the residues were washed with 1 mL of THRe solvent was
removed fromhe combined filtrate and washingdhe residue was dried undeigh
vacuum to give a tan colored solid. The solid was washed with 3 mL of 1:1 v/v ether
hexane mixture to give 46rig of 2.9, 89% yield. CompleX.9is an airstable solid,
showing no signs of thermal decomposition at temperatures up“0 @0der argon
atmosphere. CompleX.9is resistant toward the protonolysis of theM fragment

by methanol and watdyut reacs with acetic acid slowly over 24h. Compl@Q is
sparingly soluble in methanol and ether, moderately soluble in benzene, and highly
soluble in acetone, THF, and acetonitridd. appendix pl25 for'*C-NMR spectrum.

'H NMR (22 °C, 500 MHz, CRCN, ppm) d: 0.22 (br, s, 3H, BVie), 0.59 (s2Jp:

n=72 Hz, 3H, PiMe), 0.64 (br s, 3H, BMe), 2.28 (br s3Jpn=54 Hz, 3H, SMe), 2.42

(br s,3Jpth=54 Hz, 3H, SMe), 6.93 (d§=6.7, 1.9 Hz, 1H), 6.97 (d§=6.9, 1.9 Hz,

1H), 7.53 (dgJ=7.2, 1.8 Hz, 1H), 7.61 (vdl=7.6 Hz, 1H), 8.41 (dJ1-H=8.41,Jpt

H=52 Hz, 1H), 8.56 (dJn-+=5.7,JptH=29 Hz, 1H)

13C NMR (22 °C, 500 MHz, CRCN, ppm) d: -15.2 (s,'Jpec=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, 150.5d-py carbontrans to PtMe, Pt195 coupling not seen), 151.5
(o-py carbon Jpec=43 Hz), 187193 (br, py2-C(B))

ESI of a methanolic solution o2.9 with 10% aqueous acetic aci@.9-H",
C1sH24BN2PtS: 470.14, Calculated: 470.13

Elementalanalysis:calcuated forCisH23BN2PtS C, H, N: 38.5, 4.94, 5.96-ound C,

H, N 39.0, 4.99, 5.65

2.5.4 Preparation of [(dpdmbpPt" (SMe2)(MeOH)](BF4) complex, 2.16d4:

15 mg (31.96 pumol) o2.9was suspended in 0.5 mL of @DD in an NMR tube and
4 pL (32 pmol) of 50% aqueous HBRvas added. Immediate evolution of gas was
observed. The methanolic solutiadecomposesslowly over a period of 12 .h
Attempted isolation 0R(BF4) in a solid state leads even fastedecomposition.

'H NMR (22 °C, 500 MHz, CROD, ppm) d: 0.17 (br s, 6H, BMg), 2.45 (br s3Jp:
=47 Hz, 6H, SMg), 6.9 (dt,J=6.8, 2 Hz, 1H), 7.45 (vd]=6.2 Hz, 1H), 7.46 (vd,
J=7.5 Hz, 1H), 7.5 (dt)=7.0, 1.4 Hz, 1H), 7.7 (dfl=7.6, 1.5 Hz, 1H), 7.9 (dfl=7.9,
1.5 Hz, 1H), 8.01 (dJ=8.1,Jptn=34 Hz,1H), 8.4 (d,J=6.2,Jp:n=60 Hz, 1H)

13C NMR (22 °C, 500 MHz, CROD, ppm) d: 23.43 (SMe), 122.8, 123.1, 129.6,
138.2, 139.8, 142.9, 143.1, 149.4M& fragment andpso-C of the pyridine ring
werenot seen due tboron splitting.

ESI" of a CxOD soluton of 2.10-ds, C1sH20D4OBN2PtS: 490.18Calculated: 490.16
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2.5.5 Decomposition of 210ds in CH3OD leading to formaldehyde and
methoxymethanol

10 mg (21.31 pmol) o2.9 was dissolved in C¥OD in an NMR tube, 2.7 pL (21.6
pmol) of 50% aqueous HBFwas added and the tubwas sealed. Immediate
evolution of gas was seen. An NMR spectrum recorded by suppressintethg
groupsignal ofthe CH3OD solventconfirmed the quantitative and clean formation of
2.10-ds. The solution was left standing overnigifter which a black particulate@as
seen. In the NMR spectrum, twnew sets of signals were clearly identifiab@ne set
of signals was assigned to theotonateddpdmbligand H(dpdmb).The second set
included onesinglet at 4.61 ppnilhe spectrum was comieal to that of a solution of
paraformaldehyde in G@®D acidified with snall amount of HBE. The peak at 4.61
ppm matched in both cases.

2.5.6 Synthesis of[(dpdmb)Pt" (SMez)(NCMe)](BF4) complex 2.11:

50 mg (106.54 umol) oR.9 was dissolved in 4 ml ofcatonitrile in a reaction vial
equipped with a stimg bar and 19 pL (108 pmol) of 50% aqueous HBFs added
with vigorous stirring. Immediate evolution of gas was observed. After 10 minutes
the solution was stripped to dryness and a white solid wasettalrhe solid was
washed with a 1:1 v/v ethethexane mixture, followed by further drying to yield 52
mg of a highlyhygroscopic micrecrystalline white solid2.11in quantitative yield.
Complex2.11is insoluble in ether and methanol, but soluble inFTldcetone and
acetonitrile c.f. appendix g26 for'3C-NMR spectrum.

H NMR (22 °C, 500 MHz, aceton€s, ppm) d: 0.26 (br s, 3H, Bvie), 0.83 (br s,
3H, B-Me), 2.53 (br s3Jr+=33 Hz, 3H, SMe), 2.85 (br s, 3H, NCMe), 2.88 (br s,
3Jpen=33 Hz, 3H, SMe),7.15 (dt,J=6.8, 2.1 Hz, 1H), 7.20 (di=6.6, 2.0 Hz, 1H),
7.667.77 (m, 4H), 8.71 (d}=6.2 Hz, 1H), 8.78 (d}=5.8 Hz,Jpt+=30 Hz, 1H)

13C NMR (22 °C, 500 MHz, aceton€s, ppm) d: 4.1 (NQCH3), 10.9 (br, BMe),
15.64 (br, BMe)22.4 (SMe), 24.5 (SMe)l22.5, 122.8, 129.9, 130.0, 138.3, 151.5,
152.7.ipso-carbonof the pyridine ringvere not seen due t@ion splitting.

ESI(+)-MS of a THF solution oR.11 495.14, Calculated: 495.14

The solid complex shows signs of decomposition in the course ofiégw when
stored at 20°C under an argon atmosphere. Hence, satisfactory elemental analysis
could not be obtainedlemental analysis: calculatéor Ci6H23B2FsN3PtS 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)Pt'(SMez2)(NCCD3](BF4), 2.1%kds in
CD3CN:

The protonolysis of 10m mg &.9in CDsCN 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.

H NMR (22 °C, 500 MHz,CDsCN, ppm) d: 0.24 (br, s, 3H, BMe), 0.81 (br, s, 3H,
BMe), 2.35 (s+PRsatellites, 3HJ=~40 Hz, PtSMe), 2.66 (s+Batellites, 3HJ=~41

Hz, PtSMe), 3.25 (br, #O from aq.HBF4), 7.06 (m, 1H, »36-CH) , 7. 13- ( m,
5-CH), 7.627.75 (overlapping m+m, 4H, p3+CH, p y3CH, py4-C H, -4pCH)0
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8.5 (d+Ptsatellites, 1H,J=6.4, Jptn=-23 Hz, py6-CH), 8.55 (d+PRsatellites,J=5.9,
Jth=~18 H&CH).py 6
ESI(+)-MS of a THF solution oR.11-ds: 498.16, Calculated: 498.14

2.5.8 Oxidation of (dpdmb)Pt'Me(SMe2), 2.9 to form [(MeO-
mdpb)Pt"V Me2(SMe2)]OAc, 2.14

51 mg (108.6 pumol) oR.9 was dissolved in 4 mL of methanol in a Schlenk flask
equipped with a stirring bar. The solution was acidified with 6.2 puL (1 equiv.) of
acetic acid. To this solution, with rapid stirrimgas added 11.2 pyL (1 equiv.) of aq.
30% HO». 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 yelkslid. The solid was recrystallized
from benzene to produ@14 55.3 mg, 91% yieldc.f. appendix {27 for'3C-NMR
spectrum.

H NMR (22°C, 500 MHz, acetoneés, ppm),U: 0.51 (br s, BMe, 3H), 1.36 (S2Jp:
n=66 Hz, PiMe, 3H), 1.78 (s, OAc, overlapping with a-gtellite, 3H), 1.84 (SJp:
H=74 Hz, PiMe, 3H), 2.55 (s3Jpn=35 Hz, S®3, 3H), 2.63 (s3Jpen=42 Hz, S,

3H), 3.30 (s2Jptn=12 Hz, BU-OCHs-Pt, 3H) 7.487.53 (m, 2H), 7.7 (vd)=7.9 Hz,

1H), 7.8 (vd,J=8.4 Hz, 1H), 7.94 (vt)=7.9 Hz, 1H), 7.99 (vtJ=8.4 Hz, 1H), 8.51 (d,
J=5.9,Jptn=19 Hz, 1H), 8.95 (d}=5.9,Jptv=20 Hz, 1H).

H NMR (22 °C, 400 MHz, CROD, ppm),U: 0.53 (br s, BMe, 3H), 1.34(s, 2Jp:
H=64 Hz, PtMe, 3H), 1.74 (s2Jp:n=71 Hz, PiMe, 3H), 1.92 (s, OAc, 3H), 2.37 (s,
3Jpen=32 Hz, S®3, 3H), 2.50 (s3Jptn=42 Hz, SEs, 3H), 7.387.43 (m, 2H), 7.7
(vd, J=7.9 Hz, 1H), 7.81 (vdJ=7.7 Hz, 1H), 7.8&.93 (m, 2H), 8.38 (dJ=6.0, Jpt
H=38 Hz, 1H), 8.68 (dJ=5.9,Jrtn=15 Hz, 1H).

13C NMR (22°C, 500 MHz, aceton€s, ppm), U: -0.4 Jp.c=307 Hz, PtMe)-0.2
(*Jptc=285 Hz),1.34 (br, BMe),19.9 fJp.c=9 Hz, SMe), 21.2%0p.c=13 Hz, SMe),
24.5 (OCGQCH3), 53.9 (br, Bu-OCHs-Pt, Ptsatellites not resolved), 124.90(c=16

Hz), 125.5 Jpec=40 Hz), 128.8, 129.9%:.c=26), 13.3, 139.8, 147.3Jf:c=35 Hz),
147.5, 174.2 (OCOHa).

ESI-MS of a methanolic solution df.14 500.18. Calculated for 16H26BN2OPtS:
500.15.

Elemental analysis: calculated forigH20BN.O3PtS, C, H, N: 38.65, 5.23, 5.01.
Found C, H, N: 39.00, 4.93, B0

2.5.9 Oxidation of [(dpdmb)Pt" (SMe2)(CD3OD)|BF4 complex, 210-ds, to form
[(mdpb)Pt" (SMe2)(OCD3)|BF4, 2.15ds, [(mdpb)Pt" (OSMez)(OCD3)|BF4, 2.16-d3
and dimethyl ether-ds, 2.17-ds:

An NMR tube containing 21.3umol @&10-ds (synthesized in CEDD) was cooled to
0 °Cin an icebath. 2.4 pL of ag. 30% D> was added, Teflon sealed and shaken for
homogeneity. An NMR experiment revealed the formation of 1 equivaledg-of
dimethylether and the formation d.15ds. To quantify the amount ofds-
dimethyletler observed, the above reaction was repeated witllidxéne as an
internal standard, and following addition of 1.2 equivalent3.Hds-dimethylether (1
equivalent) was observed.

2.15ds:
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'H NMR (22°C, 500 MHz, CROD, ppm),U: 0.26 (br s, BMe, 3H), 2.64 (br et
H=40 Hz, 3H, SMe), 2.89 (br &Jptv=39 Hz, 3H, SMe), 7.18 (d§=6.5, 2.0 Hz, 1H),
7.26 (dt,J=6.7, 1.9 Hz, 1H), 7.48.60 (m, 3H), 7.89 (vtJ=7.0 Hz, 1H), 8.71 (d,
J=6.2 Hz, 1H), 8.78 (dJ=5.4 Hz,Jptn=29 Hz,1H).

ESI(+>MS of an aliquot of the NMR solution above gave m/z = 473.13 (calculated
for C14H170BDsN2PtS,2.15ds*: 473.12), 50.12 (calculated for GDCHz-H™) as the
major peaks. CompleX.16ds" was observed at m/z = 489.12 (calculated for
C14H170.BD3N2PtS,2.16d3*, 489.12).

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

ds.

21.3 pmol of fresi?2.10-ds in CD:OD, prepared from 10 mg (21.3 pumol) 0 by
protonolysis with equivalent amounts of 50% aqueous HE&S taken ira sealable

NMR tube and cooled teB0 °C. To it was added 1 pL dichloromethane as internal
standard, and added 2.2 pL of 30% (1.0 equivalent), through a long needle, very
slowly in order to avoid local heating. The NMR tube was quickly lowered Ir&o t
NMR spectrometer where the probe was precooleeb@°C. No changes to the
starting material were observed. The sample was warmed up slowly @idrvals

with careful monitoring. Formation of dimethyl eth#rwas first observed a5 °C,
howeverthe rate of accumulation of dimethyl ethderwas very slow. After 90 min at

-15 °C formation of 0.34 equivalents of dimethyl etlter was observed. No
detectable accumulation of intermediate complexes was noticed. The above
experiment was repeated witB gquivalents of kD with a starting temperature of

-20 °C. In this case also, no intermediate were detected, although increase in the rate
of formation of dimethyl ethetls was observed.

Attempts were also made to observd\BMe intermediate2.19ds, by performing

the oxidation reaction with added sodium methoxide. To 21.3 pumd.Xds,
prepared as above in a sealable NMR tube, was added 1.2 mg (1 equivalent) 95%
sodium methoxide and shaken for homogeneity. 1 pL ofdibdane as internal
standardwas added. The NMR tube was cooled90 °C; 10 equivalents of D>

was added, sealed, shaken and inserted into the precooled NMR probe. No dimethyl
etherds was observed belowl5 °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 ettiewere obtained. The average

rate of formation of dimethyl ethek was found to be 1.4 faster in the latter
experiment.

2.5.11Attempted oxidation of H(dpdmb) with H20::

12.0 mg (60.6 pmol) of Hipdmb)was dissolved in 0.5 mL GOD, 7.57 pL aqg. 50%
HBF (1 equivalent) was added and*hNMR spectrum was acquired. Further, 6.2
62 pL (1-10 equivalents) of ag. 30%:28, was added to the solutioNo change in
the NMR spectra was seen after, #stablishing the inertness of the ligand towards
oxidative degradation.

2.5.12 Attempted oxidation of of [(dpdmb)Pt"(SMe2)(NCMe)]BF4, 3(BFs), in
CDsCN:
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[(dpdmbPt'(SMe)(NCCDs)|BF4, 2.11-ds was generatelly dissolving 15 mg (31.96
e mo | 2.9inc0f5 mL of C3CN in a NMR Young tube followed by addition of 4.0
eL of agqg .4 (1®duiv). At&FRing to NMR spectrosco®.,11-ds formed
guantitatively. To this solution was added 1 equiv. g®# The complexvas found
to be resistant towards oxidation by®i, tested with up to 20 equiv. of the oxidant

2.5.13Attempted reductive elimination from 2.14in CD3sOD:

16. 2 mg ( 321l4was dissavied in 05fmL of GDD in a NMR Young
tube and acidifiedwih 4 e L o f 4(Bhequiv.).TioetcidHi®l Solution was
analyzed byH NMR spectroscopy. The spectrugtill conformedto 2.14with minor
chemical shifchanges of the peako new products generated by protonolysis were
observed. Further, the NMRoving tube was exposed to elevated temperatures with
careful monitoring by NMR spectroscopy. Initially, the NMR tube was left in an oil
bath preset at 80°C for several days and no changes were observed. Similar results
were found when the temperature wased to 100C and kept at this temperature
for 2 days. ESMS of an aligud from the NMR solution conformett 2.14-dz with a

m/z =503.1, corresponding to exchange of the -B(Hs-PtY) fragment with
CDsOD. When temperature was raised to 1@0quick darkening of the solution was
observed along with some black particulates.

Figure 2.7: Expanded region of 3:3.5 ppm (c.f. sectio2.5.1Q showing evolution
of CDsOCHsz with time. From bottom to top40 °C, -30°C, -20°C, -15°C, -12°C (0
min, 10 min,20 min, 30 min, 40 min, 60 min, 90 Mjn)L0 °C (0 min, 10 min, 30
min). No PtV-Me intermediate was observed

22Feh_DMBPtSMe2_MeOD4_LOT2_1HBF4_1H202_neg12_90niin 1 1 C:ShrinNMR _DMBPtMeSMe_LOwT |

MeOD4_LOT2_1HBF4_1H207 Dmin Shrir _DMBPtMe

22Feh_DMBPtSMe2_MeOD4_LOT2_1HBF4_1H202_neg12 1 1 C:ShrinNMR _DMBPtMeSMe_LOWT[_|
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Chapter 3Aerobic Oxidation of di(2oyridyl)(methoxy)
(methyl)borato-Pt!' complexes: Competition @-coordination

and methyl migration

3.1 Proposal

Based on the observation of theQCelimination products upon oxidation of a model
dimethyldi(2pyridyl)boratePt' complexes, as discussed in Chaplewe set out to
modify the borate center to potentially avoid oxidatively inducetb-BtY methyl
migration Although the cationic complexes discussed in Chapteould only be
oxidized by a stronger oxidant such asOp we presumed that both menand
dihydrocarbyl anionic Ptcomplexes derived from a resistant ligand could potentially
be nvolved in Q activation. It was proposed earlier, based on DFT analgkithiat

the major driving force for Bo-PtV hydrocarbyl migration observed upon oxidation
of complexes such a%.15 is the formation of strong ®R bonds, where ROH
corresponds tthe protic solvent the oxidation is performed in. We proposed that by
substituting the Bbound methyl fragments in the dpdmb ligadd]l4 by alkoxy
groups, the ligand would become more resistant towards mathyl migration
Envisioned ligands with on€3.1) or both @.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 fligands, although Williams et al. reported

in-situ formation of comple8.3, featuring a Rlrbound3.1 (R=Me)[63].
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Scheme 3.1 New di(2-pyridyl) borate ligands featuring B-alkoxy substitutions

® Na
M S}
Me_, OR 2 RO_ . OR e OMe
\S@“ \§~‘ .
@ Y () 7 N @ \
~N N~ N N _— L3
3.1 3.2
3.2 Implementation
Scheme 3.2: Synthesis of sodium di(2-pyridyl)(methoxy)(methyl)borate
Me % Me xs- TFA OMe
xs NaOMe \@/
MeOH
1so°c 0° 25°C
Schlenk tube
-CH,4 NaOCOCF3
34 87% y|e|d

Synthesis o88.1was first attempted with ¢dpdmb)1.14as the starting material via a

top-down approach owing to the estigahked ease of synthesis of the latted.4 was

found to be very s-adahbVylkeationngd daBBettr $ 088 C D C
[66], although such reagents are known to cleav€ Bonds with facility. At

temperatures above 10€C with such reagentdigand degradation was substantial,

and no change in conversion whatsoever was observed for aqueousC#Bthe

other hand, given the anionic boron center, we anticiphtedito react with strong

acids to protonate the-Ble fragment leading to  bondcleavage and elimination

of methane. A sample df.14in TFA-d at roomtemperature showed trace amounts

of CHsD, identified by observing a small triplet at 0.18ppm in tHeNMR after 7

days.
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Figure 3.1 H-NMR spectrum of MeBPy 3.4, in TFA-d (22 °C, 400.131 MHz)
after heating at 180C for 24h. Note the triplet corresponding to €LHand the
residual BCH fragment integrating to 3H
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The rate of reaction was carefully monitored'byNMR by comparison of signals at
0.1 ppm and 0.5 ppm correspondingtte BMe fragment in1.14and a new BMe
fragment in3.4, respectively. A 24h reflux at 180 was found to be optimal in
convertingl.14to 3.4 without noticeable decompositior8.4 wascould be isolated,
however upon exposure to highcuum a gelike maerial containing excess TFA
was obtained. ESIMS of the gel showed a signal at 183.1 consistent with the protio
adduct, 3.4M*. Treatment with a methanolic solution containing excess sodium
methoxide and extraction with THF afforde8.1 in good vyields. 3.1 was
characterized byH and**C-NMR (c.f. appendix pp. 12829) and ESMS. 3.1 could

not be obtained in analytically purorm, due to the presence of sodium
trifluroacetate.

Synthesis oB.2 was attempted via a botteap approach a3.1 could not be cleanly
6dmet hyl atedd a second time without observ
ratios of 2pyridyl-lithium and 2pyridyl-magnesium chloride on boron precursors
such as BBy, B(OMe) and B(OPr) produced intractable mixtures of mone(2
pyridyl), di(2-pyridyl) and tri(2pyridyl) borates and further attempts to purify

mixtures were unsuccessful. Brown et al. reportedaimeaction outcomes$7).
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3.3 Results and Discussion

3.3.1Synthesis of di(2pyridyl)(methoxy)(methyl)borato-Pt" complexes

Scheme 3.3: Synthesis of di(2-pyridyl)(methoxy)(methyl)borato-Pt" complexes:

Me\(é)/OMe

0.5 [Me,Pt'(SMe,)],

THF, 3h
'SMez

MeOH / CD;0D

2h
-CH,/ -CD,

3.5 3.6, isolated 89% yield
3.6-dg (quantitative by NMR)

With our new ligand3.1 at hand, the derived 'Mle; complex,3.5, was synthesized
by standargrotocol, as shown in Scheme 3.3@&}p was found to be stable at roem
temperature in aprotic solvents in the absence.oA€cording to NMR, a solution of
3.5in CDsCN showed the presence offasymmetric species withe.q coupling of

81 Hz correspadiing to the PtMgfragment and broad singlets at 0.53 ppm and 3.32
ppm corresponding to the BMe and BOMe fragments, respectively. AlthdiviR
spectra recordesh THF or CDsCN were reasonably cleaB.5 could not be isolated

in analytically pure fornrdue b decompositionand was characterized in solution by
H and B*C-NMR spectroscopy and E®MS (c.f. appendix pl30 for 3C-NMR

spectrum,)
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Figure 3.2 H-NMR spectrum of (Me)(MeO)BPRPt'Me, complex,3.5, in CD;CN
(22°C, 400.131 MH2)
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3.5 underwent comipte H/D exchange of the 'me, fragment upon dissolution in
CDsOD within 10 minutes, without noticeable protonolysis of th&N#& fragment
according to thé'H-NMR spectra, which shows four multiplets of equal intensity
corresponding to the pyridine hyyens. Thelewn coupling of 28.8 Hz (400 MHz) of
the orthepyridine hydrogen is typical of Prtomplexes with Pbound trans methyl
groups. Unlike 1.15 3.5 reacted extremely slowly with GDD to form the
monomethylPt' complex,3.6-ds. No exchange ahe B-OMe fragment was observed
by H-NMR in the course of the reaction. Hence, the new lig&t,makes the
derived Pt complex,3.5, less basic and less electnach rendering the Btcenter in
3.5less susceptible to protonolysis of one of the Pidgments than in th@pdmb}
analogue1.15 After careful monitoring of the reaction, quantitative conversion of
3.5t0 3.6-ds was found to have occurred in 2h. EBIS showed a peak at 460.1, a
mass 6 units higher than that calculated¥@ consistehwith the presence of Rt
bound CR and OCDR fragments.3.6-ds did not react further with CiOD and
according to NMR, no decomposition in solution was evident up to 2 days at room

temperature3.6 was synthesized accordingly in methanol.
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Figure 3.3: 'H-NMR monitoring of reaction betweeB.5 and CROD (22 °C,
400.131 MHz) to form3.5ds (~5 min) and eventually3.6-ds (2h, quantitatively)

Notice traces 08.6-ds
(~5 minutes after dissolution)
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3.3.2 Synthesis of di(yridyl)(met hoxy)(methyl)borato-Pt"Y Mes complex

Scheme 3.4: Synthesis and reactivity of di(2-pyridy|)(methoxy)(methyl)borato-Pt'VMe;, complex, 3.7

(a) ®) B_'yle
Mel MeOH ,,,,,,@:'/,v ..... Me
THF NE /N/“pt\me
3.7 1.26
(quantitiative)
© MeO\@ MEO\ °

B—Me
{ \OMe

CD,0D g
12h, 80°C { e
IV R - CJaF.tlv ----- Me N “um,Pt..n\mMe
-CH N/| ~~Me N/| Me
4 Me Me
3.8 3.9
(hypothetical) (hypothetical)

The dimethyPt' complex,3.5 reacted with methyliodide to form the trimetstY
complex,3.7, as shown in Scheme 3.4(8)7 is identical to the product obtained by
Khaskin [34] by dow reaction ofl.26 with methanol (c.f. Scheme 1.8), as shown in
Scheme 3.4(b). According to tH&l-NMR spectra(c.f. appendix g31) no GH
agostic interaction of the-Ble fragment with the Pt center was present. The B
OMe fragment however, with a sthdptn coupling constant of 15 HECDClz, 500
MHz) clearly indicative that the ®Me fragment sufficed as thd"@éixial ligand at
the Pt center, trans to a strongly traimdluencing axial PY-Me fragment. The
higher preference of the-BMe over an agstic GH is expected due to better
donicity of the lone pairs on the-&@om as opposed to-& bonds of the BVMe
fragment. The structure &.7, shown in Figure 3,4was established using-rday
diffraction of a single crystal grown from a dichloromethawéutton by vapor
diffusion with pentanes. In the-kay structure, the bridging-@om is tightly bound

to both the B and Ptcenters, with distances of 1.55 and 2.21 A, respectively.
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Figure 3.4 X-ray structure of di(zyridyl)(methoxy)(methyl)boratd®tVMes
complex,3.7

The bridging BOMe fragment is basic enough to be protonated by acid.'fhe

NMR of a THFRds solution of3.7 acidified with 2 equivalents of 50% HBFshows a

singlet at 3.35 ppm, corresponding to freesOH produced as a result of ppoation

and loss of the bridging-BMe fr agment . However, unl i ke
trimethy-PtY complexes ¢8], 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 (68b:+=68.5 Hz, 400 MHz) and 1.02 ppm

(3H, Jpen=74.0 Hz, 400 MHz). To confirm this hypothesist®&-labelled derivative,

3.7* was synthesized by reactiBg with 3CHal.
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Figure 3.5 ¥C-NMR spectrum of3.7* in CDsOD (22 °C, 500.132 MHz) showing
statistical 1:2 distribution ofC labelled PYMe fragments Jp.c=678 Hz, axial Jp:
c=764 equatorial)

5.2209
8.3080
-40m
113452
116145
14,3826

-8 -8 - 10 -12 =14 [Fpm]

The 3C-NMR spectra revealed completéC/3C scrambling, i.e. both axial and
equatorial PtMe fragments had imporated*3C in the statistical 1:2 integral ratio.
Extending the timé r ame o f Khas k B4 8.8is stables in CBO®t i ons
solution for at least 10 days. No changes in #HeNMR spectra of the CEDD

solution of3.7* was observed upon heating at°& for 12h.

3.3.3 Oxidation of di(2pyridyl)(methoxy)(methyl)borato-Pt" Me2 complex

Owing to relatively slow reaction 03.5 with methanol, compoun@®.5 could be
selectively oxidized in methanol unlidel5 for which only much less acidic solvents
suchasisopropanol or ethanalould be used to avoid excessive protonoly34. [3.5
was dissolved in methanol in the glebex and quickly exposed to.Cor 10
minutes. AH-NMR spectrum recorded in CDChfter stripping away methanol

showed signals correspding to two sets of compounds, in the ratio 3:1.
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Scheme 3.5: Oxidation of di(2-pyridyl)(methoxy)(methyl)borato-Pt"Mez complex, 3.5, in methanol:
methyl migration and ligand retention

MeOH (major)

H .B
10min ‘I/\ \(l')Me

3.5

3.9, corresponding to ‘ligand retention'
(minor)

Interestingly, the major fraction of the corresponde®.® the product of methyl
migration, as evident from a signal at 1.29 ppm witbe@ coupling of 78.0 Hz,
consstent with the presence of a BQMe) fragmenttrans to it. A singlet at 0.85
ppm, with Jren coupling of 68 Hz, matching in intensity to that of the equatorial
PtYMe;, fragment of the major producs.8, was also visible. The presence of the
bridging B(itOMe) fragment with a smallk.+ coupling of 12.3 Hz is consistent with

the presence of a trans “PMe fragment. Four multiplets corresponding to
resonances of the pyridine fragment matching in intensity to those of the major

product,3.8, could also bedcated.
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Figure 3.6 H-NMR spectrum in CDGI(22 °C, 400.131 MHz) corresponding to the
mixture of products 3.8 and 3.9) produced upon oxidation of dK{2
pyridyl)(methoxy)(methyl)borat®t'Me; complex,3.5
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On the other hand, a singlet at Ogiim with Jrtn coupling of 70.2 Hz, matching in
intensity to the minor produc8.9, is consistent with its assigned structure, i.e. the
equatorial PYMe, fragment. As opposed to that B8, the bridging B(gOMe)
fragment in3.9 with a much largedren coupling of 27.0 Hz, is consistent with the
presence of a shorter-BICH; bond due to weakly trariafluencing PY-OH (axial)
fragment. A broad singlet at 0.46 ppm, corresponding to the residual BMe fragment,
and four multiplets corresponding to resoresof the pyridine fragment matching in
intensity to those of the minor produ&t9, could also be located. It is important to
note here that although each of th& Products, viz3.8 and3.9 are expected to be

chiral due to the presence of a nlaile chiral bridging B(gOMe) fragment in
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either,signals corresponding to naguivalent pyridyl and methyl grougsuld not

be resolved by NMR spectroscopy.

In order to investigate the origin of the methoxy group3.8and3.9, we performed
oxidation of3.5in CDsOD and closely looked at tHel-NMR spectra of the mixture
after oxidation. According to the NMR spectra, and by comparison to the NMR
spectra of3.5-ds obtained immediately after dissolution in €ID, none of the
starting material remained. A ticeable degree (n) of H/D exchange of théMrb
fragment in3.5, with CD:0OD, 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 stvn in Scheme 3.6, were visible in thd-NMR
spectrum.

Scheme 3.6: Oxidation of partially deuterated di(2-pyridyl)(methoxy)(methyl)borato-Pt'Me,, 3.5 complex in CD;0D:

origin of bridging B(u-methoxy)Pt"V fragments
MeO o

B
@/ \?CD3
® ~CH D
N, IV (3-n)“n
Pt
~N | "~CH3.n)Dn,

Na 3.8-d(43), corresponding to 'methy! migration'
CD,0D (major)
—_—_— +
0, Me o

10min B
5 \OMe

Nm.....,.@,l.tuv----"cH(s-n)Dn
—N | T~CH3.n)Dy,
oD
3.9-d(n+1), corresponding to 'ligand retention’
(minor)

The spectral pattern did not change even after exposing the sas@®G@Dlution to
O for an additional 1h, indicating that oxidation was already complete in théefirs
minutes of exposure toQuling 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 largértn of 78 Hz but no evident Batellites, correspaled to

the axial PY-Me fragment in3.8-dn+3), Where n represents the degree of deuteration
prior to oxidation. No signal corresponding to the bridging -Bigthoxy)PV
matching in intensity to this major product was visible, indicatingg@D as its
origin. A broad singlet at 3.6 ppm of intensity matching to the major product was
concurrently assigned to the exo BO{Zkgment of3.8-dn+3).

Figure 3.7: 'H-NMR spectrum 083.8-dn+3)and3.9-dn+1) in CDsOD (22°C, 400.131
MHz) produced upon oxidation of partially  deuterated  dif2
pyridyl)(methoxy)(methyl)boratét'(CDs.nDr). complex, 3.5-d, Note the signal at
2.99 ppm corresponding to the@CHs fragment 0f3.9-dn+1y) andthat at 1.20 ppm
corresponding to the nesreuterated Pie fragment o3.8-dn+3)
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On the other hand, all resonances corresponding to tde2fragment of the minor
product, 3.9dn+1) showed Dsatellites, 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 correspondinglptn coupling of 78 Hz, consistent with the presence of a trans
PtV-OD fragment, as would be expected 308-di+1).

Based on these labeling experiments, the bridgingrBéthoxy)P¥ in the major
product corresponding tmethyl migratio originates from solvent, whereas that for
the minor product correspondingligand retentionoriginates from the ligand.

We hypothesized that the result of the oxidation reaction reflects the composition of
the starting materiaB.5, as an equilibriunmixture of3 . &@3 . Sn&dution, with

an exeBOCHs-endeBCHsz in 3 . &4 endeBOCHz-exoBCHz in 3 . 5a8 $hown in
Scheme 3.7. Eaatf these isomers undergo@sdation to yield distinct products.

Scheme 3.7: Isomerization of di(2-pyridyl)(methoxy)(methyl)borato-Pt" complexes
Na® Na
Meo\g/me Me\(—B)/OMe
/ Equilibrium 1: [3.5")/[3.5']; AG = -RTInK,
Equilibrium 2: [3.6")/[3.6']; AG = -RTInK,

X = Me, 3.5"
X = OMe, 3.6"

According to DFT alculations [2], the isomerization between the struct@resénd

3 . @mdd&hat betweeB . &nd3 . &G r esponded to a Gi bboés
(MeOH solution, 298K) of 3.8 kcal/moland 3.5 kcal/mole, respectively. The
calculated69] equilibrium corstants (298 K) for the isomerization 8f. &d3 . 5 6 6

and that of 3. 6ahd3 . 6aded 1.6x1F and 2.6x16, indicating significant
predominance of the (endoethyl, exemethoxy) isomer (i.e3 . ®ro63 .)6id

solution. The!H-NMR spectrum of3.5in CDsCN andCDsOD 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 migrationrandligand retention Thus, if the rate of oxidation is slower than
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the rate of isomerization, the ratio of the product correspondingetbyl migration
andligand retentionis not governed by the equilibrium ratios of the starting material,

but by the different rates of oxidatiofitbe individual isomers.

3.3.4 Oxidation of di(2pyridyl)(methoxy)(methyl)borato-Ptli(Me)(OMe)

complex

Scheme 3.8: Oxidation of di(2-pyridyl)(methoxy)(methyl)borato-Pt'(Me)(OMe) complex, 3.6, in methanol:
methyl migration and ligand retention

o,
MeOH (50%)

10min (\ \?Me

3.6

3.11, corresponding to ‘ligand retention'
(50%)

The oxidation of3.6 was performed by dissolving5in methanol, waiting for 2h, as
shown in Scheme 3.3(b), and thexposing the solution to 0A H-NMR spectra
recorded in CDGlafter 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 withJpeq of 78 Hz and at 1.48pm with Jeen Of 67.1 Hz were consistent
with the axial and equatorial 'PtMe fragments in3.1Q respectively. On the other
hand, singlets at 1.75 ppm wila.n of 69.2 Hz and 0.49 ppm were consistent with
the equatorial Pt-Me fragment and residual Bdifragment in3.1Q respectively. A
lonestanding singlet at 3.11 ppm wiflaty of 18.5 Hz could also be assigned to the

bridging B(+xOMe)Pt¥ fragment of3.11 Although, the fortuitous product ratio of
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1:1 made it very difficult to assign NMR signals @sponding to the pyridine
hydrogens to the respective compounds, the identitie8.D® and 3.11 were

additionally confirmed by ESMS.

3.4 Conclusions

Based on the limitations imposed by a figeineration di(zyridyl)dimethylborate
(dpdmb) ligand towats oxidative functionalization of Rhydrocarbyl fragments in
derived complexes, a secogdneration di(zyridyl)(methoxy)(methyl)borato borate
ligand was conceived. A new, convenient and Higiding synthetic route with
dpdmb ligand as the startingaterial was developed. Derived"Rte; complexes
were found to behave similarly to (dpdmb)YRe, complexes with respect to'Pvle
protonolysis, albeit reacting a bit slower, which is presumably due to a less electron
rich ligand. However, the new ligand sufficiently electrofrich in that it enables
facile oxidation of even the derived'fle)(OMe)complex. Products corresponding

t o bneethyh migratiod alnidg adn d  werd observed,consistent with the
fast rate of oxidation of both rapidlgquilibrating diastereomeric 'Ptomplexes.
Although replacement of one methyl in dpdmb for a methoxy does not completely
p r e voxidativelydinduced methyl migratibn, t he st ruct ur al depenct
distribution is suggestive of future directiomvolving (i) a bulkier alkyl group (c.f.
ChapterlV for additional restrictions) or (ii) dimethoxy borate (c.f. Chaptefor

demonstration of redox reactions)
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3.5 Experimental Section:

3.5.1 Preparation of MeBPy2. TFA, 3.4 by reaction with TFAd:

15mg d 1.14was dissolved in 0.6 mL TFA insidethe glovebox in a Young tube
the tube sealed and'BH-NMR was recorded. The NMR tube was then immersed in
an oil bath at 186C. The sample was monitored By-NMR over time. According

to the NMR, after a per of 24h, complete protonolysis of one of the BMe
fragments had occurred to for@4, along with the formation of Ci. No other
products were observed.

Before reaction, 1.14in TFA-d (22°C, 400 MHz, TFAd , ppm) U: 0.12 (s
B(CHs)2), 7.47 (vt, 2HJ=7.3 Hz), 7.66 (d, 2H]=8.6 Hz), 8.01 (vt, 2H)=7.9 Hz)

After reaction, 3.4in TFA-d (22°C, 400 MHz, TFAd , pp m) Jox=2.00Hz,02 ( t ,
CHzD), 0.56 (s, br, 3H, BC¥), 7.637.77 (m, 4H), 8.24 (vt, 2H}=7.7 Hz), 8.56 (d,
br, 2H).

3.5.2 Synthesis ofodium (Me)(MeO)BPy, 3.1

Based on the NMR reaction, protonolysis of 2dL.df4 (10 mmol) was performed in

5 mL TFA in a Schlenkube under similar conditions. ESYIS of an aliquot of the
reaction mixture showed a peak at 183.1, correspondirgdicand none at 199.1
corresponding td..14 The reaction mixture was exposed to high vacuum to yield a
brown colored gelike material. A 4mL methanolic suspension containing 4g
NaOMe was slowly added to the Schldnke at 0°C with rapid stirring.
Immediatelyupon addition, copious amounts of brownltke material formed. The
Schlenktube was warmed to roetemperature, and stirring was continued for a
period of 4h. After this time, only fine white precipitate could be seen suspended in a
brown colored supeatant. The mixture was stripped to dryness under-faginum

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 hexanesaaffed 2.0 g oB.1as a beigeolored powder,

in 87% yield.3.1, although clean byH-NMR and'*C-NMR spectrosocopy could not

be obtained as an analytically pure compound presumably due to the presence of
sodium trifluoroacetate.

'H NMR (22 °C, 500 MHz, IMSO-Ds, ppm) U: 0.3)1%0 ({84, 3H, B
BOCHs), 6.786.80 (m 2H, py5-CH), 7.257.31 (m, 4H, py-CH, py3-CH), 8.33
(td, 2H,J=4.6, 1.3 Hz, py6-CH)

C NMR (22°C, 500 MHz, DMSGDs, p pm) {i: 53011890, 125990, BOCH
132.80, 147.81, BHound Carbn atoms not seen due tecBupling

ESI-MS of a methanolic solution, Found: 213.14, Calculated 213.12

3.5.3 Synthesis of sodium (methoxy)(methyl)di(2-pyridyl)borato -Pt' Me2
complex, 3.5:

250 mg (1.06 mmol) ofl..14 and 304 mg of [MgPt(i-SMe)]2> (1.06 mmo) were
combined in a vial and 3 mL THF was added to it with rapid stirring. After a period
of 3h, the lightborown solution formed was stripped to dryness to obtain an
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amorphous solid. Recrystallization from THF with heptanes afforded 443.5as a
beigesolid in 92% yield. Comple8.5is highly unstable and could not be obtained in
analytically pure form. The sample was, however, satisfactorily clean by NMR
spectroscopyc.f. *C-NMR spectra: appendix-p30)

'H NMR (22°C, 400 MHz, CRC N, p p m) +Risatelites,6H Jp{=81 Hz,
PtMe), 0.53 (br, 3H, BMe), 3.32(br, 3H, BOMe), 6.82 (t, 2H46.3 Hz, py5-CH),
7.49 (td, 2HJ=7.6, 1.7 Hz, py4-CH), 7.62 (d, 2H,=8.1 Hz, py3-CH), 8.65 (d+Rt
satellites, 2HJptn=25.2,J=5.5 Hz, py6-CH)

13C NMR (22°C, 500 MHz, CRC N, p pl8y2 (s+Psatellites Jp.c=812.7 Hz,
PtMe), 6.768.68 (br, BMe), 51.7 (s, BOMe), 121.15, 128.39, 133.35, 150.80,-183.0
187.5 (br, py2C)

ESI-MS of a THF solution: 438.11, Calculated: 438.13

3.5.4 Preparation of @&dium  (methoxy)(methyl)di(2-pyridyl)borato -
Pt (CDs3)(OCD3) complex, 3.6ds:

15 mg of3.5was dissolved in CEDD in a Young tube and#-NMR was recorded.
According to the NMR, methanolysis of one of the PtMe fragments was slow. The
reaction was monitored over time and after aqueaf 2h, quantitative conversion of
3.5t0 3.6-ds was observed. Exchange of theCB/e fragment with solvent was not
observed in the course of the reaction.

(3.5ds, 10 minutes after dissolution in GDD)

H NMR (22°C, 400 MHz, CROD, ppm)li: 0. 46 ( bay 1.87 ém, 2.88H, BCH
THF), 3.16 (br, s, BOCk}, 3.72 (m, 2.8H, THF), 7.0 (m, br, 2H,$yCH), 7.567.71

(m+m, 4H, py3-CH, py-4-CH), 8.56 (d+Psatellites, 2HJ=5.4, Jp:+=28.8 Hz, py6-

CH).

(3.6-ds, 2 hours after dissolution in GDD)

'H NMR (22 °C, 400 MHz, CROD, ppm) u: 0.78 (s, 3 H, B M
THF), 3.46 (s, 3H, BOMe), 3.72 (m, 2.8H, THF), 6.72 (dd, 3#5.8, 2.0 Hz, py6-

CH), 6.99 (dd, 1H)=5 . 4, 1 -5€H)H247.5p(y)n,63H, py3-CH, py-4-CH,

py-&H), 7.65 (d 1H, py3-CH), 8.51 (d+Psatellites, 1HJpH=55 Hz, py6-CH,

trans to PIOCDs), 8.74 (d+unresolved Rt at e | | i t6€CHl, trand tblRCD§ y 0

3.5.5 Synthesis of adium (methoxy)(methyl)di(2-pyridyl)borato -Pt"' (Me)(OMe)
complex, 3.6:

Based on the NMReaction, 100 mg 08.5 (216 pmol) 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 n®)6fin 89% yield.According

to the NMR spectra, exceof 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.

'H-NMR (22 °C, 400 MHz, acetonds, ppm) U: O0.53 ($&Pt, s, 3H,
satellites, 3H,JrtH=82.3 Hz, PtMe), 3.27 (could not be integrated due to overlap with
methanol), 3.52 (s+Matellites, 3HJp=53.3 Hz, PtOMe), 6.71 (vt, 1H=6.8 Hz,

63



py-5-CH), 6.97 (vt, IHJ)=7 . 1  HbLCH), 7049766 (m+m+m, 3H, py-CH, pyd
4-CH, py3-CH), 7.6 (d, 1HJ=7 . 1 FBzCH), §52 (d+Pskatellites, 1HJ=6.5,
Jren=53 Hz, py6-CH, trans to PtOMe), 8.84 (d+unresolvedsBtellites, 1HJ=4.7
Hz , -64€M,drans to PtMe).

ESI-MS of a methanolic solution basified with NaOMe: 454.Calculated: 454.13
3.5.6 Synthesis of (methoxy)(methyl)ditdyridyl)borato -Pt'"Y Mes complex, 3.7

100 mg3.5was dissolved in 2mL THF and 25 pL Mel was added to it. After a period
of 10 minutes, the contents of the vial were stripped to dryness to @bpaiwder.

The powder was rdispersed 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 highuum to obtain 100 mg of a 97
mg of 3.7 in quantitative yield. Crystals suitable for-rdy structure determination
were grown by layering the dichloromethane solution with pentanes.

H-NMR (22 °C, 500 MHz, CDC4, ppm) u: 0.47 (s, -br, 3 H,
satellites, 6HJph=67.7 Hz, BMe>, equatorial), 1.16 (s+Hatellites, 3HJ=77 Hz,

PtMe, axial), 3.13 (s+Rtatellites, 3HJptn=12.3 Hz, B(HOCHs)PtY), 7.06 (m, 2H,

py-5-CH), 7.54-7.61 (d+m, 4H, py4-CH, py-3-CH), 8.33 (d+Psatellites, 2H,)=5.6,

Jptn=15.9 Hz, py6-CH).

13C NMR (22 °C, 500 MHz, CDC4, p p mil)l.9 @+Pssatellites,Jp.c=763 Hz,

PtMe, axial),-9.3 (stPtsatellites,Jr.c=676 Hz, PtMe, equatorial), 0.82.47 (br,

BMe), 52.7 (s, B(HOCHs)PtV no PtC coupling), 121.8 (s+Riatellites Jp.c=18 Hz),

127.6, 135.7, 144.8 (s+Batellites, Jpec=20 Hz), 178180 (py2-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 of3.5was dissolved in methanol in the glebex and quickly taken out and
exposed to @for a period of 10 minutes. After this peridtle solution was stripped
to dryness to obtain 52 mg an amorphous powdetHAMR of the mixture in
produced the following peaks, resolved based on known ratBo8af3.9= 3:1 3.8
and3.9have similar solubility in THF and chloroform, and could nosbparated.
H-NMR of 3.8 (22 °C, 400 MHz, CDC, ppm) U :-sat@lite§ BH I s + P t
H=67.9 Hz, PtMg equatorial), 1.19 (s+Ratellites, 3HJrtv=78 Hz, PtMe, axial),
3.14 (s+Pssatellites, 3H,Jpen=12.3 Hz, B(HOCHg)PtY), 3.07 (s, br, 3H, BOMe,
ex0), 7.11 (td, 2H,J=5.4, 1.8 Hz, py6-CH), 7.63 (vt, 2H,J=7.7 Hz, py4-CH,
overlapping with py-CH of 3.9), 7.72 (d, 2H,J=7.7 Hz, py3-CH), 8.34 (d+PRt
satellites, 2HJ=5.6 Hz,Jptn=16 Hz, py6-CH)

'H-NMR of 3.9(22°C, 400 MHz, CDG, p p m) ,ibr, 3HDBM4)61.34 (s+Pt
satellites, 6H,Jr:n=70.2 Hz, PtMe equatorial), 3.05 (s+Ratellites, 3HJptn=27
Hz, B(-OCHs)PtY), 3.48 (s, br, 3H, BOMe, exo), 7.16 (vt, 2H6.7 Hz, py5-CH),
7.55 (d, 2HJ=7.7 Hz, py3-CH), 7.63 (2H, overlapping witpy-4-CH of 3.8), 8.61
(d+unresolved Psatellites, 2HJ=5.9 Hz, py6-CH).

ESFMS of a methanolic solution containirgy8 and 3.9: 438.1 8.80OMe)", 456.1
(3.HM
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3.5.8 Oxidation of 3.5 in CBOD to form 3.8-dn+3)and 3.9dn+1) in the ratio 3:1

15 mgof 3.5was dissolved in CEDD in the glovebox in an NMR tube and quickly
taken out and exposed te @r 10 minutes. AH-NMR was recorded after this time.
The'H-NMR spectra was not resolved to correspond to individual products.

'H NMR (22 °C, 400 MHz,CD;OD, ppm) U :1H,BCH)40.82 &+tRt br |,
satellites+Dsatellites, Pt(CkD )2, Jren=~66 Hz, could not be reliably integrated),
1.19 (st+P1satellites, no Bsatellites,3H, Jetn=~78 Hz), 2.99 (s+Psatellites,1H, Jp+
H=28.6 Hz, Bu-OCHs-Pt), 3.6(s,3H, BOCH), 7.2 (vt,2H), 7.26 (vt,0.66H), 7.6 (d,
0.66H), 7.67 (d,2H), 7.707.77 (m,2.66H), 8.40 (d+Psatellites2H, J=7.0,Jptn=17

Hz), 8.62 (d+unresolved Ratellites0.66H).

3.5.9 Oxidation of 3.6 in methanol:

25 mg of 3.5 was dissolved methanol in a reaction and stirred inside the glowe
for a period of 2h. After this time, it was taken out and exposed forQ0 minutes.
The solution was stripped to dryness and the mixture was analyZétH\yIR and
ESI'-MS. The H-NMR spectra wa not resolved to correspond to individual
products. Only definite assignments are noted.

H-NMR of a mixture of3.10and 3.11 (22 °C, 400 MHz, CDC4, ppm) 0.48 (3H,
BMe), 1.43 (s+PRsatellites, 3H,Jrtn=68.4 Hz), 1.74 (s+Fiatellites, 3H,Jptn=77
Hz), 1.94 (s+Pisatellites, 3H,Jren=68 Hz, PTMe axial3.10, (overlapping s+Pt
satellites, 3.1, 3.16, 3.17, 3.24), 3.65 (s, br, 3H, BMe, 8xtl), 7.027.16 (2H),
7.177.25 (2H), 7.47 (d, 1H), 7.58.71 (m, 6H), 7.76 (1H), 8.0 (d+Batellites, 1H,
J=5.9 Hz, Jrtn=33 Hz), 8.41(d+unresolved Batellites, 1H), 8.53(d+unresolved Pt
satellites, 1H), 8.85(d+unresolved$ztellites, 1H).

ESFMS of a methanolic solution containirggl0and3.11 486.09 8.10H"), 472.09
(3.11H"); Calculated: 486.1, 472.1

Figure 3.8 ESFMS spectrum of solution containirdylOand3.11:

o .

2o “cth ‘k k
L AN .
was e : e
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Chapter 4Aerobic Oxidation of di(2oyridyl)-1,5
cyclooctanediylborat®t' complexes: @C and C=C coupling at

the Boroncenter via multiple @activation

4.1 Proposal

In our attempts towas developing di(zbyridyl)borate ligands that would retain the

anionic borate center upon oxidation of derivedd &mplexes, we considered a
bicyclic borate center .41[70,sapshowaid Schegme Tr of i m
4.1(a), we conceived a dipdyl analogue, Vviz. di(2-pyridyl)-1,5
cyclooctanediylborate, 4.2, as shown in (b). According to Trofimenko, the
bis(pyrazolyl) anal ogues exhibit 6enhance
owing to the pseudoaxial bridgehead hydrogen forced intee gbosximity to the

metal, 4.3 [70]. Furthermore, for a Co(lll) center bound to two such ligands, the
propensity of t he -Hbong lactton teasityécdnomamifeseid t h e
two axial agostic interaction3().

We anticipated that such interactiavould provide the necessary sixth axial ligation

in an octahedral P{OH) complex generated via:Qctivation (c.f. Scheme 1.3)

while resisting Bto-PtV hydrocarbyl migration due to the constraints imposed by the

bicyclic (9BBN) fragment. Other thanfaw substituteegpyrazolyl derivativesq1] of

the original ligand (4.1), to the best of our knowledge, there are no reports of anionic

borate ligands featuring theBBN fragment.
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Scheme 4.1 Bis(pyrazolyl) and new di(2-pyridyl) ligand featuring a 9-BBN fragment

B B
XeasIRIon®
—N N>~ ~N N~
41 4.2

4.2 Implementation

Synthesis of4.2 wasfirst attempted in a manner similar 1014 [35]. Typically, 2
equivalents of yridyl-lithium is added at78 °C to a dialkylbororprecursor in
ether, and upon working up, good to moderate yields of the protonated ligand are
obtained. A similar strategyvolving B-methoxy9-BBN was adopted, howevér2

was not observed upon wedp. ESIMS analysis revealed signals at M/z =200 and
157 corresponding to protonatétpyridyl)-1,5-cyclooctanediylborane4.4, and
protonateebipyridyl, respectively, as shawin Scheme 4.2(a). Disappointingly,
addition of up to 10 equivalents of@ridyl-lithium showed no changes in the ESI

MS spectra and no signals at M/z = 279, corresponding to diproteh&edere

seen. We presumed that the sténitk at the boroftente requires higher activation
energy for the attack of the second pyridyl fragment, and higher temperatures might

be required.
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Scheme 4.2 Synthetic approach towards di(2-pyridyl)-1,5-cyclooctanediylborate
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THF, 25-80°C
HCI work-up

OMe
OMe

Based on the demonstration of the use of the more thermally stgiyadgl-
magnesium halides the synthesis of boron compounds at resemperatures bgui

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 eyalents of 2pyridylmagnesium chloride after 24h

at 25°C, revealed, in addition to an intense peak at M/z 200, agm®ak at M/z 279
indicating the formation of @@-pyridyl)-1,5-cyclooctanediylborate4.2 To increase
rates of reactions reaction nxture containing Bmethoxy9-BBN and 3 equivalents

of 2-pyridylmagnesiumchloride in THF was ramped to “@and the progress was
monitored by ESMS, owing to the complicated nature of tH&-NMR spectra of
aliquots. After 24h, the only observable sigmals that of H4.2". Acid workup

with HCI led to the formation of needlike crystals of H[4.2Cl. Single crystal X

ray diffraction in conjunction withtH-NMR and elemental analysis was used to
definitively confirm the identity and purity of the ligandin ORTEP representation

for Ho[4.2)Cl is shown in Figure 4.1 along with relevant geometric parameters.
Notice that the Bcenter displays a contracted®@11)5C®"9q15) angle of 10%

consistent with a tight framework owing to the tetheredlkgls of the 9BBN
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moiety. Naft.2] was obtained by treatment bi[4.2/Cl with NaH. C.f. appendix pp
133-134 for'H-NMR and**C-NMR spectra.

Figure 4.1 X-ray gructure of protiedi(2-pyridyl)-1,5-cyclooctanediylborate, HCI
salt 4.2H.Cl

4 3 Results ad Discussion

4.3.1 Synthesis of di(yridyl) -1,5-cyclooctanediylboratePt! complexes

With our new ligand at hand, derived dimethy.5 and diphenyl 4.6) Pt
complexes were synthesized from the sodium salt4&a[in excellent yields
according to ®ndard literature procedure, as shown in Scheme 4.3.

Scheme 4.3: Synthesis of di(2-pyridyl)-1,5-cyclooctanediylborato-Pt" complexes
0.5 [Me,Pt'"(SMe,)],

or
1.0 Ph,Pt"(SMe,),

THF, 3h
-SMe,

4.5R =Me, 91%

Na[4.2] 4.6 R = Ph, 94%
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Figure 4.2 'H NMR spectrum oft.5in CDsCN (22 °C, 500.132 MHz)
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Both 4.5and4.6 are stable in aprotic solvents in the absence.dbat least 24h at
roomtenperature.4.5reacts vigorously with water in the presence of an alkane such
as cyclohexane to form the olefin hydride compkeX, and in the presence of a good
donor such as dimethylsulfide to fon8. This reactivity, shown in Scheme 4.4, is
expectedand similar tal.15

Scheme 4.4: Reactivity of sodium di(2-pyridyl)-1,5-cyclooctanediylborato-Pt'Me, complex, 4.5

The H and**C NMR spectra o#.5 and 4.6 (c.f. appendix pp. 13%36) show the
presence of &s symmetric species in solution, whereas that4drand 4.8, aC;
symmetric speciegc.f. appendix pp. 1I3140) Amidst the complex multiplets

corresponding to the-BBN fragment in Pt-complexest.5, 4.6, 4.7 and4.8, one well
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resolved signal integratintp 1 hydrogenappears considerably downfield at ~4.5
ppm. This signal, assigned to the é@GH of the 9BBN fragment, showed no
significant NOE response th5and4.8to any pyridinehydrogens which would have
been expected for proximity. Distinction between¥HeNMR signals of the exo and
endo bridgehead BCH signals were made by DE® 90 and 135 sp&goscopy. We
presume the downfield shift of the eBOCH as opposed to the 0Ono
shift of the enddBCH 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 respoense. X
ray structure of a representative stablé ®mplex @.8) featuring an intact-8BN
fragment with clearly resolved es®CH *H-NMR signal is shown in Figure 4.8 is
important to note that theX®8Pt and C"“B Pt angles iM.8are 175.7° and 72.4°.

Figure 4.3 X-ray dructure of di(2-pyridyl)-1,5cyclooctanediylborato
Pt'(SMe)(Me) complex 4.8

A stable trimethyPtY complex,4.9was synthesizd from the dimethyPt' complex,
4.5 by reaction with methyliodide. Comple®.9 features a P4-CH agostic

interaction, as shown in Figure 45 A di rect proof of oO0enhanc:eé
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mani fests i n -@HiBthdstance. The 2.91 AB)C-Rt\li contact is
significantly | onger (CH)-dordtiot t tthe ®Plecentarn s y mme t r
Interestingly, the BBN fragment is tilted by ~10° towards thePtenter in4.9in

order to accomadicPd tcentact, kvidentsfiora th CC5Pt and

Ce"iE Pt angles of 165.8° and 62.4°, respectively. The signal corresponding to the

agostic GH fragment in the'H-NMR spectra 0f4.9 , shown in Figure 4.4has a

considerable upfield shift3.36ppm, CRClz) with highe Jeen coupling of 207 Hz

(500MHz, CDClI2) in comparison to that a0.91 ppm withJetn coupling of 58.1 Hz

(500 MHz, THFds) for (dpdmbPtVMes 1.26 [34]. The H-NMR signal

corresponding to the eX8CH of the 9BBN fragment in4.9 shifts back to the

Olai phaticd region, i nt e gh solutiom Hvo sets, vit.H at 1.
axial and equatorial PtMe fragments 4B could be clearly seen in tH€C-NMR

spectrum, shown in appendix1g1.

Figure 4.4 'H NMR spectrum o#.9in CD,Cl, (22 °C, 500132 MHz)
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Figure 4.5 X-ray structure of i§2-pyridyl)-1,5-cyclooctanediylboratd®t’Mes
complex,4.9

The closer proximity of the H atom to thePtenter manifests itself in a more
hydridic character. In contrast th.26 which reacts with metmal at elevated
temperatures to forrh.22along with the elimination of methang4], 4.9 was found
to be resistant towards-B-PtV hydrocarbyl migration under similar conditions.
Attempts to deprotonate the agostieHCbond in4.9 with a strong base shcas
NaOMe in MeOH was unsuccessful at elevated temperatures of up teC1@®

expected due to the constraints imposed by {B8M fragment.
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Scheme 4.5: Protonolysis of di(2-pyridyl)-1,5-cyclooctanediylborato-Pt'-dihydrocarbyl complexes
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Similar to the (dpdmb)PtMecomplex, 1.15 4.5 reacted instantaneously with
methanol along with visible evolution of methane (vide infra) to form, based on its
'H-NMR spectra, theCi symmetric monomethyl complex4.1Q similar to
(dpdmbPt(Me)(OMe), 1.21, as shown in Scheme 4.5(a). On the other hand, the

monomethyl Pt complex4.9, reacted slowly with methanol over a period of 24h to
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form an 61 complex,d.nli ualiée 1.RItwhich did not undergo further
methanolysis. This contrast is due to a more baslecétter in4.9 due to the
presence of a more electron donatbayate ligand, i.e4.2 The 'H-NMR spectra
recorded immediately after dissolution 4f5 in CD3OD corresponds tet.10-ds,
which was also confirmed by ESWS. The absence of signals corresponding to
either evolved CH or a PY{CHs fragment in theH-NMR spectra recorded
immediately after dissolution @f.5in CDsOD is consistent with rapid H/D exchange
between CROD and4.5 that involves transient intermediatésl?2 and 4.13 before
expulsion of C3 from the coordination sphere of Pt, as shown in Schengb)48o0
deuteration of either £H fragments of the BBN moiety was observed even after 3
days establishing its inertness towardbl @ctivation by the proximal Rtenter.

Figure 4.6: 'H NMR spectrum o#.10-ds in CDsOD (22 °C, 500.132 MHz)
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Although thediphenyl Pt complex, 4.6 is resistant towards methanolysis of the
Pt'Ph fragment, a sample df6in CDsOD underwent complete deuteration of the
Pt'Ph fragment within 8h at 20C after dissolution(Figure 4.7) evident from the
absence of the initigll visible PtPh *H-NMR signals. An aliquot of the NMR
solution analyzed by ESMS showed a signal with the mass increased by 10 mass

units compared tat.6, confirming the presence @f.6-dio. Interestingly,4.6-dio
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underwent complete H/D exchange in treverse direction upon dissolution in
CDsOH in the course of 4h, confirmed by the reappearance of tRé&Rignals.
Figure 4.7: 'H NMR spectrum of.§ 4.6-d1oin CDsOD (22 °C, 500.132 MHz)

(Immediately after dissolution)
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The difference in reactivity of.6 as opposed to that df5towards methanolysis can

be attributed to the Ptenter in4.5 being more electron rich and more basic due to
the presence of two electron donating Me fragments. Thus the initial protonation of
the PY center in4.5 is expected to be shifted more toward the hydRtdtMe;
complex, 4.12 as compared to a similar equilibrium betwetf and a derived
hydrido-PtYPh. complex, 4 . 1 @rice the consecutive equilibrium between the

PtVMe. complex, 4.12 and the Pi{methane) complex4.13 is established, the
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reaction proceeds irreversibly 4010 (or 4.10de) via rapid loss of gaseous methane.
For the diphenyl analogud,6, however, the fraction of the hydridRt"YPh is much
lower and the H/D exchge rate is much slower. Hence, in order to prepare a
monophenyl Ptcomplex, viz.4.14 at a fast rate, an acid stronger than methanol was
required. 1 equivalent of HCI generatedsitu by reacting TMSCI in methanol,
followed by treatment with subsequerdutralization with NaOMe, afforded complex
4.14in good yields(c.f. appendix pp. 14344 for*H and**C-NMR spectra) Theds-
derivative, i.e4.14ds can be similarly prepared by treatmentdd-dio with TMSCI

in CDs0OD followed by treatment with NaOGD

4.3.2 Oxidation of di(2pyridyl) -1,5-cyclooctanediylborataPt" complexes

Scheme 4.6: Oxidation of di(2-pyridyl)-1,5-cyclooctanediylborato-Pt'-monohydrocarbyl complexes

Na®

0,
MeOH
10 min
4.10, R = Me
414, R=Ph

Derived monohydrocarbyl complexes vi#.10 and 4.14 and dihydrocarby! Pt'
complexes viz4.5 and4.6, at hand, we set out to explore their tedty towards
aerobic oxidation. Solutions @f.10and4.14in CHsOH were exposed to Jor a
period of 10 minutes and upon drying a ligéh colored powder was obtained in
either case. Signals corresponding to eitheM®@tor PtPh fragments could noteb
locatedin theH-NMR spectra of either reaction product in druso Interestingly,
reaction products in either case was found to be an identicsyr@metric complex.

When the oxidation of either.100r 4.14was performed in CEDD, in addition to an
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identical set of aromatic signals in tH&-NMR spectra, singlets at 0.22 ppm assigned
to CHs and 7.32 ppm assigned tgHs were observed in the respective cases.

Figure 4.8 H NMR monitoring ofin-situ oxidation of4.10 in CDsOD (22 °C,
400.131 MHz)

(Before oxidation)
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X-ray structure determination on crystals grown by saturating a THF solution of the
product4.15with heptanes at20 °C revealed unprecedented reorganization of the 9
BBN fragment in the siting material (viz4.10and4.14 to a bicyclo[3.3.0]octyl
fragment in the final product (Scheme A4fgure 4.9. ESI-MS of the product
obtained from the oxidation @f.10in CD3OD revealed a M/z 6 units higher than that

obtained from the oxidation i€@H:OH, consistent with the presence of two QCD

78



fragments and the structure assigned for the anioficcéthplex,4.15 The PY-
bound OCH fragment in4.10 did not undergo substitution in the course of the
reaction. However, the ROCH; fragment in4.15 underwent slow exchange in
CD30D to form4.15do at elevated temperatures to fodrl5de. 4.15dy did not
afford further oxidation: a sample d4f15do prepared in CBOD was exposed to-0
and no changes were observed in'theNMR spectra even aftergeriod of 2 days.

Figure 4.9 X-ray dructure of di(2pyridyl)-B-methoxyB-
[3.3.0]bicyclooctanylborat®t' (OMe), 4.15

Similar 1-5 migration of the B alkyl of the 9BBN fragment was observed by
Brown et al 3] upon treating lithium tetralkylborate derivatives 09-BBN with
acetyl chloride to form-bicyclo[3.3.0]Jnonanyl dialkylborane. Such rearrangements
presumably led tdwydride migration[74] from the bridgehead #H fragment to an
accepting electrophile such as an alkyl and aryl halidgsdr acylchlorides 76]. In

our case, thehydrideaccepting electrophile is a "ROH) center generated via
oxidation (vide infra).

Based on this unanticipated reaction involving oxidativ€ Coupling at the boren

center [76], we next oxidized the dihydrady+Pt' complexes,4.5 and 4.6 in
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CH3OH. Owing to the stability off.6 in methanol, the oxidation &f.6 in methanol
was performed in straightforward manner. On the other hand, to avoid rapid
methanolysis of one of the'®e fragments (c.f. Scheme 4a§)(4.5was oxidized at

60 °C by adding a THF solution @f.5to a solution of @in methanol preooled to-

60 °C. In both cases, upon removal of solvent, #HeNMR spectra of the products,
viz. 4.16and4.17in CDCk exhibited no signals in the alipl@tregion matching to
the initial 9BBN or [3.3.0]bicyclooctyl fragment. As opposed to the oxidation of the
monohydrocarbyPt' complexes, the PtMand PtPhfragments were retained in the
respective cases. To be able to characterize reaction prodigetstong from the
1,5-cyclooctanediyl (BBBN) fragment by'H-NMR spectroscopy, oxidation ¢f.5
and4.6 were performed in CEDD in a sealable NMRube. Upon close examination
of the aliphatic region in th&H-NMR spectra, two new multiplets between-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 they@imetric species}.16 or
4.17 in solution. No methane or benzene was observed, respectivetgy X
diffraction was used to confirm the structurghown in Figure 4.100f the Pt
containing product of oxidation @f.6, i.e.,4.17. 4.17features two distinct ®ound
methoxy groups: an exo group showing no coupling of thela@ the Pt center in

the IH-NMR specta (c.f. appendix pp 14647), and an endo group showingJaex

of 22.5 Hz for the 083 fragment corresponding to a shorR®’ contact of 2.09 A

in the crywtatstructure, shown in Figure 4.10lo exchange of the either BOgH
fragments in4.17 was foundto occur in CROD for a period of up to 24h at room

temperature. The identity of the organic compound, viz-bic§clo[3.3.0]octene,
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4.18 was confirmed by*H and *C-NMR spectroscopy and GRIS of a GDi2

extract of the reaction mixture and comparisohtévature [/7]. Based on analogy to

the confirmed structure of.17, together with'H and *3C-NMR and ESI-MS, the
structure of the oxidation product 4f5, viz. 4.16 was proposed. Furthermore, ESI

MS analysis of the products of oxidation 456 perfomed in CROD, 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(Qz@nd PY-OD fragments4.16-

d7) originating from CROD only.

Scheme 4.7: Oxidation of di(2-pyridyl)-1,5-cyclooctanediylborato-Pt"-dihydrocarbyl complexes

B | OMe
MeOH
|\%N ,,,,,, LR
10 min /N/| ~R
NaOMe OH
4.16, R = Me
4.17,R=Ph +
D,;CO
\B\ 4.18
\ S
R=Me only (\\l OCD;
CD;0D(0,) | I /,N.,,,,,,,,J,t,v Me
3 2 T
N | Me
oD
4.16-d;

Figure 4.1Q X-ray dructure ofdi(2-pyridyl)-dimethoxyboratePtV -diphenythydroxo
complex,4.17




4.4 Mechanistic Investigations

Scheme 4.8: Possible pathways of the oxidatively induced (B)C-H bond cleavage, R = Me, Ph; X =R, OMe

O, / MeOH
‘ A
MeOD,
B
45/4.6/4.10/4.14
O, / MeOH

Although the oxidation of monohydrocarbt' (4.10and4.14) and dihydrocarbyl

Pt' (4.5 and 4.6) complexes result in very different outcomes, leading to a
reorganization of Bbound [3.3.1]bicyclooctyl fragment in the former, and complete
loss of bicylooctyl fragment altogether in the latter, we anticipated a sequential
mechanism involving similar initial GH bond cleavage /€ bond formation for
either case (Scheme 4.8). Three possibilities were considered: (A) formation and
subsequent transformation a tertiary radical intermediatg (B) formation and

subsequent transformations of carbanionic intermediat&.20, as well as (C)
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formation of a CHagostic PY-complex, 4.21, featuring an axial hydroxo ligand.
PtY(OH) complexes are typically encountered in the oxidation bhidrocarbyl
complexes with @in hydroxylic solvents78§].

We performed oxidation of two representative complexes4iz.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 TEdéA@:d
[79] new products werebserved in théH-NMR spectra as well as in the EBIS,
thus arguing against a radical mechanism (A). Furthermore, no produeddictd
formation, such a%l.22 as expected in the oxidation of carbmentered radical
intermediates §0] were observed. 4 rule out a onelectron oxidation pathway,
oxidation of4.6 was also performed with .. Products identical to those observed
for the case when Qwas used as terminal oxidant was observed (cf. sections 4.5 and
4.6).

No changes in thtH-NMR spectra o#.10-ds or 4.6-d1o prepared by dissolving.5 or

4.6 (respectively) in CROD was observed even after a period of 24 h. No H/D
exchange at either ligand bridgehead-B(ositions, leading to products such as
4.23was observed in either case, arguing agamisal C-H deprotonation, as shown
in Scheme 4.8(B). Thus, the most plausible reaction pathway for-thel€avage /
C-C coupling is that depicted in Scheme 4.8(C). Comgle4, bearing an agostic
BC-H-PtV bond, can undergo-B bond cleavage and-PXV bond formation, dubbed
oOhydrocar byl mi @)r ta formodr24 or (Inpleago ltomeested -C
coupl i mydrideamgchatio® t o 4.25,¢patmvay G). The DFFcalculated?2]

Gibbs activation energies of the transition state d8responding tohe conversion
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of 4.21to0 4.24and TS, corresponding to the conversionb®1to 4.25 were found

to be 17.5 kcal/mole and 9.1 kcal/mole, respectively (vide infra). The much higher
activation energy ofiydrocarbyl migrations in accord with the stabijitof the model
trimethykPtY-complex, 4.9 in methanol at elevated temperatures, as mentioned
before.4.21 (when R=X=Me) differs from4.9 in that the ligand trans to the agostic
CH fragment is a O0OHO6 Il igand in tThe for mer
presumed high reactivity of.21 towardshydride migrationas opposed to that9

can be explained by a much weaker trenflsience of the axial OH ligand, which
allows to bring the H atom in proximity to thePtenter, strongly encouraging
hydride migration This is observed in the DFT optimized structy@sof 4.9 and

4.21, shown in Figure 4.11the calculated distances between the agostic H and the
PtV center are 1.94 A and 1.76 A, respectively. It is worthy to note at this point that
the sameH-PtV distanceobserved in the Xay structure o#.9(1.99 A) is very close

to that projected by DFT calculations (1.94 A).

Figure 4.11 DFT optimized structures odi(2-pyridyl)-1,5-cycloctanediylborate
supportedPtYMes, 4.9 (left) andPtY(Me2)(OH), 4.21(right) complexes
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The proposed B1-Pt bridged intermediate4.25 can undergo an attack by a
methoxide ion, as shown in Scheme 4.9, to produce'ehfAiride complex4.26
presumed to be an intermediate featuring -gy#dyl)-B-methoxeB-
[3.3.0]bicyclooctylboratesupported monohydrocarbiit! (R=Me, Ph, X=OMe) and
dihydrocarbyiPt! (R=X=Me, Ph) complexes. The difference in outcomes of the
oxidation reactions stems from the possibility4o26to react via pathway (i) when
R=X=Me or Ph or via patlkay (i) when R=Me or Ph and X=OMe, as shown in

Scheme 4.9.

Scheme 4.9: Comparison of mechanism of oxidatively induced (B)C-H cleavage, 15t H" migration and C-C coupling

for both monohydrocarbyl- and dihydrocarbyl-Pt' complexes
o S g 1)

B

| Xy

i Xl -RH X ,jl

X=OMe "\%,Nu",‘th ,,,,, R — |\%N,)Pt..:gm§
_

N & L
L B

425 4.26 \ (\\\-B
i X 4.28 (R=Me); d
(ii) |\%'N”"’"‘Pt" ..... R .28 (R=Me); propose
X=R=Me, Ph P N~ TR 4.29 (R=Ph); NMR, ESI-MS

We presume that the complek26 is the point of divergence in the observed
reactivities of monohydrocarbyl and dihydrocarbyY Bomplexes:

(i) When X=0OMe 4.2 can afford loss of the OHragment from the Pt center, thus
establishing pathway (i) to form#.27. The cationic PY center in 4.27 may
additionally be stabilized by the methoxi@elonepairs. 4.27 reacts in a fashion
typical of 5coordinate PY(R)(H) complexes §1] via reductive elimination of

methane (when R=CHlor benzene (when RzBs) to form4.15 The absence of any
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hydrocarbyl groups makes the'Renter in4.15 electron poor, thereby rendering it
unable to oxidize further even when expose®4for extended periods of time.

(i) When R=Me, Ph and X=0OMe, loss of the Gidm the PY¥ center is less likely in

the absence of longair aided stabilization discussed in case (i). External attack of a
MeO onto the PY-H fragment in4.26 followed expulsion of OHleads to the
reduced Ptcomplex,4.28(R=Me) or4.29(R=Ph).

To prove the origin of the +dtom in the RH coupling products, samples 4f10-de
and4.14ds were prepared in CJOD and oxidized irsitu in a closed NMRube, to
ensure tht all volatiles remained in the NMt&be. Upon oxidation, a septet at 0.16
ppm assigned to CEH (Figure 4.12)and a singlet at 7.33 ppm assigned #D4E

were observed, respectively, along with quantitative (by NMR) formatiaghld¥do

in both cases. Sae all Ptbound hydrocarbyl and methoxy groups were deuterated in
the starting material, and the oxidation was performed igGLD the only origin of

the Hatom could have been the bridgehead®@roup of the 1,bicyclooctyl (3
BBN) fragment. Furthermoresince no other isotopologues of gHxn) (Where n>1)
were observed in the reaction mixture after oxidation of thedeoteratedt.10in
CDsOD, the Hmigration was presumed to have occurred in an intramolecular
fashion, thus reinforcing our mechanissimtement tha4.25 4.26 and 4.27 are all

transient intermediates.
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Figure 4.12 'H NMR of 4.15dy in CDsOD (22 °C, 400.131 MHz) produced upon
oxidation of4.10-ds showing formation of CEH
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Al t hough the déinorgani c o6x 4[13do8s.not] dffardc y cl oct
further oxidation, the intermediatds28and4.29 bearing two hydrocarbyl groups on

the PY-center afford further oxidation to generate the final dimethoxybdtéite
complexes,4.16 (when R=Me) and4.17 (when R=Ph) along with byclooctene

(4.18 via another @activation / Hydrideabstraction / €& coupling sequence as

shown in Scheme 4.10(a).

Scheme 4.10: Mechanism of the oxidatively induced (BC)C-H cleavage, 2"® H" migration and C=C coupling

4.28 (R=Me) 4.18
4.29 (R=Ph) 4.30 431 .
(proposed intermediate) (proposed intermediate)
MeO Na” MeO\
€ 6 OMe
S:-§
J | ?Me
0.5 0,/ MeOH \? N.. R
® H,0 S NaOMe N/P|t\R
e OH
4.32 (R=Me) _
4.31 (proposed intermediate) :-:g zz;"P"ﬁ))
(proposed intermediate) 4.33 (R=Ph), observed (c.f. Chapter-V) :

The sequence is similar to that explained earlier in Scheme 4.9. In the @h28 of

and 4.29 the aerolz oxidation produces a-8 agostic PY-hydroxointermediate
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4.30 which, similar to4.21, undergoes a facile hydride migration from the agostic C

H bond to the Pt center, accompanied with the unprecedented intramolecular C=C
coupling. This reaction pduces the bicycloolefid.18and a neutral dihydrocarbyl

Pt 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.® to from an anionic dihydrocarbt'
complex,4.32 (R=Me) or 4.33 (R=Ph). Surprisingly, the end product of oxidation,
viz. 4.16 (where R=Me) o#.17 (where R=Ph), respectively) is formed by oxidation

of 4.320r 4.33 respectively, via yet another @tivation step.

To support the stepiise manner of oxidation in the proposed mechanism involving
two sequences of £activation / Hydride migration /€ coupling, a known amount

of 4.6 was oxidized in CBOD first with 0.5 mol of Qin a closed NMRube. Umpn
shaking and recording’®-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 that4fi5was observed in 94% yiel@gFigure 4.13)
alongwith the formation of 6.5% of bicyclooctené,18 and 6.5% o#.17-d;. The
product was confirmed to b&29ds by observing a mass of 659.2 in the H85
spectra of an aliquot of the NMR reaction mixture. Upon further exposure,to O
guantitative NMRyields of 4.16d7 and 4.18 were obtained, thus proving the
intermediacy 0f4.29 in the oxidation of4.6 to 4.17. The oxidation of4.5 under
limited supply of @ was not performed as the oxidation is expected to generate a
dimethykPt' complex,4.28 which wauld then lead to protonolysis products, both of

which are expected to oxidize to different products.
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Figure 4.13 H NMR monitoring of stepwise oxidation @.6 (c.f. NMR 4.4) in
CDs0OD (22°C, 400.131 MHz) under controlled amounts of, @ading to4.29d3
and finally4.17-d- (and4.18

After admitting 0.5 eqv. &) showing formation o#t.29-dz and trace amounts df18
and4.17-d;
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4.5 Forced oxidation of @inert Pt'-complexes vth H202

Al t hough t he'-complaxd.15gvasnréluctant t® bxidize underOit
reacted cleanly with 2 equivalents 0f®} in methanol, leading to a similar outcome:
formation of the dimethoxPtV complex4.34 in 89% vyield, as shown in Scheme
4.11(a). Oxidation o#.15ds in CDsOD similarly with THF as internal standard led
to the formation of bicyclooctend,18 and4.34-dizin quantitative NMRyields. The

identity of 4.34-d13 was additionally proven by ESMS. A crude sample of.11in
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metham! also went underwent oxidation to for#n34 identified by NMR. Yields

were not determined owing to the unavailability of pdreél Reasonably cleatH-

NMR and *C-NMR spectra were obtained (c.f. appendix pp -148). Crystals

suitable for Xray structue determination were grown by vapor diffusion of pentanes

into a dichloromethane solutiod.34 features a dimethoxyborate center, with the

endemethoxy group bridging B and the"Rtenter, as shown in Figure 4.1%he

two reactions, represented in 8ae 4.11, leading to the same produk84 is

consistent with the previously discussed mechanism involving sequentidd BC

cleavage / Hydride migration and@ bond formation, sincé.15can be envisioned

as an intermediate in the oxidationdoi1to 4.34.

Scheme 4.11: Complete oxidation of 'inorganic' Pt' complexes with H,0,
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/N/ | ~~OMe
OH 4.18

| 4.34 |

quantitative NMR-yield via (a)
4.34: isolated: 89% yield via (a)
yield via (b) not determined




Figure 4.14 X-ray structure of i§2-pyridyl)-dimethoxyboratePtV-dimethoxe
hydroxo complex4.34

4.6 Oxidation of LPtPhy, 4.6 complex in CBOD with HO2

To compare the reactivity of dif@yridyl)-1,5-cydooctanediylboratéPt' complexes
with O, and HO,, we decided to compare the outcome of the oxidation of the
supported LP#Ph complex, 4.6 with H.O, to that with Q. Owing to the
unappreciable solubility of the expected product, viAd7 in CDsOD, a 11 v/v
mixture of CROD: THFds was used. Upon addition of 4 equivalents o0k
according to NMR, formation o#.17dz and 4.18 in 90% and 84 % yields
respectively, was observed.

Figure 4.15 H NMR monitoring of oxidation o#.6in CD;OD: THFds with H,O2

(22°C, 400.131 MHz)
(Before oxidation, note integral intensity of internal standard)
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(after oxidation, showing quantitative formationdot 7-d; and4.18
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4.7 Conclusion

To the best of our knowledge, dif®ridyl)-1,5-cyclooctanediylborate supped Pt
complexes represent the first system to demonstrate oxidatweaf@ C=C bond
formation at the boron center withy @s the terminal oxidant. Derived dimet'-
complexes behave similar to (dpdmbB)bmplexes with respect to-i& activation

and Pt'-Me protonolysis. Although we were unable to generate the desired
monohydrocarbyl LP{(R)(OH) complexes due to unusual ligand reactivity in this
study, we investigated the mechanism involved for such transformations and have
characterized possibletarmediates. In addition to the restrictions imposed by having
methyl or phenyl groups on the-dgnter, as demonstrated by Khaskin and
Vedernikov [40], we have unveiled yet another restriction on the choice of the alkyl

fragment in a sougkdfter di(2pyridyl)-B-alkyl-B-alkoxy borate: the alkyl group

cannot haveb-H avail able for engaoced FH&-Pt'‘bagostiti n g .

interaction, influenced by the choice of axial tréigands on the Pt center, furthers
our understanding of the reactivity oflCbonds near a proximal'Pcenter. Finally,

and gratifyngly, complete oxidation of related dihydrocad®t' complexes affords a
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route to di(2pyridyl)dimethoxo boratd”tV complexes, which, as forthcoming in the
foll owing chapter (V), promnatd aoi bei @ bByrsa

center leanhg to facile redox reactions of derived Pt complexes.

4.8 Experimental Section

4.8.1 Synthesis of jdrogen-di(2-pyridyl)-1,5c y c |l ooct anedi yl borate(L
4.2

2-pyridylmagnesium chloridevas synthesized similar to Cat al[72]. An airfree

250 mL roundbottom Schlenk flask was equipped with a-bair. To it 50 mL of dry

THF and 4.3 mL of zbromogyridine (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 l2over which, the solution gradually
changed color from yellow to orange to wiresl. 18 mL of a 1M solution of-9
methoxy9-borabicyclo[3.3.1]Jnonane in hexanes (0.018 mole) was added dropwise to
it. The color immediately changed to light brown, followgdfbrmation of copious
amounts of precipitate within 10 minutes. The mixture was left to stir for 12h,
followed by a thour temperature increase to &0 During this period all precipitate
dissolved, forming a greenidirown solution. The mixture was s#d 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 yellmown supernatantotution.

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 byMSland confirmed to contain

a mixture of 2bromopyridine, pyridine, and B-(2-pyridyl)-9-
borabicyclo[3.3.1]nonane. The effhite residue was abiried overnight to yield 11.2

g of an offwhite 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 suspendis 200 mL of dichloromethane and 25 mL of 10 M
agueous hydrochloric acid was added to it. Theh&sicsystem 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 amuselayer was extracted twice with 50 oL
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 4.2JH-HCI in virtually quantitatve yield. Crystals suitable for XRD
structure determination were obtained by dissolving 400 mg4dH-HCI in
dichloromethane and vapor diffusion of pentane &Gl0

93



IH NMR (22 °C, 500 MHz, DMSGDs, p p m) -1.84: (br, In, ZHJ=6.4 Hz),

1.47-1.7 (br, 2m, 8H), 1.70.85 (m, 2H), 1.92.0 (br, 2H, BCH), 3.5 (residual

H.0), 5.75 (residual C¥Cly), 7.57 (t, 2H,J=6.8 Hz, py5-CH), 8.01 (d, 2H,J=8.0

Hz, py3-CH), 8.19 (t, 2HJ=7.4 Hz, py4-CH), 853 (t, 2H,J=6.2 Hz, py6-CH),

14.33 (br, s, 2H, NH)

%C NMR (22 °C, 500 MHz, DMSGDs, ppm) {&i: -Ci 2419310,br, B
54.9(residual CkCly), 122.36, 131.0, 140.5, 142.6, 180.2 (br, BC)

ESI* MS of a solution ofL in MeOH acidified with HBE: 279.19, Ckulated 279.20.

4.8.2 Synthesis of L, sodium salt, Na[4.2]

3.0gof4 . 2 Andadissolved in 20 mbf 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 gawas 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 wasripped to dryness and washed with hexanes to
obtain 1.08 g of N&.2] in quantitative yield. The solvent of crystallization could not

be removed even upon exposure of the product tovaghum for extended periods

of time. Nafd.Z] is extremely moistursensitive, but stable in the presence of oxygen.
H-NMR (22°C, 500 MHz, Acetonds, ppm) U: =62 Hz), L.B9(br, g, 2H,
2H), 1.551.69 (br, m, 4H), 1.82.0 (m, 6H), 3.63 (THF), 6.60 (td, 286.0, 1.4 Hz,
py-5-CH), 7.21 (td, 2HJ=7.4, 1.9 Hz py-4-CH), 7.44 (d, 2HJ=8.0 Hz, py3-CH),

8.26 (d, 2HJ=4.7 Hz, py6-CH)

13C-NMR (22°C, 500 MHz, DMSGDs, p p m) U : -CR}¥252 (THR), 26.09, B
(CHy), 32.4 (CH), 116.0, 126.7, 131.6, 147.8, 192.93.1 (q, BC).

ESI MS of a solution of N&f.2] in MeOH basified with NaOCki 277.18, Calculated
277.19.

Elemental Analysis (C, H, N): Calculated »683sBN2Na(,): 70.27, 8.62, 6.30,

Found: 69.82, 7.67, 7.63

4.8.3 Attempted reaction of Na[4.2] with Q
A 15mg sample of Nd.2] dissolved in a (0.4 mL B3z0D : 0.2 mL THFDs) solution
showed no change after addy exposure to £

4.8.4 Synthesis of LPtMe2 complex, 4.5

1.0 g (2.25 mmol) of Nd[.Z] was dissolved in 10 mL THF in a reaction vial equipped
with a stir bar. To the solution was added 0.648.425 mmol) of PMes(u-SMe)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 g Me
After this period, the solution was stripped to drynessbtain 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% yieldb is unstable and decomposes at
room temperature even if kept under Ar over long periodsnoé 10 days), and
therefore must be stored in cold conditions. No decomposition was observed by NMR
after 2 months when kept-&0 °C in a vial sealed under Argon.
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H NMR (22°C, 500 MHz, CRCN, ppm): 0.53 (s+Psatellites Jp:n=82.4 Hz, 6H,
PtMe), 129-1.46 (complex multiplet, br, 6H, BCH (1H), GH5H)), 1.681.90 (m,
10H, THF(6H), CH (4H)), 2.41 (m+m, 2H, Cb}, 3.64 (m, 6H, THF), 4.43 (br, 1H,
BCH), 6.65 (vt,J=5.5, 1.7 Hz, 2H, p-CH), 7.34 (td J=7.5, 1.7 Hz, 2H, p#-CH),
7.45 (d,J=7.7 Hz, 2Hpy-3-CH), 8.65 (d+Psatellites Jp:v=26.4,J=5.9 Hz, 2H, py
6-CH).

13C NMR (22°C, 500 MHz, CBCN, ppm):-19.95 (s+Psatellites,Jp.c=830.8 Hz,
PtMe) 21.3 (br), 23.8, 26.1, 30.6, 120.7, 127.2, 138.4, 143:5:£38H2).

ESI MS of a THF solution ofl.5: 502.20, Calculated 502.20.

Elemental Analysis (C, H, N): Calculated(82sBN.Na Pt A1 . 5 THF) : 49.30
4.42 Found: 49.32, 6.41, 3.65

4.8.5 Synthesis of LPtPh2 complex, 4.6

1.0 g (2.25 mmol) of Nd[.Z] 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) ofz(&Mk,)2 with
rapid stirring. The solution became yellow in ten minutes. Stirring was continued for
5h with intermittent exposure to vacuum to facilitate removal ofSVIé\fter this
period, the solution was stripped to dryness to obtain atightolored poder. The
sample was recrystallized from THfexanes mixture to yield 1.68 g of a cream
colored powder, analytically pue6, in 94% yield. Complex.6 is stable both in
solution in THFds, CD:CN, and acetonds at room temperature if kept under Ar
over lang periods of time (3 days), and as a solid when stored under inert
conditions.

'H NMR (22 °C, 500 MHz, CRCN, p p m)-1.54 :(br, multiplet, 3H,
B(CH)+B(CH)(CHy), 1.701.88 (m, 11.7H, THF=5.6H, I&>=6H), 1.962.06 (m, 2H,
B(CH)(CHg)), 2.432.55 (m+m,2H, B(CH)(CH>)), 3.58 (THF, 5.6H), 5.15 (br, 1H,
B(CH)), 6.52 (vtJ=5.5, 1.6 Hz, 2H, p$-CH), 6.62 (ttJ=7.2, 1.5 Hz, 2H, Pip-CH),
6.78 (unresolved t}=7.5 Hz, 4H, Pfim-CH), 7.31 (td J=7.6, 1.8 Hz, 2H, py#-CH),
7.53 (d,J=7.9 Hz, 2H, py3-CH), 7.57(d+Ptsatellites, Jp+=67,J=7.9 Hz, 4H, Pko-
CH), 8.29 (d+Psatellites Jprtn=27,J=5.9 Hz, 2H, py6-CH).

13C NMR (22°C, 500 MHz, CBC N, p p m)-24.176:(br, M3BCHA), 26.36 (s,
THF), 26.42 (s, BCHLHy)), 33.72 (s, BCHCH2)), 34.82 (s, BCHCHY)), 68.42 (s,
THF), 119.09 (st+Psatellites, Jptc=28.4 Hz), 128.45 (s+unresolv&tsatellites),
126.74 (s+Rsatellites Jrec=76.7 Hz), 13AL7 (s+unresolvetPt-satellites), 133.38 (s),
140.71 (s+Rsatellites,Jp.c=24.7 Hz), 150.33 (s), 151.68 (s+s#tellites,Jpec=34.9
Hz), 189.6191.5 (br, m, py2-C-B).

ESI of a THF solution o#.6: 626.22, Calculated 626.23.

Elemental Analysis (C, HN): Calculated (GHs:BN2Na Pt A1. 4 THF) : 56. 98
3.73 Found: 57.38, 6.50, 3.37

4.8.6 Synthesis of LPt(cyclohexene)(H) complex, 4.7

50 mg 0f4.5(95.2 umol)was dispersed in 5 mL of dry cyclohexane in a reaction vial
and to it was added 3.5 pL (2 equivalents)OHwith 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 thedilivas stripped
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to dryness to yield 27 mg of a dark brown powder, in 50% y#ltéicould not be
obtained in analytically pure form, presumably due to its thermal instability.
Significant broadening of signals could be seen intkhdIMR spectrum.

'H NMR (22 °C, 500 MHz, CDC4, ppn) U :21.96 (s+Psatellites, 1HJp:+=1251.8
Hz, PtH), 1.12.1 (m, 15H, CHx(9-BBN)+CH(cyclohexene)), 2.35 (br, 4H,
C=CHy), 2.62.9 (br, m+m, 2H,CHx(9-BBN)), 3.67 (br, 1H, B@), 4.60
(br+unresolved Psatellites, 1H, CH=8), 514 (s+Pisatellites,Jptn=~91 Hz, 1H,
CH=CH), 6.71 (br, 1H), 6.83 (br, 1H), 7.41 (\&7.4 Hz, 2H), 7.68 (br, 2H), 7.90
(br, 1H), 8.71 (br+PRsatellites J=~56 Hz, 1H, Py6-CH, trans to Pt(CH=CH)).

13C NMR (22°C, 500 MHz, CDC4, ppm) U :  2CHy), 222 (br, BCH), 22.8CHy),
25.3 CHy), 25.4 CHy), 27.1 CH>), 28.2 CHy), 31.1 CHy), 32.3 CH2), 32.8 CH>),
37.7 (br, B2H), 73.6 (ptc=165 Hz, CH=CH)), 80.3 {ptc=211 Hz, Pt(CHEH)),
119.1, 119.4, 127.4, 130.9, 131.3, 134.5, 135.1, 145.3, 154.2, 4,88-2C), 190
(br, py-2C).

Elemental Analysis (C, H, N): Calculated»¢H833sBN2Pt): 51.90, 5.99, 5.04 Found:
52.99, 6.35, 4.92

4.8.7 Synthesis of LPt(Me)(SMe2) complex, 4.8

To a 200 mg sample @f5 (381 umol) in a reaction vial equipped with a-dtar, was
added 3 mL of dimethylsulfide. The entirety of the complex dissolved, after which
was added 13.5 pL of 4 (2 eqv.) with rapid stirring. Immediate effervescence was
observed followed by formation of precipitate. The mixture was let to stir for adperi
of 20 minutes following which a brilliantellow supernatant was obtained. The
precipitate was filtered off by passing the mixture through an anhy&Maacked
pipette, and washed with an additional 2 mL of dimethylsulfide. The solution
obtained wasstripped to dryness to yield a light yellow powder. The powder was
washed with 1 mL of methanol to obtain analytically p4r& 195 mg as a cream
colored powder, in 93% vyield..8 is insoluble in ether or methanol, poorly soluble in
toluene but highly sable in dichloromethane, acetone, and THF. Crystals suitable
for X-ray diffraction were grown by slow evaporation of a 3mL dichloromethane
solution containing 100 mg &f.8.

H-NMR (22 °C, 500 MHz, CDRCly, ppm) U: G6lruBH.0Hs Ptde), 3 H,
1.332.04 (6m, 13H, 6Ck+F1B-CH), 2.32.5 (br, 2m, 6H, SMg, 4.02 (br, 1H, B

CH), 6.78 (td, 1H,J=6.6, 1.7 Hz, pyb-CH), 6.83 (td, 1HJ)=6 . 4, 1:5&8H)Hz, py o
7.41 (2t, 2H,J=7.6, 7.5 Hz, pd-C H, -4pC¥) 7.62 (unresolved, 2H, py3-CH,

p y¥3BCH), 8.35 (d+Rsatellites, 1H,Jun=5.5, Jrth=55.8 Hz, py6-CH, trans to
SMe), 8.52 (d+Pssatellites, 1HJHH=5.7,Jpth= 1 9  H-B-CH, ppaydto PtMe)
13C-NMR (22 °C, 500 MHz, CRCly, p p ALP.92 §si+d,"Ipec=721.7 Hz, PtMe),
20.5 (br, s, SMe), 22-03.6 (q,Jc8=53 Hz, BCH), 25.0 (br, s, SMe), 25.68 (s, @H

25.7 (s, CH), 32.79 (s, CH), 32.8 (s, CH), 33.0 (s, CH), 33.434 (q, unresolvedc

B, B-CH), 34.5 (s, Ch), 119.7 (s, pyp-C), 119.93 (s+dJptc=56 Hz), 131.0 (s+dJpt

c=42 Hz), 131.2 (s+d, unresolved:c), 134.3, 134.4, 149.7, 150.8 (s+l#c=39.7

Hz), 188.3190.7 (q+q, br)

Elemental Analysis (C, H, N): Calculated2(83:BN2PtS): 45.91, 5.69, 5.10 Found:
45.74,5.35, 4.89
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4.8.8 Synthesis ok Pt"VMes, 4.9

100 mg of4.5was dissolved in 7 mL of ether in a reaction vial and 25 pL 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 contenks ofidl were
filtered through a PTFRAcrodisc filter and washed with an additional 2mL of ether.
The filtrate was stripped to dryness to obtain 102 mg of a pale yellow flaky 4@&lid,

in quantitative yield4.9 is stable in CROD and under air at room rgeratures.
Prolonged heating in GIOD 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.9in 2 mL of dichloromethane at £C.

'H NMR (22°C, 500MHz, CD:Cl;,  p p M)36 (bir,;:s+d, 1HJpth=207.7 Hz, B

CH, agostic), 0.96 (s+d, 6HJp.c=65.0 Hz, PtMg equatorial), 1.4 (s+d, 3HJe:
c=81.2 Hz, PtMe, axial), 1.39.52 (m, 4H, CH), 1.62 (br,*H, B-CH), 1.731.87 (br,

m, 2H, Ch), 1.891.97 (m, 2H, CH), 222-2.30 (m, 2H, CH), 7.0 (td, 2HJ=6.4, 1.8

Hz, py:5-CH), 7.55 (td, 2HJ=7.6, 1.7 Hz, py4-CH), 7.59 (d, 2HJ=7.3 Hz, py3-

CH), 8.19 (d+Psatellites, 2HJpt1=18.1 Hz,J=5.9 Hz, py6-CH)

13C NMR (22°C, 500 MHz, CDRCl,,  p p m30.4 (8+d,"Jpec=631.0 Hz, PtMe2,
equatorial), 2.0 (s+dtJpc=783.2 Hz, PtMe, axial), 22.0 (dcs=43.7 Hz, BCH),

25.7 (s, CH), 31.5 (s, CH), 33.0 (s, CH, Jptc=7.5 Hz), 56.0 (9Jc8=39 Hz, BCH),
120.86 (s+dJpec=19.5 Hz), 130.54 (br), 135.53, 145.57 (s#6lc=19.6 Hz), 189.6

(9, Jc-8=49 Hz, py2-C)

Elemental Analysis (C, H, N): Calculated: 48.75, 6.04, 5.41, Found: 49.14, 5.92, 5.25

4.8.9 Synthesis ofPt" (Me)(OMe), 4.10

50 mg of4.5was taken in a stibar equipped reaction vial and 3 mL of methanol was
addedto 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 washkd with 1:1 v/v ether hexane mixture and exposed to high vacuum to obtain
a yellow colored powde#4.10 The compound is stable in @DD for at least 12
hours at RT and over long periods of time inzCNin the absence of air or moisture.
4.10could not basolated in analytically pure form even upon repeated crystallization
from methanol or THF and was characterized in solution by NMR andViSSIThe

'H and 3C NMR spectra show a satisfactory purity of the sample used in our
experiments.

'H NMR (22°C, 500 MHz, THRDs, p p m) U :satdllites] 3HJp{s78.PHz,
PtMe), 1.282.00 (m, 11H, BCH(1H)+CkK10H)), 2.362.56 (m+m, 2H, ChH), 3.33

(s, 1H, residual MeOH), 3.50 (s+d, 3B:n=38 Hz, PtOCH), 4.67 (br, 1H, BCH),

6.43 (vt, 1H,J=6 Hz, py5-CH), 6.71 (vt, 1HJ=5. 9  FBzCH), 28 {vt, 1H,
J=7.2 Hz, py4-CH), 7.30 (vt, 1HJ=6 . 8 HIZCH), 7939 @, 1HJ=7.5 Hz, py3-

CH), 751 (d, 1HJ=7 . 8 FBzCH), &4y {d+Psatellites, 1HJp1=50.9,J=7.8

Hz, py-6-CH), 8.83 (d+unresolved Ratellites, 1HJ=5 . 1 H&CH).py 6

13C NMR (22°C, 500 MHz, THFDs, p p A1P.2 (8+d,Jptc=848.3 Hz, PtCHh),
23.024.6 (br, BCH), 26.4GH>), 26.43 CH.), 31.032.4 (br, BCH), 33.5GH.), 33.6
(CH2), 33.9 CH), 34.4 CH>), 60.23 (stunresolved Ratellites, PtOCkj, 118.3,
119.3 (stunresolved HRatellites), 130.1, 30.3, 131.7, 132.8, 148.5, 1525
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(stunresolved Psatellites), 187.8489.6 (br, BC), 190-292.1 (br, BC). Peak
Assignments were made by correlation with DEFST 90 and 135 NMR spectra.

ESF MS of a methanolic solution basified with sodium methoxide8.53,
Calculated 518.19.

4.8.10Synthesis ofLPt" (OMe)2, 4.11

40 mg of4.5was dissolved in 5 mL of methanol in a reaction vial equipped with a
sti-bar and left stirring inside the glove box for 24h. After this period, some
precipitate and darkening dfi¢ 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 #d b{79%
yield). Complex4.11is only modertely soluble in methanol, hence it is necessary to
have a huge amount of solvent during the synthesisldf otherwise yields are very
poor as most of.11is lost in the filtration step. No exchange oftfund methoxy
groups was observed when dissohiedCD:OD at RT even after 24h. Repeated
recrystallization attempts progressively made the sample dirtier 4ahtl was
characterized byH-NMR spectroscopy and E®IS. We presume this is due to
dimerization/oligomerization expected for anionic' Rtomplexes bearing labile
anionic methoxy ligands on the'Rtenter.

'H-NMR (22 °C, 400 MHz, CRBC N, p p m)1.4% (br, ni, 4H8 GH), 1.52.63

(br, m, 3H, CH), 1.68..83 (br, m, 4H, CH), 2.38.51 (br, sept, 2H, CH), 3.41
(stunresolved Psatellites, 6H, Pt(OC#)), 5.0 (br, 1H, BCH), 6.66 (vt,J=6.6 Hz,

2H, py-5-CH), 7.36 (vt,J=8.1 Hz, 2H, p¥-CH), 7.46 (d,J=7.7 Hz, 2H, py3-CH),

8.88 (d+unresolved MPatellites, 2H, py6-CH).

EST of a methanolic solution basified with NaOg1334.19, Calculated 534.20

ESI' of a methanolic solution with NaBArmdditive: 536.22 4.11A #), Calculated
536.20

4.8.11Synthesis ofLPt" (Ph)(OMe), 4.14

200 mg of4.6 (266 pmol) was dissolved in 3 mL of methanol in a reaction vial
equipped with a stibar. In another vial, 34.0 uL (1 eqv.) of trimethylchlorosilane
was dissolved in 1 mL of methanol and quantitativensferred to the first vial
containing4.6 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 evacuatimwiite precipitate of
NaCl could be seen. Evacuation was completed in approx. 1h to obtain a tan colored
powder. At this point, the entire solid wasdispersed in 5 mL THF, cooled t80

°C and 15 mg of sodium hydride was carefully added to the ssmpewith 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 P3knge filter with an
additional 1 mL of THF to aid in quantitative separation. The cogtbfiltrates were
stripped to dryness, and a ligfain colored powder was obtained. Recrystallization of
the entire solid from a THF solution by addition of hexanes and precipitation by
cooling t0-20 °C produced 125 mdg.14,in 78% vyield. 1.0 mole of Naound THF
could not be removed even upon extended exposure tevagum.

'H NMR (22 °C, 500 MHz, THFDs, pp m) -1.82:(br, m, 348 CK{2H)+B-
CH(1H)), 1.561.87(m, 10H, CKH6H)+THF(4H)), 1.882.03 (m, 2H, CH), 2.392.61
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(m+m, 2H, CH), 3.43 (stunresolved Ratellites, 3H, PtOC#k), 5.05 (br, 1H, B

CH), 6.26 (tdJ=5.8, 1.8 Hz, pyb-CH), 6.696.78 (m, 2H  {-CH+Php-CH), 6.87

(t, 2H, J=7.4 Hz, PAm-CH), 7.17 (td, 1HJ=7.6, 1.7 Hz, py4-CH), 7.31 (td, 1H,
7.5, 1 -4-CH)H20 (d, A J67.8 Hz, py3-CH), 7.49 (d, 2HJ=7.1 Hz,
Pho-CH), 7.55 (d, 1HJ=7 . 7 HCH), $31 dd+Psatellites, 1H, Jpen=44,

J=6.1 Hz, py6-CH, trans to PtPh), 8.80 (d+unresolveesBtellitesJ=4 . 9 bz , py©oé
CH, trans to PtOC§J.

'H NMR (22 °C, 400 MHz, CROD, p p m)-1.58 (br, r, .38, TH2H)+B-
CH(1H)), 1.581.71 (br, m, 2HCH,), 1.722.03 (br, m+m+m, THF(1.9H3H,(6H)),
2.37-2.60 (br, m+m, 2HCH;), 3.23.4 (s+unresolved Fatellites, overlapping with
CDsOD signal), 3.72 (m, 1.9H, THF), 5.03(br, 1BICH), 6.30 (td, 1HJ=5.6, 2.2 Hz,
py-5-CH), 6.75 (vt, 1H,J=7.4 Hz, pPh), 6.86.9 (m, 3H, mPh(2H)+py(1H)), 7.23

(vt, 1H, J=8.1 Hz, pyCH), 7.307.50(m, 4H, ePh(2H)+Py(2H)), 7.55 (d, 1HI=7.7

Hz, py-3-CH), 8.11 (d+Psatellites,J=6.8, Jpt1=49 Hz, py6-CH, trans to OCH),

8.86 (d+unresolved Fatellites J=5.4 Hz, py6-CH, trans to PtPh).

13C NMR (22 °C, 500 MHz, THFDs, p p m) -2416: (br, BGH),126.4 (br, m,
CH2+CHx+THF?*), 31.632.9 (br, BCH), 33.7 (C}), 33.8 (CH), 34.53 (CH), 34.57

(CHy), 60.1 (s+unresolved Ratellites, PtOCE), 68.3 (THF), 118.3, 119.1, 122.1,
127.0 Qpec=51.7 Hz), 130, 130.2, 132.3, 133.43912, 147.2 Jptc=1092 Hz, Pt
ipsoPh(C)), 149.2, 153.7, 188180.0 (br, BC), 190:191.7 (br, BC) *Complex peak

at 26.4 was cross checked for correct assignment by subtracting the integral
corresponding to C#D- (of THF at 68.3 ppm) from the integral 26.43 ppm. Such
computation results in 68.29 (setto 1 C), 26.43 (3 C).

Elemental Analysis (C, H, N): Calculated26830BN2Na OPt A1. O THF) : 51. 5¢€
4.15 Found: 51.31, 5.73, 4.07.

4.8.12 Synthesis of 4.15 by oxidation of LIfMe)(OMe), 4.10 or LPt' (Ph)(OMe),

4.14 in methanol with &

200 mg of4.10was dissolved in 4 mL methanol in a diar equipped reaction vial in

the glove box. The vial was taken out from the box and was exposed witl®
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
recrystalized from a 1 mL of THF solution by precipitation with hexanes to yield 200
mg of analytically purel.15in 90 % yield. Crystals suitable for XRD were grown by
layering a 100 mg sample 4f15dissolved in 3mL of THF with 2 mL of hexanes-at
20°C. 0.4 mok of THF cacrystallized with4.15was visible by*H-NMR. *C NMR
resonance corresponding to thé@B of the [3.3.0]bicyclooctyl fragment o#.15
could not be located even when the possibility of overlap of this signal with those of
THF in the sample waexcluded by recording’C-NMR spectra after completely
exchanging THF present in the sample with T#F*C-NMR peak assignments
were made by correlation with DEPT 45, 90 and 135 spetitais unstable in the
presence of even traces of acid or wddet stable in the presence of excess base
(NaOCH).

Oxidation of 100 mg o#.14 was performed in a manner identical to that4dfO
mentioned above to yield 91 mg4fl0in 93% vyield.
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H NMR (22°C, 400 MHz, CRC N, p p m)0.94i(br, 361,.C81)) 0.98.09 (br,
m, 3H, CH), 1.261.35 (br, m, 4H, CH), 1.79 (m, 1.2H, THF), 2-:8&8 (s+m,
3H+2H, BOCHs+CH), 3.25 (s unresolved Batellites, 6H, Pt(OCtk), 3.63 (1.2H,
THF), 4.22 (br, sept, 1H, 3C-H), 6.85 (td, 2H,J=6.7, 1.7 Hz, pyb-CH), 7.51 (td,
2H,J=7.9, 1.8 Hz, py4-CH), 7.62 (d, 2HJ=7.7Hz, py3-CH), 9.1 (d+unresolved Pt
satellites, 2HJ=5.7 Hz, py6-CH).

13C NMR (22°C, 500 MHz,DMSO-ds, pp m) Chb), 35B3EH), 39(1 CHy),
44.4 (CH), 51.6 (BOCEj, 58.7 (Pt(OCH)2), 119.8, 129.8, 132.1, 148.7, 179.81.1
(br, BC).

ESI MS of a methanolic solution basified with NaO€£H64.18, Calculated 564.20.
Elemental Analysis (C, H, N): Caltated (GiHzo0BN2NaGsPt AO. 4 THF) : 44. 05,
4.55 Found: 44.05, 5.58, 4.48.

4.8.13 Synthesis of 4.16 by rapid oxidation of LEMez2, 4.5 in methanol at-60°C

with Oz

200 mg of4.5was dissolved in 1 mL of THF inside the glevex. In a Schlenk tube
equipped with a stibar, 4 mL of methanol was taken, cooled-& °C (dry-
ice/Acetone) and ©was bubbled through it for 5 minutes. While continuing bubbling

O, the 1 mL THF solution of.5was added to it via a syringe. The dlcg bath was
removed andhe solution was allowed to warm to room temperature over a period of
10 minutes, while continuing bubbling.CDuring this time a faint odor resembling
6al kenesd6 was found emanating from the rea
tube was strippedb dryness to yield a tarolored 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 contds were filtered through a PTHyringe filter and stripped

to dryness to yield a powder. This powder was dissolved in 2 mL £hi@l
recrystallization was attempted by precipitation with hexanes to yield 158 g of
(approx. 88% vyield). Trace amounts iafpurities, presumably due to unavoidable
methanolysis and subsequent oxidation of those byproducts could be seen in the
NMR spectra.

'HNMR (22°C, 400 MHz,CDCGJ, ppm) {bG: 1. 31 (sdalites, Pt OH) ,
6H, Jrtn=69.4 Hz, PtMeg), 3.0 (stPssatllites, 3H,Jph=27.5 Hz, Bu(OCHs)-Pt),

3.57 (s, 3H, Bexo(OCH)), 7.117.16 (m, 2H, py5-CH), 7.567.66 (overlappingn,

4H, py-4-CH, py-3-CH), 8.57 (dt+Psatellites, 2HJ=5.3, 1.4 HzJr:vd 1 6 H&, py
CH)

4.8.14 Synthesis of 4.17 by oxidation of [tPPh2, 4.6 in methanol with &

200 mg of4.6 was dissolved in 5 mL methanol in a reaction vial equipped with-a stir

bar inside the glove box and taken out. \zas bubbled through the solution for a

period of 10 minutes. A odtieed. dleetselutions t 1 ¢ 0 &
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 solublehloroform and part

insoluble. The solid contents weredispersed in 3 mL CHG|l 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 lightyellow supernatant appeared. The supernatant was extraded2wnL

chloroform in two more fractions, filtered through a P¥$Einge filter and stripped

to dryness to yield 142.6 mg df17 in 95% vyield.4.17 was recrystallized from a

mixture of THF and hexanes &0 °C, and fine colorless crystals suitalite X-ray

diffraction were obtained. The same sample was used for elemental analysis.

'H NMR (22°C,500 MHz,CDC}, ppm) G: 0.39 (br, 1H, Pt OH
THF) 3.33 (s+Psatellites, 3HJptn=22.5 Hz, Pu(OCHs)B), 3.693.78 (s+m, 4H, B

OCHs(3H), THF (1H)), 6.997.22 (m+m+td, 12H, PtBhpy-5-CH), 7.67 (td, 2H,

J=7.34, 1.3 Hz, py¥-CH), 7.73 (d, 2HJ=7.45, py3-CH), 8.68 (d+unresolved Pt

satellites, 2HJ=5.43, py6-CH).

13C NMR (22°C, 500 MHz, CDC4, ppm) @G: 25.8 (THF), 51.9
saellites, Pty-(OCHg)B), 55.4 (s, BOCHg), 68.2 (THF), 122.9 (s), 125.1 (s), 127.5
(stunresolved Psatellites), 127.5 (s), 129.6 (s), 133.4 (s), 137.0 (s), 146 (s), 171.1

(br, BC).

Elemental Analysis (C, H, N): Calculated 2482sBN2OsPt AO. 3THF)8 49. 06,
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 mgddd was oxidized in a manner similar to above, the
methanolic solution was cooled to°G and extracted with 0.8 mL of cyclohexane
dio. The cyclohexane extract was passed through a pipette packed with silica, and
further filtered through a PTF&yringe filter. The colorless solution was analyzed by
'H and *C NMR, as well as G®IS and found to match the mass of 108,
corresponding to #t of bicyclo[3.3.0]octl(5)-ene.

'H-NMR (22°C, 500 MHz, GD12, p p m) -2.16:(m, gt td 8H, (C=C)9), 2.18
2.25 (m, 4H, (C=C)CbkCH).

13C-NMR (22 °C, 500 MHz, GDx12, ppm) U : -CiZH2B 29.95 (C=CC
CH2-CHy), 146.51 (C€-CH.-CHy).

GC-MS (El): 108

4.8.16 Insitu preparation of LPt" (CD3)(OCD3), 4.10ds

10 mg of4.5was dissolved in CEDD in an NMR tube and #-NMR spectrum was
recorded immediately. According to the NMR spectrum, complete conversibb of

to 4.10-ds had occurred4.10-ds wasnot isolated from solution, but characterized by
4 and*3C NMR spectroscopy and EMS.

H NMR (22°C, 500 MHz, CROD, p p m)1.44 (br, rd, 32 TH), 1.45.61

(br, m, 4H, CH), 1.66..82 (br, m, 4H*, CH, overlapping with THF), 2:2253
(m=sept+sept, 2H, CH), 4.64 (br, 1H;@H), 6.53 (td,J=6.6, 1.6 Hz, 1H, pyp-CH),

6.80 (td,J=6 . 7, 1. 5-5E@H),,7.271(tH J=7.& ¥.HHz, 1H, py#-CH), 7.34

(td, =7 . 6, 1. 6-4-6H),,7.381(tHJ=7.9Hy, &H, py3-CH), 7.50 (d,J=7.6
Hz, 1-BCH),B8¥8(dJrtn=33,J=6.1 Hz, 1H, py6-CH), 8.76 (br, dJ=5.0 Hz,
unresolved Rt at el | i t6eCsl). *Pealdqvdappng@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, CRO D, ppm) U-:CH)226.501(CHj, B&58 B
(CHg, overlapping with THF), 32.6 (br,-BH), 33.7 (CH), 33.8 (CH), 34.1 (CH),
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34.7 (CH), 119.2, 120, 130.6, 130.6, 132.6, 133.6, 150.5, 153.3,1988(br+br,

ipso-py-C).
ESI of the NMR-solution basifid with NaOCDR: 524.22, Calculated 524.23

4.8.17 Oxidation of LPt' (Me)(OMe), 4.10 and LPt (CD3)(OCD3), 4.16ds with O>

in CD30D: Detection of CHs and CDsH and 4.15ds or 4.15dg

Oxidation of LPt"(Me)(OMe). 10 mg of4.10was dissolved in 0.5 mL of GDD

and a'H NMR was recorded. According to NMR, no deuteration of eithdyoRnd

CHz or OCHs groups had occurred. 1.1 eqv. of THF present in the sample was used
as an internal standard to monitor product yields. mL of COD was saturated
with O, and theNMR-tube was completely filled with it, and shaken!A"ANMR 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 forth15ds, in 96% yield by NMR. A very strong singlet at
0.21 ppm was visible, and assigned to methane. THsourtd OCH did not
exchange with OCBof the solvent in the course of the reaction.

Oxidation of LPt"(CD3)(OCDs). The contents of the NMRube olained after
dissolution of4.5in CD3OD were frozen with lig. Nand the headspace of the NMR
tube was evacuated..@as then admitted into the headspace at 30 psi pressure, the
NMR-tube was sealed and the contents were thawed and shaken for homogeneity.
NMR was recorded quickly within 10 minutes of thawing. According to NKIR0O

ds underwent complete oxidation to fodl5do.

Observation of CDsH upon oxidation of 4.18ds in CD3OD: In another similar
experiment, to a 0.2mL solution @f.10ds in CD:OD was added ©saturated
CDsOD, taking care to fill the entire headspace of the NMR tube. The NMR tube was
sealed and 34-NMR spectra was recorded. A septet at 0.15 ppm, corresponding to
CHDs was observed, in addition to signals correspondig16 do.

4.15do:

H NMR (22°C, 500 MHz, CBOD, p p m)0.94i(br, sépt, 8- CH), 1.0B11

(br, sept, 2H, CH), 1.31.25 (br, quint, 2H, CH), 1.26.44 (br, m+m, 4H, CH), 2.42

2.53 (br, m, 2H, CH), 4.73 (br, sept, 1H;GH), 6.94 (td,J=6.7, 1.6 Hz, 2H, p¥-

CH), 7.56 (vt,J=7.5 Hz, 2H, py-CH), 7.64 (d,J=7.9 Hz, 2H, py3-CH), 8.82 (d,
J=6.0 Hz, 2H, unresolved Ratellites, py6-CH). Residual THF signals not reported.

13C NMR (22°C, 500 MHz, CRO D, pp m) CHi); 36.2 CH.)140.4 CH>),

46.8 (32CH), 47.1 (br, B#C), 121.44, 133.94,31.77, 151.59, 181.20 (br, ippy-

C). Residual THF signals not reported.

EST of the NMR solution basified with NaOGD573.23, Calculated 573.26.

4.8.18 Insitu preparation of LPt"(CeDs)2, 4.6dio : H/D exchange between
CD3OD/LPt"Phz and CDsOH/LPt" (CsDs)2

35 mg of 4.6 was dissolved in 0.6 mL GOD and a'H NMR was recorded
immediately. The spectrum was consistent with the presence of thauRtl phenyl
groups and &s symmetrical structure. The solution was monitored'HyNMR
periodically every hou The signals corresponding to the protons of the Rtiinety

were found to gradually decrease in intensity and after 8h, complete deuteration of the
PtPh moiety was observed. The solution was then transferred to a vial equipped with
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a stirbar and thesolvent was stripped off under vacuum. Anrwfiite solid similar in

appearance to the starting material was observed. The solid was dissolved in 0.6 mL
CDsOH and periodically monitored by4-NMR (with suppression of the OH signal)

for reappearance of thaforesaid signals. The sample underwent complete H/D
exchange after a period of 4h.

4.6, immediately after dissolution in CROD:

'H NMR (22°C, 500 MHz, CBOD, i mmedi ately aftelk56di ssol u
(m, 3H, CH+CH), 1.731.90 (m+m, 11H, THF=5HCH,=6H), 1.932.06 (m, 2H,

CHy), 2.442.57 (m, 2H, CH), 3.71 (m, 5H, THF), 4.72.80 (br, 1H, CH), 6.48 (vt,

2H, J=5.5, 1.5 Hz, pb-CH), 6.64 (vt, 2HJ=7.2 Hz, Php-CH), 6.78 (vt, 4HJ=7.6

Hz, Phm-CH), 7.26 (td, 2HJ=7.6, 1.7 Hz, py4-CH), 7.51 (d,2H, J=8.0Hz, py3-

CH), 7.63 (d+Psatellites, 4H, Jptn=62.0 Hz, J=7.1 Hz, Pho-CH), 8.24
(d+unresolved Psatellites, 2HJ=5.6 Hz, py6-CH).

4.6-cho, 8h after dissolution in CxOD:

'H NMR (22°C, 500 MHz, CBOD, 8h after di ssB5(ny3H, on, ppr
CHx+CH), 1.731.90 (m+m, 11H, THF=5H, Ci6H), 1.932.06 (m, 2H, CH), 2.44

2.57 (m, 2H, CH), 3.71 (m, 5H, THF), 4.7.80 (br, 1H, CH), 6.48 (vt, 2HI=5.5,

1.5 Hz, py5-CH), 7.26 (td, 2HJ=7.6, 1.7 Hz py-4-CH), 7.51 (d, 2HJ=8.0Hz, py3-

CH), 8.24 (d+unresolved Ratellites, 2HJ=5.6 Hz, py6-CH). Peaks corresponding

to PtPh moiety silent.

13C NMR (22°C, 500 MHz, CBOD, 8h after di s-25@0kbymi on, pp
B-CH), 26.6 (s, THF), 26.8 (sCH.), 33.534.7 (overlapping, br, £H), 34.0 (s,

CHy), 35.0 (s, CH), 69 (s, THF), 118.9 (s+Ratellites Jr.c=22.3 Hz, pyCH), 130.2

(stunresolved Psatellites, pyCH), 133.3 (py4-CH), 152.4 (s+Psatellites, Jpt

c=34.7 Hz, py6-CH), 190.7192.2 (br py-ipso-C).

ESI MS of a methanolic solution @f.6-dio: 636.28, Calculated 636.29.

4.8.19 Insitu preparation of LPt" (CeDs)(OCD3), 4.14ds

A 0.5 mL CxOD solution containing 50 mg @f.6in a vial was let stir for 10h to
convert it to4.6-dio via complete deuteration of the PtPinagments, as mentioned
above. Following a procedure identical to that mentioned for the synthe&is4p

ML (1 eqv.) of trimethylchlorosilane in 0.5 mL GOD was added and immediate
formation of precipitate was obsedeAfter 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 impuritigere visible in théH-NMR spectrum

in CDsOD, the major species was identified 4a4-ds by comparison with théH-

NMR spectrum of analytically puré.14 in CD:OD. Yields were not determined
owing to multistep conversions/filtrations involving minujeantities.

'H NMR (22 °C, 400 MHz, CROD, p p m)-1.58 (br, i, .33, CKH2H)+B-
CH(1H)), 1.552.04 (17H,CHz(8H)+THF(9H)), 2.372.60 (br, m+m, 2HCH,), 3.72

(m, 9H, THF), 5.03(br, 1H, BCH), 6.30 (td, 1Bk5.6, 2.2 Hz, py6-CH), 6.84 (vt,

1H, py-CH), 7.23 (vt, 1H,J=7.9 Hz, pyCH), 7.36 (vt 1H,J=7.7 Hz, pyCH), 7.55 (d,

1H, J=7.8 Hz, py3-CH), 8.11 (d+Psatellites,J=6.8, Jrtn=49 Hz, py6-CH, trans to
OCH), 8.86 (d+unresolved Patellites,J=5.4 Hz, py6-CH, trans to PtPh). Some
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trace impurities could be seen in #i&NMR spectrum. Pak assignments were made
with respect tdH-NMR spectrum o#.14in CDsOD.

4.8.20 Oxidation of LPt (Ph)(OMe), 4.14 and LPY (CeDs)(OCDs), 4.14dg with

O2in CDsOD: Detection of GHs and CsDsH

Oxidation of 4.14: 25 mg of4.14 was dissolved in 0.6 mL GOD in a sealable
NMR-tube inside the glove box andtd NMR was recorded. According to NMR, no
deuteration of either Riound GHs or OCH; fragments had occurred. The contents

of the NMRtube were then frozen, the headspace was evacuated and refilled with 30
psi & and the NMR tube was sealed. The contents were thawed, the NMR tube was
shaken for homogeneity and'ld NMR was recorded within 10 minutes of thawing.
According to NMR, complete oxidation of4.14 was observed along with the
formation of 1 equivalanof benzene. The amount of benzene produced was
guantified using signals of the THF preserdib4as an internal standard.

Oxidation of 4.14-dg: A partially deuterated complek14-ds was oxidized similarly

in a NMR tube in CBOD and a'H NMR was recaded. One singlet at 7.16 ppm
integrating to 1H (with THF as an internal standard) in HeNMR spectrum
confirmed the formation of {DsH. Some unassigned decomposition was also seen.

4.8.21 Insitu synthesis of 4.16l; by fast oxidation of LPt'Me2, 4.5 with O2-
saturated CDzOD at-60°C

Oxidation of 4.5: 5 mg of solid4.5 containing 2.5 moles THF/mole complex was
charged in an NMRube and placed a60 °C in a dryice/acetone bath. 0.8 mL of
CDsOD was cooled te60 °C in a vial and @was bubbled throuyit for a period of

10 minutes and quickly transferred to the NfM®e. The NMRube was sealed,
shaken and #H-NMR was recorded within 5 minutes. According to NMR, based on
THF-internal standard, the yields df16-d7 and bicyclo[3.3.0]octl-ene were 9%

and 94% respectively (c.f. NMR spectra). Yield fr16d; was computed by
averaging the integrations of the aromatic signals over 8 units (theoretical maximum).
Partial Dincorporation into the PtMdragment could not be avoided. The identity of
4.16-d; was additionally confirmed by ESlS of the NMRsolution.

H NMR (22 °C, 400 MHz, CRO D, ppm) U: 1. 4sdtellifes 4yl t i pl e
Jpth=68.4 Hz, Pt(CktnDn)2), 1.87 (m, THF, internastd, 10H), 2.0&8.29 (m+m,
11.36 H, bicycloocetene), 3.73 (m, THF, interatd, 10H), 7.32 (ddd, 1.84K75.4,

1.5 Hz, py5-CH), 7.70 (d, 1.72HJ=7.5 Hz, py3-CH), 7.80 (td, 1.89HJ=7.6 Hz,
py-4-CH), 8.65 (d+unresolved Ratellites, 1.91H)=5.5 Hz, py6-CH).

ESI-MS of CD;OD solution,4.16-d7-H: 485.23, Calculated: 485.21

4.8.22 Stepwise oxidation of LP{'Ph2, 4.6 in CROD under controlled supply of

O2: Detection of 4.29ds, and completion of oxidation to form 4.17d7:

15 mg of4.6 was dissolved in 0.6 mL of GDD in a sealable NMR tube and 0.25
mL of O, (~0.5eqv. at RTP) taken in a syringe was slowly bubbled through the
solution from the bottonof the NMR tube with a long needle. The tube was quickly
sealed and shaken for 10 minutesttANMR spectrum was recorded after this time.
According to NMR, According to NMR, and based on THF as internal standard,
4.29ds3 was formed in 94% yield, along \withe formation of 6.5% of bicyclooctene,
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4,18 and 6.5% of 4.17-d;. The characteristic signature of the-bBund
bicyclo[3.3.0]octyl fragment, similar to that of previously characterideth is
clearly seen in théH-NMR spectrum. An aliquot was analyzeg ESFMS and a
peak at 659.26 confirmed the identity 4P9-ds. 4.29-ds was characterized biH-
NMR and ESIMS only for mechanistic proedf-concept and no attempts were made
towards isolating it. The oxidation @f29ds was completed by bubbling aboli0
mL O through the remaining solution in the NMBbe and it was found to convert
to 4.17-d7 and4.18in 91% vyield.

4.29ds:

'H NMR (22°C, 400 MHz, CROD, p p m)1.02(m, 26,.C8)31.091.18 (m,
2H, CH), 1.231.31 (m, 2H, CH), 1.321.50 (m+m, 4H, Ch), 2.452.57 (m, 2H,
CHy), 4.74 (complexseptet, 1H, BCA), 6.536.64 (m, 4H, py5-CH(2H)+Ph(2H)),
6.67-6.79 (m, 4H, py4-CH(2H)+Ph(2H)), 7.34.54 (m, 6H, Ph), 7.79 (d, 2HI=8.2
Hz, py-3-CH), 8.37 (d+unresolved Ratellites, 2H, py6-CH).

ESI MS of CD:0OD solution basified with NaOC§659.27, Calculated: 659.26.
4.8.23 Oxidation of LPt Phz, 4.6 in CDxOD by H202:

14 mg of4.6 was dissolved in a miure of 0.3 mL of CROD and 0.3 mL THFdgin

a NMR tube and d8H-NMR spectrum was recorded. The THF signal was used as
internal standard. 6 pL of 30% aq.®t was added to the NMR tube and shaken, and
aH-NMR NMR spectrum was recorded immediately. Aca@ogdo the NMR, based
on THF integration4.6 was completely oxidized td.17-d; (90% vyield) and4.18
(90% vyield).

4.8.24 Oxidation of LPt'Phz, 4.6 and LPt'(Me)(OMe), 4.10 in C3OD with Ozin

the presence of TEMPO radical:

Oxidation of 4.6.15 mg of stid 4.6 (20.0 umol) was added to a vial with 6 mg (2
eqv.) solid TEMPO radical. To this vial was added 0.6 mL o@D and stirred for

2 minutes to obtain an orange colored solutiotHANMR was recorded and found
to be a match to that @6, i.e. no reation betweert.6 and TEMPO was observed.
The peaks were broadened significantly, however, no difference in chemical shifts
was observed. This solution was oxidized by bubblingti®ough the tube for a
period of 10 minutes. After this period, according'tb NMR, all starting material
had converted td.17-d; and4.18

ESI-MS of the CROD solution: 603.18, Calculated: 603.16, 157.2 (TEMPOH
Oxidation of 4.10. 15 mg of4.10 (27.7 umol) in the presence of 6 mg (2 eqv.)
TEMPO radical in CROD, O, was diredly bubbled after dissolution for a period of 2
minutes. According tdH-NMR, oxidation was found to have occurred cleanly, and
spectral match confirmed the identitybi5ds. Signals were significantly broadened
due to the presence of TEMPO.

4.8.25 Oxdation of LPt"Phz, 4.6 and LPt (Me)(OMe), 4.10 in methanol with
180,:

A sample of 10 mg o#.6 was oxidized under 1 atm dfO. and the methanolic
solution was analyzed by E®S (positive mode).

ESI" of methanolic solution oft.17-'80 acidified with 0% HBF: 4.17-80-H*:
598.16, Calculated: 598.17.
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Similarly, a sample oft.10was oxidized under 1 atom &0, in methanol, and an
ESFMS (negative mode) was recorded.

EST of methanolic solution o4.15basified with NaOMe: 518.18, Calculated 518.19.
Thus, according to ESVIS one'®O atom was incorporated 4117 but none i4.15

4.8.26 Oxidation of (MeQ)(BCO)BPy-Pt'(OMe)2, 4.15 in with HO2 to form
(MeO)2BPy.-Pt"V (OMe)2(OH), 4.34

100 mg (170 umol) o#.15 was dissolved in 5 mL methanol in a reantivial
equipped with a stibar and 52 pL of 30% #D- (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. NaSQy and filtered through a cotton plug. 76 mg4o84in 89% vyield was
obtained by recrystallization from this chloroform solution by precipitation with
hexanes. Crystals suitable for-rAy structure determination were grown from a
chloroform sdution by vapor diffusion of pentanes at 5.

IH NMR (22 °C, 500 MHz, CRCIq, ppm) u: 1. 2 6satéllikes, tHynr es ol v
PtOH), 3.05 (stPsatellites, 6HJrth=20.0 Hz, Pt(OMe) equatorial), 3.06 (s+Pt
satellites, 3HJpti=15.4 Hz, B(HOCHs)PtY), 3.6 (s, 3H, exdBOCHs), 7.28 (td, 2H,

J=6.0, 1.8 Hz, py6-CH), 7.61 (d, 2H, J+7.6 Hz, p8CH), 7.75 (td, 2HJ=7.6, 1.4

Hz, py-4-CH), 8.64 (d+Psatellites, 2H,J=5.8 Hz,Jpt1=20.9 Hz, py6-CH).

'H NMR (22 °C, 500 MHz, CDRCls, ppm) U: -BBAH)552.4 (s+tRt e x o
satellites,Jptc=6 Hz, B(tOCHg)PtY), 57.0 (s+Psatellites Jpec=13 Hz, Pt(OCH3)
equatorial), 124 (s+Fatellites,Jpec=25 Hz), 128.2 (s+Psatellites,Jpec=22 Hz),

138.6, 146.5, 16972 (br, Bpy-2-C)

ESI-MS: 504.14, Calculated: 8012

4.8.27 Oxidation of LPt(OMe)2, 4.11 with HO2 in methanol to form
(MeO)2BPy2Pt"V (OMe)2(OH), 4.34 and bicyclooctene, 4.18

25 mg of a crude sample dfl1was dissolved in methanol in a reaction vial and 4
equivalents of KO, was added to it with ragh 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€ A H-NMR spectra was
recorded and compared to thatdof8and found to be a mdtcThe rest of the solid

was dissolved in CD@land the identity of the solid was confirmed by comparison of
the concurrentH-NMR spectra with that oft.34 Trace undetermined impurities
could be seen, presumably becadidd was not pure. Yields were ndétermined.

4.8.28 Oxidation of 4.15dg in CD30OD with H202

10 mg of LPtMe, 4.5, was dissolved in CEDD in an NMR tube in the glovieox

and a'H-NMR spectra was recorded to confirm the complete conversion to
LPt'"(CDs)(OCDs), 4.10ds. Afterwards, Q was bubbled through the solution and a
H-NMR spectra was recorded. According to NMR, based on THF present in the
sample, complete conversion #f10-ds to 4.15dy had occurred as before. 6 pyL of
30% HO; (3 equivalents) was added and the solution was sh#aording to &H-

NMR recorded after this time, quantitative formation 484d:z and 4.18 had
occurred.
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Chapter 5:Catalytic applications of di¢pyridyl)-
dimethoxyboratePt"V complexes: aerobic oxidation of

borohydrides and isopropanol

5.1Promsal

In our search for an anionic borate diiridyl)borate ligand that would retain the
borate center in Pimediated oxidation chemistry, we found that replacement of one
methyl in the dpdmb ligand by a methoxy was not sufficient (Chdpjeras
oxidat i on product s cmethyl enigrptioin d aligahd rétemtio® ot h
were observed. In another pursued direction involving tethered hydrocarbyls on the
borate center, as in the i¢Hclooctanediyl derivative, unprecedentedCGind C=C
coupling ocurred, also leading to destruction of the borate center (CHaf)terhus,
without significantly modifying the di@yridyl)-backbone, di(2
pyridyl)dialkoxyboratePt' complexes were the only imminently remaining metal
ligand platform worth exploring. Asmentioned before, repeated bottom
approaches to synthesize digridyl)dialkoxyborates were intractable. Gratifyingly,

the oxidation of di(2oyridyl)-1,5-cyclooctanediylborat®t'R. complexes (where
R=Me, 4.5 and R=Ph4.6) in methanol led to the foration of the much anticipated
dimethoxyboratePtV complexes, in excellent yields. According to the mechanism
proposed for the complete oxidation4ub and4.6,the di(2pyridyl)dimethoxyborate

ligand retains its configuration while enabling aerobic dakbn of derived
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dihydrocarbyiPt! complexes. Pending availability of a suitable reducing agent [R], a

L.
reaction[R] + 0.5 0, L R-0 involving either4.350r 4.17as catalyst, as shown in

Scheme 5.1, could be envisioned:

Scheme 5.1: Redox chemistry of di(2-pyridyl)dimethoxyborato-Pt"’ VPh, complexes

&
=

\OMe

gl PR
N/P|t'\Ph

OH
4.17

Furthemore, based on the proposed mechanism of sequential hydride abstraction

from the bridgehead (B} (1,5-bicycloocatendiyl) fragment upon oxidation 46

and 4.6 and from the bridge head (BCH (3.3.Gbicyclooctyl) fragment upon

oxidation of4.28 and 4.29 we envisioned that derivatives df17 with B-bound

secondary alkoxy groups, suchg might allow for a hydride transfer from thé 2

C-H fragment of an alkoxy group, as shown in Scheme 5.2, leading to the formation

of a PtY(H) complex,5.2 Scheme 2 shows a direct analogy 4f30 4.31 and 4.33

to 5.2 5.3 and5.4, respectively.

Scheme 5.2: Comparison of Pt'V-assisted S°°C-H cleavage of B-bound proximal [3.3.0]bicyclooctyl and ispropyl fragments
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However, in order for such transformation to occbul must isomerize tdb.2
featuring an agostic (€)-PtV bond, corresponding to a Icalated gagphase
activation energy of 21.2 kcal/mol2][ The activation energy for the-& cleavage in
5.2leading t05.3, involving a transitiorstate,5.5, shown in Figure 5.1, was found to
be 13.8 kcal/mole in the ggdhase and 6.5 kcal/mole in MeOH.

Figure 5.1 DFT calculated transitiostate 5.5) for the conversion d¥.2t0 5.3

Thus, provided isomerization 6f1to 5.2is possible, intramolecular-8 cleavage in
5.2by the P center might be possible. Deprotonation of tH&(RA) fragment vould
then lead to ai(R-pyridyl)diisopropoxyboratePt' 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(2pyridyl)dimethoxyborato -Pt" (Ph2)(OH) complex with

NaBH4

Scheme 5.3: Reduction of di(2-pyridyl)dimethoxyborato-Pt"VPh, complex
6h

A MeO.
(\*‘ \ NaBH, 20 g OMe
X/ ‘I’M‘* or NaBH(OMe);
|V‘N"”"'~Pt'v """ Ph oxcess + NaB(OMe);
/N/ | ~Ph 2h N... . .Ph
OH MeOH N/Pt\ph
=
-LPt°
417 433

| 92 % NMR yield |

(could not be separated)

In order to access to the putativé Bomplex,4.33 featuring the new ligand, di2
pyridyl)dimethoxyborate, the P{Ph)(OH) complex, 4.17, had to be reduced.
Synthesis of the dimethydnalogue 0f4.32 was not attemptedrom a difficultly
synthesized4.16 as the hypothetical B¥le, complex is expected to undergo
methanolysis of one of the'®Me fragments in the course of the reaction.

We found tha#.17in methanolic solutions could be reduced in 90 min by an excess
of 2 equivalents of NaBlHor 5 equivalents of NaBH(OMg#as shown in Scheme 5.3.
An excess of borohydride was found to be necessary, presumably, to account for the
background reaction of NaBHvith methanol. Although small amounts of colloidal
material, presmed to be Pt[82] formed, similar to reported reduction of"Pt
complexes with NaBH leading to colloidal Pt the P! was easily separated by
centrifugation and/or filtration through a 0.2 um PTFE syrifiger. The identity of

the PY product was dablished byH-NMR and ESFMS. Owing to the presence of a

large amount of NaB(OMg) which could not be removed completely even after
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repeated recrystallization attemp#s33 could not be obtained in analytically pure
form. It is, however, as evideniofn a clean aromatic regidhl-NMR spectrum, the
only Ptcomplex is solution.

Figure 5.2 Aromatic region of the!H NMR spectrum of4.33 (with admixed
NaB(OMe})) in acetoneds (22 °C, 500.132 MHz)
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When the reduction o4.17 with NaBH: was repeated in GJOD in an NMRtube

with THF as internal standard,33-die corresponding to complete deuteration at the
PtPh and B(OCH). fragments was obtained in 92% NM#keld. Although the
reduction of4.17was complete within 90 min, the methanolysis and H/D exchahge
the excess NaBHadded was complete within 6h as evident by the disappearance of
the 'H-NMR signals corresponding to the Bkhigment. An equivalent increase in the
signal of CROH after completion of reaction and a small amount of benzene, were
observd in the!H-NMR spectrum. The origin of benzene presumably stems from the

same decomposition that results if-Black.

5.2.2In-situ Oxidation of di(2-pyridyl)dimethoxyborato -Pt!' Phz-dis complex in

CDs30D

After completion of reduction and after completesagipearance of th#H-NMR
peaks corresponding to NaBHthe CROD solution containing4.33-dis and

NaB(OMe) was exposed to O Within 10 minutes of exposure to,Ca *H-NMR
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spectra was recorded. According to the NMR, complete conversidn38iis to

4.17-d17 had occurred, as shown in Scheme 5.4(a).

Scheme 5.4: In-situ oxidation of di(2-pyridyl)dimethoxyborato-Pt'Ph, complex:

comparison to direct oxidation of di(2-pyridyl)-1,5-cycloocatendiylborato-Pt"Ph, complex
Na®

b
(a) D3CO\ (0)
2
X\ CD,;0D
_ % (\I ocD, -
20 min | \/N wv-~CeDs
CD;0D ‘ Pt -
_N | CeDs
oD
4.35-dy5 417-d,, 4.6-dy,

To prove the identity oft.17-d17, the 'TH-NMR spectrum of the oxidation product of
the dio-derivative of di(2pyridyl)-1,5-cyclooctanediylborat®t'Ph. complex,4.6-d1o,

viz. 4.17-dh7 was compared and found to be a match. Thé-ES of both solutions
showed a mass of 612.1, consistent with7-d;7, as shown in Scheme 5.4(b). The
oxidation of 4.33-dis was also performed in GDD solutions with NaB(OMe)
additive and no depecgtion in rates of oxidation or change in products were found,
out ruling the involvement of the latter in the oxidation reactions.

Figure 5.3 'H NMR comparisons ofl.33-dis and4.17-d17 (obtained from4.33-die

and4.6-d1g) in CDsOD (22 °C, 400.131 MHz)
(4.33ds1s, 6h after adding NaBK note the small amount of benzene appeared)
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(After admitting Q to the solution above showing formationdol 7-di7)
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5.2.3 Mechanisms of reduction of LPY (Ph2)(OH) complexes withborohydrides

Scheme 5.5: Proposed mechanisms of reduction of di(2-pyridyl)dimethoxyborato-Pt'Vth complex by NaBHR; (R=H, OMe)

(a)

back-side

(b)

«Ph
Ph

- NaB(OH)R;

H\ front-side

BR;
)

back-side
—_—
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Two mechanisms for the reduction of theVPtomplex, 4.17, by NaBH, or
NaBH(OMe} are shown in Scheme 5.5, where R = H, OMe. Based on literature
precedence of concerted mechanisms of hydritieedy from borohydrides to metals
[83] and organic substrate8], two mechanisms, differing in how the borohydride
sour ce cydiidev & rr sa gamed denter, werd proposef:t

(a) Involves concerted transfer of Hirectly to the PY centerv i &ond metathesis
with the PY¥-bound axial OH ligand to form.6whi ch can then wunder ¢
deprotonation by methanol to generate th& ®@mplex, 5.5. Although LPY(H)
complexes similar t&.6 have been synthesized by Puddephatt eB%l ljy direct
reaction of a LPY(Mes)(OTf) complex with NaBH, it did not undergo reductive
elimination to form any Ptproduct, the stability of the latter being ascribed to the
presence of a Mle fragment trans to the #PL. Thus, in the presence of a weakly
transinfluencing ligand such as the BOCHs-Pt fragment irb.6, deprotonation may

be viable. Alternatively,(b) involves a sequential -B-B and Bto-Pt hydride
delivery. Although examples of metathetic comproportionation involvintp-B
hydride scrambfig have been reported in literatuB$]| they involve association of
tetracoordinate  EBH™  with  tricoordinate  alkylboranes to  produce
alkylhydridoborates. Based on our experimental findings of the difficulty in breaking
B-OMe bonds in nomcidic solutionsdisfavoring the formation of a digyridyl)-B-
methoxyborane moiety ligated to theVPtenter under current alkaline conditions,
both frontside and baclkside attack of théydride leading to5 . ©rB5& might be
extremely endergonic. An empirical ted substitution of a Bbound OCH fragment

by a BH fragment was performed. The dif@ridyl)(methoxo)(methyl) borate
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ligand, 3.1 (c.f. Chapterill), was dissolved in CBOD and 2 equivalents of NaBH

and THF as internal standard was added to it. Bas#idedhl-NMR spectra recorded
after 1 hour, no new 4Bl signals indicative of new product was observed. On the
other hand, dihydrocarbylborohydrides are more reactive towards proton@ykis [
so the absence of new-HB signals does not necessarily rule mgtallation of a
hydrideon the ligated PB(OMe) to form5 . @r6 . 7i.8.dnechanism (a). Closely
related, stable bis(pyrazolyl)dihydridoboré®8” complexes have been reported in
literature B8], however, only those featuring aMe trans to the Bu-H-Pt could be
isolated. In our case, with an axial OMe §ift) or OMe (in5 . Yligadd trans to the
PtV-H fragment, deprotonation might be viable, leading to tHec®mnplex,4.35 It

is interesting to note at this point that attempts to reducéwith even 1 equivalent

of NaBHs in THF-dg led to complete destruction of the complex within 10 minutes,
formation of >1 equivalent amounts of benzene and copious amounts®.of Pt
Regardless of the mechanism lofdride delivery, the different outcomes ofeth
reaction performed in THBs and CRROD suggests that the putativé'Ptl complex,

in the absence of methanol, reductively eliminates benzene to form an unstable three
coordinate PtPh complex, leading to decomposition. Similar observations have been

reported by Bennett et al for 'RPh)(H) complexesd9)].
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5.2.4 Attempted preparation of diisopropoxy derivatives of di(2
pyridyl)dimethoxoborate-supported Pt' Phz, 4.35, and PY¥ (Ph2)(OH), 4.17
complexes

Scheme 5.6: Susbtitution of B-bound methoxy fragments in di(2-pyridyl)dimethoxyborato-Pt complexes
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iP i
(b) ro\g _OiPr
N/

D;CO_ o _OCD;

S
‘B/

(a)

€D,0D

'ProH
e

12h, 50°C 24h, 60°C

As discussed beforesubstitution of either Bhbound OCH fragments in4.17 with
OCDz was slow in CROD even at elevated temperatures of800n the other hand
similar exchange for the 'lh2 complex4.33 was more facile, as shown in Scheme
5.6(a), with complete conversido 4.33-disin CD:0OD in 12h at 50C. Therefore in
order to observe a diisopropylborate variam it was imperative to attempt reaction
of 4.33 with isopropanol, as shown in Scheme 5.6(b). To our disappointh&3t,
(with admixed NaB(OMe) dissolvedin isopropanol showed no exchange of the B
bound OCH for OPr even after heating at 8C for 24h. When the solution was
warmed further to 80C, black precipitate formed, indicating decomposition. AnESI
-MS on an aliquot of the reaction mixture didtstow signals at 606.2 or 634.2
which would suggest replacement of one or twbdBind OCH fragments with @Pr
fragments.

Scheme 5.7: Attempted synthesis of di(2-pyridy|)diisopropoxyborato-Pt'V(Phz)(OH) complex
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We then attempted to synthesize the diisopropylborate variant of YEB(OH)
complex, i.e. 51, via aerobic oxidation of the dH2yridyl)-1,5
cyclooctanediylboratdt'Ph. complex,4.6 in isopropanol, as shown in Scheme 5.7.
As opposed to the rapid aerobic oxidation4o® in methanol which yields clean
formation of di(2pyridyl)dimethoxyboratePt¥(Ph)(OH), the oxidation of4.6
performed in isopropanol with Zproduced an intractable mixture of products and
further attempts to isolate diisopropoxoboraté/ft’ variants were discarded. We
presumed that the higher steric bulk imposed by twprigoxy fragments severely
hindered the formation 06.1 Owing to the higher thermal stability of the
PtV (Ph)(OH)complex, 4.17, catalytic oxidation of isopropanol was attempted
directly, with di(2pyridyl)-dimethoxyboratePtV (Php)(OH), 4.17, as precaalyst, in
the hope that the aforementioned substitution would happsituino 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 oxidationof NaBH(OMe)sz and NaBHa

Based on the success of reducing théAPs complex,4.17 and reoxidizing 4.35-d16
in the same pot, we decided to investigate the possibility t@l.0Seas a catalyst in
the <convemhgide®n sofur @metodd n ¢ o Tladbee best of our
knowledge, homogenous, aerobicand catalytic conversion of NaBk or

NaBH(OMe) to NaB(OMe) is hitherto unreported. As such, catalytic conversion of

borohydrinolgansed tlor@t es, whi ch have great
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applicatios [90] are typically carried out by mixechetal oxides 91] or by electre
catalysis 92 in protic solvents. A limiting factor for such applications is
uncontrolled protonolysis of the-B fragment leading to unwanted lgas evolution
[93], the extent ofwhich could be reduced by establishing a faster oxidation process
[94]. Since the oxidation of the di@yridyl)dimethoxyboratesupported PPh
complex,4.35 was rapid, we felt it pertinent to explore the viability of using our
PtV (Ph)(OH) complex,4.17, as a catalyst in the aerobic oxidation of NaRiH any
other borohydride reagent. If the least reactive NaBH(QMmjuld also be
catalytically converted to NaB(OMg)there is no doubt that similar catalysis would
also work for NaBH, given the fact tht attempts to reduekl17in methanol by both
were successful. In order to suppress decompositiod.laf immediately after
addition of NaBH, catalytic oxidations of NaBHwere performed with twdold
excess of NaOMe added, based on the known effeatkafinity on the protolytic
stability of NaBH, [95].

100 mg of NaBH(OMe)(0.78 mmol in [H]) or 5 mg of NaBH (0.54 mmol in [H]),

with 2 equivalents of NaOMe in the latter case, were dissolved 000N an NMR
tube, and appropriate amountsdoi7were added with THF as internal standard. The
NMR-tube was quickly exposed to 16 psi of @nd reaction progress was monitored
at intervals of 1h. TONs/ h werde reslonwlnateso
(g+sept.,-0.18 ppm) with respect to THF sighnintensity. The decrease in integral
intensity corresponding to the-IB resonance was correlated to the increase in the
CDsOH signal intensity. A similar experiment was performed in the absence tof O

correct for the slow background methanolysis and ekchange of the BH fragment.
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The TOF of at about 178/hour was observed for Na[BH(@Meith 0.5 mole %
catalyst loading and 216/hour for NaB®ith 1.66 mole % catalyst loading. Note
that catalyst mole % was calculated based on the number of oxidetdisfagments

in the substrate. Consistent with the presence of continuous supply of exaess O
fast oxidation of the BPh complex 5.5, when NaBH(OMe) or NaBH: was
completely oxidized after 1 hour, the onlydeintaining species observed in solution
by 'H-NMR spectroscopy was.17-ch7.

Table 5.1 The catalytic performance of complex17 in the oxidation of
Na[BH(OMe)] with Oz (1 atm) in 0.8 mL CBOD at 22°C; reaction time is 1.0 hour.

# | Na[BH(OMe)], Catalyst 4.17, mole Conversion of TON
mg % Na[BH(OMe)3], %

1]50.0 - 3.2 -

21100.0 0.5 92.2 178

3|50.0 1.0 100 o7

41 50.0 2.15 100 45

2The value is corrected for the contribution of the background reaction.

Table 5.2 The catalytic performance of compléx.7in the oxidation of NaBkiwith
02 (1 atm) in 0.6 mL CBOD at 22°C; reaction time is 1.0 hour.

# | NaBHa, Catalyst 4.17, mole| NaOMe Conversion of | TON
% added NaBH, %
mg
1|5 - 14.2 10.1 -
25 1.66 14.2 100 210
415 5 14.2 100 71.9

° The value is corrected for the contribution the background reaction, TONs
reported are based on 4 oxidizable Hydrides in NaBH
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5.3.2 Catalytic oxidation of isopropanol by di(2pyridyl)dimethoxyborato -

PtV (Phz)(OH)

Selective oxidation of alcohols is extremely important for the synthesis of conymodit
chemicals and intermediate96]. Typically, oxidation of alcohols involve use of
halogenated solvent9T], as well as use of wasproducing stoichiometric oxidants
[98]. An ideal system could involve water or even the alcohol being oxidized as
solventand Q as oxidant. Although there have been reports involving &8h {the

role of G is not fully understood. Very few examples of aerobic oxidation of alcohols
without the need of sacrificial +acceptors existd 00]. With our new ligand at hand,

and DFT predicted appreciable activation energy barrier (of agostiel C
deprotonation) calculated, we decided to explore aerobic oxidation of isopropanol
with 4.17as a catalyst. A4.17was not appreciably soluble in isopropanol, a solution
of itin 1:1 THF: isopropanol v/v mixture in a Schlenk flask was exposed to 30xsi O
and the solution was immersed in an oil bath at°80(t=0). The reaction was
monitored by recordingH-NMR spectra of aliquots every 2h initially. Since no
acetone was found to have rfieed 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 ESMS recordedon an aliquot taken from the reaction vessel
after this time period showed, in addition to a major signal at 596.1 corresponding to
4.1MH*, a small peak at 624.1 corresponding to substitutioonefB-bound OCH
fragment by a @r fragment, i.e5.8 (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 presencecetbre 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 DARTESI-MS of an aliquot of the reactiamixture, as shown in Figure

5.5. No acetone was detected #*NMR in a control experiment with a 1:1 THis:
isopropanol v/v mixture heated at 8D for 4 days under 30 psi pressure of 8 plot

of moles of acetone formed versus time is depicted in Figure 5.4

Figure 5.4 ESI-MS spetrum of an aliquot of the reaction mixtuslowing in

addition to a signal at 596.1 correspondingttb7H*, another small signal at 624.1
corresponding t&.8H":
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Figure 5.5 DART-ESI*-MS spectrum of an aliquot of the reaction mixture:

Acg. Data Name: e20131001_01a Experiment Date/ Time: 10//2013 11:24:14 AM
Croaion Parameiers: Average(MS| 1] Time:4.35.4 561 1.0"Average(MS] 1] Time:0.63.0.97) lonization Mode: ESla
Comment: Shrint

Intensity (509)

200
700

800

Lo ]

T T T
520 540 560




Figure 5.6 Plot of TONs of acetone and benzene over time:
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5.3.3 Mechanism of aerobic oxidation of isopropanol

Scheme 5.8: Proposed mechanism for the catalytic oxidation of isopropanol: Me,CHOH + 0.5 O, —> Me,CO + H,0

Pre-catalyst
417

According to the proposed mechanishown in Scheme 5.8,8 undergoes cleavage
of the P¥-O'Pr bond, in step (i) to fan a transient 2CH-agostic complex5.9.
Based on the preference f@-atom ligation over agostic -8 bonds towards

sufficing as the sixth axial coordination site on octahedrdl deinters (c.f. Scheme
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3.4), we presume this step to be the most endergmitence the rataming step in

the catalytic cycle. A &1 to PtV hydride migrationsimilar to that discussed in
Scheme 5.2, via elimination of water (step (ii)) leads to the formation of acetone and
the neutral Ptcomplex,5.1Q In order for aerobioxidation to take place, the anionic
borate center is replenished by iPrOH to genésaté and one mole of proton (step
(ii)). The proton can be shuttled back to aid in the oxidation, step (iv), to regenerate
the active catalyst specids8, thus compgting the cycle.

Based on the observation of an induction period of 8h, and failure to synthesize
complexes.1or 5.3 we presumed that the initiation of the catalytic reaction includes
the formation of the catalytically active speci&s, via the nitial displacement of the
B-bound OMe fragment id.17. Thus in order to achieve higher TONs, th¥ Pt

center has to be modified appropriately to facilitaté-BtPr bond cleavage, which

may be achieved by replacing thé’Riound phenyl groups by bulkiaryls.

5.4 Conclusions

The di(2pyridyl)dimethoxyborate ligand is the first borate ligand capable of resisting
degradation while enabling aerobic oxidation of derived ordth@omplexes. We
found that supported B¢(Ph)(OH) complexes are able catalysin the aerobic
oxidation of both NaBkland NaBH(OMe)in high TOFs of ~200. To the best of our
knowledge, homogenous, aerobicand catalytic conversion of NaBk or
NaBH(OMe} to NaB(OMe) is hitherto unreported. As opposed to a direct
borohydride fuel d& which operates at high temperaures of 30) the catalysis

reported herein operates at ambient temperatures at pressueeslighty more than
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atmospheric. No adverse effects of alkalinity, which was maintained to retard
background protonolysis d@orohydrides, was observed.

Furthermore, the di¢pyridyl)dimethoxoboratdPt (Ph)(OH) complex was found to

be involved in the catalytic aerobic oxidation of isopropanol. Although TONs
achieved were low and TOFs lower, appropriated?itered modificatios might

allow for a more efficient alcohol oxidation catalyst.

5.5 Experimental Section

5.5.1 Preparation of di(2pyridyl)dimethoxyborato -Pt" Ph2 complex, 4.33:

25 mg of4.17 (42 pmol) was dispersed in 2 mL of methanol. To this suspension was
added 5mg EBHs. 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*H-NMR and ESIMS of the crude product confirmed the identity4083

4.33 could not beobtained in analytically pure form owing to a large amount of
NaB(OCH)s which could not be removed from the sample even after attempted
recrystallization from THF: heptanes mixture or attempts to selectively eAtz®t

with various solvents.

H NMR (22°C, 400 MHz, acetonds, pp m) U :

6.49 (vt, 2H,J=7.5 Hz, Php-CH), 6.576.71 (m, 6H, Phm-CH (4H), py5-CH (2H)),

7.38 (td, 2HJ=7.7, 1.7 Hz, py4-CH), 7.6 (d+Psatellites, 4H,)=7.7 Hz,Jp:1=~63

Hz, Pho-CH), 7.76 (d, 2H,J=8.4 Hz, py3-CH), 8.41 (d+unresolved Ratellites 2H,

J=5.9 Hz, py6-CH)

H NMR (22°C, 400 MHz, CRO D, ppm) U: 32+NaBOMe}),r6.6 B( OMe)
(vt, J=7.2 Hz, 2H, pPh), 6.75 (m6H, m-Ph4H)+py-4-CH(2H)), 7.487.58(n, 6H, o
Ph+py4-CH), 7.73 (d, 2H,J=8.6 Hz, py3-CH), 8.43 (d+unresolveBt-satellites 2H,
py-6-CH).

ESF (of methanolic solution): 578.18, Calculated: 578.16

5.5.2 Preparation of di(2pyridyl)dimethoxyborato -Pt" (CsDs)2 complex, 4.33d16

by reduction of 4.17

A sealable NMRube was charged with 15mg df17 (25.2 umol) and ® mg
NaBHs (79.3 pmol). To this was added 0.7 mL of §€ID cooled to-20 °C and the
NMR-tube was shaken. Slow bubbling and formation of trace amountslbadkt
was seen. The reaction mixture was monitoredHbNMR using THF present in the
sample as internal standaatid reaction was found to be complete in 90 minutes.
According to NMR, 83% of all starting material was converted483-dis. The
mixture was then filtered through a PTBf#inge filter to obtain a clear liglyellow
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filtrate. An ESIMS (negative mode) as 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.

4.33d16 'H NMR (22°C, 400 MHz, CROD, ppm) : U:J=56,.1BHz (t d,

py-5-CH), 7.50 (td, 2HJ=7.2, 1.8 Hz, py4-CH), 7.7 (d,J=7.8 Hz, py3-CH), 8.4
(d+unresolved Psatellites, 2H, py6-CH)
ESTI (of CDsOD solution): 594.19, Calculated: 594.16

5.5.3. Insitu oxidation of 4.33dis to 4.17d17. 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-d:7 was formed in 83% yield. Some benzepessumably
from decompositionwas seen in the NMR spectrum. B8 was recorded of the
filtrate.

ESI" (of CDsOD solution):4.17-di7-H: 612.19, Calculated: 612.17

5.5.4. Direct oxidation of 4.6dioto 4.17-di7and 4.18 15 mg of4.6 was dissolved in
CDsOD and stored in a sealed NMRbe for 8h as mentioned before. Afédr alH-

NMR was recorded to confirm complete deuteration of the Ffiegment. At this
point, & was bubbled through the solution for a period of 10 minutes aHeNMR

was recorded. According to NMR, complete conversior.6fdio to 4.17-d17 had
occured and the spectra was found to be a match with the product of oxidation of
4.33dse viz. 4.17-d17. Signals corresponding to bicyclo[3.3.0}deene were found to
match to those observed in the experiment whé&@ was oxidized prior to
deuteration of th€tPh fragment.

5.5.5 Catalytic oxidation of NaBH and NaBH(OMe)s:

Oxidation of Na[BH(OMej]

(50.0 mg; 0.391 mmol) was performed with 0.5, 1.0, and 2.0 mole % catalyst 12
loading in 0.8 mL CBROD with THF as internal standard. Catalyst was weighed out,
dissolved in 0.3 mL CBOD and appropriate amount of NaBH(OM&3ee Table
below) as a solution in 0.3 mL GOD were combined under argon atmosphere.
Oxygen gas was admitted into the reaction mixture which was stirred vigorously in a
5 mL Schlenk flask. AtH NMR spectrum was recorded before introducinga®d

after 1h of the reaction. The decrease in the integral intensity corresponding to the BH
fragment of [BH(OMej]™ (g+sept.,-0.18 ppm) matched the increase in the:GB

signal intensity. A similar experient was performed in the absence eft@correct

for the slow background methanolysis and the H/D exchange of the BH fragment.
Oxidation of NaBH was similarly performed. A stock solution of 76 mg catalyst in 3
mL CDsOD containing THF as internal stamdavas prepared, appropriate amounts

of this solution was added to a 5 mL Schlenk flask containing 5mg (0.132 mmol
NaBHs), with added 14.2 mg of NaOMe in each run to suppress protonolysis of
NaBHa.

A similar experiment was performed in the absence ptdOcorrect 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(@Meith 0.5 mole %
catalyst loading and 216/hour for NaBWith 1.66 mole % catalyst loading.

Figure 5.7: RepresentativeH-NMR spectra for the monitoring of aerobic oxidation
of NaBHa:

(a) immediately after combining catalystl7 (1.66 mole%) andNaBH:, showing B
H signals:

El N

9 8 7 6 5 4 3 2 1 0 ppm

(b) 1h after admittingd> to (a), showing complete depletion ofHBsignals

ol A

(c) immediately after combining cataly$tl7 (2 mole%) andNaBH(OMe}, showing
B-H signals:

x M i
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(d) 1h after admittin@- to (c), showing complete depletion ofHBsignals

9 8 7 6 5 4 3 2 1 0 ppm

5.5.6: Catalytic aerobic oxidation of isopropanol:

78 mg 0f4.17 (131 umol)was charged into a 25 mL Schlenk flask in the glbea.

To this was added a 2mL equimolar solution of TAFOH. A 25uL aliquot was
taken out, and the Schenk flask was freeze pumped to remove Argon, following
which it was filled withO. at 30 psi pressur@nd Teflon sealed. The iimediate aliquot
was dissolved it€DCls, and a'H-NMR spectra was recorded, and referenced at t=0.
The mixture was immersed in an-bikth maintained at 8%C. 25 pL aliquots were
taken out at 1, 2, 8, 32, and 56 h with similar @i 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 solutioBxClz was analyzed by ESI

MS. At t=56 h, based on THF integral intensity, 8% catakurvived. TON was
calculated to be 3.8 with a corresponding TOF of 0.06/h. At this point the sample was
analyzed by DARIMS. H-NMR signals could not be reliably integrated due to
dilution.

'H NMR (22°C, 400 MHz, CCCls, ppm)i :

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 (8C°C, t=56h):

Major species: 6.98 (m), 7.2529 (overlapping withCDCL), 7.33 (GHs), 7.42 (1),

7.57 (m), 8.58 (M

Minor species: 7.08(m), 7.46, 7.74, 7.96(t), 8.41, 8.66 (d)
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