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ABSTRACT SN h

~

This thesis describes investigations into a variety af(therma1
aed photocheﬁica] reactions of organop]atinun&cb%p1exes

The mechan1sm-of reaction’ of tertiary phosph1ne ligands, L, w1th
[PtZHz(u-H)(u—dppm) ] (dppm = b1s(d1pheny]pbosph1no)methane)to give’
[Pt HL(u-dppm)2]+ and Hz'has been studied.” The react1on has been shown
to proceed through an 1ntermed1ate, [Ptsz(u -H)L (u dppm) ] from which
1ntramolecu1ar hydrogen 1055 oscurs. 'Kwnet1c stud1es of the reaction
 yielded equi1ibrfum gonstéhfs for intermediate fo}mation; and rate
constants for the overall reaction. Erom these data at a variety.of
‘temperatures, activation parameters'were obtained and -a reagtion co;‘
ordinate energy level diagram for the reductive elimination reaction was
construeted The e11m1nat10n of H2 from [Pt H(u-H)Me(u dppm) ] was
also studied and found to occur in the same manner. A corre]at1on,be-,
tween the equi]ib;ium canstants, for formation of the intermediafe‘aed
the overall rafe c;nstants for rehuctive elimipation Qas observed and
-1nd1cated that the rate of hydroaen 1oss from the 1ntermed1ates,

[Ptsz(u-HOL(u-dppm ),1" and [Pt H(u- -H)Me (- dppm)zl , are similar. This

explains the much lower reactivity towards reduction of [Ptz(u-H)Mez

|

(u-dppﬁ) ]+ which does not form an intermediate, [Ptz(u-H)MezL(u-dppm)2]+,

in detectable concentrations.
The photochem1ca11y induced reductive é11m1nat1on of hydrogen from

[Pt (u-H)(u-dppm ] was also studied. The loss of hydrogen occurs

-,

with a quantum y1e1d of .81 (in acetonitrile solut1on) and 57 (in
pyridine solution) to give’ [PtzH(L)(u-dppm)Z] (L = solvent). The
- “ ’ -

reaction was found to be intramolecular and is initiated from a siﬁg]et

-

iifd -
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excited state. The photochem1ca1 reductlve\311m1nat1on of H2 from
[PtzHMe(u H)(u-dppm) 1" and CH, from [Pt (u- H)Mez(u dppm) ] was found

to occur in an analogous fashion although w1%h slightly ]ower quantum - |
yields, (.37 and .34 in acetqnitri1e respectively; .21 and .30 in
pyridine respectively). Photo!ysis of the gomp1ex [PtzMe3(u-dppm)2]+

in pyrfdine 1ea&s to fragmentation to [PtMez(appm)]'and fPtMe(Py_)(dppm)]+
with é quantum yield of 0.6. In contrast, photolysis 1n acetonitrile,
acetone or methylene chloride gave reductive elimination of ethane, wtth
quantum yields of 0.1, 1.2:0.3'and 1.0+0.1 respective]y. In the case of
Aphoto]ysis in acetonitrile or acetone the product was [Pt HL( -dppm)2]+
(t = solvent). In methy]ene chtoride, further react1ons w1th solvent
and starting material produced [Pt {u-C1)Me (uvdppm)zj

The - photochem1ca11y 1nduced'8-e11m1nat1on reaction of [PtzEt3(u-

) dppm)2]+ and [ﬁtZEt(dpprﬁ)(u-dppm)Zj+ were also studied. The photo1ys€s:
of [PtzEt3(u-dppm)2]+-1éd to the loss of ‘ethyliene producing[PtZ(u-H)Et2
‘(u-dppm)2]+. ,The reaction was véry efficient (we estimate a quantum yield
gré&%er than 0.5): However, -the production of colored impurities pre- -
cluded a quantum yield measurement . Photolyvsis of [P.tzEt(dppm)(u-dppm)z]+
Ted to.t%e formation of ethane and [PtZH(dppm)(u-dppm42]+, with a

-4

- quantum yield of 5.3 x 10 This guantum yield was insensitive to

| deuterium substitutibn of the ethyl group (CHZCD3) or to addition of
free dppm . '
- The thermally induced B-elimination of ethane from [Pt Et(dppm)
(u~dppm) ] was also stud1ed. The reaction fo1lowed first order

] at 100°C, was

k1net1cs and the rate constant 2.0+0.3 x 105
independent of added free dppm or isotope substitution. The rate of

the 8-elinination reaction did increase jn the presence of 02, yielding

»




‘a first order rate constant of 8,5:.3 x 10'? 57!

at 64°C.

The mechanism of photbchemical]y-initiated oxidative addition of
1sopropy] iodide to [PtMe2 (phen)] (phen = 1’10-pﬁenanthroline):has
1nvest1gated. The reaction was found to be initiated by a (d + ¥} -
triplet excited state abstracting an jodine from isopropyl iodide. The’
resultant species,~EPtMe ,I{phen)], then abstracts a'second iodine atom,
thus producing, overa]l, one mole of [PtMe2 2(Dhen)] and two moles of -
free isopropyl rad1ca1 per initigtion sequence. The oxidative addition
product, [PtMez( Pr)I(phen 1, was then formed by a chain reactioﬁ in-

' '.'2 volving Top attack on [PtMez(phen)] producing [PtMeziPr(pﬁen)] which

| abstracted an igdine atom from 1.PrI to regenerate 1-Pnr-' and produce

‘ [PtMe (iPr)I(phen)] The chain termmatwn step was found to be attack
of free isopropyl radlcal on e1ther the phenanthro1$ne or methy] group
of the starting complex, [PtMez(phen 1. The rate constants for exc1ted
state decay to ground'stafe, iodine akom abstraction by the excited
state of the complex, and 1sopfopyl radical attack on [PtMez(phen)],

leading to both propagation and termination of the chain sequence, have

13
)

been determined. . .
A brief'investigatién of the catalysis of the water gas shift
reaction by [PtzHZ(u-H)(u—dppm)]+'was 5150 undertaken. ‘fhe rate of the

. catalysis Qas found to be first order in initial concentration.of
[Ptzﬂz(u-H)(u-dppm§2]+, at a prggshtg of 7,5‘ath6phéres CO. Under
these conditions, the turnover rate.was found to be 3.0:.2_mol;H2 (ar
€0,) (mo][Ptsz(u-H{(uqdppm)2]+)'] h']. fhb turnover rate was found tol

increase with decreasing carbon monoxide pressure (a rate of 25.2 mol Hé :

LY

(or C02) (mo][Ptsz(u-H)(u—dppm)23+4;1 h! wagrfound at a pressure of

.13 atm C0.). The kinetics of -the caiiTysis are found to‘Be consistent




with the présence of two active. catalysts in the catalytic mixture.
- The complexes present in the cataIytm mixture were m\‘les.t'lgated In
the presence of oxygen, the complex, [Pt (u CO) {u- dppm) (Ph PCH P(O)Ph )1,
. was recovered. In the absence of oxygen a ye]‘low cluster was recovered.
The structure of this comp]éxfﬁas not yet been determined.
, ) y

4
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CHAPTER 1

Introduction_ 2

1. Introduction

Piatinum, and its chemistry, have been central to the development
" .of gurrent pr%ncip1es in both inorganic and organometallic chemistry.
To give the reader an apprecfation of tQis, a brief historical sketch

of p]at1num chemwstry w111 be included in this chapter. Thﬁs will be

l

. fo]]owed by @ descr1thon of the ox1dat1on states and coord1nat1on
geometries Wh1ch have‘been observed in the compounds of platinum. The

. 'néxtisection will deal with reaetions in organometallic chemistry. This
R N ' - '

“ Wil not be an exhaustive survey but an introduction to the reactions
B )

stud1ed in this thesis. . - ae

The next sectmﬁ wﬂLdesémbe‘, in general tx the object of‘—

- - . e
.-

. this thes1s. Because of ‘the general nature of th ection a more
specific ini}odqciiqn will precede each chapter.

This thesis is, for the most part, a study of the chemisﬁry of a

systeh of binuclear platinim compounds Tinked by the 1jgand dppm. As .

L -

this area is re1at1ve1y new, a b“ ef-descr1pt1on of "the assoc1ated
chemistry will Be given at tHe end of this chapter.

At this jupcture I should also boing out that, for the purpose of
this theéis, [ shall defiﬁe organometallic c%emistry to include metal -
hydrides. The reason for this inclusion is the similarify of the react- ¥
ions associated with M-H and M-C'siq@a bonds. A more utilqtarian

jusfification is the importance of metal-hydride.i?ngﬁe;%ates in'
&
" catalysis. For this reason a bettér understanding' of nmta] hydride

Y s
chem1stry is expected to have its largest 1npact in the genera]

f1e1d of organometa111c chemistry.

001




1.1 Historical Sketch)

Repo}ts of platinum entered Europe from'Ehe_New World as early as
the 16£h century. The interest in platinum was partially due to -the
' inability of-the Spanish to melt the metal. In fact the earliest known
reﬁere&ce to platinum, by Julius Caesar Sca]iger; describes it as "...

a substance which it has not hitherto been possible to melt by fire or

by any of the Spanish arts."

Althouagh isolated Indians were able to work the me;gT into
jewelry: , iﬁ Europé it was considqreq va]ue]ess.'LIn fagf one of the
. earliest uses of platinum was to adulterate gold,a process wh}ch eventu-
ally led the King of Spain to ban its importation. In spite of this,
samples of ﬁ%atinum entered the European scientific community and were
a subject of intense interest in the 18th century. Ear]y in the 19th
century the otﬁer noble metals in ‘native platinum were separated and -
identif%éd. The chemistéy of platinum was now developing quite
_ rapidly. . ' ‘ -
The first major scien;ific contribution fpunded on platinum Ehem-

«

istry was the observation of catalysis by H. Davy and later E. Davy,‘
although neither grasped the significance of the discovery. It was,
however, these reports which led J.W. D&bereiner, yho may be terméd the
founder of the stud; of catafysis, fd undertake his own studies.
Shortly thereafter Dobereiner reported the catalysis, by platinum, of '
- the cohversion of alcohol to acetic acid followed closely by his
reports of the cataiytic combination of H2 and 02'to produce- water. '
These reports stimulated much activity and it was less than 10 years
later, in 1831, that éhé'first patent of catalytic processes was

granted to P. Phillips for the manufacture of H2304 by passing_SO2
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and air over f%ne]y divided platimum. -

It is also notable that fhe synthesis of the fi}st organo-
transition metal compound, reported by W.C. ieike in 1831',' was of a'
p]qtinum comp]ex,'K[PtC13(C2H4)]. The chemisxry of platinum 3156
played a signifi;ant role in the development of Cfordination
chemistry. It was through the study of ammonia compounds predominantly

of cobalt and.platinum that eventually led to Werner's coordination

-~

theory for which he won thé Nobel prize in 1913.
\ The chemistry of platinum was a subject of intense interest-in the
early 20th century és the trans-effect was studied in p1a£inumﬂII)

. complexes. As theory deve]oped,an apprec??tion of the application of
organoplatinum chemistry to catalysis has made platinum one of the mﬁst

thoroughly studied transition metals.

M.2 Oxidation States and Stereochemistry of Pia;inum Complexes

' .
. . - t
» We can define the oxidation state of a metal as the formal charge

. ‘remaining on the metal after all ligand§ have been removed in‘the%f
closed shell configuraiioné and all meta*%Ee;a1 bonds are homolytically
cleaved. Platinum complexes- have been, found in alloxidation staées
from zero to_sii.

‘ Table 1.1 giQes some examples of platinum éomp]gxes in each of

~ these oxidation, states. .
. ] N

>
-

1.3 Reactions of Organoplatinum Complexes .

This thesis is concerned primarily with the mechanisms of the g- ~

. elimination (equation 1.1), reductive elimination(equation 1.2), and .
A .

oxidative addition(equation 1.3) reactions.g-

CR2 (1) -

n- * '. n_ *
Ln'M CHZCH R2 -> Ln.M H* + CH2
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s | . : k . | 004
TABLE 1.1
Platinum Oxidation States ,
Oxidation Coordination Cow
State Number - Geometry , Compound - Ref.
0- 4 Tetrahedral [Pt(PF4),1 2
3 Distorted trigonal . [Pt(PPh3)3] o 3
planar .
y - . Linear = - . [Pt(PPhtBuz)z] 4 -
I 4 Square planar - [Ptz(CNMe)G]2+ 5"
1 . 6 Octahedral [Pt(NO)C1 1" %
5 Trigonal [Pt{snC1,4)1° 6
bipyramidal '
4 Square planar Kz[PtC1a] o 6
111 6 : Octahedral [PtzMe4(u-0C(CF3)- 7
| n O)Z(Y-pico}?né)zl
14 6 Octahedral Kzfggf[Pt(N02)3- 8
A ‘ Ci 3‘] .‘ ' ———
p v 6 Octahedral ~[XeF][PtF6] 6

VI 6 Octahedral " [PtFG]. ' 6
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2,

n n- N
Ln'M AB + Ln'M AB ...(1.2)

L M+ AB > Ln,Mn+2AB ..(1.3)

»

The latter two-reactions involve a change of two in both oxidation”
stateland coordination number. In platinum, which has_its three most
cohmon oxidation states ((0)s (II) and (IV)) separated by two, a wide
variety of oxidative addition and redqctive‘elimination reactions are
known.

Ag both the g-elimination and reductive-elimination reactions
studied in this thesis are from binuclear complexes a brief survey of
mechanisms encodntered in'mononuc1eéf complexes is given in sectian
1.3.1 and 1.3.2.

The oxidative addition reaction studied in chapter 6 involves the
~platinum(II) complex [PtMez(phen)] and its reaction with i§§7
;ropyliodide. A brief survey of mechanisms of oxidative addition

reactions  is included in the introduction to chapter 6.

1.3.1 Thé 3-Elimination Reaction

“The 3-elimination reaction is most easily illustrated by consider-

ing the reaction of trans-[CZHsPtC](PPh3)2], equation (].4).10 ,
' L. CH,CH," L . H
: N~ 273 v .
. pt” . — >Pt .+ CH, ...(1.4)
a” N a” i
‘-

As can be seen, the net reaction inhvolves transfer of a B-hydrogen from
the alkyl chain to the .platinum and loss of ethylene. In this case the

reaction may be reversed by treatment with ethylene.i —_



A more common situation in platinum(II) chemistry, in which the
platinum hydride species is unstable,is illustrated by the decomposition
of [Pt(C4H9)2(PPh3)2] (Scheﬁe 1.1).]]’]2 The evidence for this mech-
anism is as follows. n-Butane aﬁd-]-butene were formed in a ]:],ratio;
The rate of the reaétion was decreased in the presence of excess
phosphine. The reaction was shown to be intramolecular by a mixture
of [Pt(CHZCDZCHéCH3)2(PPh
formed showed no deuterium incorporation.

3)2] and EPt(n-C8H7)2(PPh3)2]; the octane

<

In the absence of added phosphine, the dissociation of PPh3 was
.found to be rate detgrmining whereas, in the presence of excess phos-
phine, reductive elimination was found to be the rate limiting step.

The importance of B8-elimination as a decomposition path@éy is
illustrated by the'much higher thermal stability of methylplatinum(II)
complexes, where no 3-hydrogens exist, compared with.ethyl and higher

13,14

n-alkyl complexes. Recently, evidence has been collected which

indicates that, following the treation of a vacantacoordinafion site,
B-efiminétion occurs with near zero ;ctivation ener‘gy]5 in some
systems. This is consisteqt with A obserVed‘chemistry of platinum(II)
where the 3-elimination has been found to pretehe or follow the rate -
Timiting step; it has not yet been identified as the rate limiting step;
The g-elimination reaction may also be initiated photochemically.
One ‘example of this involves the thermally stable tho#ium complex -
tTh(us-CsH5)3(i-C3H7)].]6, Photplysis leads to the production of .
equimolar propylene and propane. The authors intérpreted this in terms
of B-elimination of 'hydride followed by reductive eiiminati&n of

propane (equation (1.5)):

00s



Ph3P\\§Pt},,CH2CH2CH2CH3 -PPh3 L Piaf’CHZCHécHQCH3 : : -

Ph.P=" > CH,CH..CH,CH.. PPh p—" ‘\‘CHZCH CH.,CH

3 2CHoCHoCHy Ph 2CHaCH3

3

L

i) loss of 1-butene
ii) reductive-elimination of n-butane

CH, = CHCH + CH CHZCH

2 213 3-"

.0
2Oy + Pt + PPhy

CH

Scheme 1.1




2

2[Th(n®-Cog) 5 (1-CoH0)1 T CHCHEHy + Thin®-CoHy)

+
5
(n 'Cs”s)sTr"'“
l gc3H7
5
- Th(n -C5H5)3 + C3H8
..(1.5)

1.3.2 The Reductive Elimination Reaction

The reductive elimination ‘reaction is a second means by which
organoplatinum complexes may decompose. To illustrate this rgaction,

we will consider- the formation of alkanes, RH, by reductive elimination

].17

from alkyl hydrides such as gjg:[PtHR(PPh3)2 The reaction (equation

(1.6)) results in a net decrease in oxidation- state from platigum(II) to

PP
Ph.P H P3
3
j::Pt::: — Rt
Ph,P R PP,

HR o .'-..(1.6)

platinum(0). This reaction is facile and elimination of alkane occurs

readily at room temperature. The reaction was shown to be intra-

molecular by deuterium labelling studies. The rate was independent of

. added phosphine and increased with bulk of the alkyl group as follows,
-

R = Ph > Et > Me > CH,CH = CH2.12

The mechanism proposed for this pro-
cess is a concerted breaking of the metal-alkyl and metal-hydrogen .
bonds and formation of thé C-H bond in the resulting alkane (§tructure
1.1).

Photochemically induced reductive elimination from platinum is

—
also known to occur. The photolysis of [BrZPtCHZCHZCHz(NCCH332] leads

008



009
-Ph3p\ ,/'l:l
/Pt‘ !
Ph3P "R

Structure 1.1

primarily to reductive e]imihapion of the alkyl group as cyc]oprobane

(equation (1.7)).]8

Br :
MeCN MeCN Br
\l<> L e A
'MeCN/l | e Der ,
- Br

, _ ... (1.7)
3
1.4 TBe Object of this Thesis

.

This thesis is primarily concerned with invéstigafion of some '
basic questions about reactivity and mechanism in organoplatinum
chemjstry:' The two questions are the following:- 1) What are the
different features of a ph§tochemica]1y‘!§_the;mally induced B-
elimination, oxidative'additidn or reductive e1ihination reaction?

2) Doeé the inclusion-of a second piatinum alter the behaviour, from
an- energetic or mechanistic view, in these'types.of reac;ions of
organoplatinum complexes? . -

The first queséion 1s‘of importanée from several viewpoints. The -

"field of organémetal]ic photochemistry is, with the exception of metal
carbonyls, still in its infancy: It is hoped-that the study of organo-

metallic photochemistry may lead to useful synthetic processes which

are not available by thermal activation. An insight into the mechanisms



‘of organometallic photochemistry may also aid in the design of both

photocatalysts and so}ar‘enerby systems. .

The second question i;,of iﬂtefesf as-se&ergl @echpnisms,‘wg}ch _
are not possible in a mononuclear systeﬁ, mus£ be considered in bi- ‘
nuclear systems. One example of this is shown for the reductive

elimination. reaction where the transition state of a mononuclear system

(structure 1.2) is compared with possible binuclear transition states

(structures 1.3 and 1.4).

. P

A A---7

A
R i
B

- B

1.3 ‘ 1.4

1In structure 1.3 the second mefa] atom (MA) may stabilise the trang-
ition state by e1ectronig interacfion'with MB. In the examp]é of
structure 1.4 a‘t;ue,binUClear transition state is shown, this mechanism
would be impossib1g without MA. |

The study of bimetallic complexes may identify 1ower energy path-
ways, for reactionsman51ogous to those found in mononhtlear'systems,
or entirely new chemical trgnsformations.- Very 1ittle progress has

been made in the elucidation of mechanisms of reaction of binuclear

organometallic complexes.

.

1.5 Binuclear Platinum Chemistry.

A1l the binuclear complexes studied in this work possess the same’
basic framework of [Pt2C12(p-dppm)2] (1:5). .In tﬁis comﬁlex the ‘two
platinum(I) centers are held together by two bridging dppm 1igands. A
platinum-platinum bond an&‘two chloride 1ligands make up the coordination

) sphere.]g'22

~




P p . .
o | .
€1 — Pt — Pt — CI . ' 4
- - | | . .
P P

1.5

The'éPtz(u-dppm)2 structural frame is quite stabie and the complex-
(1.5) undergoes a variety of }eactions in which this unit remains

intact. The terminal chloyide\ligands may be displaced by neutra123

(equation (1.8)) or aniom‘c20 equation (1.9).) ligands. .
1.5 + 2PPhy » [Pt,(PPhy), (n-dppm),12% + 2017 . (1.8) )
1.5 + 2Br™ » [Pt,Br,(u-dppm),] + 2¢1” R ¢ )

In addition, to the reactions of the terminal chloride ligands,
relations involving insertion jnto the'platinumrplatiﬁhm bond, forming

- "A-frame" structures, .also occur, in which the Ptz(u-dppm)2 framework
' 24

L]

remains intact. = Some examples of this are shown in scheme 1.2.
The reduction of 1.5 by NaBH4 results in the formation of

([Ptz(u-H)Hz(u-dppm)2]+ (1.6).25 This complex, 1.6, containS a bqfdging

' p—p *

NF

H./ Plt Pt

| ™SH
PP

1.6

hydride, which is bound through a three centre two electron bond.. An

alternate route to the complex-[.s is by reduction of the monomeric

. PO

ot
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compléx [PtC]Z(dppm)],‘and is ghe_preparatioﬁ generally used. R
The trihydride complex, 1.6, has been shown to undergo'}éductivé

elimination of dihydgogen in the presence of two e]ectrqn:donor

1igands “such és phosphiwles,zﬁ’27 carbon monoxide28 and isocyam’des29

according to equat¥on 1.10

xl
. p—p ¥
| | :
1.6 4k~ | L~Pt —Pt—H + H, ... (1.10)
| |
- PP
L = PPh;, dppm .
' = €0 ' ) |
= CNR " '

This reaction involves a net two electron reduction in which each -

platinum(II) is reduced to p]afinum(}). The A-frame structural unit of
1.6 is general and the corresponding methyl comp]éxes

[Ptz(u-H)(Me)z;an(u-dppm)z]+ (n=0(1.7), n =1 (1.8)) have been
prepared as shown in scheme 1.3.30»31 ' ‘
The toté]]y methylated analogue [PtzMe3(u—dppm)2}+ (1.9) does not
have the A-frame s;tuctural unit. Its structure, as coﬁfirmed by single
crysta]'dfffraction,32‘con§ists of two platinum(II) centres, one with

cis and the other with trans phosphorus coordination. A Pt - Pt

—_— +

Me //,P f ‘

' Pt——-»P't—Me

Me’{’ PP . . ,
¢

1.9 , -




: NaBH,
+
[PtZMe3(u-dpo)2] -_—>

/

. ‘Me

+
g H
[PE,C1, (u-CHy) (u-dppm) 17 ——>

) ~. Scheme 1.3
» ) s

——

p
I

P
I
P..

P
.,/H\\I
t Pt
!
P
)

\\Me

(1.7)

[Pt2C1(p-C1)Me(u-dppm)2]+

l' NaBH,

1 ¥

014
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coordinate bond is also present such that the second platinum(II) Has
square planar geometry. Chapters 2, 3 and 4 describe the study of
reductive elimination from'thesecatiohiccbmp]exes (1.6-1.9) by both
thermal and photocheﬁica] activation.

The ethyl anélogue of 1.9, [PtZEt3(u-dppm)2]+. (1.103, has been

shown to 8-eliminate according to equation (1:11) and a mechanistic study

|
. H
(1.10) 2 /Plt/ \Plt\ + CoH, ..(1.11)
— Et Et, :
P P °

has been pubh‘shed.w’33

The éthyl platinum(1) complex
[PtzEt(dppm)'(uedppm)z]+ (1.11) was recently synthesized by the reaction

of [Ptz(ﬁ-dppm)s] with ethyl iodide (equation (].12)).34

P p r . p—p o
Plt Pt + CH.I - P Plt Plt CH.,CH :
VN 7~ N\ 2''5 | [ | 273
R p_Ff P P PP
N [ — l -
(1.11)
...(1.12)

A

The mechanism of B-elimination from complex 1.10 and 1.11 by both
thermal and photochemical activation form the topic of Chapter 5.
A study of the cata]y;is of the water gas, shift reaction by 1.6 is

also included (Chapter 7) in this thesis.




CHAPTER 2 .

The Mechanism of Ligand Induced Reductive Elimination of

Hydrogen from [Egzﬂé(u-H)(u-dppmlzji. ‘ .

2. Introduction

There has been considerable interest in the mechanisms of éctiva-.
tion of small molecules by transitiﬁn metal clusters, with the 1oﬁgiterm
aims of deve1dping and understanding cTuster catalysis and.of mode]iing
the chemisorption of smal1;m01e;u1es on metal suf?aces.3?'37 Oxidative
addition or reductive e]iminatign o% hydrogen is re]e;qng~to"man§-

L'a

catalytic reactions, and there have been several studies of such
27’3?'44 Before

- *

reactions witq'binuciear or polyﬁucléér.complexes.
_considering the mechanisms proposed for reductive elimination from these
pq]ynuclearﬁsystéms {t is useful to review what is known about reductive
e]iminationdfrom,mononuc]ear complexes. )

From 18-electron complexes; an intramolecular concerted cis- <

reductive elimination of H2 has been established in several cases

(equations (2.1) and (2.2), L = terfiary phésphiné or phosphite).4,5’46
+ 'Hz + L +
[Ier(CO)ZLz] —=> [Ir(CO)ZLZ] E YT [Ir(C0)2L3] ...(2.1)
)
-H *
[CoH,L,1* —2, [coL,1* ?E%E’ [cot 1 ...(2.2)

A similar mechanism was initially proposed for reductive

47,48

elimination of H2 from the 16-electron comp]exe; [PtHzLZ], but more

" recent studies suggest that an associative mechanism may operate. Thus,

the reductive elimination occurs readily in the presence of m-acceptor
ligands like co; but the complexes are otherwise thermally stab]e.49’so
Theoretical studies indicate that reductive elimination from [PtHzLZ]

must occur from the cis isomer, but that the activation energy should

016
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" be 100-150 kJ mo1~!.21252 Perhaps coordination of CO lowers this

activation energy. In other reductive eiiminations from square planar
platinum(II) complexes, invo]ving C-C & C-H bond formation, added
ligand may retard, acce1erat€_or have no effect on the rates of reduct-
io .53 55 The s1tuat1on 1s‘Lomp1ex and not completely understood, and
_ the above ngﬁhn1st1c conclusions for_[PtHzLZ] must be regarded as
tentative until more complete studies are reported. ‘The only.detailed
mechanist{c investigation of H2 elimination from a cluster system was
thét of Keister et'a].56 These authors studied the e1imihation‘of H2

from a trirutheneum cluster, shown in equation (2.3)

-

\l/ N ,
u u
H/INH H+CO / \
-—Rlu/T\ll?u/ 2 s =R /H\Ru-{-' ...(2.3).
/1 TSCT T -CovH, N R
| N
0 — Me 0 — Me

and'found both the activation paramegérs and isotope éffects cgnsisteﬁt
with a three-center transition state at a single metal site. In
contrast to this a true dinuc1ea:lmetha;3sm was perosedvgo account for
reductive e]imination of hydrogen from[((ns—CSHS)FgH(CO))Z(dppe)]

(equation (2. 4))

()(h i

. 4 / ~ )
Fe Fe -H Fe Fe
oc/,/l\HH/]\co - | >
Ph,P PPh, 1
e/ Ph,p 0 °PPh

.(2.4)




In this case the authors argued that the rearrangement required for a

mononuclearwelimination would not eccur as the initial comp]éx is both

coordinatively and e]gctfonicai]y saturated. This obserQation led to
K -

the suggestion that dihydrogen is eliminated in a synchronous manner

involving both metal centres. Simitar binucTear elimination mechanisms

" have been proposed by Bitterwolf for dihydrogen elimination involving
57,58 (

iron and chromium complexes equationsE(Z.S),(Z.B)).

- < . o
O al @} o, —2) |
H-FF ' | Fe
ool | B
(co), Hér CrH&ZO)Z (c0),br /cfr(CO)z
thE\/}EPh A |

E = P,As ' ...(2.6)

Py

C It sh0u1q be hotgd that in the latter cgse (equation (2:6))Athe dimgric
species is not iso]ated'but fragments to mononuctear complexes. Hence *
the actual elimination may occur by reaction dthe monomers formed.
Although, the binuclear mechanisms nroposed ére coqsfstent withwthé
observed reactions, it should be noted that'ménonuc1ear mechanism§ may .-

be proposed to account for the observed reaq‘1ons 59 In.some cases

what was thought initially to be a binuclear reductive e11minat1on
reaction was-in fact a result of fragmentation and subsequent reaction
L]

.of the resultant mononuclear sombounds. One example of this 1; _
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elimination of acetoneifrom [(“S'CSHé)ZCOZMeZ(“'CO)ZJ’ if]ustrated in

Scheme 2.1. .

The reductive elimination of H2 from the cationic binuclear

. platinum hydride [PtZHZ(u-H)(u-dppm)2]+3 (Ia), dppm = PhZPCH Pth, has

2

been shown to be induced by addition of soft donor ligands, L, accord-

ing to equation (2.7).

/\ -

P P

Ic, X = Me,

N
-

27,28
.
S A -
ST PR +. H,
[
~ II, X=H
ITh, X = Me, L = PPh ...(2.7)

3
= dppm

o

Reactive ligands include tertiary phosphines, isocyanides and carbon

monoxide, and the reactions are probably significant in the catalysis

of the Water Gas Shift reaction by (Ia).

28 In addition, reactions of

alkynes, thiols and djpheny]ghosphine with (Ia) appeaf to occur accord-

ing to‘équatipn (2.7)

— .

but with subseguent rearrangements.

29’69 The

similar complex [PtéHMe(u-H)(u-dppm)2]+ (Ic) undergoes an analogous

“reaction with H2 Ioss.

on reaction with phospﬁines‘(equation (2.7)).61'

It.should be noted that loss of CH, from (Ic), while not induced by

phospniqps, may be induced by reaction q’th an a]kyne.30

In contrast

to this the complex [PtzMez(u-H)(u-dﬁpm)2]+ (1d) undergoes no reaction

upon treatment with phosphine. The reductive elimination of hydrogen’

019

from (1) is ideal for'study as the reaction is quantitative and no mono- .

nuclear species are formed.

27 In addition, the use of two bridging

‘ dppm ligands, excludes facile fragmentatfon to form mononuclear
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intermediates and holds' the platinum(II) centers in close proximity,
which is expected to enhance the probability of a binuclear reaction

mechanism.

2.1 Results

2.1.1 Characterisation of the Products

The reaction of (Ié),according to equation (2.7) has been studied

earlier with L = PPh,, PMePh

27

3* 23 PMeZPh and n'-dppm and ‘the products (Ila-

~d) were characterised. The structure of product (IId) was determined

crystallographically and the other products were aééigned by their

31

analogous ~ P and ]H NMR spectra. These products can all be obtained

by the addition of a phosphine to Ia, both in CH2C12 soTuiion, at room

temperature. Upon addition, the pale yellow solution becomes yellow

and dihydrogen gas is evolved. The new products L = PPh, (2-MeC H,)

JPPh2(4-MeC4H4) and P(4—C1C4H4)3 (Ile-g) were all prepafed by this route

and the products recovered by precipitation with n-pentane. The

1

structure of the complexes(IIl e-g) were then confirmed by I.R. and 'H

NMR spectrum (Table 2.1). The I.R. spectra all show an absorption in

1 1

the region of 2000 cm characteristic of a-plat%num hydride. The 'H

NMR spectra consist of the sum of the spectra due to varidus’

isotopomers of (I1).The nucleus 195

Pt (I = 1/2) is 33.8% abundant where-
as the other isdtopes have 1 = 0. From an NMR point- of view, we can
write the following 4 iéotopomers for an unsymmetrical platinum dimer.
_ | A ' ’ . " . .
ST AN

“ » Y )
. b H— Pt — Pt —L H— Pt — Pt — LY
-8

A3 8% 22.4%

- g21
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AN T NS

H—Pt\——)t — L H—Pt\——/Pt—

22.4% 11.4%

The ]H spectrum resulting from A is eipected to be a singlet of
intensity 1. g§otopomers B and 'C should each give a doublet splitting
(B; ]J(PtH); C; 2J(PtH)) of intensity 0.5. In the comb]exes (1Ia), and

<-(IIe-g) the coupling 2J(Pt-H) was not observed. However, it is
observed in tﬁe case of (IIc). 1In addition to this, the hydrogen
_ phosphorus coupling is also observed. Thisfresu]ts in each peak being
split into a doublet [trans SJ(PH)] of triplets [cis 2J(PH)] of trip-
lets [cis SU(PH)I. i

The reaction of (Ic) with PPh3 has been estab11shed prev1ously and

the product (IIh) has been characterised. 30

2.1.2 Proof of Intramolecular Reaction

. _Iﬁ order to determine if the elimination of H, was intermolec-
ular or intramolecular, the deuterium substituted complex

frt, (u'D)U (n-dppm), T, (Ib), was prepared. This complex was prepared
by "the method generally used for preparation of (la) with a few
revisions. The [PtC]z(dpﬁé)] monomer was suspended in MeOD and reduced
by the addition of excess Nth4 as a solid. The product of this
reaction was then recovered by filtration. This solid product was then
extracted with CH2C12, and the CH2C12 extract was added to a ﬁethan-

olic solution of NH,PF_.  This led to crystallization of (Ib) as the

4 6
PF6 salt. ' —
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The-IR spectrum (Ib) showed (Pt-D) at 1530 cm™ .

1 1

Complex (Ia) has

v(Pt-H) at 2113 cm '. The observed peak at 1530 cm ' is’within 2% of

the expected value of ~1500 cmf]. : -

The intramolecular nature of this Eeactidn was then shown by mass
spectroscopic analysis of the 9as produced from a mixture of Ia and Ib
with L. For this study, excess PPh3 was combined with Ia and Ib (also
blanks were done with each individua]1y)eand CH2C12 was distilled into
the tube at -78°C. The samples were then warmed to room temperature to
ensure reaction and the gas evolved was analyzed by its mass spectrum.

The results (Table 2.2) indicate that (la) and (Ib}), when reaﬁted with L,

evolve H2 and 02 and an insignificant'amount of HD.

2.1.3 The Detection and Characterization of Intermediates

* Kinetic studies (gigg_igfrg) showed that reaction (2.7) occurs by an
associative mechanism involving an intermediate or transition state of
stoichiometry [}a.L]; {II1), and attempts were made to identify this.-.

.The 1Hf3]P} (Tabfes 2.3) and 3]P{]H} NMR spectra of the adduct |

(I1Ta) L = PPh,, at -90°C gave.useful structural data. For these

3
studies a weighed amount of triphenylphosphine was added to a'so1ution

. of (Ia) of known concentration in CD,C1, at -78°C, to ensure that no
reaction to givg (Ila) occurred, and the solution was then inserted into
the pre-cooled probe of the NMR spectrometer. . Under thése cbnditions,
the spectra showed the presence of an equilibrium mixture of (Ia) and
(I1Ia) as the only platinum-containing species, with the equilibrium
favoring (IIla) as discussed below. In the hydride region of the ]H
NMR spectrum, three reso;ances of équal intensity due to (II1ia) were

observed (Figure 2.1). One of these (6-9‘5) had satellites due to the

[ .
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s
" TABLE 2,2
Ana1y§js of Isotopic Composition of H2_/__D2 by ﬁass~Specthsc6py
Mass (g)’ Iniens%ty' .

cOmponént Ta Ib PPh, Mass# 1 2 3 4

.(;5 0 . : 0 1 0 0
0 .05 e 0 9.5 21\ 147
.025 025 - .1 - .0 123 34 147

i o o B - 716 0 0
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Figure 2.1. Low temperature 1H{31P} NMR spectra at 100 MHz of (IIla)
in the PtH region. Spéctra recorded ‘at (a) -90°C;
{b) -80°C; (c) -60°C; (d) -40°C; [e) -20°C. For
s

labelling see Scheme.
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coupling ]J(PtH)535 Hz of intensity one half of the center peak, proving

" the presence of a bridging hydm‘de.25 For comparison, (Ia) gives & (u-H)

25

-5.86,1J(PtH)540 Hz. In (IIIa) the two platinum centers must be non-

equivalent and it is necessary to assume approximately equal 1J(PtH) values.

In addition, there were two PtH resonances each with thédapproximate1y

]gsPt characteristic of

25

1:]:4:1:1.inten§ity ratio due to coupling to
termihé] hydride signals in binuclear platinﬁm complexes. 'For one of these
resonances, the parameters [§-4.93, ]JgPtH)1140, 2J(PtH)lOS Hz] resemble
those for the terminal hydrides of la[5-6.86, 'J(PtH)1138, 2J(PtH)103 Hzl,
but for the other resonance the coup]iﬁgs were considerably lower [§-12.38,
10(PtH) 765, 23(PtH)95 Hz].

Thef31P{]H} NMR spectrum (40.5 MHz) of (IIla) at -80°C contained three

resonances with intensity ratios of 2:2:1. The “irst two appeared as com-.

plex mu]tip]ets.with unresoclved fine structure and are assigned to the dppm

"phosphorus atoms [512.24 ppm, 'J(PtP)2720 and §-5.00 ppm, |J(PtP)3125. Hzl,

while the peak ’of intensity of one is assigﬁed to coordinated PPh3[66.O ppm,

]J(PtP)2350 Hz]. A peak due to free PPh3 was also observed (5-9.8 ppm).

31P{]H}'NMR spectra:at 81 MHz were also recorded to confirm these assign-

ments (Figure 2.2).
. As the sample was Qarmea, the two separate peaks due to dppm phosphorus
atoms broadened and then coelesced, giving an average chemical shift and

V3(PtP) coupling constant [54.04 ppm, 'J(PtP)2965, Ja(PPpA") + 3(pPpA"y7s,

35"y - 39(PPeR")50 Hz], while the 'J(PtP) coupling to the PPh was lost

and an average signal due to free and coordinated PPh, was seen (Figure 2.2).

Simitarly™~in the']H NMR spectra, the two terminal Pt-H resonances broadened

.and coalesced as the temperature was raised from -90°C (Table 2.3, Figure

2.1) but\}he bridging hydride resonance was not significantly cHanged.

These data #ndicate a fluxional process as shown in equation (2.8). y
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- ]

{ .
20 [e) | =20 ‘S(ppm) ' .

Figure 2.2. 31P {]H} NMR spectra (81 MHz) of (IIIa) with excess PPh3.
Spectra récorded'at (a) -45°C, the 135p¢ sagelfifes of the
dppm phﬁsphorus atom signal are indicated above. {Kb) -81°C
in the s]o@réxchange regioﬁ; corresponding resonances iﬁ

(a) are indicated above and 195

Pt satellites are indicated
below. The peaks labelled asterisk are due to an fmpurity,

[PtH(PPh,) (dppm)]*.
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)
_ ——— -
. T P * } ? T *
L He | H
- Sy Pte_ | == Pt~ \Pt\ vL
H | | H H" | L H
P p P
i i - _
> (Ia)
- - ~ +
(I11a), L = PPhy , p p
1 ' l ,/'H‘\\I L
(ITIb), L = n -dppm Pt Pt
H | | SH
(I11c), L = PPh,(4-MeCcH,) | P p
(I11d), L = PPh,(2-MeCcH,) ... (2.8)
(I11F), L = P(4-ClgH,),

LY

The rapid reversible addition of PPh3'to one of the platinum atoms
without disruption of the Pt,(u-H) group is the only mechanism which is
consistent with all the data. However, the structure of (ITla) shown in z_\
equation (2.8) is on}y~one of four possible structures varying'in the’
stereochemistry at the five coordinate platinum atom. The NMR data do
not distinguish between structures in wh{ch this platinum has square
pyramidal or trigonal bipyramidal structures and in which attack by PPh3
occurs exo or endo with respect to the A-frame, but does indicaie that

the dppm phosphorus atoms remain mutually trans. The structure (IIIa)

is considered probable because its formation from (Ia) involves little

distortion and because steric effects are expected to favor the exo
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addition shown in equation (2.8).62

It was expected; g_ggiggi, that
phosphine addition would lead to cleavage af the Ptz(u-H) group giving
a complex, (IV) or (V), Scheme 2.2, with two 16-etectron square p]anari
?1atinum(II) centres but the NMR data is not consistent with either of
a these structures.

Eew'temperature']H{3]P} NMR spectra for complexes (IITb)~(11IF)
were also recorded and indicate'that tRe same structure is present in’
all cases at -90°C (Table 2.3) However, fqr L= PPh2(2-MeC6H4) the ‘
slow exchange 1imit was not reached at -90°C and only the Ptz(p-H)
resonance was observed for (IIId), with the terminal Bydride resonance
being too broad to observe.

For the case of (Ia) with L = PPh3, a more complete NMR study'was
carried out to study the kinetics of dissociation of (Tlfa) according to
equation (2.8). The lifetimes of (IIla) at different.tenperatures were
determined from the line broadening in the slow exchange region, from
the coalescence point and then from the 1ine narrowing in the fast
exchange 1imit as the sample was warmed slowly from -90°C. Independent
1jfetimes were obtained by study of both the exchanging terminal hydride
signals in the ]H{B]P} NMR spectra and the exchanging dppm phosphorus
signals of (IIla) in the 31P{]H} NMR‘spectra. The data and._method of

calculation are given in Table 2.4. From these data the qétivation para-

meters at 273 K for dissociation of PPh, from complex (IIla

1 1 1 1

to be aHT 49 3 kJ mo1™", as 70 £13 JK! mo1”! and 26729 +7 kd mo1 Y.

The Arrhenius plot is shown in figure 2.3.
Complex Ic underwent a similar reaction upon additiyn of PPh3.

However in this case two possible products may'be formed (egquation (2.9)).




TABLE 2.4

Lifetime T Data for IIla
B n

T°C in 1/t

HNMR  -90  4.51° -

80  6.12°
65 8.4

a
coalescence

b '

lifetime broadening (g 1imit linewidth was approximated from the
linewidth of pure Ta at -90°C) B -

¢ exchange narrowing 4
d separation of resolved peaks

]




Figure 2.3. Arrhenius plot for dissociation of complex (IIla) to (Ila)

)

and PPh,. Open circles indicate data from 'H NMR and

ciosed circles indicate data from 31p NMR studies.

033
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) (T114) C 1
L=PPh, - 7 -
3 — .
| i
L | H
~Spr” St
) H-"| | “SMe
o . ‘ . I P\/P B ...(2.9)
. - (I11h)

H NMR spectra64 (Table 2.5) of this combiex, (I11) at'-90°C;
: .

Tpe 1

-

indicate a terminal hydride at s(H®)-11.93 ppm, 'J(PtH) 780 Hz, shifted

significant]&‘f(om a value of G(Ht)-6.75 ppm, ]J(PtH) 1130 Hz observed

=]

for (Ic). As tHs shift and change-in coupling are similar to those
observed for the-coordination of PPh3 to (Ia) and as the 2J(PtH) value

associated with the methylplatinum group remained 68'Hz, it appears that

3]P spectra (Table

(I1Ih) i!.‘ormed. Similar data were recorded in the

31

. 2.6). In the case of the cation (Id) the “'P NMR spectrum showed no <

formation of a complex, [Id.PPh3]. This is consistent with.both the
Tack of reactivity of (Id) towards phospﬁines and the observed coordina-

tion of PRh

3 at the 'hydride end of (Ic) as in structure (II1Ih).

2.1.4 Equilibrium Constgnts for Intermediate Fbrwation
Equilibrium constants for formation of complexes (I11) according to
equation (2.8) have been deéermined at low temperatures by a number of
methods. The direct methods will be described here, and a kinetic ¢

method will be described 1ate{.

034
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TABLE 2.6

31P,1

{H) NMR Data. at Varying TemEeratures and

Equilibrium Constants for Formation of (IIIh)

- (pA)a Kb . (PB)a KC

T°C ppm L,mo]‘l ppm L mo1”]
90! 9.t - -4.35
-80 9.47 . -4.35
609 11.46 12 -1.38 265
-40  12.25 83 1.58 55
-20  13.43 14, 4.32 18

0 14.82 5 5.53 14

- rah 15.6"

® Recorded with [Pt,]° = [PPh,]° = 0.146 M, ° calculated from 5(P%),

€ calculated from G(PB), d G(PPhsi 4.7 ppm, compare to -9.1 ppm for

free PPh,,  © 1i(Ptp) 2880 Hz, T '3(Ptp) 3230. This coupling de-

39
creased with increasing temperature, 9 fast exchange at this

, 'tempe;ature, h values in the absence of PPh3; ]J(PtPA) 2793;

~la(rte®) 28987z, . ; \
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. For the complex with PPh2(2-MeC6H4) the équi1ibr1um was- studied by
1H NMR spectroscoﬁy at -20°C and 0°C, under conditions where reaction
to give (II) did not occur. A fixed concentration of (la) was treated
with increasing amounts of ligand and the chemical shift of the
Ptz(p-H) signal was measured in each case. In thege fast exchange

spectra, &{u-H) = p(Ia)-8(Ila) + p(II1d)-8(IIld), where p represents

obs
the fraction of the complex present and &§(Ia) and §(IIId) are the
chemical shifts of the Ptz(u-H) resonances for the respective complexes.
' Figure 2.4 shows a graph of 6(u-H)ob; vS. [PPhZ(ereC6H4)]°/[Ia]°. The
_equilibrium constant, K, and the unknown shift (I11d) were determined
by an iterative progedure62 to give the best fit shown in Figure 2.4.
This gave K = 3.2 L mol™) at 253 K and K = 1.9 L mol™' at 273 K for .
formation of (IIId). From these data approximate thermodynamic para-
meters for fdrmation of.(IIId) were calculated to be AH® -15 1.5 kJ

-1 1 1 Vat 273 k. In

mol™ ', AS°® -50 #5 JK ' mol ' and AG® -1.4 0.3 kJ mo]-
otﬁer cases, this NMR method was not satisfactory because the equilib-
rium constants were too large to give accurate values of K at the high
concentrations neededlin this method.

Equilibrium constants for formation of (IIla), (IIlc) and (IIIf) -
were détermined at 262 K using UV—vistb]e spectrophotometry. At 420 nm
the absorbances due to complex (Ia) and free tertiary -phosphine 1igand
are small, so that the absorbance is largely due to éﬁmp]éx (IIT1). The
ébsorbance_for unit path length is given by A = e(la)-[Ia] + e(L)-[L] +
e(III)B[III]: The only unknown constant is e(IIT), ‘the molar extinction
coefficient of the complex (IIT), and the concentration terms are
related to the initial concentrations [Ia]° and {L]° by the unknown

equilibrium constant K. Using.a fixed concentration of (1a) and
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= Fiqure 2.4.

s 10 5
1 743

Observed points and best fit lines in graph of §(RtH) vs.
[} o - ’ 3 . |
(L] /[;a] . whgre L = PPh2(2-MgC6H4), in CDZCIZ, (a) data

for Ptz(u-H) resonance at -20°C,' ‘b) data for terminal
PtH resonance at -20°C, (c) data for terminal PtH
resonance at 0°C. Computed shifts for (I1Id) are given in

Table 2.3, and computed equilibrium constants are in

Table 2.7.
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varying ppncentration of added ligand, L, a graph ¢f Absorbance

(4é0\§h):ﬁ§. [L]°/Fla]° was drawn in each casé~(Figure 2.5). An
65 waé used to gjve the best fit between observed and .

calculated absorbance values ‘and the unknown constants K and e (III) were

T “Tterdtive methdd

thus determined. “The values obtained are given in Table 2.7.

For L ='P(47C1C6H4)3, the equilibrium constant was determined at

267 K and 259 K by this method, while for L = PPh, and P(4-C1C the -

‘ 3 63
equilibrium constants were determined at 277 K by a kinetic method to

be described later. From these Timited data, approximate thermodynamic

constants for formation of (Illa) were calculated as AH® = -41 kJ mol"l,

1 1

AS°® -108 +4 JK™ -mol” ' at 273 K, and for formation of (IIIf) the corr--

1 - 1

esponding values were AH® -557+2 kJ mol ' and AS° -167 +4 JK~ = mol ™ at

273 K. These parameters,rthough approximate, are entirely con§istent

with fhe associdtive nature of Phe reaction, with the enthalpy term

fqvoring complex formation and the‘entropy te}m favoring dissociation

of the complex (III).
‘ It is clear that the steric effects due to the,gggbg_gethyi ;be
stituents in PPhZ(Z-MeC6A4) cause fhe gquilibqium constant %gr-;ormaFion :
of (I11d) to be much Tower than for (IlIc).- We also note that the
equilibrium constant for formation of (IIIf) is Tower than for (IIla) or
(Illc), which might be taken to indicate that the weaker qgnor

P(4-C1C6H4)3 gives a weaker PtP bond than PPh However; we note that

3’.
the entropy term appears to be dominant in determining "this order, and

a more detailed study involving a wider range of ligands is needed to

determine if there is a significant electronic effect on the equi1ibr~

L]

jum constants for formatior of (III).

-
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(a)

Apsorbance

O‘-' . I —epe -. . >y )
0 10 .20, 30
S (B 2

Figure 2.5, - Observed poinﬁs and best fit lines 1n'§raph of~kbsorbance ,
’ - s {UIP/[1al° dn CHCICH,CL (a) L= PPhy, [Tal® 1.124 x 1075

~

M at -11°C, (b) L i'b(41¢1csﬂ4)3, [1al® 6.25 x 10°% M, at
-14°C, (c) L = PPhy, [1a]® 5.792 X 1074 M, at Z11°c.. .

:.bombdted equilibrium constants are in.Table 2.7.
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TABLE 2.7

Equilibrium Constants for Formation of Complexes (III)

L T(°C) Method® K(L mol'])
PPh3 -1 A 3808 )
4 B 1364
P(4-C]C6H4)3 -1?//’ A 2205
’ -6 A 1002
4 B 41%2
. PPh, (4-MeC,H,). -1 A 34047
Pth(Z-MeC6H4) -20 C 3.2%0.1
0 c 1.9+0.1

-

a A, from UV-visible absorption data; B, from kinetic data;

C, from NMR data. Solvent was CDZCIZ.
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The equilibrium constants for formation of (IITh) from (Ic) were

31 1

also obtained. In the fast exchange region of beth;the P and 'H NMR

spectra approximate values of K were calculated by observing the chem-

31

ical shift of the dppm phosphbrus atoms in the “ P NMR spectra Qfable -

2.6) and the terminal and bridging'hydride réSonantes\(]H NMR) (Table

2.5). A graph of In K vs 1/T is given in Figure 2:6 and ana1ysis.of

this results in values of AH® = -34 +4 kJ mol'] 1

mol™!, and AGL273 K) = -43 .5 9K mol™.

, AS° = -110 +10 JK

2.1.5 Kinetic Studies of the Reactions

Kinetic studies of reaction (2.7) were carried pﬁt using UV-visible
spectrophotometry to monitor the reactions. Samb]es’of complex (Ia) in
1,2-dichloroethane solution were allowed to react hith a .large excess
of the teriiary phosphine ligahd, L, in a quartz cuvette held in the
thermostatted cell compartment of the spectrophotometer. The complexes
(II) are yellow while (Ia) is coloriess, and so an increase in absorb-
ance in the region 300-360 nm was observed as the reactioﬁ'occurred -
(Figure 2.7). For reactions conducted at 298 .K or higher the equil-
ibrium.concentration of intermediaﬁe (I11) could be calculated to be 5%
or less of the concentration of complex (Ia), and ﬁhe spectral changes”
observed are those expected for coﬁyprsion of (Ia) te (III). Under .
these cond%tipns, fhe reactions fo1lowea.good'fjrsf.order kinetics and
graphs of the observed. first order rate constants versus ligand con-
centration were found to give good straight line plots passing through

the origin (Figure 2.8): Thus, the reactions follow overall second

order kinetics, first order in both platinum complex (Ia) and phosphine

‘Tigand, L. Data at 298 K were obtained for L™= PPh,, dppm,
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Figurg* 2.6. 1nK plotted against reciprocal absolute temperature for

the’ reaction of equation 2.9; (Ic) @ (I1Ih).
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Figure:2.7. Changes in absorption spectrum during reaction of (Ia)
with PPh3 in gHzC1CH2C1. Absorbance increases with time

and spectra were recorded at (a) 1 min, (b) 4 min,

(¢) 8 min, (d) 11 min, (e) 14 min, (f) 18 min, Co. '
(g) 36 mfn, (h) 80 min. ‘ .
v : ) Co- . ‘
’ ; N . ‘
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4), Pth(Z-MeC6H4) and P(4-C1C6H4)3. lRe!ieb]e'kinetic data -
could not be obtained for L = PMezPh or PMePhZ, These ligands, when

PPh2(4-MeC6H

used in excess, appeared to displace dppm from platinum. Qualitative
~ studies, using NMR to monitor reactions, showed that they reactee much
faster than PPhy with (Ia). The derived secone‘order rete constants
for reaction (2.7) are given in Tat]e 2.8. It can be seen that steric
effects of the ligand are of erime importance, with the observed second

order rate constants falling in the sequence L = PMezPh, PMeth > dppm >

PPhy, PPh,(4- Mec6 4) > PPh,(2-MeC.H,). Electronic effects are also -
significant- since the poorer donor P(4—C106H4)3 gives a lower rate thah
PPh3.

The primary isotope effect on the rate of reaction of PPh3 or
dppm with (Ia) or (Ib) was determined from kineti¢ studies (Table 2.8).
In Both cases a significant isotope effect kH/kD = 3.5+0.1 was found.

For comparison, the related isotope effect for loss of Hz from

45

[1rH, (C0),L,1" is 2.1,% for addition of H, to [1rC1(COML,] it is 1.2256

‘ 2.
and for toss of CH {or CH D) from cis-[PtH{orD)Me(PPh 2] it is 3.3. 4

3)
The result clearly ;nd1cates that ‘Pt-H bond cleavage is 1nvo]ved 1n

the transit1on state ‘and, if the slow step involves reductive eliminat-
” ion, ‘that the trans1t1on state is less “product 1ike" than in reductive
Q\:]minatwn from [Ier(CQ)2 2]

The data described above support the mechanism shown in
-] ]

. K k .
(Ia) + L e (IIT) —— (II) + HZ ...(2.10)

~— a9

equation (2.10)

¢ -

-

There is e\resjé pre-equilibrium giving (I1II), followed by rate
determining Toss of hydrogen. The kinetics should thererore be described

]




~

TABLE 2.8

Obsgrved Second Order Rate Constants (k. . = kK £ mo1”! s

for the Reaction of Equation (2.7) in 1,2-dichloroethane

Al

kK(2 mo1¥ s71)2

L T°C - ‘
PPy 28 1.6 o >
- 35 2.9
. a8 5.9
53 9.9
60 12.7 ,
PPh, . 25 - 0.46°
P(4-C1CGH, ), 25 0.16
B 0.26 -
a a4, - 0.34
o 53 0.51 .
PP, (4-MeCgH,) 25 089
PPh,(2-MeC H,) 25 3.9 107
-dppm 25 10.9 ‘ ’
- dppm 25 318" -

a Generally obtained froh firét order rate constants vs. [L].

b

*
L]

r o

value.for reactfon Qi;h_[Ptznzéu-D)(u-dppm)z[PFe].

YA

047




"calculated. This gave st 92 +5 kI mo””

B | ~ 048

by the expression:

_(_).ddltl = {kk/(KOLD MY - [TIDMLD ... (2.11)

Under the conditions where K[L] is much less than unity, that is
when the equilibrium concentration of (III) is éma11,=this will lead to

observed second order rate constants given by k = kK, and most of our

, obs
kinetic results were obtained in this regime. For the case with
L = PPh3, a variable temperature study was carried out and, from the

observed second-order rate constants at temperature2 from 298-333 K

<«

(Table 2.8), the overall activation parameters from the Arrhenius plot

'(Fighre 2.9) were calculated. " This gave'AH¢Ob 51 +3 kd

S

1 1

63 +7 9k mo17!, a6t -1

63 +7 JK ~ mol ", aG ObQ_FB_iS kd mol °, calculated at
273 K. Now since the thermodynamic parameters associated with the pre-
equilibrium were known, the true activation parameters for the rate .

determining step, associated with the rate constant k, could be-

1 ] ]

s AS1= 45 £10 JK ' mol~ a‘nd
261 80 8 ka m017!, calculated at 273 k.

At low temperatures, the rate constant k decreases but the
ehui1ibr{um constant K increases. Hence cbndigions can be found where
the more general rate expression of equation‘(z.ll) must be used to
describe ‘the kinetics. For L = PPhy, this™was the case at 277 K and so
a kinetic stugy was made at this temperature. Again good.first o?ﬁer
plots were obtained under gconditions where a 1§rge excess of pho;phine

3

was used. The p;esence of signifigant concentrations of complex (IIT)

is, immediately obvious~from the UV-visible gpectra (Figure 2.10, compare

Figure 2:7). Sincé;(IIIa) absorbs more strongiy than (IIa) in the

rggion <420 nm, an isosbestic point is seen for runs at high phosphine

-
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(a)

e

Figure 2.9. Arrhenius plots for the reactions of equation (2.7) with

(1a). (a) L = PPhy, (b) L = P(4-CICGH,i.~
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Figure 2.10. Changes in absorption spectrum during rea&tion\of (Ia) with

-]

at 4°C. Spectra recorded at (a).4 min, (b) 14 min, -

PPh3

(¢) 21 min, (d) 31 min, (e) 46 min,* (f) 61 min,

(g) 81.min, (h) 134 min.
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concentrations. The first order constants in this regime are given by

~ the exdression:_
-

k. = KKEED/ (14KLD) | - ...(2.12)

obs

afd the observed rate constants are no longer proportional to [L], but

rise to a plateau level as [LY} is increased. The expression (2.12) can

be rearranged to give:

A e

/kops = 1/kK[L1 + 1/k ...(2.13)

Hence a plot of /Kobs vs “1/[L] gives a straight 1ine of slope

1/kK and intercept 1/k, from which both '’k and K can be determined. The:

plot is shown in Figure 2.11 and analysis gave K= 135 L mol'] and

3 -1

)

k=1.1x10""5S This value of K at 277 K, together with that

me;sured directly at 262 K, was used to calculate the thermodynamic

parameters associated with the pre-equilibrium step when L = PPh;.
A similar vav’abTe temperature study of the reaction kinefics_ of

" (Ia) with P(4-C1CgH,) 5 was carried out over the range 277-326 R,.to ‘ ’

obtain the activation parameters from the Arrhenius plot (Figure 2:9).

In this case the pBrameters were AH+0bS 30 £3 kJ mol']

JKT 1

F o oqeg.7 *
, AS obs 159 77

mot ™! and a6t 68 +5 ki mo1”! calculated at 273 k. From the

reaction at 277 K, K was also calculated as 41 L mol ™). Again the true

activation parameters (at 273 K) associated with the rate constant, k
(equation (2.10)), could be calculated and gave-AH+ 85 +5 kJ mo1'],

ast 17 413 97! 1 a6t 80 +9 kd mot .

/

mol

4
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" 2.2 Discussion

Because this appears to.bé the ffrst detailed mechanistic study of
a reactfon involving oxidative additioh or reductive eliminatigy of
dihydrogen to a binuclear transition metal complex, an attempt has been
made to determiﬁe the feaction mechanism and also to understand the
energetics of ihe reaction. ~The energetics of some relevant f]ux%og31

processes of comp]ei (ia) have been studied previously and the f:ji;j

energies of activation of the procésses shown in equations (2.14)and

1 1

(2.15) (at 338 K) have been determined to be 45 kJ mol~' and 68 kJ mol~
respective]y.ﬁa-
N + “
IP IP
(Ia) s== H—,Pt—H—gt—H o (Ia) ...(2.14)
P P . | «° ‘
\/ ‘ .
. H P> . Tt
\/ / -
(Ia) = /Pt -»/P,t—H s (la) ...(2.15)
P\!_/P ) n
H

The' first reactién involves inversion of the "A-frame" through an
intermediate with a linear Pt(u-H)Pt group, while the second involves
overafi bridging fdr terminal hydride exchange. The reaction of equat- 5"‘
ion (2.15} occurs more rapid]y in pyrﬁdiqg sotution than in di;hlorq;
methane solution but, %n the slow exchange 1imit, the chemfcal shifts. &
and coupling constants of the hydr1de ligands of (la) are almost
idéhtigal in the two solvents. T@?% hard 1igands like pyridine do’not'
appear to form complexes with (Ia) of structure (III) in detectable
quantitiés. The UV-visible and IR spectra ¢f (Ia) in pyrfdine'and

dichldrometﬁane are also almost identical, confirming the lack of

»

2
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'coqgfex formation in pyridine. Complex (Ia) has gdéd thermal
stability in pyridine and solutions can be heated to 90°C without
change. - ‘ ) | ’
In contrast, tertiary phosphines form complexes with (Ia)\oi
probable structure (I11) and also induce re@uctive eliminatton of
hydroggn from (la). "The obserQation of the rate expression of
“equation (2.11) for thé overall reductive elimination reaction is fully
c:msistent69 with complex (111) Qeing an.intermediate in‘the reductive
giiminatiqn reaction, as fndica%ed {n equation (2.10), and this coﬁ-
clusion is suppbried by the-observation of'a good corréi&tion bé;ween
the equ111br1um constants (x) fof/FS’—Né*en of'(III)a;nd the obﬁerved
second order rate constants (k. = kK) sfor reaction (3), for the -
11gands PPh PPh2(4 -MeC 4) and PPhZ(Z-MeCGH4) (Table 2!;). This
correlation also suggests fhat redqctive elimination occurs from the
platinum center remote fr;ﬁ the coordinated phosphine ligand, L, since
the bulky ortho-tolylphosphine would be expected to accelerate reductive -
‘elimination relative to the leés bulky ligands if hydrogen ‘were lost
from. the near platinum center.70 | ‘
The 5}ob1em now is to understand the detailed mechani$m of the
| reductive elimination of H2 from the intermediate (III)-oﬁmiquation
| (2.10). ;wo reasonable mechanisms are shown in Scheme 2.2." Of the
complexes shown in Scheme 2.2 (IV), (V) and (VI) have not been detected *
directly and so a brief Justif1cat10n59f their possib1e roles as inter-
mediates is necessary. It -is difficult to envisage reductive
elimination of hydrogeﬁ froﬁ?(lll) diréct1y since the hydrogen aéoms are
too far apart for a concerted mechanism to be feasible, and so a

rearrangement to complex (IV) or (V) is proposed




ol B [ 11
TABLE 2.9 .

Derived Rate Constants for Hydrogen Elimination ¢
M l @:y

e K oe 1t

o 3
K(298 K) ’QZB =KK(298 K) . ko, /K
. - ©0s 1 9 obs 3
Ligand L mol L mol S " ks
PPH3 .35 1.6 0.046
= ' . N ) * * -
_ PPh, 1.00 ° 0.04 0.04 . - -
P(4-C1CcH, )5 8.3 0.16 0.019
E PPh,(2-MeCcH,) - 1.0 .039 0.039
.‘ kY ' l¢ o
o * ‘ + °
o .. Data for [PtzMeH(u—H)(u-dppm)z] R
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There arejgoog models for compiex [IV) in the "face-to-face" complexes

such as [Ptz(éECR)4(u-dppm)2] and simiTar comp]qxes,n’72

but we know
of no good mode]svfor complex (V).73 However, 1f_ reductive elimination
occurs at a single metal center as has been thought probable in some
related systems, complex (V) ig the most probable intermediate since
the mutually cis hydrogen atoms H® and Hb can be eliminated in a con-
certed mechanism. Complex (V) could be formed directly from (III) or

74

by isomerization of (1IV). Reductive elimination from (V) would give

(vI), a‘p]atinym(O)-platinum(II) species, which would rearrange to the
75

’

product (II),’ probably by hydrogen migration.

An attractive alternative to this mechanism would involve a true

binuclear reductive elimination of hydrogen atoms Hb and H® from

compiex (IV) to give (11) direct]y. Such a mechanism has not been
favored in the past, perhaps because the simplest mechanism involving

a 4-centre transition state (equat1on (2.16)) is orb1ta11y\iorb1dden

M- M M- - --M ‘ M—M
B — 4, ...(2.16)
H H i Hd--ﬂ ——h H —H

»

. * e,
However, there is ev1dence f% binuclear mechanism in some

44,58,76

cases, */Y and a more detailedYexamination of the specific case of

complex (IV) indicates that a binuclear reductive elimination may be

’ / “
feasible. 1In complex (IV), Scheme 2.2, the hydrogen atom HE is

]

expected to be proton1c77 whereas Hb, being trans to a st}ong o-donor,

is exhectéi to be much more hydridic. Thus transfer of electron

)78

density from the (Pt- WP ) orbital (HOMO)’® to the o*(Pt-H®) orbital

" (LUMD) should occur readily as i]lustrated in equation (2.17), and H-H
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B ~ 1+ B S A
P P | PSP
Pt//H\'F’t/ — Pt//H{ AL
- * A\ a
HZ NG j H7 "/ Ny |
Pw_ _P : P. P. "
- o -
,/’ M - -
- L e - [ W . L P”'
il Bae N
N V2 N I sy
yPt Pt N t Pt2
/] avrd
P. ,P Ht P\__/' P ¢
L _J R |
(V) M (1v) -H—H¢
[ L N+ [ P/\P q"
PSP
S
Pt----Pt —> |H— Pt —Pt—0
i
PP .
- ’ - - P\_/P J
(V1) (I1)
Q -~4
: Scheme 2.2

[



1
bond formdtiqn and\Pt-H bond cleavage results natura]]y.79
. B
| 2 \ -Ho: T
P_ Bl = & 2 H—F*'----'----P@:—L
'ﬁ?‘\ LN A V4 /
H Y@ . | H-H ] )

. (2,17)

It is clear that this precess does nq&\lead to Pt-Pt bond form-
- ation, since the PtPt interaction regulting from eaguation (2.17) is

. g
weakly antibonding in nature, and a Pt“(O)-Pt](II) species

might be expected. However, as tﬁepositive“charzz/dﬁ/Pt] develops it
2 80

would presumably lead to a Pt using

> Rt] donor-acceptor bond,

non-borrding.d-eléctron density oh-PtZ, and effectively lead to direct’

~

formation of the product (II). This mechanism is most attractive when

a "hydridic" and "pfafonic“ hydride are eliminated, as jn the present
case, but is possible in other cases a1so.44’82
Further evidence for a true binuclear reductive elimination react- -

ion comes f%bm considératipn of the similarity for the rate of this

process in cohplexes Ia and Ic. The rate constant k at 298° is given
in TébIemg.Q for Ia with a variety of phosphines and Ic with PPh3. The,
similarities be;usgp these rates are more. easily interpreted if one’

considers a binuclear elimination. ,

In the proposed binuclear mechanism the value, k, will represent

.

N 4
the rate Timiting step in the III - IV » II transformation.




_ e

The transformation III -+ IV scheme is expected to involve hydride
inversion in the case of the methyl derivative, and may fnvolve this

inversion in ‘the case of thi‘hydr1de

r 3

A]thoud( we have no data on the energy requijred for this process
the inversion of the bridging hydride in KIa)/has a lower activation

énergy than that for the -elimination reaction. The activation energy -
e . . B R \’.——
for inversion of the bridging hydride in (V) is also much lower- than that

3
1

for reductive elimination. Thise§:dicates that the inversion process o

in 1ntermed1ates of type (II1) may®be a low energy process. If this is

Lt . the case, theé magnitude of k must be d1ctated by the ease of eliminatQ
N ion fron structures of type.(IV) (Scheme 2.2). The similarity in va]ues
,] *for k is hence reasonable As~each repne§Ents reduct1ve e]1m1nat1on
: ’»from a S1m11ar specfes thJS mechan1sm is also consistent with the

;jl: [ 1sotope effect observed 1n the react1on of (Ia)

ﬁff .5f If the reaction occurs through }V) (Scheme 2 2), then, in the -
. ; '
L Y ! methy] an&logueg a rearrangement as shown below' in (2. 18) would be

y 4~requﬁred 3 ﬁff o e f j; féfyl
€ T el v L \‘A t e
o ; “ | St \\\ /// | _~L
- R ff‘ nf&;‘ H;} 1t '11‘ | = —_—'&_ ,/ \\ Me Pf : _ C
SR S A
% ‘ Vh - ...ﬂ2.18)

Such a rearrangmeﬁm wqyfp presumably occur through intermediates such ‘
“as (VII) or (VIIIiS both:of which are-expected to be high energy inter-
mediatesiAs such, the rate iimit'i*ng s{:ep wou]_d be expected to be the

formation of these. If this was the case the obéerved.sjm11arity in

D
. N N
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| .Me L Me_ | |
Pt”, _‘,Pt/ L H—Pt —— Pt-L
H | R |8 ¢
P P.. , p P
VII : . ST VI

rate constants k for reductive elimination of hydrogen from (Ia) and (Ic)

-

would be fortuitous. . . . | R | _;if";’
The react1on céprd1nate diagram for the reac®ion of equation (2.10) :
with L = PPh3 is shown in*Figure 2.12, and a brief d1scussion of its
derivat1on is given next The thermodynam1c parameters for the pre-
equ111brium 1nvolv1ng formatlon of (I11{a), equation (2 8), were '
determlned experimentally, and the act1vation parameters for dissociat-
ion of PPh3 from (II11a) were also determined directly. Hence the
activation parameters for reaction of PPh3 with (Ia) to give (IIIa)
could be calculate® and this proceduré yielded AH* 8 ¥5 kJ mo'l
261718 +10 kJ m1™! and ast -38 217 0" mo1”} at 273 K. The enthalpy
of activation 1s very sma11 cons1stent with the format1on of (IIIa)
from (Ia) with very little distortion of the bonding framework.
_The act1vat10n parameters for decomposntion of (IIIa) to give '\i
(IIa) and : H2 were determined experfmentally. but the thermodynam1c )

parameters, AG® and AH°, could not be obtained We have used the

-1 1-as° +40 kS mo1”! -18

. values AH° + 30 kJ mol and hence AG° -10 kJ mol
These'values are reasonable but\the absolute va1ues are of 1ess stbe
nificance than the expected result that the reductive eliminatiop of
H, from (IIla) is an entropy drjven.react1o@. 8 Y

oo Little entropy chapge_is expected for the overalIQreaction of =

s

4



- ‘ ~ : . - )
Vo - : . osev
P -
. ,- ' r‘
. - 407
. S~ L ) e
MY -
’ . \8 “
. 2 O; :
: . T
q. -
) e -40'
.- 804
v 4 ® o~ -
\ '-T- L4
0. g
S )
® N b
o
<]
4
. -, . . :
< = '@ ‘ | :
) ® i '_ ey . LY . \|t - - ;L ’. '., .. )
«  Figure 2.12: 'React_io o-og'dinate diagrag for the reactidn -of equation -




_ ‘062
. S . - ) 5 ‘o—*ft'ﬂ -
equatién {2.7), and the reactivity of (Ia) with added 1igands can be‘J

understood in terms of the strength of“the'Pt-L bond formed. When-
L = PPh3, a strong Pt-L bond is formed and hence both fhtermediate“
(II11) and product (II) are stabje'rith respect to (la). The ligand

= C0 gives a yeaker-Pt;L bond and now the forward and back reactions.

of equation (2.7) occur at vér} similar rates suggesting that AG® -~ 0,

28

and 1ntermed1ate (IIT) cannot be detected. wﬁen L MeCN -only the

back react1on of equat1on (2.7) occurs (except with photochemical

act1vat1on) and again the 1ntermeijate (II1) cannot be detected.84

_Thus, as the Pt-L bond strength decréases in ‘the' sequence Pt-P > Pt-CO >
Pt-NCMet the: reaction (2.7). changes from being thermodynamically favor-

. 4 :
able to unfavorable, Figure 2.13, and the remarkable differences be-.

tween-the reactivity of ﬁlaf with soft ligands like PPh3.and €0 and
hard l1igands 1ike pyridine and aceton1tr11e are rationalized. .
It is 1mportant to determine which is the rate determining stepf\$k -

© the reductive e11m1nat1on reactions. The most compelling evidence comes .
e v
from the entropy of activation when L = PPh3. Although the overall

-1 i

apparent ent¥opy of activation for reaction (2.7) is -3 7 JK ~ mol ',

~ T . -T _]

when the value of AS® of -108 4 JK. -for the pre- equ111br1um step

is 5ubtracted the true value Gf AS* for loss of H
5

v from (IIla) is

+45 +11 JK} mol .- Th1s suggests that the reductive e11m1nat10n step,

-

which is ‘of course dissociative, is rate determ1n1pg and the 1arge

isotepe effect,_kH/ké = 3.5;won the rate is fully consistent with this" .
‘. 85. ' '

. conclusion.

‘The entha]py of activation for -the reductive elim1nat1on of- H2

-1

‘from (1118) 45 92 £5 kd mol~ ), very close to the value of 100 kJ mo] oL

caa‘u]ated by Nael] and HaY‘*or reductive e11m1nation from
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cis- [PtH2 PMe3)2] However, the apparent agreement is 1]1usory since a

t

s1gn1f1cant component of the observed AH' must,arise from the prelimin-

*ary rearrangement of (III) te (IV) or (V), Scheme 2.2 , and the true
AH* for the reductive e]imination step must be considerably 1éss than
92 +5 kd moi 1. It is probable that a Pt-Pt interaction, inoicateo by'

the dotted 11n€ in intermediate (VI), Soheme;'or (VI1), equation (2.17)

in the\binuc1ear system allows a lower activation energy than in the

mononuclear system where the high energy species PtL2 must be .formed.
. It is likely that cooperative effects;pf this kind, leading to Tower

- activation energies, may explain differences between mononuclear and_-

.y :t— " . ) '
rolynuclear complexes in their ability té activate small molécules. - -

-

2.3 Conc]

ave shown that reductlve e11m1nat1on of H2 from ‘
[Pt (u-H)(u-dppm 2] and [PtayMe(u-H)(u-dppm)z] induced by tertiary - -
phoSphine tigands is an intramo1ecy1ar,process’and that an 1ntermedi§$e‘
[PtZXH(u-HYL(u;dbpm)é]+,'with X ="H'%r Me, is'invo]v?d,-.The_intese 2
mediated have qzen‘oharacterfzed hy 2 number 5% méthods, and -the

~

energetics associated with their foemation have been studied. The rate

r -

determining step invo1ves reductive g1imination of hydrogen, but it is

thought that prlor rearrangement to a .second 1ntermed1ate having no

. )
“ff-- Pt,(u-H) groupe is-riecessary befbre the reductive elimination can occur. .
. 'It has not been poss1p1e to determxne whether the slow step 1nvo]ves »

' /,,reduct1ve e11m1nat10n at a s1ng]e p1at1num genter or a true b1nuc1ear

reduct1vg e11m1nat1on HéweVer the results obtained for. (I) and (Ic) are

certainly cons1stent with the latter. Regardless of the mechanism, it

is shown that the activation energy for reductive elimination is less




. ' . than that eibected for reductive elimination from a mononuclear

.

[PtHzLZ] codeaﬁ)and hence that cooperative effects in binucLAar

complexes can lead to enhanced reactivity. -




_CHAPTER 3

Photachemical Reductive Elimination of Hydrogen From
[Ptz(U'H)Hz(U'dPW‘) 2]

3. Introduction ’

The thermally or photochemically induced reductive e]imination of

-— e

H2 frdm mononuclear polyhydrido derivatives of transition metals has -

been studied in depth. 9,45,46,87,68 The primary reaetioh which may be‘

i 4
rever51ble,'1s often described by the general equation (3.1) and
involves a concerted intramolecular reductive e1imination.9’45’46787“90 ‘

[L M1 s [LM] + W, . ‘ .(3.0) -
In some cases, fof example with [IrHéCl(CO)(PPhB)z], ooth thermal
-and photochemical activation is possible but in other cases, for example

9 The

\with [IrHZCIQPPh3)3], only photochemical activation is effective
" product [L M] is necessaraiy coordinatively unsaturated and is often
highly reactive; #t may undergo se1f-reaction. typically by orthometall-
ation (e.g. when L .M = [irCl(PPh3)3])9 or react with solvent (e. g . .
when L M = fIr(n>-C.Mec) (Pe,y)]).  This reaction with solvent provides
exampies of the elusive C-H boud activation in saturated hydrocarbons by

trarsition metal complexes in homogeneous solution. (equation (3. 2)) a -

' R <~ H .
PO ,,v“@;, L
. ' \Ir/ - E—— : Ir . +H : ) ...(3.2)
C.H . . 2 <l
P// H 612

»

- The species L M i3 expected to be an active catalyst in many cases
Jalth0ugh this area has not been developed. It may be possibie to_ trap
the‘primary product L M withra&aeg 1igand‘L.but, in the typical case _
where [L. MHZJ is an lﬁ-electron compiex, L is not involved in the

. rate-determining reductiué elimination step. 9 145446,87 - l’d/fjf

L —” . . K

066 - D
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In contrast, although there are several examples of thermally in-
. duced reductive elimination of H, from binuclear and polynuciear transition

metal hydrides; very little is known -about the mechanism of such‘reactions.92

Although a]most all mononuciear polyhydrido derivatives of transition

87,88, 93
2’
a few examples of polynuclear transition metal hydrides‘undergoing Such a

94 One recent example 1s the hydrogen elimin-

metals undergo photochemically induced reductive elimination of H

reaction have been‘reported
ation from [[(n -C H FéH(CO)]z(dppe)] which can be initiated both thermally
and photochemically according to equat1on L2.4). The generality of this
reaction is not known, and some polynuclear hydrides do not appear to undergo
photochemica] reductive elimination. For exqmple [Re4 4(CO)]2] is emlss1ve
in hydrocarbdn solutions but is not photochem1cally decomposed. 9% The
photochemical H2 e11m1natlon react10n from dinuclear systems may be 1mport7
ant in solar energy conversion schemes. Although no dihydride intermediate
has been tnappéd‘the production of\H2 is observed_dnder photolysis of |
- aqueous solutions of sone binuclear sys'tems.gs’97 . ) ‘
- Tne understanding otnthe mechanis;Lof photoinduced dihydrogen loss may fl
~ aid in the deuelobment of such fransition metal based solar energy convéFsion.
' systems As discussed in the previous chaptet the cation [Pt 2(u-H)
(u-dppm)z] , (la), undergoes loss of dih%grogen 1nduced by two electron -
donor 1igands such as tertiary phosphines (equation (3.3)). 25-¢8 .
' Qua]itative expefiments 1nd1cated that (1a) was‘photosensitive.,
decomposing to yield H in both the so]1d state or. 1n solution 25-27, 9’
Thus the opportunity to investigate the mechanism of photochemlcally in-
'duced redugtiveaelfmination from a h1nuc1ear polyhydride arase. This
complex is a particulanly'usefui one in thet the resu]ts may Be compared
not only with‘pnotochemical eliminations from mononuoTear systems but also

. . ® ,
. with the -thermal elimination previously studied.‘gg

AN
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3.1 Results

3.1.1 Characterisation of Products ~

Qire'characterisation of the p;oduétg of equation (3.3), L =

27,]00

. tertiary phosphiné, haé been described previous]y ‘The'cdmp1ex_

'iila), 2= -dppm, was character1sed by X*ray crysta]]ography and

(1ib), L = by comnar1sbn of its spectra] propert1es w1th those of

3’
([Ia). The two new comp]exes (pt HL(u “dppm) ][PF6] [(IIc) L = 5 5 H

¢11d), L = MeCN] were prepared by'phot01y51§ of (Ia) in pyr1d1ne or ’
acetonitrile respecgive]y dnd were characterised by e1ementa} analysis;

.'}nd.by infrared .and NMR spectioscopy. Comparisou.bf épectra] data with

~ data for (IIa) and (IIbi was‘tspecia11y uéefu1 Samples for ﬂMRispectro-
scopy weré conveniently prepared by photolys1s of dégassed solutlons of

’ (Ia) in the. required solvent in sea]ed NMR tubes. Thus phot01y51s of

(Ia) 1n CD.CN so]ut1on led to v1s1b1e gas evo]ut1on and was accompanled

3

¢ ——

“by. decay of the hydr1de resonances, due fo (1a) and growth of a new,
‘hydr1de resonance3 due to (11d). 'Tdis resonance conta{ned-1/4
1nten51ty sate111tes attributed to coup11ng to the directly bound Pt
atom [' J(PtH)963Hz] and the far Pt atom [ 23(PtH)76Hz], cha:;cﬁpristic
of complexes (II) and proving th; presence of a termina]ﬁhydride ina
dimeric molecule. The CH2 resonance of the dppm 11gands gave two

distinct coup]ings J(PtH) of 71 and 52 Hz due to coupTing with non=

(3
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equivalent Pt atoms showing- that the dimer was unsymmetrical. The

3]P NMR spectrum- conta1ned a ‘central [AA'BB'] multiplet with d1st1nct1y

different couplings J(PtP ) and’ ]J\PtP ), agaln characterist1c of

complexes of structure (II).26 »a7

‘The reactions could @lso be monitored by IR spectroscopy. Thus °

photolysis of (Ia) in acetonitrile solution contained in a solution IR

1

cell was accompanied by loss of the peak due to (Ptyf’Zi 2100 em”.' and

_growth of a new peak due to the terminal Pt-H stretching vibration of

(I1d) at 2020 em™V.

Similar experiments were carried out for the photolysis of (Ia) 4n

‘pyridine solution and gave similar results. When quantitative monitor-

ing was required, the reactions were followed by UV-visib]e absorption
spectros;opy. Figure "3.1 shows the changes 1n absorption spectra-

during photolysis of (1a) 1n acetonitrile so]ut10n The photolysis was°

" carried out us1ng 366 nm l1ght from a medium pressure mercury 1amp,

with the so}ut¥6n contained 1n a flat-sided pyrex vesse] fitted w1th a
sidearm with a 1 mm quartz cuvette Good 1sosbestic po1nts-were observed
at 339 and 371 nm provided that the solution was r1gorously deoxygenated
befgre photolys1s If oxygen was present during photo]ys1s or if

oxygen was adm1tted after photo1ysis was complete,. a further reaction

. occurred wigh,1oss‘of the’ isesbestic points, and (IId) could not be

iso]afed‘from the resulting so]utisns. The photo}ysis of (Ia) in

pyridine_so]utioﬁ was less sensitive to Qxygep but good isosbestic

points were again obseivedaonly for rigérously deoxygenated solutions.

For the syntheses of (IIc) and (IId), the photolysis was carried

14

out at 0°C as above except that a high pressure xenon lamp was used.

The solutions were then evaporated under vacuum to give the pure

‘
e . . . -
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| Figure 3.1. :E]eétronfc‘spectral changeé.accombanying the 366 nm -~

e , 4 ) 1
phototysts of (Ia) in CH.CN. Inradiatiqn times:

= - 3 -
" (a) zero, (b} 3 min, -(c) 5.min, (d) 8 min,

(e) 13-min, (f) 18 min, (g) 24-min.
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producté. In anotﬁer case, photolysis of (la) in acetonitrile was
carried out to near completion and a‘samp1e of the gaseous phase was
extracted and analysed by gas ghromafography; 1.00 + 0.08 mol of H2 was
formed for each mol of (Ia) decomposed. Together with the direct
characterisation of (Ilc) and kIId), tﬁis proves that the reaction -

occurs very c]ean]y'according to the stoichiometry of equation‘(3.3).

3.1.2 Proof of Intramolecular Reductive Elimination

A sample of [PtzDz(u-D)(u-dppm)z][P?6], (Ib), was prepared by
reduction of [PtC1,(dppm)] with Na[BD4] in Me0OD. Earlier studies had
shawn that the complex could not.be prépaied from (Ia) and excess DZO or
MeOD with either acfd or base catalysis.

A mixture of (Ia) and (Ib), when either treated with triphgny{-
phosphine or irradiated (A=366 nm) géve very 1érge1y H2 and 02 with
only a small quantity of HD (Table 3.1). Some of this HD arises from
]H iﬁpuritiés in (Ib) as evidenced by the blank expériment in which (b’
alone.was allowed to react with triphenylphosphine, but the aé%uracy or
the measurements is limited and we cannot exclude the possibility of a
' miﬁor intermolecuiar reaction producing HD. The experiment clearly
shows that the major.part of the reaction ihdo]yes iﬁtramo]ecu]ar re-
_ductive:éliminationuin.both the thermal and photochemical cases. In
_ qpb;hé? éxperiment (Ib)-was photolysed in CH3CN'solution in the
presence of ~1 mol of Hz.- The mass spectrum showed the product }o bé
very largely H2 and th indicating that the reverse rqaction, involving
oxidative addition oané to (IId)-d is slow under these conditions. If
this reaﬁtion were fast, then photolysis of the product would yield HD.

" .
s e 77 . . r‘
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TABLE 3.1

Analysis-of isotopic compdsitiog of HZ/DZ by mass spectrometry

Reagents (g) Solvent Peak heighta
(1a) (Ib) PPh, Mre 1 2 3 4
0.05 o 0.1 CHoCT, O 100 0 0
0 0.05 0.1 CH,C1, 0 6 | 14 100
0.025 | 0.025 0.1 'cuzmz 0 84 | 23 100
0 0.05 " b,c " CHyCN - 0 5 | 16 100
0.025 | 0.025 b,c CH,CN 0 100 | 8 a8
FE* 0.«| 0.05 | b,d CH4CN 0 100 6 40

aBackground,was negligible under the instrument conditfons used.
bSample photolysed using 366 nm light.

CPhoto]ysis not taken to completion.

dReaction in tﬁe presence of H2 (1 mol).
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3.1.3 Quantum Yield Determinations and Sensitization Experiments

solutions of (Ia) or (Ib) in acetonitrile or pyridine were
irradiated with '362+8 nm 1ight from a Jasco Spectroirradiator.\ The
solutions were rigorously degessed prior to irradiation. A ;ypical set
of spectra obtained during irradiation of (Ia) in eygjdine solution is 6
'showq in Figure 3.2. The extent of reaction was determined by monitor-

| ing the optical density at 333 nm. The ameﬁﬁt of 1i4ht absorbed by (Ia)
(or Ib) was theh calculated from the abspnption spectra; and correction
made for light ebsorbed by prodects P]ots of mo1es reacted vs light
absorbed were lineart (f1gure 3.3), y1e1d1ng the quantum yields fram the
‘slqpeQ? . i
Thefqeantum yields for reaction of (Ta) were .81 (in MeCN) and ‘§§
(in pyridine). The quantum y1e]ds for reaction of (Ib) a]]ow; calculat-
ion of @H/¢ as 1.8 for photolysis in MeCN and 1 6 for photolysis in
s i » \
pyr1d1ne. - -

: Pro]oﬁged photolysis of (Ild) 1n aceton1tr11e solution led to
further changes in the absorptjon spectrum. However this reaction @
was so slow that it did not interfere witg:the above quantum yield
determinations. No serious attempt was made to study this secondary

reaction. Admission of air to solutions %; (11d) prepared as above led

to further spectral changes, with a decrease in absorbance at 450 nm

o

and an gncrease at 400 nm. However, there were 0 isosbestic points
and we have not succeeded in characterising the preducts of this-sub-
sequent reaction. _.- . e \'
The Derformance of spec1f1c quenching experiments to, d1st1ngu1sh
between singlet and tr!p]et pathways was not p0551b1e because of the
- high ext1nct1on coeff1c1ents of the complex throughout the ultravidlet

~
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region. It was, however, possible‘%o sensitize the reaction in MeCN and
~monitor its course by méans of the Rerminal Pt-H si:retch‘ absorptiori
in the IR spectrdm. Concentratiqné were chosen such that ~90% of the
incident 1ight (at 254 nm) was absorbed by the sensitizer, triphenylene
‘ ' = 66.5 kcal/mole). 1012102 mhe spectral

T
distribution of the low pressure Hg lamp used was such that small

(E, = 83.4 kcal/mole; E

amounts of light were emitted in the 313 'and 366 nm regions. A]though.
the filter so]ut%on used removed most of this 1light, the amount of
reaction Qnduced'by this 1ight was determined experimentally. This was
achieved by determining the rate of reaction when a Pyrex filter was
interposed between the sample and the light source. This rate was then
subtracted from the rates at which the sensitized and directly induced
reactions occurred. A further correction was made for the 10% Jight
absorbed directly by (Ia). The final ratio of rate sensitized/rate
direct was, from these raﬁher crude measurements, limited by the degree
of conversion possib]e’and\By the inaccuracy of the IR measurements.

The value found was .57 * .12 at a concentration of (Ia) of 6.1 x 10'3
mt1 17, ‘ '
T?e sensitization e§periment alone does not distinguish singlet

“from triplet energy transfer but, since attempted sensitization by the

efficient triplet sensitizer Michler's ketone was negative and since

the triplet energies of triphenylene and Michler's ketone (ET =

101

. 62 kcal/mole) are close, we conclude that singlet energy transfer is

operative. Assuming the lifetime t of triphenylene singlet in aceto-

)103

nitrile is essentially the same as in cyclohexane (t 37 ns , we can

approximate the rate of energy transfer by egquation (3.4).
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ratio sensitized/direct = kq[Ia]/(kq[Ia]+T“) ... 13.4)

whence kq, the rate constant for energy transfer is 6(t2)\§'1b9M'1s'1.
~ A .

This is somewhat below that of diffusion control (2.7 x ]Q10M-1S-1 from

the modified Debye equation). Allowing for diffusion separation before

104 ]OM_1S'1.

energy transfer this would be expécted to -be about 10

However, energy transfer to bulky complexes has often been found to be

somewhat inefficient even when exothew'mic]05
§ 2

and the approximate value .
we report is not unreasonable. We are-therefore led to believe that

" the reaction takes place from a singlet, not a trib]et,'state.

3.2 Discussion

According tb the calculations of Hoffman and Hoffmann,63

the LUMO
" in the cation (Ia} is an orbital of b, symmetry, which is non-bondiné
between the platinum atoms and the u-H ligand but is antibonding
between the two platinum atoms, while the HOMO is one of a block of 8
closely spaced d-block orbi;aas (Figure 3.4). 'The irradiation using
362 nm or 366 nm light is expected to lead t§ the transitioh
d~+b, ( max 349 e in MeCN). The sensitization experimené indicates-
that the photbchemistry results directly from the primary singlet
excited state, and the labelling experiment sho%githat the reductive
elimination of H2 is an intramolecular reaction: ‘Unfortunately the
cation (Ia) is fluxional so that it is not possible to label the bridg-
ing or terminal hydride 1igands separately and hence to determine
unequivocally which two hydride 1igands are lost on photolysis.

The simplest interpretation of the abové data is that the primary _
excitation of (Ia) leads to a significant increase in the Pt Pt

separation as a result of occupation of the 92 molecular orbita1.63
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Figure 3.4. Qualitative MO energy level diagram for (Ia), adapted
< .
from ref. 63.
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This would force the bridging hydride to move with one of the Pt
- atoms, siqce a symmetrical ué-hydride with a very long Pt-Pt distance
". would be unfavorable. This deformafion_may result in a structure such

I as (III) from which H2 loss, through a true binuclear mechanism occurs.

o

Pt
. P,/ | P’ /
3 H ‘
s . . - .I II ‘ ‘

©

- It should be noted that objection592

to this type of reaction discussed
in Chapter 2 may not apb]y in the excited state. An alternate poss-

ibility is the rearrangement of (III)>(IV), with a coordinate-Pt Pt

-

bond as found in [Pt’.2H2C1(lj,l-dppm)z]J"(V).]06
e + P +
| p | T
L 3 ‘
Rt — Pt —H | - Pt"—s Pt — H t
H | | T |
(1v) (V) )

The isomerization of IV could then occur giving a complex (VI) analoqgous

to that of [PtzMe3(u-dppr_n)2]+,32 (VIl).

9

- hat P @ P Me 7*
/1 S
H — Pt ——— Pt Me — Pt ¢— Pt
IL__.P/ \H ) FIL__;P/ '\Me
(VI) ' - (v1)

IS




080

This type of cis-trans isomerization is generally thought to ogcur
through dissociation of phosphine, a high energy process. The con-
version of {IV) to (VI) would only be expected to o;ﬁﬁr if (IV) was
vibrationally hot, from photolysis, allowing a tetrahedral transition | >
state. Alternatively, (VI) may be formed -directly by isomerization of
(I1I) prior to the coordinate bond formation. _

A simple mqnonuelear elimination from (VI) could then occur through
a3 centré transition state as is found in hohonucle&f'systeﬁs.

In the case of the thermal reaction'the'cbordination of tertiary

phosphine led to formation of an intermediate (VIII) from which loss of H2

) I +
| | /H\?/L
. pt” - L
s TN
N S———— 4
(virn) . .

A3

eventuélly occurred. In the photolysjs, there is no evidence for
direct particip?tion of pyridine or acetonitrile priqr to the reducgive
e]iﬁination step (except poSsibly.to provide a new decay channel). The
observatigns‘that the quantum yield for photolysis of (Ia) in aceto-
nitrile (0.81) is greater than in pyridine (0.57), whereas pyridine is .
mdqh the better ligand for platinum, and that photolysis of (IaJ occurs
readily in non-donor solvents or in the solid state argue against such
solvent participation. Rathér, it seems  that the donor solvgnt simply
. traps the primary prodbct,.[PtzH(u-dppm)zj*} formgd on reductive

“

elimination of HZ' That the donor solvents do not interact strongly

with (Ia) 1n'the ground state is. shown from the UV, IR and NMR spectra



of solutions of (Ia)'which are very similar to those in non-dopor

solvents. ‘ .

The observation of ajébnsiderably 1ower.1sotopic effect on the
quantum yields for pﬁoto1ysis:of (Ia) vs (Ib), when compared with the
corresponding isotopic effects for the thermal reactions Jinduced By
triphenylphosphine or dppm, for which kH/kD ~ 5.5, is of interest since
no suchrcomparison appears to have been made prévious]y, even for
.reactions of mononuclear cémplexeé. The result is; however, difficult
to interpret. In the simplest case defined by equation (3.5),

(1) , I%* kp(H.0) |
> ———— product - ...(3.5)

%

kd(H,D)'

it is easi]y'shown that

La ]

'kr(H)/kE(D)-{kr(D)+kd(D)}/{kr(H)+kd(H)}
isotope effect x t(H)/t(D)

¢H/¢D

-

Unfortunéiﬁly. the complexes (I} did not show observable f1boresence. -
(or phosphorescence) so fhat we have been unable to determine the iso-
‘topic effect on the 1Pfetime of the ginglét excited state, t(H)/t(D).
Qualitatively, =(H)/t(D). is expeg%ed ta be less than unity, but there
are jnsuffic{eht precedents to allow an .estimate of how great such an

effect might be.?°

Thus the dbserved magnitudes of oH/¢D of 1.6
(Ljé.pyridine) and 1.§ (L = acetonitrile) are considered minimum
yalues for the {Eotope effects on the rate constants for reductive
elimination #rom the eﬁcited states, kr(H)/kF(D), and 1t is not clear

whether the isotope ’ects for these rate constants are significantly

o811
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different from the value of'kH/kD found for the therma1,reactions.]04'

However the result certainly indicates that partial Pt-H bond cleavage
is involved in the transition state for reductive elimination.

This is significant as it suggests that the cis-trans isomerization

required for a mononuclear elimination, generally a high energy.process,
is not involved in the rate determining step. This evidence against
the mononuclear elimination is not, however, copclusive as the

isomerization of the excited state mhy occur readily.

. W

3.3 Conclusions -
The study described in this chapter is significant since it shows,

for the first time, that intramolecular reducii&e elimination of

L |

dihydrogen can occur very efficiently from a binuclear transition metai
hydride. It has also been demonstrated that, in the case of (I), the
reaction occurs through a singlet state and that thgre is a siénﬁfiCant
primary isotope effect on the rate constént for the reductive eliminat-
ion step. - o I

It has not been possible to determine the intimaté mechanism of the

reductive elimination step. As discussed, hdwever, a binuclear

elimination, such as that proposed is consistent with the data.

&
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CHAPTER 4

'Photochemistry of Methyl Diplatinum(II) Complexes

4. Introduction

In the previous two chapters loss of H2 by reductive elimination
from. the cation [Ptgﬂu-H)Hz(u-dppm)z]t, (I}, was described, under both
thermal and photochemical conditions. Thermally ?nduced reductive
elimination reactions are known not only for H2 formation but also in’
cases where C-H and C-C coupling occur. Thesé reactions are significant
in catalysis involving formation or actigptZon of alkanes at trangition
metal centres.” »108-111

The photochemical reductive e]iminationvof H2 from mononuclear
complexes is well established, and has now been shown to be operative
in binucléar systems. In contrast there have been no detailed studies
of photochemical }eductive eliminations leading to C-H or C-C bond
formatioh even in mononuclear systems, and there are oh]y a few
qualitative reports of Buch reactions. 18,31,91,112-114

The only report of photolysis of a metal alkyl hydr1de of wh1ch [
am aware, was reported recently by Béngman and Janowicz. o . This paper
. was a descrlpt1on of €-H bond act1va£\on by ap iridium comp]ex,

[IrH (n CSMes)(PMeB)]. Photo]y51s of this comp\ex causes loss of H,
followed by oxtdative addition of the herocarbdﬁ,so]vent. The authors
‘noted that the hydrido (alkyl) metal éompiexes undergo photoinduced -
reductive eliminations, bﬂt‘no dé¢§i1s‘of the procégs were ‘given.
There has béen a considerable amount of'w;:k done on fhe photo-

chemistry of complexes of formula [MRan]; R =,aiky1, L = Tigand. Two

major reaction pathways have been established for these comp]exes.'

-
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The first is metal-alkyl bond homolysis. An example of this is

the photolysis of cis-[Pt(C,Hs),(PPh,),], which yields ethyl radicals.'?

The second pathway is B-elimination of an a]ky] group, such as is
thought to occur upon photolysis of [Th(ﬁ—C5H5)3( C3H7)] 16
A .

Some exceptions to this general pattern of reactivity have been

reported. Photolysis of bis-(p~tofy1)zircon0cene in benzene forms

4-4'-dimethylbiphenyl in almost quantitative yield, although no mechan-

12

istic details were reported. It should be noted that the'above

'organié product is consistent with reductive eliminatidn.

~

The/§gggjf‘exception is the elimination from platinacycles.
P]atinadyclobutanes under photochemical activation may yield cyclopropane

78 113, 115 116

products It shou]d be noted -however that, although the

net reaction™in these cases is a reduct1ve elimination, a mechan1st1c
investigatiqon indicates the primary photoreaction is at least partly
metal-carbon bond homolysis. One case of what :appears to be a true

reductive elimination is-the result of -photolysis of the platinar

cyclopropane [Pt( ) 4) 2] aS‘éhOWH in equation (4.1).]]7‘
' CH
' L,Pt] {Z&szt + G, . (8.0) ‘
CH2

: c
fhe,stﬁdy described in this chapter has established the photo-

~ chemical nequctivé e]iminayion forming C-H and C-C bonds. The chemical

4 .t

system used was based on the complex ions [PtanMe3_n(prdppm)2]+,
n = 0-2. We felt this system was-an ideal choice as the trihydride

complex (I) was known to eliminate H2 upon photolysis. .
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‘ P’ P * " Me S— ¥
| ,/'H‘\\ l \\\ ///
’,,Pt , P ~ . Pt —— Pt — Me
X~ Y 7/ \\ l,
p Me” P
- 5 S— -
I, X=Y=H IV
II, X=H, Y=Me \
III, X=Y=Me
4.1 Results

_ 4.1.1 Photochemistry of the Hydrido bridged‘"A—E[ame" Complexes

As described in the precéeding chapter, photolysis of (I) led to
the productioq of H2 and the diplatinum(I) complexes (V) (equation (4.2)).
Photolysis of (11), [Pt,(u-H)HMe(u-dppm),1", or (111) [Pt, (u-H)Me,

(u-dppm)2]+ was expected to give either hydfido complexes (V) or metny

Lop™p 1* ' s «
. I [ .
(M +L ™M w-pt - ﬂt —L] o+ K -
N
; PP ... (4.2)-
Va, L % CoHEN
Vb, L = MeCM
compléxes (V1) (equatior (4.3, 4.4)). )
T P
p P * P p . 77
LA | |
/’,Pt"’ Pt._ ™o Me —pt —Pt—S | + H,
Me | | TH S A ~
| p P P P
...(4.3)

Via, S = CSHSN; VIb, S = MeCN; VIc, S = Me2C0

-~
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/—\‘ - e ———
' . P70 * v
. H * l Y
/P-t/ Pt ng Me — Pt — Pt — § + OH,
e l | Me | | .
P P p p
e S (49

In each‘case phbto]ysis of degassed solutions of (II) or (III) led
to methyﬁp]atinum complexes, (VTQ; and no hydridoplatinum comp1exes L
were observed. In reaction of (II),"HZ-was the\?ﬁjor gaseous proeuct
while fraces of methane were also observed. In reaétfoe of (III) the
only oeserved‘gaseous product was methane. ’

The new.hethy1p]atinum\comblexes were characterized by their ]H

31

and 'P NMR spectra (Table’4.1). They are similar tb the previousTy

N . . . .
synthesized complexes [PtZMeLgu-dppm)ZJ+, where L = phosphine.

The most staRle of these‘[PtZMe(NCSHs) u- dppm) ][PF 1 (VIa) was
1

" fully characterisad. The 'H NMR spectrum contains a MePt resonance at

0.53 ppm. The 2J(PtH) value.observed was 69 Hz. A further coupling

3J(PH) = 6.5 Hz resulted in a triplet appearance of both the center and -

sateT]ites._,The reédnance due to.the CH2 brotons of the dppm ligand

consisted of a complex muitiplet at & = 5.29 ppm.

Th&3 P{ H} NMR of th1s complex was also recorded and is character—

istic of an asymmetr1ca1 diplatinum(I) species. One phosphorus reson-

ance is observed at & = 8.4 ppm with satellites due tp coupling to 1?5

with ]J(PtPJ = 2930\Hz. ‘The “second 319 resonance at § = -4.7 ppm also
had p;latinum satellites with 'J(PtP) = 2850 Hz. From the Fine |
structure of the sate111té peaks, the coupling constants due to pp
coup]1ng could be detérm1ned as J(PP"') = 37 Hz and J(PP") = 58 Hz

The way in which these spectra are analyzed has been pub11shed .

- -
.
- , —

-
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The remaining two platinum(I) spec1es were lekss stab]e, and pure ,
samples could not be obtained. They were, however, character1sed by

]H NMR spectra (Table 4.1), which are. very simitar to the

their
‘ spectrum of the fully characterised pyridine complex. In addition, the
species (VIb) or (II%j in solution can be @Bnverted to the pyr{dide'
comp]ex, (VIa), by addition of pyridine. ‘These metathesis reactions
were monitored by 1H NMR spectrgscopyl In’each case the signal due to
the MePt protons of (VIb) or (VIg) disappeared on addition of pyridine, .
and was replaced by the MePt resonance ofq(YIa). |

Reaction (4.2) involving reductive eliminatibn of’H2 is ana]ogods
to reaction (4.1) studied previously, but react{on (4.3) is of a new
and significan: type and so a labelling experiment was carried out 10
determine if reductive elimination .of methane is an 1ntramolecu1a; or
_1nterm01ecu1ar process A mixture of [Pt (u H)Me (u dppm) ][PFGJ and
[Pt (u-D)(CD3)2(u dppm) ][PF6] gave CH4 and CD4, with only traces of °
CHBD or CD3H on a‘\otolysw It is thus prove_d that 1ntram?1ecu1ar
reductive elimination occurs. When phétoiysis was not compiete,'fhe"‘
yield of CH4 was greater thanthag‘of:CD4. This ;uggests, as in the '
phdto]ysislof (1), there is a éibnﬁficant prima%y'igotope éffept 'on'the-’~
riEF'Of reaction which can be estimated as ¢H/¢D = 1.5.

Quantum yields for photolysis of (II) or (IIL) 1n.pyr1d1ne or ‘
acetonifri]g were determined by frradiation of riéorous1y degassed

solutions in quartz cuvettes with 362&7 nm Tight. from a Jasco

Spectroirradiator, previously calibrated using ferrioxalate actinometry.
Typical sets’of Uv-visible absorption spectra obtained duringAirradiation
of (II) and (III) are shown in Figures 4.1 and 4.2. For photolysis of

- &
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Figure 4.1.  Changes in the UV-visible absorption spectrum on
irradiation of [Pt H(u-H)Me(u-dppm),]1" in MeCN, with the

to1lowfng numbers of Einsteins of incident light (362:7 nm):

" (a) 0, (b)4.0x1077, (c)8.0x 1077, (d)14.4x1077,

(e) 26.4 x 10“7, (f) extended frradiation. - ]
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Figure 4.é: Changes in the UV-visib{e absorption spectrum on
irradiation of [Pt,(u-H)Me,(u-dppm),]" in MelN, with the
fo]]owiﬁg numbgrs of Einsteins of incident 1ight (362+7 nm):
(a) 0, (b) 3.6 x 107, (c) 6.0 x 1077, (d) 8.4 x 1077,

(e) 11.2 x 1077, (f) extended irradiation.
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TABLE 4.1 v

NMR Data for the Complexes [PtzMeL(u-dppm)ZJ+ ‘

1

T NMR DATA
; ‘ 2 3
L § (CH,) J{PtH) J(PH)
pyridine .53 ppm " 69 Hz 6.5 Hz
NCCH, .15 ppm 62 Hz - 6 Hz
0C(CH,),, .29 ppm- 70 Hz 7.5 Hz

k2

315 ('4} NMR DATA

I

A B8

L &P J(PtP) 5P

Jieep)  29(rPeBy
pyridine 8.4 ppm 2930 Hz  -4.67 ppm 2850 Hz  37.5 Hz

090

57.5 Hz
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(II) good isosbestic points were observed (Figure 4.1) but for photo-
lysis of (III) there were no crossover poi;ts in the UV-visible spectra
(Figure 4.2). In each case, the extent of reaction was determined by
monitoring the optical density at suitable points, and good linear
plots of quanta observed by (II) or (II1) vs. extent of conversion were
then obtained. From these data, the quantum yields were determined and
values are given in the Table 4.2. |

It can be seen from Table 4.2 that the quantum yields for

photolysis of (I)-(iII) are all high,'with $ for (I) > (II) = (III), and the
" quantum yie]ds.are in a]]acases slightly higher in acetonitrile than in

pyridine.

4.1.2 Photochemistry of the Trimethyldiplatinum(II) Complex,

+
[Pt,Me,(u-dppm), ]

Photolysis of complex [PtZMe3(u-dppm)2]*, (1IV) in pyridine gave no
gas evolution, and monitoring by.]H and 31P<C]H} NMR indicated that the

products were mononuclear complexes as shown in equation (4.8)

" Me P T Me p1*
h AN /// "N /// '
(1V) tgF\T)gN" Pt + Pt\ ...(4.8)
= Me/ \P CSHSN/' P
(VII)
A

-These complexes could not be separated, but were positively

1

identified by the 'H and S'P{'H} NMR spectra. [PtMe,(dppm)] fs a known

complex and was characterised by comparison of the NMR parameters with

118,119

those for an authentic sample. A sample containing the cation
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TABLE 4,2
Quantum Yields (362 nm) for Photolysis of
Diplatinum Complexes

Quantum Yield®

Complex Py MeCN

[Pt H, (u-H) (u-dppm) ,J[PF 10+ 0.57 0.3

[Pt H(u-H)Me (u-dppm],1[SbF ] 0.21 0.37
[Ptz(a-H)MeZ(u-dppﬁ)z][PFG] 0.30 0.34

[Pt Me, (1-dppm),J[PF IC 0.6 0.1

" a

- In all cases, these are duantum yields for decomposition of reagent.
b Geoffroy et.al. quote a qughtum yield of .62 using 366 nm light.

c Quantum yield equals 0.6”in C6H6 and 0.3 in acetone.

1
P

N
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[PtMe(CSHSN)(dppm)]+,.(VII); was prepared independently “hy réhction of .

[PtC]Me(dppm)] with one mol equivalent of silver nitrate followed by ., **

excess pyridine. » - ~ -t
. . . & * .
The central part of the 31F{]H} NMR spectrum of (VII) in pyridine-
- 7 e ~
d5 is analyzed as an [AX] spin system, and appears as “‘a pair of d9ub1ets T,

centred about § = -26.6 ppmand § = -42.3 ppm with the coupling 2J(pp) =

38 Hz. Each doublet has satellites due to coupling with ' Pt

(I = 1/2). This coupling ]J(PtP§ = 3388 Hz for the resonance at

5 = 42.3 ppm and ]J(PtP)= 1270 Hz for the resonan}e at 8= -26.6 ppm. .
The resonaﬁce at -42.3 ppm is aséigned as due to the phosphorus trans

to pyridine and the resonance centred about -26.6 hpm‘due to phosphorus

trans to methyl. The coupling 1

J(PtP) is similar to that found for the
phosphorus atom trans to metHyI in [PtC1Me(dppm)] where ]J(PtP) = |
1248 Hz. The ﬂH{3]P} NMR spectrum of this complex consists pf a 1:4:1
tripiet at 1.02 ppm, due to the methylplatinum group with 2J(PtH) = 61
Hz. Selective 3Tp decoupling experiments were also carried oé}. When

the 3]P atom at -42.3 ppm was decoupled, a doublet coupling 3J(PH) was

31P de;

observed and found to equal 8 Hz. In thefspectrum with no
coupting a second doublet splittiﬁg with 3J(PH) + 5 Hz is observed.

Extended photolysis of the above mixture did Tead to some ethane
formation and an uncharacterized symmetrical diplatinum complex was
also formed. The quantum yield of the primany photochemical reaction
of equation (4u5):was high (Table 4.2), but the second photolysis was
very inefficient and has not been studied in detail.

Photolysis of (IV) in acetonitrile occurred cleanly in the
initiai stages té give ethane and complex (VIb), identified by its ]H‘

and 3]P{]H} NMR and UV-visible absorption spectra. However, the

. - ’ a ) - . . :
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quantum yield was low {Table 4.2) and, as a resul%,'further‘photolysis . o
of pro?uct (IVb)'became competitive in the later stages and theﬂiso-;
sbestic points wére lost. This reaction gave the first indication of af
pﬁotochemicalareductive glimination with C-C bond formation, and so tﬁg\.
photolysis was studied in several other solvents.
Efficient reductive eIimination.of ethane oécurred on photdlysis of‘
(IV) in benzene, acetone or dichloromethane as solvents. In benzene.
" the prdduct of photolysis was very insoluble and precipitated during .
photolysis so that an accurate quantum yield could not be obta1’ned.120
In acetone,-the prwmary products were j_HG and complex (VIc) and the
stowch1ometry was cIean until the late stages, when photo]ys1s of (VIc)
became a problem. Iq this reaction 1.0+0.) mol of ethane was formed
for each mol of (IV) decomposed and the quantum'yieId (362+7 nm) was
1.2:0.3. The Iafge uncertainty in th; quéntum yield arose due to
problems with the secondary photolysis of (Vic). The quantum yield is
within experimental error of 1.0, and,ig_én order of magnitude greater §
than that in acetonitrile solvent. ,
In dicﬁ]oromethane so]utfon, the stoichiometry of reaction was

different and only 0.5 mol of C.H, was formed for each mol of (1v) |

2.8
" decomposed (equation (4.6)). "
[
2[I3t Me. (u-dppm) ]" v Z[Pt Me,(u-C1) {(u- dpme ] | C,H ~
2" ez\u-apem, TH,CT, 2 €2 2"'6

(VIII) .
..(4.6)

The product (VIII) has been characterised prev1ous]y29 and was
1soIated in quant1tat1ve yieId That the reaction occurred cleanly is

shown by ‘the isosbestic po1nt in the U.V. spectra for the,reaction
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(Figure 4.3). - It is clear that a chlorine atom abstraction from solvent -

dichﬁoroﬁethane occurs during this reaction. The quantum'yield for
£ . .

aiéappearance of (IV) was 2.0:0.1 (Figure 4.4).

¢

‘ gl Because this clean photochemical C-C coupling reaction has no
precedents, attempts were made to determine‘if\the elimination is an
jntramo1ecu1ar process. Photolysis of an equimolar amqunt of
[PtzMe3(u7dppm)2][PF6] and [Ptz(CD3)3(u-dppm)z][PF6J in CH2C12 or
acetone gave a product ratio CzDG:CH3CD3 of 1:0.4 and 1:1.0 respect-
ively (CZHG yields could not be determinéa‘accuratély due to high _
background at m/e 30, under the conditions used, with analysis by mass
_é%ectrometry)f- An intramolecular reaction should give CZDG:CH3CD3 =
1:0, while an intermolecular coupling reaction should give alratio of
1:2. The experiment thus proves that at least 502 of the reaction
occurs by intramolecular coupling in acetone and'at least 80% in~ .
dichloromethane. . ;‘ :

An effort was made to dééermine which two methyl groups in‘4 were
‘e1iminated. However, an attempt to synthesizc the unsymmetrical
labelled complex ion I:(CD3)2Pt(u-dppm)2PtCH3]:P by reaction of
[Pt(CD3)2(dppm)] with [PtCiMe(&ppm)] gave a sample of (IV) in which
comp]efe scrambling of CD3 and CH3 groups had occurred, as determined

by 1H NMR spectroscopy. Thus it was not possible to solve this

~ important problem. We suspect that the alky] for alkyl exghange

" reactions wirich lead to this scrambling, and which have also been

121

observed in other diplatinum complexes, may also account for the

‘fpparent intermolecular compon%pt of the }eduétiveceliminétion reaction

noted "above. . - !

(&)

e
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Figure 4.3. .Changes in absorption on photqusis of [PtzMe3(u-dppm)21 \

[PFSJ‘in CHZCHZ. Absorbance at 450 nm decreases on
) ) N

photolysis.
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4.2 Discussion

h The photolysis of the femi1y of -complex cations, (I)-(III) in

each case leads eo*éh overall binuclear reductive elimination in which
the formal oxidation state of each platinum centre decreases from +II
“to #1. The reéctions"are very se]ectjve. Thus complex (II) gives

. rather than C,H

4 26’
-and so0”it can be conélude&.ipat bond formation is favoured in the

hydrogen rather than CH4 and complex (III) gives CH

'seeheﬁdé H-H > Cﬂsqﬂ >.CH3—CH3 in these.comp{exés. "However, it shou]d‘
.Be~notéd thaE, in (I)-(III), hydride occupies the bridging position and,
since 1t 1s poss1b1e that ‘the: r‘eactmnaa]ways 1nvo]ve lgss of the
bridging 11gand, only fda (II§.1S there positive evide hat H-H bond
formatxon is preferred rafher than CH3 -H bond formation. The same‘
se]ect1v1ty 1s'observed”1n thermal reductive e11m1nat1ons induced b}
;teﬁtiary,phosphine iigands, but hexaf]uorobet-z-yne induces selective
reductive e1im1ea£ioe bf metHaEe from (I1). 3 1In the thermal reactions,
the rates of” reaction fo]]ow the sequence ¢ > (II) "TI1), but
there are only sma}l dxfferences in the rates of the photochem1ca1
reactions (Table 4.2). Iq‘pa(t1cu1ar, the quantym yields for photo-
Jysis of (II; (which gives HZ) and (II1) (which gives Ch4) are very
similar. |

It has been proved that the reductive eliminations from (?7 and
(II1) are intramolecuiar, but the‘detailed mechanisms of reaction
cannot be determined unequivocally. Fo} photdlysis of (I) a mechanism
involving reductive elimination of H2 from a single metal centre was
proposee initially, but a subsequent study of the thermal reductive

elimination suggested a true binuclear redugtive elimiqqtion in which

hydride ligands coupled across two platinum centres (Chapter 2). The

098




excitation of an electron to a o*(PtPt) orbital. ~°

. 099

results from the pFesent study can be interpreted in ierms o% either
mechanism (see Chgpter 3 for related discus§ions of mechanisms in
binuclear and cluster complexes), but the prima;y photochemical step
in all cases is probably the cleavage of the Ptz(u-H) linkage by
’ 63

The photochemically induced reductive elimination of ethane from
(IV) appears to be a unique reaction. Photolysis of ‘alkyl transition
metal complexes hsua11y gives homo]ysié 6f the M-C bond to give alkyl

122

*radicals, = though 8-elimination, isomerization, 1sss of other

ligands with no Reaction of the M-R bond and other reactions can also

occur'.18’87’]23’]25 Photolysis of mononuclear alkyl platinum(II) or

' alkylplatinum(IV) complexes leads primarily to formation of alkyl

]26”127 though’nét.réductive'elimination may be observed with

18,415,116

radicals,
platina(IV)cycloalkanes. .
We have shown that the reductive elimination of ethane is at least
‘partially intramg[ecﬁ]ar by a labelling gxperiment,nand we believe that
this reagtioh is'a1most entirely intramolecular. In order to give the
observed quantum yields (Table 4:25 for anlintermo1ecu1ar elimination,
the Tifetime of the excited state-w6u1d heed to exceed 10;5 s to allow
coﬁplete quenching by d& second molecule of (IV) assuming kq ~ 1010 s']
and ~99% efficigncy of quenching) at the concentrations used. Few life-

times of organometallic excited states have been measured but most such

6 5 at 298 «.129-132 1. addition, an intermolecular -

lifetimes are <10
process should give a concentration-dependent quantum yield which was
not obsérved (Figure 4.4). Thére are two properties of (IV) which might
lead to itsluhique reactiyity. Firstly, the primary photochemical ‘

process almost certainly will involve cleavage of the Pt-Pt bond by
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excitation of an electron to the o*(PtPt) orbital, and this excited
state is not possible with mononuclear complexes. However, %t is not '
ohvious why this excited state should cause reductive g]imination fron

the dime'chylp]atinum'centre.]28

The result of the clé;vage would
.generate a species such as (IX) (Scheme'4.1). A mononJclear eliminat-
jon, (IX) = (X), Qou]d be expgcted to be less favourable than direct
elimination of ethane from (IV), where the electron wiihdrawing effect

~of PtB would enhance the formation of a platinum(0) pr‘oduct.]7
Alternatively, since (IV) is binuclear, new meuhanisms; such as a true
binuclear elimination (IX) - (XI) to (X) become possible. . '
Finally. in CH,C1, the resultant species, (X), must accept a methyl
group from a second molecule of (IV) and abstract a C1 radical from

-

dichloromethane to give the observed products, (V}I). Since the .
observed quantum yield is 2.0, the true‘quanthm xje]d for the reductive
elimibapiop is 1.0. o
Finally, a comment is needed on the solvent dependence of the
quéntum.yields and reaction products. The good donor pyridine can
presumably coordinate to the monomethylplatinum cent}é of (IX) after
. photochemical cleavage of the PtPt bond, and cleavage gf Fhe dimer to
mononucTear fragments (equétion (4.4)) follows. In the poor donor
solvents such”as benzeéne and acetone, the excited state give;-intra-
molecular loss of C2H6 with ? quantum yield of '41. The lower quantum '
yield in. acetonitrile may be explained if this is a good eﬁbugh 1igand

for platinum to coordinate reversibfy and hence deactivate.the excited

state but not good enough to cause breakdown to mononucTear fragments.

’ LY
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4.3 Conc]us;ons

We have established that concerted reductive elimination forming
C-H and C-C'bonds may be photochemically activated. The selective
elimination of hydrogen rather than methane from (II) indicates that

the ease of elimination 1§ H2 > CH4.

» ¥\




CHAPTER 5

g-Elimination from Binuclear Ethyl Platinum Complexes

5. % Introduction

In previous chapters, réductive elimination reactions involving
binuclear methyl(hydrido)diplatinum complexes were studied under both
photochemical and thermal activation. In this chapter, a study of the
thermal and photochemical B-elimination reaction from a binuclear
system is described. - The 8-elimination reaction (equation (5.1)),
unlike reductive elimination, does not involve change in oxidat%on°state

at the metal.

Hy — M —H+ CHZCR2 ...(5.7)
J» mononuclear systems, the mechanism of the thermally induced
reaction generally 1nvolve§ rate limiting creatjon of a vacanpt coord-
ination sTte followed by fast irreversible 8-elimination. Hen;;, in
[PtEt2L2] decomposition occurs through ra#® limiting dissociation of a
phosphine ligand, L, followed by fast irreversible g-elimination of

133

ethylene. The resultant hydrido ethyl complex is unstable and-

reductively eliminates ethane (equation (5.2)).

t H
‘ s
[LZPtEtZ] QL+ [LPtEtz] - [LPt\ ]+ CH

| EIt 24
fC2H6 + decomp. i..(5.2)

[ 4

This mechanism is impeded by éddit{on of free phosphines and

103



-
recent evwdence suggests that, under some cond1t1ons, .an altermate”

mechanism, in which elimination occurs from the four coordinate start-

ing complex, may be operativef In any case, it was shown that, with

sufficient free phosphine added to the system, the B-elimination step

occurred prior to the rate limiting step. > ’

The g-elimination yeaction™Njas also been observed in binuclear-

systems. One examplg of this invdlves the ecomplex [MoZEtZ(NMe2)4]

135

which B-eliminates upQn additiop’of carbon dioxide to the system.

. This is followed by loss, presumably through reductive elimination, of
ethane.

~

the reaction was intramolecular and that the B8-elimination occun?ed

after the rate limiting step.]36’y37
TMez
r ' o] ‘ O/C \0 /NMeZ
Me N NMe ) T -C
NN co | o—1" "o
D5CH,C 7Mo—._-Mo CHZCD3 2 /Mia /Mcl)
Me.N NMe N0
2 2 ¢ 0w -0
L N : MEZN C
| Me2 .
+CDZCH2 +CD3CH2D
... (5.3)

Photochemically induced R-elimination has also been observed. One

recent example of this 1nv01ves [(n~- CeHe YW ( CO (CH CH2C6H5

upon irradiation at 77 K loses CO and forms a stable hydrido(olefin]"

£

Deuterium labelling experiments, (equation (5.3)), showed that,

] which .

¥
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138’139 The product complex,

'

complex (equation (5.4)).

[(n-csHs)N(CO)Z(H)(CH2=CHC6H5)], isomerizes at room temperature to
yield [(n-csns)w(c0)2(n3-CH(CH3)(c6H5))],’ the product observed for

room- temperature photo]ysis.140
hv <::}\ l Ph
(n-CoHe )W(CO),(CH,CH,C HL) D e W — + €O
, 55 J3V2T276 5 77K Oc,ff;; \\\
0c H

@ warm
<

ocC.
c/ ...(5.44)

The thermally induced B-elimination reaction from a binuclear

platinum(II} complex has been studied previously.]Z]

The complex
cation [PtZEt3(dppm)2]+, (1), was found to undergo B-elimination of

ethylene (equation 5.5). Although the authors were’able to show that

P '~ + —— ." +
p /'Et P p
| _H |
Et — Pt «—— Pt . /Pt/ pt + O,

| /U £t | | SEt ,
PP Et p p
i i - _

- v (5.5)

the rate. determining step in the reaction was not the B-elimination,
they were unable to determine if the rate Timiting step occurreJ'before
or after the R-elimination.

In this ;hapter, the photoéhemica]]y induced. B-elimination
reaction from (I) is examined. A study of both the thermal and photo-

chemical reactions of the diplatinum(I) cation, [PtzEt(dppm)(u-dPPm)2]+.
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(I1), is also described. This allows a comparisan of the reactivity
pattern for 8-elimination in a diplatinum(1I) compléx, (I), with a
Pt - Pt coordinate bond, and in a dip1atipum (I) complex, (II), with a

covalent Pt-Pf bond. ‘ -

5.1 Results
5.1.1 Photochemistry of [PtZEt3(u'7dppm)2]+

The complex [PtzEt3(u-Qppm)2]+, (1), was known to be photo-
sensitive yielding approximately equal amounts ethane and ethylene upon

broadband photolysis.]21

These observed gaseous products are
consistent with an initial B-elimination followed by ethylene loss and
reductive elimination of ethane from the resultant complex, (equatfon

(5.6)). The second step of this sequence, reductive elimination of

3
t
P il
hv |/H\ . h\)
(I) — Pt TPt —— | Et — Pt — Pt + C.H
P P - PL__P .
+
CoH, v , ...(5.6)

ethane, is analogous to iéss of methane observed in photolysis of '
[PtZ(L{-H)MeZ(u-dpﬁm)z]+ (Chapter 4).

In order to determine if this mechanism is,reakoﬁable, a sample of
(I)‘was photolyzed with the filtered (X » 420 nm band pass) output of

3]P NMR spectrum of the

a medium pressure mercury lamp. Analysis of the
photolysis producis indicated that, -after 10 minutes, 44% conversion to
[Ptz(u-H)Etz(u-dppm)2]+,,(IV),]Z] had occurred, and a small amount

(~1%) of a new complex was also observed. Gas analysis by G.C.
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indicated the presence of both ethylene (75:10%) and ethane (25+10%)

but no butane. In order to establish that the unidentified complex was

a result of decomposition of (IV), and not formed .in competition with

it, the sample was photolyzed further (after removing the gaseous
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products)., The product mixture after one hour was found to contain none .

of complex (I), but 55% (IV) ;nd 45%_of the unidentified complex. The
gage0us products were now much richer in ethane (CZHG:CZH4 = 50:50),
indicating that the basic reaction sequence outlined in equafion (5.6)
is probably correct. Although we cannot rule out a small amount of a
competing process, in which ethane is formed directly from (1), it

has been established that the ﬁajor reaction sequence is (I) - (IV) +
ethy]enesfo1lowed by ethane loss from (IV). . Degassing the samples was
found to have no effect on the reaction, showing that oxygen does not
quench the reaction or react with intefmediates.

We have attemptgd io measure quantum yields ‘for photolysis of (I).
However:, the minor produ;ts formed are coloured red, and hence it was
not possible to monitor decay of (I) by-monitoring changes in the UV-..
visible absorption spectra in the visible region. OualitatiVely,Ait can
be said that photolysis is effic{ent (we estimate ¢ > 0.5) and the
compound “(1) is certainly mych more photosensitive than (II), which can
be stored as a solid in the 1ight for weeks without significaﬁt

decomposition.

5.1.2 Thermolysis of [PtzEt(dppm)(u-dppm)Zf, (11)

Solutions of (I} *n degassed acetonitrilé,are'deco]ourised upon
heating and a gas is evolved. Ip'degassed acetonitrile exhdustive

thermolysis followed by G.C. analysis of the gaseous products
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identified both ethylene and ethane in a 2:1 ratio. The expected

L3

product of g-elimination is [PtZH(dppm)3]+, (II1) was not a component

31

of the product mixturé, as confirmed by the “'P NMR spéctrum of the

products (see Exberimenta]).'

In order to determine if the reaction did proceed through (II1),

a sample of (III) was decomposed and the resultant nﬁxturg found by

3"P NMR spectroscopy to contain the same species observed in de-

composition of (II). The initial reaction.is then probably given by

equation (5.5).

»

I l . _ . N CY

A 24
r|> p PP
(11) (111) ...(5.5)

‘A sample of [PtZ(CHZCD3)(dppm)(u-dppm)2]+, (IIb), was dissolved in
acetonitrile and thermofyzea in a 5 mm NMR tube and the réaction was .
followed at 100°C. The decay of the CH2 signal, in the ]H NMR spectrum,
due to the ethyl group was observed. During the course of the
reaction, no sérambling of the deuterium label, which would be expected
tc; give rise to PtCDZCHZD groups and hence to a peak in the ]H NMR
spectrum due to the termiﬁal methyl group, was obserygd. This indi-
cates that the raté limiting step QOes not occur after B-elimination.
Tﬁe rate of the reaction was studiedaby monitofing thé decay of
the peak centred at 466 nmniﬁ the visiﬁ]e-absorption spectra (figure
5.1). In the early 'stages of the reéction, an isosbéstic poinf was

present (X = 443 nm). Plots of Jog concentration of (IT) wvs. time were
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Visible spectra recordéd during the decomposition of Ii
at 100°C. Absorbance at 466 nm decreases with tiﬁe and
spectra (a + h) wére recorded at 0, 123, 213, ?143_416,
510, 1970 and 3166 min. - |




found to be linear (figure 5.2) (correlation coeff > .99). For data

collected prior to loss of the isosbestic point (approximately one half-
» . _ .

life) the slope of this line gives the first order rate constant, k,

for the rate law'(equatjon (5.6)).

Yo.dan .o T L(5.6).

The rate constants'(Tab1e 5.1)vwere measured under a variety of '
conditions and the results may be summarized as follows. Oxygen
enhances\the raFe of decomposition of (II) and, in the presence of 02,
thé reaction raﬁe is iﬁdependent of solvent coordinat}ng ability, In
degassed solutions, the rate of the reaction has an insignificant"
priméry isotope effect, kH/kD = 1.1:.2.. The rate of the reaction is'

.«

also insensitive to addition of dppm or (IIIb).

5.1.3, Photochemistry of [Pt,Et(dppm) (u-dppm),*, (11}

Pﬁotolysis of oxygen free samples of [PtéEt(dppm)(u-dppm)2]+,
(I1), leads to decolourization of the Samp1e. This is a result of loss
of absorption at 466 nm (figure 5.3) and provides a'conven}ent means by
Qﬁich-the reaction may bé followed. A mixture of gases is produced .

during the course of the reaction. A gas chromatogfaphic analysis of

the gas indicated production of both ethylene (.8 mol per mol (II) /-

decomposed) and ethane (.2 mol per mol (II) decomposed). The expected

platinum product, (III), is also’produced and may be identified by a

terminal v(ﬁf-H) absorption at 2010 cm’l in the I.R. spectrum. The
reaction does not- occur ,cﬂanlj', however, and the maximum yield of (III)

obtained was 65%. In order to confirm that the stoichiometry of

equation (5.5) is followed, the follawing ékper1ments were carried out
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Fiéure 5.2. First order plot for’decomposition of (II) (dots) and

(IIb) (squares) “in acetonitrileat 100°C. -

o
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TABLE 5.1

First Order Rate Constants, k, for

Decomposition of [PtzR(dppm)3]+

R Solvent Temperature - dppm k s']/lo5
°C grm/5 mL )
CH,CHy  MeCN - 64 ’ ' 8.5+.3
DMSO . 64° ' 7+.3
DMSO - 78 ' 2742
H MeCN 64 | 3812
 ChHyCH, MeCN 100- - 2.2:.3%
‘cnzcn3 MeCN - 100 2.0+.3°
CH,CD, MeCN 100 .009 1.7+.32
CH,CD MeCN 100 .006 2.5+.3%
CH,CD, MeCN 100 .015 2.0+.3%
CHyCDy MeCN 100 .022 1.7+.32
CH,CD, MeCN 100 ‘ L 1.7e.3%b

a»samp]es were degassed

b measured in the presence of equimolar [PtzD(dppm)3]+
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(II) in acetone. Photolysis was conducted with a xenon
lamp- using wavelengths longer than 500 nm, spectra were
recorded at (a »~ f) 0, 11, 25, 40, 70, 110 min.
photolysis times.




Firstly, the sample was irradiated at shortef wavelength and this gave
rise to a lower yield of (III). Secondly, a sample was prepared in

which a mixture of (IT) and (III) was photolyzed. Analysis of gas
products indicaﬁ;i/yn increase in the ethane %o ethylene ratio from ,
5

;30t:05 to .50+05. These results are cons}stent with a clean B-

elimination according to equation (5.5), followed by a secondary
reaction inJ51ving (IT1) and (III), in which ethane is produced. .
The 8-elimination was observed to occur irreversibly as partial

photolysis of [PtZCHZCD3(u-dppm)z(dppm)]+, (ITb), did not result in

any scrambling bf the deuterium label in unreacted starting material,
as determined by TH NMR spectroscopy. Quantum yields were-measured
for- photolysis using 500 fim 1ight for decomposition of (II) and (IIb)

in acetonitrile. The quantum yields.were found to be low, (for II,

4 4 4 4) *

$=5,3x%x 10 7+.5x 10 "; for IIb, & = 5.2 x 10 '+.5 x 10" ') and

i .
showed no isotope effect within the accuracy of -the measurements {(figure .

5.4). The addition of free dppm was found to have a small effect

L 4)'

(5 for (1) with dppm added = 5.5 x 10" "+.5 x 10° However, given

the ]iﬁited accuracy of the experiment, this is. probablv not sighifi-
cant. The measured quantum yields for decomposition were found to
incfease slightly for photolyses‘with shorter wavelength light

5).

(3 =473 nm; & = 6.5 x 10771 x 107°). However_this could be due to

the increased rate of photolysis of (III) in the reaction mixture, when

' the incident light is absorbed more strongly by (III).

In an experiment, analogods to that done for the thermal eliminat-

ion from (I1), a sample of (IIb) was photolyzed in an NMR tube. In .

the ]H NMR spectrum no'scramb]ing of the label (giving rise to

PtCDZCHéD'and its associated methyl sigﬁa]) was observed. This indicates
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that the g-elimination step is not reversible.

5.2 .Discussion

The complex (I), when irradiated, gB-eliminated and loses ethylene

to form (IV) in high cﬁemiéé] yield. As discussed in Chapter 4, which

' describes the photolysis of the analogous methyl complex, ['PtMe3
(u-dppm)2]+, the primary photoprocess{ arising from d + o*(PtPt)
exc}tation, i; expected to involve breakfﬁg the metal-metal coerdinate
bond. . N v

Two possible mechanisms for the reaction are shown in Scheme 5.1.
Heterolytic cleavage of the coordinate bond leads to the complex with
structure #). The proposed intermediate, (V), then.undefgoes an
isomerization pgbthe unsaturated pJ::inum center, to give an inter-
mediate‘of structure (VI). This isomerizatiop is required to produce
a geometry in which B-hy&ride elimination may occur. The isomerization
of unsaturated platinum(II) centers h?s been progosed previously to be

133

a low energy process. With a vacant coordination site cis to the

eihyl group on the unsaturated platinum center, B- elimination.may occur

133 producing (VII).

in a process 2pa]ogous to that in1ﬁBnBMer4eﬂsystems,
_ An a]ternate possib111ty is a binuclear B- e]imination forming (VIII).
The product complex (IV). 1s then formed following loss of ethylene and
isomerization. "

In the thermal}y activated.B-élimination gfaction of (I) studied

]Zl;the overall-rate constant was fdund to show no signifi-

‘previously,
-cant deuterium isotope effect. If the thermal reaction of (I) occurs

by an initial cleavage of the metal-metal bond, then this must be the

rate211m1ting step. If the following isomerizations required high
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(V1)

(VIII)

(VII)-

5

(1v)

Scheme 5.1
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activation: energy the buildup of an intermediate wou]d'be expected in
the photochemical reaction, and this was not observed.

The primary photoprocess in reaction of (II) is presﬁméb]y metal-
metal bond cleavage. The bonding in (II) can be understood in terms of
combination of two T-shaped, dg, 15 valence electron fragments to f&rm
an occupied % (2a ) orbital and an embty a* (2b2) o‘rbital.GB’M1
Excitation is then expécted to produce a oy > o* excited state result-
ing in cleavage of the metal-metal bond.

Many metal-metal bonded systems are known to cleave on photolysis.
However, these typically involve 18-e1ecfron méta1s and cleave to

gedErate a.17-electron radical species.87

In the on1yAstudy qf an
electronically similar system, involving 16-electron d9 metal centers,
photdlysis of [MM'(CNCHy) IIPFG], (M = M' = Pt,Pd; M = Pt, M' ='Pd)
led to homolytic cleavage of the metal-metal bond resulting in 15-
electron: radical centers.]41

The mechanism leéding to B-elimination may énce again be con-
sidere& in ferms of a binuclear an&“a mononuctear system. The
transformation (IV) to (X) in Scheme 5.2 is the result of hydrogen atom
abstraction by the remote platinum. An alternaté mechanism ig.tbrough
structure (XI). In this case the B-elimination ﬁay occur from a radical
center; fhis type of reactivity has been observed previously in a
thorium cc->mp1ex.123 ’ |

Another possibility 1§,disproportionation to a p1at1nuﬁ(0) and a
p1atinum(1{) centre. If this occurred, a binuclear B:eliﬁihqtion, as in
- (IX), would be jpprobable as the three coordinate p1at1nup(q) would not'
be expected to agobt the t-shaped geometry. The transformation through

]

(X1), howé&er. appears reasonable in that it {is consistent with observed
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g-elimination reactions in mononuclear platinum(I1) systﬁys.]33

The mechanism of the thermal reaction is consistent with therm-
olysis resulting in metal-metal bond cleavage and the B-elimination
reaction may occur in the same manner as the photochemical reaction.

It should be noted that, if the thermolysis of both (I) and (II)
do proceed through rate 1imiting p]atinum-p]atindm bond cleavage, the
greater reactivity ofv(I) reflects the ease of cleavage of the coord-

inate verses the covalent bond.

5.3 Conclusions

The B-e1iminat{on reactions of (I) and (II) can both be
initiated photochemically, 1eéqing to the 6}oductioﬁ of the stable
platinum hydride species (IV) and (III). In each case the primary
photoprocess is thought to involve metal-metal bond cleavage. The
corresponding thermal reactions are also consistent with initial metal- .
metal bond cleavage.

Unfortunafe]y, in this and previous studies of binuclear B-
e11mination_reactidns, it was not possible to conclude if a true
binuc]ea; mechanism is operative. '

The last conclusion we can draw is that photochémica1 g-elimination
from (I) is a 1pﬁer energy paéhway of decomposition than the reductive
elimination which was observed in the photochemistry of
[PtzMe3(u-dppm)2]+. This is somewhat’surpnising in view of the high
efficiency of the reductive elimination of ethane (¢ = 1.0) from
[PtzMe3(u-dppm)2]+, but is consistent with previous studies which have
shown that g-elimination from coordinatively unsaturated platinum(II)

centres is very rapid.]2’133
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CHAPTER 6

The Mechanism of a Photochemically Induced Oxidative Addition

Reaction to P]atinum({l)

ES

rd
6. Introduction

The oxidative addition reaction of an alkyl halide to a
transition metal center is of considerable synthetic-utﬂity.6 The
overall réaction involves the oxidation of a hetal complex accompanied)

by an increase in coordination number (equation (6.1))}. The types of

R
|
LM+ R > L ME . (6.7)

a

mechanisms identified for this'rea&tion can be divided into two classes.
In the first class, a concerted two;equ}va1ent transformation occurs
while, in tﬁe second c]ass;-a series of one equivalent transformations,
invo]viﬁg paramagnetic interac;iéns, occurs.9

The concerted process may_occur.through a two or three center -

transjtion state represented by structures A and B respectively.

R
[M---R---X]" LI
e |
: X
A B
The two-centre transition state, an SNZ displacement, must result .
in stereochemical inversion at the carbon center. The rate of this

reaction is expected to increase with leaving group ability of the

halide (RI > RBr >. RC1) and decrease with increasing steric bulk of the

-
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alkyl groups.9 One example where tnis mechanism has been established is
in the oxidative addition of ‘optically actiye a-phenethylbromide to
[Pd(PPh3)4] (equation (6.2)), where inversion of configuration was

found to occur with high (95%) enantiomeric excess.]42 ' o

CHy I PPh, ) .
{Pd(PPh;) ] + PhCHBr —» |PhCH — Pd — Br | + PPhy ...(6.2)

l I
CHy  PPhy -

The thrée center transition state (Structure B) is expected to
result in retention of stereochemistry at the carbon center. Mechanisms
invnlving this type of.transition state have not yet been estab]ished
for alkyl halide addition. It has, however, been shown to occur in the

addition of carbon-carbon bonds, as illustrated by the retention of

configuration in equation (6.3) for a cyclopropane derivative,143 and
hence must be considered possible for alkyl halide addttion.

, D D ,

e H ' D))-&

H D - " H PtC]z(py)é
Y pyridine | I
2) pyr
H ..(6.3)

5 _ .
The second type 6f mechanism involves twn one electron oxidation
steps. This may ‘'be the result of direct ha]ogen atom abstraction 1n an
inner sphere mechanism (equation (6 4)) or an inttial e1ectron transfer
from the metal complex to-the-alkyl. halide 1n an outer sphere mechanism

fol]owed by abstraction of -th&¢ anionic ha]ogen (equation (6. 5))

N
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LM + RX = LoMX™ + R™ . ...(6.4)

LM + RX > [LMITIRX]T = L MX" + RY ...(6.5)

L]

, t .
The formed radicals may react in a non-chain or chain mechanism.

In the oxidative addition of methyl iodide to [Pt(PPh3)3] a non-

chain mechanism s believed to be operative (equation 6.6)).

[Pt(PPh3)3] +'CH [CH3]‘ + [PtI(PPh

3 337

-

{PtCH

3

I(PPh3)2] * P?hé "...(6.6)

The presence of -a radical mechanism was shown by ESR spectro-

scopy, by which technique,radicals were detected by the use of a spin

trap.]44 The observation that no inhibition occurred when free radical

145

scavengers were added indicated the non-chain nature of the reaction.

In cdntrast to this, chain mechanisms have been proposed for the
o;idative additidn of a varfety of sbecies to [Pt(REt3)3]. Oﬁe
example, the addition of n-buty!l brémf&e pro&uces not only ‘the -
platinum(II) product expected, grgg§;[PtBuBr(PEt3)2] (Bu = n-butyl), but

].146 .

,also some trans-[PtHBr(PEt3)2] and trans—[PfBrz(PEt The

3)2
formation of trans-[PtBrzﬁPEt3)2] is proposed to result from an

initiation sequence generating free n-butyl radicals as in equation

(6.7). The presence of free butyl radicals was indicated by the

[Pt(PEt);] + 2Bubr ~ [PtBr,(PELy),] + PELy + 28u” ...(6.7) .

3
A

formation of butane and butene by radical disproportionation as in

' equation (6.8). The formation of the oxidative addition product‘was



2[CH3CH2CH2]' > CH3(CH2)2CH3 + CH3CH2CHCH2 ...(6.8)

proposed to occur through the chain sequence in equation (6.9). It

_[Pt(PEt3)3] + Bu” » [PtBu(PEtj)z]' + PEt3

[PtBu(PEE,);1° + BuBr » [PtBuBr(PEL;),] + Bu®  ...(6.9)

should be noted that the formgtion of the remaining platinum product
trans- [PtHBr(PEt3)2], is consistent with B-elimination from the
coordinately unsaturated [PtBu(PEt3)2]','followed by halogen abstract-

jon as in equation (6.10). -

CH,CHCH

[ptBl;(pEtB)]' + [PtH(PEt,),]" + CHyCH,CHCH,

[PtH(PEts)z]' + BuBr - [PtHBr(PEt3)2] + Bu* ...(6.10)

. .. -

Further evidence comes from the observation that the reaction is
jnhibited by the addition of free radical scavengers..I46

_The reaction of isopropyl iodide (iPrI) with [PtMez(phen)] (1)
giving ggggg oxidative addition (equation (%.11), N-N: 1,10-

phenantholine) form%ng the pTatinum(IV) broduct (I1) was investigated

recently. ' o : _ )
. ] i
" Pr
N Me N ’ Me
i N ~ |
Pyl + ‘ Pt/. —_— \Pt/‘-‘ ...(6.11)
N Me N/}\Me ‘
(1) (I11)
N .

It was shown that this was a radical process, and both 02 and

olefins could be trapped by-intermediate isopropyl radicals forming the

124
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insertion products (III) and (IV).]48
- .iPr ) 1.VIE’r'
l N
0 CH >
2
O// NCHC'/,
N Me N Me
N o N
ﬂt . Pt
N’/’ ' Me N’/’ I\‘Me
I I )
(I11) ‘ (1V) -
147

During the course of this study, it was observed that the
reaction was accelerated by 1ight. Herein we report the study of the

mechanism of this, reaction under photochemical activation.

6.1. Results

6.1.1 Emission Studies

The.complex (I) gave no detectabje emission at room température.
However, in an ether glass at 77 K, em{ssion'is observed. The‘toiaj
emission shown in figure 6.1(d) is a result of excitation at 300 nm.
The inset as figure 6.1(e) is the obsergéd emission resulting from
excitation at 400 nm. The observation of two emitting states in
complexes with similar ligands is not unusual, however the'sensitivity
of fluorescence is such that one must consider the possibility of an
1mpu;if& being responsible for one or-both of the emissions. The
evidence against’ this is as follows. i
1) The results are reproduceable for diffe}ent preparations of,(I).
2) The excitation spectra of the different emiss%oné (figure 6.1

(c) for emissiom 450 nm, figure 6.1(b) for emission at 530 nm) are

identical in peak position for the region A 250 nm + 360 nm, after
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whiéh point the higher energy emission -5 not observed.

3) The ratié of emission yield at le; = 350 nm to kex = 435 nm is
identical for the emission at 570 nm and 615 nm. This would not be
expected to be fhe case if }he similarity in high energy excitation
spectra was due solely to the téil of the emission at 450‘nm.

4) The excitation spectra (figure 6,1(b)(E)) are in qualitative
agreement with the absorption spectra, figure 6.1(a). The energies of

absorption and emission are summarized in Table 6.1.

6.1.2 Charé%terizatfon

Although the reaction was found to follow the stoichiometry of
equation (6.11) in diffuse daylight, we wished to cod?irm tﬁis under
conditions which were clearly photochemical. For this experiment, a
solution containing [PtMe,(Phen)], (I), and isopropyl iodide in
acetone was degassed and sealed in a pyrex container with an attached
optical cell. Irradiation with the filtered 1ight (pass A > 420 nm)
from a medium pressure Hg lamp led to decolourization. This decay of .
the absorption in the e1e£€ronic spectrum 6f (I), due to a metal to

149

ligand charge fransfer band, provided a convenient means to follow

the extent of reaction. A typical spectrd] change is shown in figure
4

6.2. The reaction was complete after a five minute irradiation time.

The solution was then evaporated leaving a solid residue. This was

1H-NMR spectrum was obtained. The

dissolved in acetoqe-g6 and the
product was found,fo be pure (II). : s
A second experiment was carried out as above except that a free
radical inhibitor, 4-methoxyphenol, was added to the solution prior to
degassing. In this case the light output from the hercﬁry lamp was not

- intense enough to prdhote reaction on a convenient time scale and hence
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TABLE 6.1

%_ Absorption and Emission Assignments for
i [PtMez(phen)] and 1,10-phenanthroline
] LY
: — LT A
| Absorption \ Assignment’ Emission Assignment
(kk) (kk)
[PtMe, (phen)] 42, 13 (m-m)
y . 35. ILa(‘IT-TT*) 22.2 1@ 3(7r-'rr*)
20.7
19.2
28.6 MLCTD (d-r%)
21,86 MLCTO(d-m+) 18.9 MLCT 3 (d-m*)
_ 17.6 '
16.3
1,10-phenanthroline 37.7 (m-m*}
29.6 (-m%) 2.4 V(ren%)
26.3
/// 25.0
21.8
: 20.5
C//} | 19.2
3 IL = Intraligand band
b MLcT = Metal to 1igand charge transfer band
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Figure 6.2. Electronic spectral changes accompanying the 473 nm photéL
. : lysis of (I) and isopropyl iodide in acetone, with the °.
A : ‘ following number of counts of irradiation: . a) 0; b) 1;

c) 2; d) 3; e) 4; f) extended irradiation.
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a 150 W high pressure xenon lamp was used. After five minutes

L]

under these conditions, the reaction was near completion

]H NMR spectra after working up

and fze products were identified by the
as above. In this case an approximately 1:1 mixture of ((II)-and
[PtMeZIZ(phen)],(V) , was formed. This increased formation of (V)

indicates that it is formed in the initiation step.

6.1.3 Trapping of ‘Intermediates

Sotlutions of (I) and jPrIin benzene were_irradiated in the cavity
of an E.S.R. spectrometer. Under these conditions, no signal was
observed in either fluid or frozen (77 K) solutions. On the addition of
DMPO'io,f]uid solutions, two signals were observed. The-f%rst signal
(g = 2.0069) was a doublet of triplets due to coupling with the 8
hydrogen, aH =

B
N -,
the range expected for simple alkyl radical trapping (equation (6.12)).

= 21.8 G,iand m'trogen,‘aN = 14.3-G. The parameters are in

-

+ R — N~ R ~...(6.12)-

For example the literature value for the n-butyl adduct is ay = 14.24,
a = 20.41. "0 . ' |

A second signal was also observed (g = 2.0063, ay = 14.5 G,

width = 1.6 G). This was presumably the result of a reaction with 02,

.-~

as the signal was not observed in deoxygenated s;hples.
As no literature value was available for the isopropyl adduct of

DMPO, it was prepared independent]y by decOMposition of Hg(1Pr)2.

The complex Hg(1Pr)2 was prepared-aﬁd identified by its 1H NMR

Spectrum.]S] Dialkyl mercury complexes are knbwn to lose alkyl

v
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radicals on thermolysis or irradiation by U.V. light. A mixture of

Hg(’Pr)2 and DMPO in benzene was found to produce ESR signals

' .
identical to those above upon thermolysis.

6.1.4 Quantum Yields /

The Effect of Concentratian of Reactants and of Light Intensity on the

Quantum Yields

Rigorously degassed acetone solutions coftaining (I) and isopropy]l.

iodide were f]éme sea]éd {n quartz cuvettes. Irradiation at 473 nm was
carried out with a standardized 1ight source and the concentration‘of
(I) was monitored by fhe.deéreSSe in optical density at 473 nm. Both
the coﬁcentrétioh‘of (I) and the light absorbed by (1) were then
calculated. The slope of é graph of moles of (I) reacted vs E%nsteins
of light absor:bed by‘ (I‘ gives the quantum yie]d.‘ Plots are shown iA
Figure 6.3 for a variety of isopropyl iodide concentrations. In each
* case an excéss of isopropyl iodide was used, such that its-concentrat-

Jon remained coq‘.pnt throughout the experiment. In each case, a plot
,of moles (I) reacted vs Einsteins 1ight absorbed was linear over the
course of the réaction.

' Thi; :~dicate§ that the quantum yield was unaffected by the
concentration of (I) as the reactions were generally followed for at
least seventy-five percent reaction.

As can be seen in Figure 6:3, the concentration o% i'sopropy]l
iodide did have an ?ffect on the quantum yield. This variation was

3 1

studied over the concentration range from 2'x 107" mol L™ to

3 mol L']

8 x 10° and a first order relationship between isopropyl
iodide concentration and quantum yield for reaction-of (I) was found,
Figure 6.4 (data in Table 6.2). It should be noted that, in each case,

1.31
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presence of the following isopropyl iodide concentraf?ans:
L

mol L'].

2) 8.33x 1077 mol L™'; b) 5.83 x 1073 mol L™

¢) 3.27 x 1073 mo1 L71; d) 2.38 x 1073




133

OUANTUM YIELD
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~(RI) / 10 molL
I 't .
Figure.6.4. Plot of quantum yield for reaction of (I) with isopropy1l

- fodide gg_jsopropyl jodide qoncentration} the incident

6 1

1ight intensity is, 1,0x 107 E count™, circles and

0.5 x 10°° E.count'], squares.

e



TABLE 6.2

Quantum Yields for Reactiom of (I) with

Isopropyl Iodide in Acetone

[iPrI] Light Intensity
mol L7 x 10° ® E/count x108
2.01 .25 1.0
2.38 .285 1.0
2.5 29 ¢ 1.0
3.27 .39 1.0
5.83 75 1.0
8.33 .07 1.0.
2.38 .31 ' 5
2.27 .40 .5

4.55 .57 .5

134
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the reaction was also monitored in the dark in order to confirm>that no
contribution due to a thermal process we;\BEcurring over the time
period qf the quantum yield mea;urementsf
In each quantum yiefd measurement, the absorbed light varied with

the concentration of (I). The linear graphs of moles (I) reacted vs
Einsteins‘ 1ight absorbed heé%e indicate that there is no dependence

" of the quantum yield on light intensity. In 6rder to confirm that this
observed lack of dependence on concentration of (I) and light intensity
was not an art1fact arising from a dependence on both concentration of
(I) and 1light intensity hav1ng opposing effects,.exper1ments were -done
in which a 50% neutral density filter was interposed betwegn‘the'iight
source and the sample. As can be seen in Figdre 6.4 (data in Table
6.2) this experiment confirmed thaﬁ*no dependence between the quantum
yield, for reaction of (I) with isopropyl fodide, and either the

concentration of (I) or the light intensity existed.

- The Effect of Oxygen on the Quantum Yield
One experiment was carried out without degassing the reaction

mixtyre of (1) and isopropyl iodide. Stock solutions.of (I) and
isopropyl iodide in acetone (0p concentration 2.4 x 10_3 mo1 L-]) were-
mixed and added to a cuvette. In this case a plot of moles (I)

reacted vs Tight absorbed was not linear, but had an increasing slope

-3

“(figure 6.5). The initial quantum yield was 1 x 10™2 with an isoc

-3 -1

propyl dodide concentration of 8.33 x 107° mol L The quantum yield

increased greatly over the course of the reaction to a maximum observed
value of 3 x 10‘?.
It is ihterestiﬁg to note that the rate of the reaction of (I) with:_

isopropyl iodide was independent of oxygen concentratidn under thermal
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The Effect of Solvent :

The quantum yield for decomposition of (I) was measured in benzene
and acetonitrile, in order to determine the effect on the quantum
yield of changing the solvent polarity at constant concentration of
isopropy!l jpdidé: {h'aéetone, the quantum yield is .68 a; [iPrI] =
5.6 x 1075 mo1 L (interpolated value). In benzene, a quantum yield
of .24 was observed whereas, in acetonitrile, the quantum yield was
1.8 x 1073 at [’ PrI] 5.6 x 107> mol L™'. In acetonitrile, this value
was not constant and was fbuﬁd to incﬁease_dUriné the course of the
réaqtion. An attempt was ma@e to measure the quantum yield in the

“presence of p-benioqhinone_but a therma]«reabtion.occurred.

The Effect of Free Rad;cal"lﬁhfbitors \
The effect of free radical tfapS'oﬁ the quantum yield for
decbmpaéjtion of - (I) Was mgasured, using degassed so]utﬁonsl For‘thﬁs .
‘ sthdy, three iﬁhib%tors were used: 4- methoxypheno1 p-benzoquinone and
hydroqdihoné., Al11 three were_dend to have a retarding effect on phe»
"quantum yield (Tab1e 6.3). -A p}ot of moles (fj reacted vé‘]iahtﬂabsorbed
is shown in Fiaure 6.6.for two different concentrat1ons of p-benzo- -
. quinone, showiag 1onger retardation at higher p-benzoquinone
concentrat1ons. For hydroquinone, although an_inhibition was noted,
the spédtra] changes indicafed the @ormafion'ﬁf coforéd brodhéfs. T
Hence this data’ is of a qua]itative naturé only. _ . ‘
For p-methdxyphenol the data were not reproducib]e as the"
inhibition of the reaction var}ed great]y with gxteng.of reacqjon.u_'< s

‘Hence a small variation in extent of reaction caused a large efror in
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determining the initial quantum yields (Table 6.3).“:-

The data for the inhibitor p-beniequin@ne was reproducib]e,‘
although significant changes in ¢ also occurred over the course df the-
rgaction. In addition, complications océdrred withehigh concentrations

of p-benzogquinone (>10'3 M) with formation of coloured by-products.

Triplet Sensitization

The reaction was sensitized by the addition of benzophenone. In
this experiment, an acetone solution contdining (I), isopropyl fodide and
benzophenone was degassed and the extent of reaction followed by
monitoring changes in the absorption spectrum in the usual way. The
source of light used was such that 80% of the light (A =‘362 nm) was
absorbed by the sensitizer. Under these conditions, 20% of the light
was absorbed directly by (I). Energy transfer to (I) from benzo-
phenone, at the concentration used, w&s assumed to occur wtth 100%

efficiency from the triplet state (E
101

= 417 nm, 1. = 12 u sec;

T T

= 1), with no transfer from the singlet . state. Under these

®1s¢
"conditions, the quantum yie]& for the reaction from the sensitized
triplet state [= moles (I} reacted/moles triplet state of‘(I) produced ]
was found to be .16 = .08. Thé large errdr;in quantum yield. is due to
F portion of the Peaction occurring by direct 5E§orptiqn by (1) under
the conditions used. A correction for’direct absorption was made, but
this cannot be done with great accuracy. ‘

The quantum yield for reaction bx direct absorption of‘473 nm
light by‘(I)_ﬁnder identical- concentration conditions ([iPrI] =
1.3 x 1073 ot L'I) is 0.16. Hence, the quantum yield for intefsystem
crossiﬁg from the initially éxcited singlet state to the |

reactive triplet state is 1.0 + .3.

.
- - @
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TABLE 6.3

: \_///) - The Effect of Inhibitors on Quaptum Yi?]d-

for Reaction of (I) with Isopropyl Iodide <
Inhibitor isopropyliodide ?
mol L mol L] Initial
benzoquinone :
| .88x10™% 6.2x107° .0024
1.8 x107 6.2x10°> 0015
) 1.9 x107% 5.6x1073 ~.0010 -
2.2 x107% 6.2x10°3 - .00066 )
9.5 x1074. 5.6x107 .00030
76 <107 6.2x1073 006 ‘
4-methoxyphenol | .
. .65x1074 6.2x1073 .072
| 1.3 x10”* 6.2x10"3 .049
2.6 x107 6.2x1073 .043
7.0 x107 7.7x107 005
7.25%107% 6.0x10”3 .0015
a2 x107* 6.2x107° .00043
hydroquinone
4.4 x1073 "5.8x1073 .0045
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Triplet Quenching ™
The qualitative result of sensitization suggested that the reaction

occurred through the triplet state. In order to verify this, the react-

101

ion was querched by pyrene, (Q), (ET = 595 nm, E. = 372 nm) In these

S
experiments the complex was irradiated qi'473 nm. Hence no singlet
quencﬁing could occur. The introduction of a triplet quencher provides
an extra mechanism for decay of the excited triplet state. Hence an

increase in quencher concéntraticn causes a dectFase in reaction quantum
yie1q. The data are presented as a Stern-Volmer plot of quantum yield in
the absence of quencher, %, divided by quantum yield in the presence of
quencher, $(Q), vs the concentration of quencher used, [Q], in figure 6.7.
The sigﬁificance of this straight line plot will be diséussed after

a kinetic scheme is- developed.

6.2 Discussion

6.2.1 The Electronic Structure of [PtMe,(phen)]
-

>

The absorption spectrum of [PtMeZ(phen)], (I), has been studied

149 Two high energy

1

previously. Four distinct bands were assigned.
’ . ]
bands, in the regions 36,100 cm—1 (band 1)} and 33,300 cm ' (band 2),

were assigned to ligand localized m-n* transitions. The band pbsitions

are similar to the absorptions of free 1,10-phenanthroline and were not

dependent on solvent polarity, gonsistent with the w-n* assignment.
The two energies of, the additional bands at 28,500 cm | (band 3) and
20,900 cm_1 (band 4) in acetone solvent were soivent dependent and
hence ‘were assigned as  d-7* rietal to ljgand charge transfer bands.
Before considering the emission from complex (1), it is useful to

review the phosphorescent emission from the free 1,10-phenanthroline

141
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Figure 6.7. A Stern-Volmer plot of quanium yield in the abéencé of
. quencher, ¢, over quantum yiéld in the presence of

" quencher, #(Q), vs the concentration of the quencher,

pyrene.




‘ligand (Table 6.1). The emission is observed in the region

1

21,800 cm'] with resolved vibrational progression (20,500 cm ' and

19,20b cﬁ'l). The emission has been assigned to a 3(n-w*)

phosphorescence.]53
[ ]

_The emission spectrum of (I) consists of two separate structured

emissions, (Figure 6.1, Table 6.1). The high energy emission at

1

22,300 cm ' is similar to the emission of:thé free ligand, in both -

enrergy and vibrational structure. Since coordination of the ligand is
expected to cause only slight perturbation of the‘3(u-w*) transition,
~ compared to the free ligand, the high energy emission from (I) is '

assigned as a ligand localised (m-w*) transition. A similar assignment

' has been-hade in a variety of syst:erns]54 Such as a jggf[LRe(é0)3

+ 155 3

phen 0\ = py, » CH an pPhen . It shou e
(phen)] (L PhCN, CH,CN) and [Ra(ph )3:|c13‘5 It should b

noted that, in these complexes, only a slight (less than ~1,000 cm']).]56

shift in emission from the free ligand is observed. ‘The possibility of
_ emission due to aﬁ impurity in the sample of free 1,10=phenanthraline *
is ruled out,_since ‘the emission can be induced by excitation in a
region. where the free ligand does not absorg (x = 350 nm). The 1oﬁer
energy‘emiss{on ét 19,000 cm™! also has vibrational structure. The |
energy 86 this band is shifted significantly (28,000 cn™!) from the
emiésiqn fqr free l,10-phenanthro]iné. A slight overlap with the MLCf
absorption band 4 is obsérved. ‘This low energy emission is assigned

" as the inverse of the metal to ligand charge transfer absorption

(d + m*). Previous examples of structured metal to ligand charge

6

transfer emissions have been observed in compféxes of d fmetal jons.

Examples include gjg;[l?C]é(phen)z]Cl.and [Ru(phen)allz, in which ;he.

emissions were shifted 15100 cm™' and 4,600 cm™' respectively to Tow

\ 2

L]
°
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energy from the free ligand, and were also assigned as a charge

157,158

transfer emission. It should be noted that the state from which

: “the low energy emission from (I) is observed is probably a triplet and,

‘®
the small shift from the absorption band is explained by the large

spin-orbitxtoupling due.to platinum. In some meta1 complexes such as
_[IrC12(phen)2]Cl the spin-orbitally enhanced MLCT singlet-triplet,

absorption is observed to be superimposed’ppon the MLCT sifglet-singlet

153 Similar spin-orbit coupliﬂg would be exoected in (I) and

hence the small shift between the lowest energy absorption and emission

absorption.

bands of (I) is not incompatjble with a triplet (d-ﬂ*)'EMission, The
obser tion of emission from both ligand localized and MLCT states is
not S:Zgu S1mi1ar phenomena have been observed for a variety of

metal ligand comb1nat1ons Previous examp1es include fac—[XRe(C0)3(3-

benzoylpyr1d1ne) ] (X = Br, I), in which the intraligand transition
,is’n-n*,]sg and fac-[(CH CN)Re(CO) (phen)] , ‘in which the intraligand
transition is m-m*.199 * |

1

The excitation spectra (figures 1c) indicate that the 1igand
localized 3(n-n*) state of (I) is not accessib]e from the 1ow energy
MLCT absorption band, 4. In our study of the photochemistry of (I),
irradiations were carried out at 473 nm and hence the chemistry is -
the result of ‘the lower energy 3(d + *) MLCT excited state. .

The reaction induced by MLCT excitation of (I) in the _presence of

‘jPrI is oxidative addition of 1PrI forming [PtMe2 PrI(phen)] according

to equation (6. 11) The free radical chain nature of the mechanism is
demonstrated by the Peduced quantum yields in the presence of free
radical inhibitors. The nature of the initiation, propaggtion and

termination steps will now be considered. - v

-
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6.2.2 Initiation

| It is clear that, under the conditions used, the reaéfion of (I)
with 1PrI is photochemically initiated. The ability td quench the
‘reactionﬁwjth the triplet quehcher pyrene or sensitize the reaction with
the triplet sensitizer benzophenone are all consistent with the pre-
dominantely triplet MLCT, 3(d + %), beind’the reactive state. Th;'high
value (1.0+.3) of the quantum yield for intersystem crossing from the
](d + 7*) to the 3(d + 7*) state is consistent with the large spin-orbit
coupling of the platinum atom and the ](d + 7*) and 3(d + m*) states are
probably not pufe. Hence fhe spin selection rules do not Bpp]y.]54 .

| In the prekénce of the free radical inhibitor 4;metho§yphepol the
reaction occurred much 1ess,efficienf1y and produced [Ptleez(phen)],

(V) as in equation (6.13). _

-

N, [PtI,Me,(phen)] + 2'Pr-

'[ptMez(phen)] 2 prl
’ o 4-methoxyphenol -
. .,.(6.13)

Tﬁe overall initiation ;equence, which we propose (scheme 6.1) to
explain the formation of (V), is analogous to the initiation observedg
for fhe qxidativé addition of BuBr to [Pt(PEt3)3]'(equation 6.7),
although in this case the reaction is photo;hemical1y activated.

' Irrﬁdiation'of (I) produces g triplet exciteg_state w%th unit
efficiency. This excited platinum complex, (VI), (Scheme 6.1) may then -

L 3

decay to the ground state with a rate constant kd or react in a

-

bimo]ecular fashion with. 1sopropy110d1de producing (VII) and free

isopropyl radica]s The intimate nature of this reaction is not known
R .

However, ite may prpceed either by direct halogen abstraction from

h{sopropyliodide Qy the electron deficient p]atinum(III) centre of (VI)
. I

-

K_'.J‘. / ) . . ‘.l



re

N -
+
Me N -
hv III’/
(1 —_— //,Pt
kg Me ~y .
(VI)
1
Me N
: K l )
(V) + 'pp] —— Pt/ + Tpp
- Me \\\N
(VII)
. -Me\II/N .
(VII) + 'Prl —— Pt ) + Tpre
Me’// % \\‘N
(V).

Initiation Sequence

"Scheme 6.1

146
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as in equation '(6.14) or via an initial electron transfer from the

electron rich phenanthroline ligand of (VI) to isopropyl iodide followed

by net iodide transfer ds shown in equation (6.15).

- -
. 'jPr .
; Me I' _
(VI) + 'Prl — \ ) —(VII) +*Tpp ...(6.14)
y
. , ‘ ] <
Me N . ’ ) . . 1} .
yd - .
(VI) + 'prI py ) [I'pr]” |— (VII) + ‘Pr* ...(6.15)
“ Me’/, \\\N C

The final step, abstraction of a second 1odide by the platinum(III)
centre of (VII) (Scheme 6. 1), is expected to be fast due to the
instability of the paramagnetic pratinum{IiI).

6.2.3 Propagation

The initiation sequence was found to prbduce two moles of isopropyl

J=—Y

radicals.— The trapping of only isopropyl radicals by DMPO, as

- observed by E.S.R. spectroscopy, implicate the 1sop;bpy1 raJ‘%a1 a;jﬁﬁe

radical chain carrier. In order to produce the observed reagtion pro-

duct, (Ii),-the sequence of equation (6.16) and (6.17) is proposed.

a
\

o
K
(1) + 'pr- —2, >I< o . ...(6.16)
(vm)
K ; .

vy + e 2 (an) + e ... (6a7)
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A similar sequéﬁce of events is believed to be operative in the -

146

_oxidative additianﬂbf;BuBr to Pt(PEt3)3 (equation (6.9)).

' 6.2.4 Termination
The addition of a free radical scavenger was found to reduce the
observed quantum yield by'as much as a factor of 2 x 103 (Table 6.3).

This Sbservation_indiéates a minimum chain length of 1000 (a

quantitative estimate of the chain length will be presented later).

The products derived from the termination step wiil‘represent iess than

.05% of the total reaction products when (I) is photolyzed in the

presence of 1‘Plr'I. Becau;e of the small amount Sf termination products

formed, direct chemical identification of the terminationlproducts is

not possj?]e. One may, howeVert'ut11iz1ng the above scheme for

initiation and propagation, investigaie the nature of the terminh;ion

‘reaction by a kinetié means. . . >
.If we assume a.termination sequence involving a bimolecular

collision between free 1sop'bpy1 radicals and an unknown specief, (X)y,

Jeading fo_non-radical products, equation (6.18), the rate of this .

termination is given by equation (6.19). We can noQ'deve]op an

1'Plr" + X > non radical product - -...(6.18)
2 P .
4Ll -y, e300 ...(6.19)

‘expression for the observed quantum yield, ¢, for reaction of (I)
using the sequence described by Scheme 6.,1 and e’quations (6.14 and
6.15). Aséumipg steady state concentrations for the excited p]atknum

complex, (VI), and all rddicals, (VII, VIII and the isopropyl.radical)
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.~ the quantum yield for reaction of (;) is deggtlbed by equation (2.20).

s K, (e S 2k, g 6.20
=1 = 142 {—} . ... (6.20
kg+k, [Prl] kg LX -

-

The déve]opmen: of this equation is given in Appendix 6.I. The chain
length is given by F% and is gréater than 1000. Hence, at a.constant
isopropyl iodide concentratidn, the quantum yield is expeéted to be
| directlyfproportiona] to the concentration of (I). As we can see ;rom
Figure 6.3 the quantum yield is independent of the concentration of (F).
In 6rder to reﬁove this dependence of the concentration of (1) in .
equation (6.20), we propose that the termination is a regult of a
bimolecular collision between isopropyl radicals-and (I), equation

¢

(6.21). .
. k ’ ~
Yert o+ (1) 2. non-radical products  ...(6.21)

.-\‘ b d .
The expression for the quantum yield uiipg the termination step (6.21],

developed in Appendix 6.1 is given by equation (6.22). .
\\
k][‘prrj 2k,
. d = — _‘__1 3+ —k— ...9.22)
: N kg [r) 4 - .
f . 'S

——

- In this éxpression ¢ is independent of the concentration of (I) as was

observed experimentally.
L © s
_ The termination step may be the result of hydrogen abstraction by

isopropyl radical from either the methyl or the 1,10;phenanthrolfne,

Jigand of (I). An alternate possibility. is nucleophilic attack by

+ 1isopropyl radical on the coordinated 1,10-phenanthro11nef]60 remini-

»
1

scent of the well known addition of alkyl radicals to aromatic 0
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1r-sy5\‘.ems.]61 Whatever the intimate details of the process, the
resultant platipum complex is removed- from khe probagation sequence. !

It should be noted that, in the case of isopropyl radical attacE//
at the platinum metal of (I) giving rise te (VIII), followed by decay
of (VIII) to non-redicé1,products at a rate equal to kG[VIII],.the

quantum yield is given by equation (6.23) (developed in\Appeﬁdix.G.II). ‘//j)

k1[iPrI] 2,
¢=——-11——— 3 +-E—[ Prl] ..(6.23)
kd+k][ Prl] 6

From the long chain length,.( 1000), and high observed quahtum yields

-3 molar) we can calculate that the efficiengy ,

of ‘the initiation must be less than 1073.

© (>.21 at [iPr] =2 x 10
This indicates that the rate
of decay to ggound state for the excited platinum species (V1) is muce
faster than the rate of iodide abstraction from isopropyl 10d1de and
hence kd >> k [RI]. ‘Given this, equation (6.22) results in a° linear
depepdence between ¢'and the concentration of isopropyl iodide and
 equation (6.23) eives a squared dependence between % and the concentrat-
ion of isopropyl jodide. The dependence is clearly linear, as shown in
fjgure 6.4, and hence the termination reaction of isopropyl radicals

with (I) must occur at either the methyl or 1 ,10-phenanthroline ligands -

The entire reaction sequence of initiation propagation and

. terminatioq is summarized in Scheme 6.2.

st
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Me N .
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Scheme 6.2



6.2.5 Rate Constants

Py

If we introduce a triplet quencher, Q, into the reaction mixturé’,
N ]
of (I) and isopropyl iodide we provide a new decay channel, for the

‘excited olatinum‘oomp]ei (V1) as shown in gquation (6.24)u' This was

(VI) + Q —» (1) + 3¢ : ...(6.24)

done by the addition of pyrene (Qf > The triplet energy of pyrene,
'(ET 595 nm), is lower .than the triplet energy of (I) and hence we can

assume the rate of quenching is d1ffusion controlled. The rate constant,

kdiff’ for the process is therefore expected to be 3 x 10]0 5! in

acetone.lo} .

’ The quantum yield in the absence of'quencher;‘o, is given by *
equation (6. 22) Including the new decay channel for (VI), equation '

(6.24), g1ves rise to a new express1on for the quantum y1e1d 1n the’

®

presence of quencher, (Q), as shown in equation (6.25). A Stern-

~

t

K, Ciprl] 2,) |
#(Q) = 345 ...(6.25)
k +k][i'f’r]+kd ¢el0] 4 .

Volmer plotof ¢/¢(Q) against concentratiori of pyrene, [Q] (figure 6.7)
. ' vt - :
will have a slope of kdiff/(kd+k][ Pr1]). Since k][ Pr;} <<.ky, the

observed slope, 74+9, allews calculation of the rate constant, ky, to

be 4.1 (+0.5) x 108 s']; The Tifetime, 1, of the reactive triplet

-gs

state, (VI),is given by (,kd)" or 2.5 (£.3) x 10 This 1ifetime is

much shorter than triplet lifetimes observed in typisal organic

10 For ekamp}e, pyrene has a triplet lifetime of greater

101

compounds
than 107 lat room temperature The shorter Tifetime of (VI) is due

to a breakdown in fhe.selection ru]es governing triplet-singlet
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transitions, caused By the large Spinrorbit coﬁb]ihg-of-the platinum -
metal centre. Such short lifetimes for lowest energy. triplef states
are common when a second or third row transition metal 1£ present. Fo;
comparison the solution lifetime of emission from a 3MLCT excited state
of gjg;[[r(phen)ZCIZJCl is 3.8 x 1078 sec at room tenperature.js3

We will now consider the affect of adding a free radical inhibitor,

(IN), to the reaction, scheme 6.2. Assuming that the inhibitor traps

only isopropyl radicals, as shown in eguation (6.26), we can now develop

.iP-T'. + INT 1PY‘IN -.-(6-26)
5

(see Appendix 6.1) an expression for the ratio of’the quantum yield in
the presence of inhibitor, ¢(IN), compared to the quantum yield in the

absence of inhibitor, 8, as shewn.in equation (6.27).

\

k., k,[Pt]
o(IN) _ Xa . "4
-lirl- %, + RINT ...(6.27) .

= c—

As can be seen from equaf1on (6.27) 'a ptot of @(IN)/® vs [Pt1/[IN] is
expected to be linear. Such a plot is.shown,. imFigure 6.8, using the
inhibitor para-benzoquinone. From equation (6.27)ng can see that fhe
_é]ope of this plot, 61 x 10'4; cqrresponds to k4/k5 and that the

intercept, 3«1 x 107

, corresponds to k4/2k2.

It should be noted that the average-chain length is given by ghe
ratio of the rafe,of propagation, kz[I][iPr'], to the rate of
terminafion, k4[IjttPr‘]. o; kp/ky. Hence one half the inverse of the
5ntercept of Figure 6.8 gives the chain 1ength'és 1700 (£700). .

It should bé noted that, in the interpretation of the triplet

quenching data, it was implicitly assumed that pyrene, the quencher
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o

H(IN) /& x 1073

T 'l' 1
0 2 4 6
(Pt) / (Quinone)

Figure 6.8. A plot of quantum yield in the presence of inhibitor,
* ®(IN),over quantum yield in the absence of inhibitor, 9,
vs concentration of [PtMez(phen)] over concentration of

~ the free radical inhibitor, benzoquinone.




used, did nbt act as a free radical inhibitor. We can see from

155

equation (6.27) that if inhibition was occurring the quantum yield would -

- vary as a function of concentration of (I). No such dependence was
-observed and hence our assumption that pyrene acts only as a triplet

quencher, and not as a free radical inhibitor, is valid.

The last relationship required is for the quantum yield, &, in the -

absence of both quencher and inhibitor, equation (6.22). It should be
noted that ky, 5.1(:.5) x 108 s'l.is much larger than k][iPrI], as
indicated by the observed linearity of a plot of ¢-x§ concentration of -
isopropyl iodide, f%gure 6.3. The slope of this graph, 123#5, corr- '
esponds to the quantity ki(3+2k2/k4)fkd. _Using the value for kd
obtained from triplet quenching experiments and‘the va]ue/9f/£;2/k4
obtained from free radical iﬁhibition expgriments, we can arrive at

7 1 S-]

a value of 1.5(%.7) x. 10" L mol~ forlk]. The original assumption,

that kd is greater than k1[1PrI] can now be tested. The maximum -

2 mol LT].

1

concentration of isopropyl iodide used was less than 10
Hence k1[1PrI] has a maximum value of less than 2.2 x 10° 57

.than 4.1(%.5) x 108 s~ observed fpn/kd;

Although we now hqyg,ab§6iute values for k] and kd’ the rgwaining
rate constants k2, k4M§nd k5 can only be obtained as relative values.
In order to determine absolute values for kz and k4 we must assume a
value for k5, the rate cOnstant for isopropyl.radical attack at para-

benzoquinone. The only estimate of a rate constant for freeiradica1

7 -1

attack on para-benzoquinone, 2.0(+1) x 10" L molf] > o was for attack

162,163

by the 5-hexenyl radical at 69°C. Assuming a temperature

7 1

dependence such that the rate at 25°C is 1.0 x 10" L mol'] s ', as was

observed for a variety of systems involving attack by the 5-hexenyl .

s much less -

N\
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radical on other mo]ecu]es,]63 we can now ca]cu1ate k2 and k It is

M

found that k, = 1.0(£.2) x 107 L mol -1

s, It should be noted that the errors. given for the values k, and kys-

above , as<ume the value of k., 1.0 x 107 L mo1”! sfl has no associated

1 and k = 6(+3) x 10° L mol

error. The actua] errbr on the vaJues of k2 and k4 are pfesumab]y much
larger and hence the values given should be regarded as approximate.

It is comfort1ng to note the resu%tsjﬁﬁlikéuuugL

previously which gave a very similar valué\?or k2’ In this study,

acry]dhitrile was added to a reaction mixture of (I):.and isopropyl

147

iodide. .Under these conditions, formation of the prodUS% II),

as 1n eqpat1Qn (6 16 -6. 17) occurs 1n competttlon with formation of the
insgrtién-producf, (IV) by the stebs outTined in equations (6.28, 6.29

and 6,30),; éyﬁanaiyzing the rat?o of ‘products (I} to (IV), the relative

‘ . . T .
! : , )

. T ke '
Tort + o =CHECN) —2u. (TPr-CH, EH(CN) )" Y L..(6.28)
| : 2‘ ) , 2 ; 'f‘u . ’
T Cor b9
. . ‘;’"", g-‘, . v 1P’,f‘ ) %
SR /AREREEE , , ]1\<!7H g
{ ! ;4 fro, .
. i ‘e . ‘
r . b Pr?{:%CH(CN)) A — H.\/ N ...(6.29) ,
'/ J{fﬂ, 1 o i "o I,/’ )
T g e A ,// \\‘ -

vl !,(Ix)

A Y

(FX) + 'Pel —(1v) * pr’ o ...(6.30)
value of k, to ke was found to be 20(+10). If we use as the value-for

5.3 x 105 L mol s']

-~

k6’ , which is the measured rate'cbnstant_fdr 53‘

hexenyl radical attack on acrylonitrile at 25°C, we arrive at a value
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| of 1(+.5) x 10

7 L mol'] sec'] for k2.113

The agreement between“tBésé two values‘of k2, measured by e

completely different_methods, is further evidence for the validity of

the proposed'mechanism (Scheme 6.2).

? -

L ’

6.3, Conclusions .

We have shown that the photochemical initiation of reaction °*

. .
between isopropyl iodide and [R;Mez(phen)] occurs from a statedwith

considerable triplet character, and have established the free radical

chgin nature of the photo initiated oxidative addition. The mechani sms

of the initiatidn, prépagation and termihation.steps of the chain’

' e

,reaction have been elucidated and, for the first time, approximate rate

constants for seyéral of the elementary steps have been determined.
. -

157
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l.f APPENDIX 6.1 .
1 e Ana]yzi;ng the Kinetics in Terms of Scheme 6.2,
{
ﬁ : Equatien 6.24 and 6.26
T W — .
. ’ 3
T ) B R R e SRR A 101] - gyl
v . | | o *-
R di{vI] _ i '.\
T o DL kD] - kg DVIICTP] - kg e [Q1DVID :
RS : ‘ N
_r , _L_P:_l =26, [Tpre0VIT - k,C'Pre 101 - kgl 'pr 1IN = K pr 1
. ’ ) + k3[VIII][ PrI]
. C L o perrn] - kglvingleer] .
‘ . . . |
. L A’ssumé §teady state concentrations for [VI], [VIII] and ['Pr'l4
. “ 7 .. -
. . v e s
I k T ¢
[vi] = s . [vimy = B LERA
Vg tk D PrIdek g eelQ] w : 3 ['Pr1]
- .,’ * ) ‘ - . v -
K , T \)’
H / . \ "
; - 2k.['Pr1] ~ .
. ° S S S I s . ' '
- .. . o ek N
L (e~ s "d"ab’s e (k2+k4)2k [! Pr]Iabs[\Pt] .
: ° . dt
- = k¥l PrI]+kd1ffL9] o (k4[1]+k5[IN})(k +hq[ PrI]+kd1ffL0]
i’. . ] c , ' . .
Ly ' L. R
' " " kd}qﬁbf N B
K : " % vk [ Er1lek ) o ' . a '
"' , . :d “ 1_[ . 1 ff[Q,]‘ e _‘t . . . . [N
.'1' 5 ):..\ - - " ) . ‘ .. ‘ "' v
’ - - - e 5 - - o
' ,“~ ° - 1 " .
x » ‘{' ) ) i *



(kz?k4)(2k]_[iPrI][I]) .

SO , . .. (6.1)
L T kgl PrI]+kd1ff[Q]

- LB e .

.6.22 ‘
In the absence of quencher, Q, and inhjbitor, IN, equation 6.1

simplifies to equat%on 6.22.
- ' k][‘PrIJ 2k, .
o ¢ = ————— (3 +-———-) ’ ...(6.22)
Rd+k1[ Pri] ' L

4
*

. 6.20 o
' Equat1on 6 20 is developed by removing [Q] and [IN] and ky and

. rep]ac1ng K [IN] by k4[x] in 6.1. The result is equation 6.20

- - » ,['pr] ;L il C m
L o= T (1.2 - ...(6,20:
. s ' kgt Ueend? kO "

6.25 .
Remo#ing ké[IN], from equation 6.1 results in equation 6.25
k[ o1} - 2, - R ,

. . 6(0) = '“:p‘tii]:;;:;;tﬁj- (3% —j;') | .. (6.25)

6.27 T .
The result of removing kdif’sp] terms from 6.1 is divided by

t . equation 6.22 giving . p

e ey

e ., lgrkg2t]
T T Y N . R + -

2 4 . - , ”

3+ : K
-E;. . . <, . . ) .
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K. .
. But, Fg?i the chain 1ength is much greater than 3 and kz > k4 Also

5[IN] >> k4[Pt] under the conditions used. “Hence, we can further

simplify to equation 6.27 . K R
v < : o > ~
s(N) _ M4, k4 [ : . .
- =§k—+rt[1'ﬁ&' - ‘o ...’(5.27)
%k kg LIN]
P
AY ’ -
. | . -
[}
: . : .1
> '-‘ . < ) . - .
-~ ) ) “
: ' -
N : ‘ : B *
- "
. ) . .
- f ) ‘ . C e )
/

Py ¢
)
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- Development of Equation 6.23 Utjlizing Scheme 6.1 and -
Equations 6.16 and 6.17 Also adding fhe Following
: ‘ .
VITT — Non Radical Products '
The following differentiaT equations- a.pply.
v Le i , ' -
o d[11 I
L - LLL faps.- i, [v1] + ky['Prd01]
| - ¢ .
.« LAV L gaps -k [VIT - K, [VIOC'PrDD
at - @B Ty 2 Ky
¥ ‘ ) . o -
. B ' i .- .. ' . ) ’ . '
i -4l d:r = 2k, R PrIlvI] - kz[iPr'][I] + k3[VIII][iPrI]
R 1_ ) SV .
kz[‘ Pr][1] - k3[VIII][ l_?r;l] - kG[VIII] .
Assume steady state toneeni;r_a.t’idn for [VI], [“‘Pr'] and [vIII]: =
T . % o 2k, [ Pr13CVI]
.oet [VI] = I'abs - E"Pr.] z - 1 k I
e T e e .. kgLl '
. kT j e ,
o . K ('Pred01] >
CE . VIlJ] #¢ — '
e Y kql PrIJekg[VLIT]
., , ¢ * . .
. ‘ e 1581 .
. o P , 2, Prl]) . 623
o : Pt (3 + — .
C r - . ‘. o kdtk‘1[ PrI]' . ~6 ' ) .
L ' i



CHAPTER 7

S )

Catalysis of %ﬁe Water Gas Shift Reaction by .

[Pt H,Lu-H] (u-dppm), 1"

)

. - had - .
7.0 Introduction’ . - o | , v .
The ;water gas shift reaction (equation (7.1)) has béen.important
. industrially for over 40.y'ears.]64 ‘Heterogeneous catalysts for *
- Ho0'+ COe==H, + €0, L (7.0),

2

-~

equation (7.1) require high temperatures. For example’, Fe304 based
: .

165

 syStems operaie at temperatures exceeding 350°C. The development of

a catalyst system which operates at lower temperatures‘is desirable as

L4

the equilibrium constant, K, for equation (7.1) increases with de- -

3

‘ creas?ng'temperatures (for axaﬁp]é,'K = 1.5 x 10” at 127°C, k = 127 at

'327°¢).166

To date, several hqmogeneous‘cata1ys§s'havé been found which
-oberaté at lower tempeﬁéture than the heterogeneous cata]ysts.167°]71
. ] The complex cation [Ptsz(u-H)(u-dpﬁm)2]+, (I) was known to
| reversibly add CO, displacing dihydrogen (equa%ioh (7.2)).
o ) _‘ /——\ ’ . . .
’ S . P . 7F *
\ N : - ‘ oo
C L RtT Pt + COe= | H—PLt —Pt —CO |++H,
- . /I '!\ . - . l vl'. i
S LU N T 1L P
o y S S— _ S ... (7.2)
S - , (11)
R v - < Known reactions of platinum carbonyl complexes (equation (7.3)]72'

‘ and (Ze4)]70)¢éaﬁ be combined, with eqdﬁtiop (1.2),'to provide all thé
. ¢ ' > : - T L
s . steps netesséry for q5possible catalytic scheme (Scheme 7.[):

]

. e

-
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PEL * S p r PE
. 3 Et3 [} v ' N t3
Cl —Pt —CO + BH — C]—Fl’t—COZH——» Gl - Pt —H|+CO,
.f.:-- l
\ | - | e (7.3) oo
” ‘ . )
. + ‘ . R . . .
PPr., - - plpp a2 A PPy
‘ . | 3 | 3
—#t—co OH —» H =Pt —COMH |— | H=Pt—H | +C0,
i I ) | -
PY'3 _ _ , PY‘3 P1Pr3 /

w1th these facts 1n mind, we undertook a study of the catalysis of_

equat1on (7 1) by comﬁlex" ): t .

7 Resu]ts

-

7.1.1‘ Kinetics of the Catalysis

The comp]er [Ptz(u-H)H (u-dppm)2]+, (I), was found to catalyze the.
water gas shift reaétion (equat1on (7. 1)) Typicel reactions were :'{
carrled out at 100°C in a Parr pressuré reactor purged with CO using a
water methanol solvent (1:2 Vo]/VoI) . The extent of reaction was
determ1ne; by gas chromatograph1c ana]ysfs of the vapour phase.” Both
carbon d1ox1de(mon1tored by 2 Porapac Q column} and dihydrogen
(monxtdred by a, ma]ecular s1eve type SA colurn) wére found to -be

:produced in equ1molar amounts. For dn in1t1a1 pressure of CO equag

to 110 psi, the rate of formatlon of carhon diox1de (or dihydrogen) - -

was, found to be first order with respect to 1nit1a] concentrat1on of (1)

'//// ' and the turnover rate was: 3. 0+ 2 mol H, (or CO ) mol (I) h!
: ] :

, ' . i . . -
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(figure 7.1 and tab]e 7.1). The dependence on carbon monoxide

pressure was more compljcated and the rate of the reactlon was found to"
increase dramatically at pressures less than one atmosphere (figure ~

7.2). The addition of NaOH or LiQl had no effect initially on the .

rate of the reaction (Table 7.1). However in the presence of NaOH, o

decomposition of the catalyst occurred after approximate1y‘three hour's.

&
. +

7.1. 2 Comp]exes Present in the Catalytic Solution

The maeii1a1 recovered from the cataytic. solution at high

pressure consists of a m1xture ‘of comp]exes The f1rst of tliese .

'comp]e‘ [Pt4(u-C0) (u-dppmf (n' thPCHzPQPh )] (111), was obtained

froq a catalytic mixture in which dioxygen was flot rigorously excluded.

' The complex (III) was obtained as red crystals by slow eyaporation’ of

the oataTytic nrixture and the stnocture (figure 7.3) was solved by
single crystal X-ray d1ffraction 173 It was found that format1on of

this comp]ex was not observed if oxygen was rigonous]y exc]uded from the

'reaction vessel. The second major species (IV) crystal1zes from the

N
cata]ytic mixture as ye11ow need]es It has-a characteristic I. R

absorpt1on due to the presence of bridging carbony]s (v(co) = 1750 cm )

3

The °'P NMR spectrum of this.complex is well resotved (figure 7. 4) and

3 195
independent of temperature{_ The

Pt sate]]ites appear to be-to6 \
complex for.a simple dimeri¢ species (compare figure 7.4 (a), which

shows satellites due to (IV); with figure 7.4 (b) which shows the ®

" corresponding satellites due to [PtZCIZ(uhdppm)ZJ ) The comp]ex

" appears to be symmetrical as.indicated by the

‘symmetrical about & = -14.6 ppm.. Th

3]P NMR resonances. being
e TgsPt NMR spectrum was also

- qbtained. (figure 7.5) and- the mafn triplet is indicative of ‘a' structure

‘.
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L

Figure 7.1. Dependence on rate of the water gas shift react1on on the
weight of- the catalyst precursor (as the PF6 salt) at an’
1n1tia1 pressure of €0 of 7.5 atm.

-
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Init, Pco-atm.

TABLE 7.1
Water Gas Shift Reaction Data

Rate COZ(HZ)

mol. prod./mol. cat. hr. )

167"

wt.- cat.
grams

6.9

© 5.5 -

4.1
2.7
7.5
195 -
13
52 4 -
.28 .
.69
.68
4y
15
7.5
1.0
+7.5°
7.5

a~ . .

NS

5.5
7.5
7.5
7.5 ..
A
7.5
7.5

/3.4 (3.5)
4.3
2.6
4.1
<4

' Al ,
. :-’Es.z'; '

8.1

5.35

-8.96 .

7.4
9.0

20

2.6

6.0
2.5

2.8

.0328
.0292
. .0287.
¢ 0280
©,2108
;0300
.0300
..0304
©,0300
.0300
.0262 .
.0346
0325
0844
.0549
©,1585
".1342
' .1163
©.0521

‘

L

70796

.1662.

0540

.1013 o
©.0589+.0061 grm LiCl

.0549+.8 grm NaOH

U
o
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.Figure 7.3. 'Molecmar structure of [Pt4(g -C0)2(u —thPCHzPth)3
(thPCHZPOPhg)]. Hydrogens and five carbon atoms-.of

. each phenyl group are omitted for-clarity.
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in which two phosbhorus atoms are directly bonded to each‘plétinum
centre. The Jgsst'NMR-spectrum is also offhsistent with a s;;;éfrica]
species. i - T ~ L
;: The 1H {31P} NMR spectrum of (IV) contains peaks due to both the
’ bgeny1 rings and the CH2 groups of the dppm ligands. The resonances
dugﬂ}o the CH2 groups form an AB pattern, indicating inequivalence at

the two pratons of each CHZP2 unit. . .

Summarizing, in complex (IV) the phosphorus atoms#re 411
chemically equivalent, the platinum atoms are all equivalent, and the
protons on the methylene unit of the dppm ligands are. inequivalent.

In some reactioﬁ‘mixtures, minor products were present.as shown by
additional I.R. absorptions due to terminal CO groups at v(CO) = 2020,

1 1 -

2030, 2060 c¢cm ' and due to bridging CO groups at v(CO) = 1800 cm '.

. ’
T‘se products were not reproducibly formed and appear to be the
result of impurities.
The catalytic mixture was investigated in situ by séaling a

\
sample of (I) under CO in-an NMR tube. The mixture was heated to 100°C

31

for 24 hours and the ~'P NMR spectrum was then obtained, at 60°C.”

The NMR spectrum was found to contain primarily peaks due to (IV) and

~

also a new species (V) [&(P) = -5.9 ppm, ]J(PtP) = 2060 Hz].

.

7.2 Discussion - | Ve
The complef. thsz(u-H)(u-dppm)2]+, (I), in a water-methanol
solvent mixture does 1ead.to the catafysis of the, water gas shift
reaction. It appears, héwever thaf (I)s ot an active catalyst but
a catalyst precurser. The'e;idence for this is as follows: a linear

relationship exists between the initial concentration of (1) and the

[




.rfats of CO2 production, yet n6 (1) is observed®&n thé ca;a] ytic
mixtqre. In experiments done in thé presénce & oxygen, the cata’lys'
became less active over a period of time and catafysis occurred in the
absence of oxygen. Hence (III) is not the catalyst. The probable
catalyst is either kIV) or a'species in equilibrium with it.

The complex, (1II), formed when the reaction is carried out in the
presence of oxygen,, was found to be [Pt4(u-CO)z(u-PhZPCHZPPhZ)3
(thlPCHzPOth)] (figure 7.%) by a single cryifal X~-ray diffraction
study. The formation of (III) can be understood in terms of equation

-(7.5). |

ﬂn)+%o

p — (111) + M ...(1.5)

The formation of a Pt4 cluster (figure 7.3),-may be a result of a
kinetic effect, resulting from dimerization of the initial binuclear

complex, (I)k. This is suggested as most platinum(0) clusters are

174,176 177

trinuclear although other tetranuclear clusters are known.
A definitive chemical formulation for complex (IV) must await the
results of a single crystal X-ray diffraction study. We can establish

that the complex (IV) is not a binuclear system as the 3

P NMR spectrum
y . .
is far too complex to be fitted to a Ptz(u-dppm)2 system. Both-a tri-
- nuclear and tetranuclear cluster are possible.

One possible trinuclear structure is (V).

T P "
7

|
P P h ) -

173




This cluster has 48 valence electrons, and including metal-

\\
metal bonds, results in each platinum attaining an 18-electron con-

figuration. .
We will now consider possible tetranuclear formulations for (IV).

Tetranuclear clusters of platinum are known and may have a butter-

180,182

fly, ‘tetrahedral or sguare type framework. The butterfly

structure is immediately'ruled out as ithfesults-in two distinct types

of platinum environment and at least two di‘ferent‘3]P énvironments illus-

195 31

trated by structure (VI). This is inconsistent with the Pt and " P NMR

spectra. .

1)

A tetrahedral structure with two phosphorus donors per platinum,

195

as predicted by the triplet Pt NMR spectrum, is shown aé structure

(VII). ’ s




» ’

In order for (VII) to bé consistent with, the IR and !

H NMR spectrum,
whicﬁ_pradict a single type of bridging'CO and inequivalent protons on
thé methylene of the dppm ligand, bridging CO groups must be

included across eachplatinum-platinum bond which is bridged by dppm

- 1igands. Such bridging is not possible, however, due to geometri;

considerations.

A square arrangement of platinum atoms, such as (VIII) is - v

consistent with the observe? spectral parameters.

- i -

(VI11)

~

Once again we have a 64 vaTgnqelelectron c1u§£er with four
. bridging CO groups. Including the four platinum-platinum bonds result
in an 18 electron configuration for each platinum centrgﬁ'

fhe mechanism of the catalysis has not been determined. However,
tﬁe reaction occurs more slowly at high concentrations éf €0, and is
first order in catalyst concentration. One possible reason for CO
inhibition is that a coordinppivg unsaturated 1ntermediate'may be
irapped by CO, forming an-inactiye species. A p?ot'of the rate 'of

~reaction vs reciprocal CO pressure (figuré 7.6) 4s approximaté]y linear

and extrapolates to a rate of 3 fwoles co, gor'Hz) produced'ber mole (1)
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Figure 7.6. A'plot of turnover rate vs reciprocal CQ pressure.
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per'hour at iﬁfinjte co pressure.
The result suggests that there are two acti&e catalysts, one
operative only at low pressures of carbon monoxide.
Such a system is represented in Scheme 7.2. If k4 and ks,are
1ar§e, such Yhat the rate determining steps’ are represénted by step two
and threa, Scheme 7.2, then Fhe rate of the Catalys%§ is gi!en by

equation (7.6).

L Al .
rate = kz[A] + g3K {E%] . o ...(7.6?

We can define a as a stoichiometric factor relating (I) to (A)

according to equation (7.7), in which only the pia;inum atoms are

I+ ah ‘ . (7.7)

.

accounted for, i.e. if (A) is'a‘trinuc1éar speciesiihen a is 2/3.
Assuming the equilibrium concentration of species other than (A) in the
catalytic mixture are low the pro&uct a[I] may be subst1tuted for [A]
in equation (7.6). The resu]t, equation (7.8), then has the functional

dependence on rate on CO/pressure observed in Figure 7.6.

. »
- (2 Kk
'%%Q='ak2 +a-rc%-] ...(7.8)
The 3]'P_.spectv'um of the catalytic mixture is consistent with the

species (IV) being identified with (A). A detailed discussion of the
mechanism of the catalysis must await-a structure determination of
(1V), but it seems that loss of CO from (1v) must generate a more

.

reactive catalyst. )

177
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7.3 Conclusions .

The water gas shift reaction is indeed cdtalysed when (1) is. added,
albeit probably not by the mechanism initially proposed (Scheme 7.1%-

The formation of the unusual cluster, (III), indicates that dimerization

of a binuclear complex may occur.

Despite our present lack of knowledge about the mechanism of the
catalysis, it should be ﬁoted-that the catalytic activity of the system

under these mild conditions is very high. At 100°C and 0.13 atmospheres

-1

carbon monoxide, the turrover rate, 12.6 mol H, (mol pt) " h7T, is much

higher inﬁn observed for other homogeneous catalysts. For comparison,

the highest turnover rate for the series of carbonyls, [Fe(C0)5] and

M(CO)6 (Mgz. Cr, Mo, and W) at similar temperatures was for EW(CO)G],
‘ ' .
which at 110°C-and p(CO) = 7.7 atm, catalyzed at a rate of 0.5 mo],H2

per mol w(CO)6 per hour.’?9 (It should be noted that at 95°C no -

cata]yﬁis was Qbserved.)

[Pt(PEt3)3] at 100°C and 20 atm CO gives.a rate of 0.5 moles Ho per

mole [Pt(PEt3)3] per hour'.]84 A [Qh(CO)ZIZJ_ system gives a thrnover
rate of 1 mole H, per mole Rh'per hour at 1 atm CO and 'IO.0°C.]85 ? .

e ™

—

i/
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CHAPTER 8
Experimental Details
8. General Experimental
" NMR spectra were recorded using a Varian XL-100 or XL-200
spectrometer. Chemical shifts gre reported relative to T.M.S. (ﬁH NMR)
or external PO(OMé’E (31P NMR). Infrared spectra were recorded using a
Beckmann 4250 spectrophotometer. U.V.-visible spectra were recorded
usinq'a Cary 118 speltrophotometer. Mass spectra were obtained on a
L 4

Varian Mat 311A spectrometer. Gas analysis was carried/out on a Varian
Model 1420 gas chromatograph with 6' x 1/8" co]uﬁn packed with either
mole&u]ar Sieve 5A‘(H2) or Porapak Q (CO2 and hydrocarbons). E.S.R.
spectra were recorded with a Varian £-12 E.P.R. spectrometer.
Elemental ana]ysés were cafried out by Guelph Chemical Laboratories
Ltd. |
Unless otherwise specified, degassing was done by three freeze- .
. pump-thaw cycieé. pump{ng each tima to a resiAHfl.pressure of 5 x 10-5

= torr at 77 K.

. F) ,
- »*

8.1 Calibration of the Light Source for Quantum Yield Determinations
the Tight source used was a Jasco ERMTFA Spectroirradiator. This
© system ié equipped-with a counter monitoring the energy output at a
eférence wave]éngth Aséuming a constant spectra]sdistribution for
the 1ight SOurce, one may calibrate the 11ght ‘output at a g1ven wave-
length relative to'the counter once and the quantwm y1e1d§'are then

measured re]at1ve to the counter In pract1ce the spectra] d1str1but1on

of the light source was found to be»constant_for greater -than 600 hours

-~




.o‘ | _.' A ] 8 1‘

of operation. In ordéq to %ensure consistency,‘the counter was
standardized approximately every 200 hourscof operation, or every six:
months (elapsed time) whichever was less, and wngnever tho Tight
source, or power suoply was serviced.

The method of calibration was that of Parker and Hatchard using .

the potassium ferrioxalate system.]86 The photoohemical reduction of

the iron salt, K3[Fe(C204)3] in sulfuric acid occurs readily at 362 nm *
with a quantum yield of 1.21 for Fe2+ formation. A 6.00 x 10'3 M

solution of K3[Fe(C204)3] was prepared in 0.1 N aqueous H,SO A

2774
sample (3.0 mL) of this solution was then irradiated for 5 counts in a-

1 cm cuvette. Under these conditions, greater thgn 99% of the light is '
absorbed by the K3[Fe(C204)3]. An aliquot (1.0 mL) of this solution wos
mixed with a 1,10-phenanthroline solution (1.0 mL) (0.1% by weight) and
3 ond 360 mL
H,S0, diluted to 1 L). This solution was diluted to 25.0 mL and allowed

a buffer solution (0:50 M) (prepared from 600 mL 1 N NaOZCCH

to stand for one hour. During this time an iron{II) complex of 1,10-
phénanthro]ine, [Fe(phen)3]2+, is formed.

The optical density at 510 nm is then used to determine tne number
of moles of KB[Fe(C204)3] decomposed. ‘The experiment was repeated using
0, 10, 15, and 20 counts and the observed absorbance valugs are given in
Table. 8.1. . .

A plot of absorbance of the final solution vs counts of 1rradiation<7
gaue a slope of 0.0220- (corre]ation coefficient .9996).

The light output 1s then calcu]ated by converting to moles iron(II)
comp1ex formed per count irradiation then dividing by the quantum yield

to give light output in units of Einsteins per mole. In this case, the

slope (.0220) is muitipiied by a correction factor to take into accaunt



.
182
TABLE 8.1
Y .
B Actinometry Resq]ts 2

Exposure Counts  Abs at 510 Abs C-Ab's

blank
R .003 o -
5 ‘ .1039 1009
10 2266 2236
15 .3307 L3

20 .4400 .4370
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dilution (0.075) and divided by the molar extinction coefficient of the

4 -1

iron(11) complex (1 11 x 107 L mol cm ) and by the actual quantum

“yield (1.21) to g1ve a 11ght output of 1. 23 x 10 -7 E count ].

8.2 Experimental for Chapter 2

The complex [Ptsz(u-H)(u-dppmiZJ[PFGJ was prepared by the

literature method.?> e

8.2.1 Preparation of [Pt D (u-DJ(u-dppm) ][PF6]

This was prepared by a modification of-the method used for
[Pt ( -H) (u-dppm) ][PF6] So11d Na[BD4](0 Sg) was added‘s%ow]y (2h)
in small portions (0 01 g) to a stirred suspens1on of [PtCIz(dppm)](1 0g)
in Me0D (20 mi) in a flask flushed with N,, and the resu1t1ng mixture .
Qas s;irred for 1 h. The mixture was filtered, the solid was extracfed
wifh CHz;Cl2 (10 mL) and the fi1te;ed so1qtien'wa§ added to a so}ugion of
‘ NH4[PF6](0 36.§) in CH,0D izo mL). fﬁe VOlume’was reduced to 15 ml. using
a rotary evaporator and the wh1te crystals of [PtZDZ(“ D)(p-dppm) ][PF&I
which formed were filtered, washed w1th n- pentane and dried under
. vacuum. IR(nujol): v(PtD) 1537 cm ; v(PtH) absent; c.f. for (la),
v(PtH) 2100 cm'?. o -
UV-Qisib]e specﬁrum of [Ptéﬂz(u—H)(u-dppm)z][PFe]: Amax 348 nm,

3 -1

€ 4.90 x 10° 1 mol '1 (p}ridine solution); Amax 349 nm,
1

€ 4.09 x 103 1 mo]l 1 (MeCN solutian) NMR data for (la) in

CD.CN: &(PtH)-6.9 ppm, J(PtH) 1152 Hz, J(PtH) 112 Hz; G(Ptzu -HJ-

3
5.85 ppm, |J(PtH) 586 Hz; & (3‘P) 17.9 ppm, 'J(PtP). 2755 Hz, 2J(PtP)

6 Hz, 20(PP) 64 Hz, 2a(PP) 17 Hz. NMR data for [PtoH,(u-H)(u-dppm),]
[PFg] in CoDEN(0°C): &(PtH)-6.7 ppm, V3(PtH) 1146 Hz; 8(Pt,u-H)

5.9 ppm, !

J(ptH) 585 Hz; §(3TP) 17.3 ppm, '3(PtP) 2760 Hz, 23(PtP) 20 Mz,
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23(ptP) 20 Hz, 23(PP) 59 Hz, SJ(PP) 19 Hz. -

s oo . \?\\\

8.2.2 Preparation of New Complexes,'[PtZHL(uLdppm)z]

Complex [PtZHZiu-H)(u-dppm)Z][PF6] (.10 g, 7.65‘x 107° moles) was
dissolved in CH2(212 (3 mL). The 1ig§nd (7.65 x'10'5 mo)e) wasedissolved
_in CH2012 (2 mL) and added dropwise to the platinum containing solution.

So]utigns turned ye]loQ and gas was produced. After reaction was
complete [20 min., L = PPh2(4—MeC5H4); Th., 'L = P(4-C1C6H4)3;-72 h.,
l = P?hZ(Z-MeC6H4)], the product was precipitated by additien of n-
pentane. Tr= solid samples were then dried under hig! vacuum. Anal;
Caled. for [PtZH{PPh2(4-MeC6H4)}dppm)z][PFa].: C, 52.4; H, 3.9. Faund:
: .
‘c, 52.3; H, 4.0. Catcd.’ for [Pt H{PPh,(2-MeCcH,)}(dppm),1[PFc}: —
C, 48.9; H, 3.6. “Found: C, 48.9; H, 3.6. h

8.2.3 Studies of Reaction Rates

The solvent in thesesstudies, CH2C1CH2C1, was purified by

distillation from szQj. It is essential that the solvent be.dry and

-

acid-free. , ‘
“h a'typicaﬂ‘reaction [Pt2H3(gppm)2][PF6]~(.0097 g) was dissolved
1ﬁl!H2C1CH2CT-(.1L)ang'PPhZQl-MecﬁHa) (.0500 g)_w?s dissolved in .

.
K

CH2C1CH2C1 {25 m). 2.0 mL of the platinum containing solution was
added to a clean dry 5.0 mL volumetric flask. 0.25 ml phosphine .

) ) . ’
solution was added to this and tben CHZCJCH Gl was added to a final

2
volume of 5.0 ml. This was taken as time zero. The flask was.shaken
vigorously'ﬁef'~40 sec. then 2.5 mls of the solution was transferred to
. a quartz optical cell and put in the thermostatted (25°C) compartﬁent
of a Cary 119 spectrophotometer. )

The optical density of the region frdm 320 > 400 nmewas- recorded as




. L . 185

a function of time. A’plot of 1n(AQ;A;) vs. t was made and found to be

linear giving a first order rate constant of 2.39 x 10'4 s'].\, )

The volume of 1igand solution added was varied to allow

determination of first order rate constants as a function of [L]. For

4 4

the series [L] = (3.623 x 1074, 7.246' x 1074, 10.87 x 1074, 14.49 x 107%,

4 4

+ 21.24 x 107" and 23.7 x 10" the following first order rate cdnstants

4 4 4 4

. 7.5 x10° , 11.6 x 1077,

-1

were observed. k = 3.2 x 10~

,» 11.4 x 107
4 :

19.4 x 107 and 21.2 x 1074 5

respectively. A plot of k vs. [L] was

found to be linear giv{ng-risé to the second oqdér rate constant 0.89 £
mol” ! 7V, . | ]
The above procedure was repeated at 25°C for L = PPh3. Again the

reaction was first order in both complex [Ptzkqu)sz(u-dppm)Z]+ and. L

giving a second order rate constant of 1.6 2 mo1” 5'1. This was

repeated with [Ptz(u-D)Dz(dppm)z]+ and a rate constant of .455 & mo1'.l

‘s'1 was found.
Single experiments were conducted at T = 35,-44, 53, and 605C and
the rate Taw assumed to be secpnd order giving k = 2.9, 5.89, 9.86 and

12.73 ¢ mol™ ! 7] respectively. . )

8.2.4 ¥Equilibrium Constant Determination by.UV-visib]e Spectroscopy .

In a typical experiment comp]ex,[Ptz(u-H)Hz(u-dppm)z]+ (0.0774" g)
was dissolved in CH,C1CH,C1 (50 @5).4 2.5 mL of this solution was

transferred to a UV cell and cooled to ~-70°C. A solid sample of

-~

PPh,(4-MeCcH,) (0.0158 g) was then added to this and the spectrum
between 400 and 600 nm was recorded on the warmed (-11°C) samp]g. This
procedunp-w;s répeated ysing different weights of ligand. Cooling was

achieved by cireulating a codled ethylene glycol-water mixture through

1

the cell compartment. The absorbance at 420 nm was then used in order




to calculate the equilibrium constant.

This procedure was repeated at -11°C for two different -
concentrations of [Ptz(d-H)Hz(u-dppm)z]+ with L = PPh;, and was also
performed at -é°c and'—14°c‘for L = P(4-C1C6H4)3.
; to determine the equilibrium constant for L = 'dppm at -11°C by this

An attempt was made

method, but this was unsuccessful due to reaction to give
[Pt H(dppm) (u-dppm) ;1"

The'extinction coefficients of [Pt2H3L(u-dppm)2]+ and the Keq-
“values were then solved from the following relationship:

+ +
A = g [PtsH (dppm)gl *+ eqprlPtoHsl(u-dppm), 1" + ¢ [L] where
+ + ~ +o o
K' = [Ptz 3L(u-dppm), 1"/[Pt,H,(dppm), 1 [L] and [Pt H,(dppm),] and [L]
are known.
A best fit to the observed graph of Absorbance vs. [L]°/

[Pt2H3(dppm)2]+°<was found using a standard gomputer program.65

8.2.5 Equilibrium Constant Determination by NMR Spectroscopy

1In an NMR tube, complex [Pt2H3(dppm) ]+ (0.1189 g) was dissotved
in CD C] (0.5 mL) and a sma]] amount of TMS was added The spectrum

was obtained at -20°C for the region &1 to -10 ppm. The sample was then

removed from the probe and cooled to -78°C. Solid Pth(Z-MeC6H4) *

(.Giﬂg g) was added to this sample. The §amp1e was then shaken for

186

30 s, returned to thé probe at -20°C and allowed to equilibrate and the _

NMR spectrum was r%?orded The sample was removed, cooled to -78°C an
additional amount of Tigand (.0108 g) was added, and the NMR spectrum

was recorded. This was repeated several more times. The shift of the

Pt (u-H) proton was then used to calculate K from a non-1inear regressive

65

fit of the observed shift vs. [L]° /[Pt2H3(dppm) ] Scurve. The value

thus obtained was 3.2 2 mol ]. This procedure was repeated at 0°C to

-
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to gtve K = 1.9 .2 mol'].' In the cé&e of.[PtzH(u—H)Me(u-dppm)2]+ with

PPh3 a slightly different procedure was used.

1]

Triphenylphosphine (0.077 mmol) was added to a solution of
[PtzH(u-H)Megy-dppm)zj[Squ] (0.077 mmo1l) in CDZC'I2 {0.50 mL) in an
NMR tube cooled to -78°C.” After dissolution of the PPh3 at -78°C, the

tube was added to the probe (precooled to -90°C) of a Varian XL100

L 3

NMR spectrometer. The ]H NMR spectrum was recorded and further spectra
were recorded at higher temperatures, until reaction to give H2 and

methyldiplatinum(I) complex was significant. The variable temperature

3]-P{]H}.NMR spectra were obtained in a similar way but using a-Varian

XL200 NMR spectrometer.

A similar experiment was carried out using,PPh3 (1.5 x 10'4 mol) and

1

[Pt;Qu-H)Mez(u-appm)ZJ[PFs] (0.66 x 107% mol) in CD,C1, (1.3 mL). 'H

2
and 3]P{]H} NMR spectra from -90°C - 0°C showed only signals due to the

reagents, with no evidence for complex formation.

-

8.2.6 Kinetics of dissociation of PPh3 from complex [Pt2H3(PPh3)(u-dppm)2]+

A sample of complex [PtzHg(p-dppm)Z]f in CD,Cl, (0.18 M) 1n an NMR
tube was cob]ed to -90°C in the probe of the NMR spectrometer, and the
spectrum was recorded. PPh; was added as a solid to give a 0.20 M
solution. The cold tube was shaken.to give a homogeneous solution, being
carefﬁ] to keep it cold, and waX returned to the NMR probe at -90°C.

The spectrum was recorded and further spectra were obtained at 10°¢
intervals as the probe was slowly warmed. Lifetimes were calculated
from the spectra at each temperature. A-sfmi{ar experiment was carried

out using 31P NMR spectroscopy.




188

8.3 Experimental for Chapter 3

8.3.1 Preparation of [PtzH(py)(u-dppm)z][PFG]

A solution- of [Ptsz(u-H)(u—dppm)z][PFs] (0.2 g) in pyridine g
(2 mL) containedin a Pyrex- tube (10 mL) was deoxygenated by bubbling
pure N2 for 45 min. The sample was photolysed, using a 150 W xenon
lamp placed 25 cm from the sample, for 40 min. at 0°C. Water and
Corning 0-52 filters were used to reﬁove IR and wavelengths shorter than
360 nm respectively.' The yellow solution obtained was added to'petro-
leum ether (b.p. 30-60°§, 5 mL), when the product precipitated as a
yellow oily solid. The solvents were decanted off and the product was
dried under vacuum, giving a yellow solid. IR(nujol or pyridine

solution): v(PtH) 2000 em .

1

NMR(CcDN):  &(PtH)-7.66 ppm,
J(PtH) 938 Hz, 2)(PtH) 66 Hz, Z3(PH) 16 Hz, S3(PH) 5 Hz; 6(CH,P,)

5.4 (m) ppm; 6(31P) 17.2 ppm, ]J(PtP) 3480 Hz and 7.7 ppm, ]J(PtP)

2890 Hz, “J(PPPB) 59 Hz, %3(PPPB') 31 Hz. Anal: calc. for

HeFNP_Pt

- CogtgoFNPcPLys
N, 1.3%.

C, 47.7; H, 3.6; N, 1.0. Found: C, 47.8; H, 3.6;

8.3.2 Preparation of [PtzH(MeCN)(u-dppm)z][PFs]

A solution of [Ptsz(u-H)(u-dppm)ZJ[PFs] (0.11 g) in MeCN (15 mL)
contained in a Pyrex flask (25 mL capacity) was deoxygenated by 3
freeze<pump-thaw cycles. - The irradiation was effected using a
focus§ed beam from a 150 W xenon lamp 25 cm from the sample, filtered
as in the previous experiment. When reaction was cbmp]ete (~20 min.

jrradiation), the solution was cooled to 0°C and the solvent was re-

moved under high vacuum, leaving the product as an orange solid 1in

analytically pure form. IR(nujol): v(PtH) 2030 em”!

+ MeCN solution,




- “

1 NMR(CD,CNY:  §(PtH)-9.0 ppm, 13(PtH) 963 Hz,

v(PtH) 2020 cm’
2)(PtH) 76 Hz, 23(PH) 15 Hz, SJ(PH) 5 Hz; G(CHéP;) 4.5 ppm,
23(PtPH) 71 iz, 20(ptBH) 52 Mz, (PH) 9 W2y 8(3TP) 15.6 ppm,
13(PtP) 3522 Hz and 6:4 ppm, 'J(PtP) 2840 Hz. Anal. Calc. for |
H,oF NPPt.: C, 86.4; H, 3.6 N, 1.0. Found: C, 46.3; H, 3.6:

52748° 6" 5 “2°
N, 1.1%.

C

8.3.3 Studies of hydrogen evolution -

-5

A solution of [Ptsz(u-H)(u-dppm)z][PFs] (0.065 g, 4.9 x 10"~ mol)

in MeCN(25 mL) was deoxygenated by bubbling N2 for 45 min. The

" reaction vessel was a flat-sided Pyrex flask, fitted with a side-arm

with a 1 mm quartz cuvette attached to allow honitoring of the éourse
of the reaction by UV-visible spectfoscopyt The solution was
irradiated using a 400 W mercury iamp ﬁlaced 15.cm.from the sample, .
and using HZO and Corning 0-52 fj1tefs: The photolysis was monitored
by Uv-visible'spéctroscopy.' The reaction was stopped before completion .
and; from the optical denéity change at 333 nm, it was calculated that
3.7 x 1072 mol qf [Ptsz(u-H)(u-dbpm)2]+ had reacted. A sample of the
gas phase (].O mL) was taken through g'septum using a gas syringe and
the H determined by GC'(after a prefiminary calibration wésAmade). The
total H, formed was 3.7+0.3 x IO‘ mol

> For isotope analyses, a samp]e [0 05 g of [Ptsz(u H)@-dppm) ][PF6],
[Ptzoz(“'o)(“’depm?zl[st] or a mixture] was p]aced‘in a small reaction
vessel (~10 mL) fitted with a_gtopcock, and the solvent CH3CN (2 mL)
was condensed info the vessel at 77 K under vacuum. The solution was
warmed to room temperature and phoéo]ysed'as above. The vessel was then
attached to the gas inlet system of the mass spectrometer, the solution

—~
>

was cooled to 77 K and the gas phase was admitted to the mags

)




spectrometer.

"

v ~

8.3.4 Quantum Yield Determinations ‘ I

Irradiations were carried out using the 362 nm band ‘of the Jasco

-
- -

CRM-FA Spectroirradiator. . . NS
In a typical experiment, a solution of [Ptsz(p-H)(u-éppmjg][PFs]
in MeCN (5 mL, 4.16 x 10_4 M) was degassed by 3 freeze-pump-thaw cycles, 7

pumping each time to a residual pressure of 5 x 10‘5

torr at 77 K. The
solution was then flame-sealed in a 1 cm quartz cuvette. The reaction
was monitored by the change in optical density\of the so]h;ﬁon at

333.nm, since the greatest changes were observed at this wavelength. As
a resu]f, the experiments were not carried dut‘in the usual way since ’
Tess than 90% of the incident light at 3621qm was absorbed (figure 3.1).
After each irrad{ation the concentration of both [Ptsz(u-H)(pfdppm)z]+
and [Pt H(NCMe)(u'-dppm)ZJ+ were calculated from the absorbance at 333 nm.

The average gypcentrat1ons over the irradiation period and hence the %

-
"

1ight absorbed by each spec1es were then ca]cu]ated Lirear plots of \
. [Ptszﬂu-H)(u—dppm)z] VS quantixabsorbed by [Ptsz(u-H)(u-dppm)z]+ wé?é
obtaihed (correlation coefficients > 0.99), and ths quantum yields were
‘_ca1culafed from the slopes of these lines (figure 3;3). The quantum
yields determined_were .81([Ptsz(u-H)(u-dppm)Z]+ in Mecﬁa,_
.45([Pt,D, (u-D) (u-dppm),1" in MeCN), .57([pt2H2(u-H).(u-dppm)2]+ in
pyrid’ine),‘.35(Pt202(u-0)(u-dppm)z]+ in pyridine).

8.3.5 Singlet Sensitization.

In a typical experiment, a solution of [PtZHZ(u-H)(_urdppm):z]+ in
MeCN (5 mL, 6.16 x 10°3 M) was added to triphenylene (0.0153 g). The

IR spectrum'of the resuiting solution was recorded (NaCl plates, 1 mm

-
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pathlengt#) from 2200-2000 cm . The sample contained in the IR celN

nd

was then iﬁradiated using ]1ght from a Model UVS-11 Mineral%ghﬁ Lamp ‘
(\=254 nm) placed 5 cm from the sample.. Al em quarfz:cu;ette contain-
ing aquéous KI(9.8 x 107> M)-I,(3.1 x 107° M) was used as a filter,
After 5 min. of irradiation, the IR spectrum (2200-2000 cm']) was

recorded, and the above prdcess was repeated 3 times. The extent of

reaction was monitored from the changes in absorbance at 2098 cm'}, _

'correspond%ng to the maximum absorbance due to v(PtH) of IPtZHZ(u-H)
. ' (u-dppm)2]+. From this a plot of moles per liter [PtZHZ(u-H)(u-dppmﬁ2]+.

was reacted vs irradiation time was made. The plot was linear ’

3 1

(correlation coefficient .994) and the slope was 1.49 x 1077 mol L~

.sec']. This was repeated three times to give an average value of

3 1

1.47+.11 x 1073 mol L7} sec™ ..

The experiment was also performed with no triphenylene present,

3 1

and the average Gf four trials gave a value of 1.94:.25 x 107 mol L~

sec_l. This experiment was repeated using a pyrex filter between the

1

_ light source and sample. A slope of 4.5+.5 x 1p?§ mol L: sec'kaverage

)
L

of two trials) was obtained.

. The data without the pyrex filter is corrected for reaction occuring
4 1

L ]
found with the pyrex filter present. The rate of the sensitized reaction

N by non 254 nm light by subtracting the value (4.5:.5 x 107" mol L~ sec'])

was also corrected for reaction ﬁue to light absorbed directly. This

|
led . to a rate'sensitiﬁed of 8.5 x 107* mo1 L™ sec”! and rate direct of
18,9 x 107 mo1. L7 sec”! -
The ratio, rate sensitized/rate direct is used accqrding to
.equation (3.4) to give a value of k‘ of 6(+2) x 109 M sl,

q

-




8. 3 6 Tr1p1et Sens1tlzat1qn e

M1ch1er 'S ketone (0 040 g) was added to a solution of

-3

[Pt2 2(u-H)(u-dppm)2] “in MeCN (5 mL, 1.61 x 10 © M). The solution was

then irradiated and the reaction monitored as for the‘sing1et .

-1

sensitized reaction. No change in absorbance at 2098 cm = was detected

. &
on prolonged irradiation of the solution containing the ketone.

8.4 _Egperimenta1 for Chapter 4

8.4.1 Preparation of [Pt(CD3) (dppm) ]

“

A solution of €Dy Li (24 mL, 1.7 M), freshly pFEpared from Li and
CDBI in ether, was added dropwise to a suspension of [PtCiz(dppm)]
(1.52 g) in ether (30 mL) cooled to 0°C. The solution was allowed to
warm to room temperéture. After 1 h, the mixture was hydrolysed with
cold %Eturated agueous NH4C1 solution (5 mL), The layers wé;q separated,
and the aqueous layer was further extracted.with'CHZCIZ. The organic -
N

extracts were dried over MgSO4 and evaporated to yield the product
. ’ -

(0.62 g).

?.4.? Preparation of [PﬁgﬁCD3)3(u-dppm)2][PF6]

QEmixture of [Pt(CD3)2(dppm)j (0.19 g) and [PtClz(dppm)]
(0.066 g) in methanol (15 mL) was heated under redex for 1 h.
'[NHi][PFGJ {0.12 g) was then added; heating was continued for 5 min.,
the.fgjution was cooled and water was added dropwise to precipitate the
product as a yellow leid. ~This was purified by precipitatton from
' A
2): G(P )
1 A A . B 1 BB
27.13, "J(PtP")-1459 Hz and §(P°) 23.66, J(Pt P ) 3009Hz. The proton

CHZCié solution by slow addition of hexane. NMR(CDZCI

" NMR specﬁyum showed no signals due to methylplatinum groups.’




8:4.3‘ Preparation of [Rt (ufD)(CD‘)z(u-dppm) ][PF ] . ?”.if;:
o .

F] ;. - T
This was prepared by ‘the 1iteraturqlmethod for the sypthes1s of
[Pt (u-H)(CH3)2(u-dppm12][PF6] but using [Pt (CD3)3(u dppm) ][PF6]
(0.09 g), NH4[PF6] (0.06 g) in CH ou (10 mL) with Na[BD4] (0.1 g) in
CH3OD'(3 mL). The yield was 0.06 g (70%). NMR(CDZCIZ): §(P) ©-

"13.5 ppm}"J(PtP);2884 HZ, J(PtP) 24 Hz, J(PPL 51 Hz and 3J(PP) 15 Hz.

8.4.4 Préparation of [Ptzﬁe(py)(u-dppm)z][SbFs]

»-, A solution of [Pt H(u-H)Me(u-dppm),][SbF ] Q.05 g) in dry

pyridine (20°mL) was deoxygenated by passing nitrogen through the
solution for 45 min. The reaction vessel was a f]at-siaed Pyrex flask,
with a‘sidearm fittéd with a 1 mm qﬁgrtz cuvette to allow monitoring

of the reaction by UV-visible absorption sﬁ;ctroscopy. The solution was
irradiated for 2 h., . using a medium pressﬁreyHg Tamp 12 cm from the
sample and using a @ater filter, Bfter which no further chadge in

\ .
absorption spectrum ob;urred. A samp1§~of the gas phase was ang]ysed by

1d

" GC, and showed hydrogen and a trace of methane to be present. The
. - solvent was then removed under high vachum to give the product as a

yellow solid in quantitativefyiefd. Anal. Calc. for Cg.H_,NF P Pt2

56/'s2
C,'45.2; H, 3.5. Found: C, 44.7; H, 3.4%. NMR(CD,C1,): &(PtCH,)
0.53 ppm, 2J(PtH) 72.5 Hz, SJ(PH) 11 Hz and a(cu P2) 529 pom.  &(P")

8.4 ppm, '(PtP") 2930 Hz and &(PB)-4.7 ppm, 'a(pte®) 2850 Hz, Za(phe®)
37.5 Hz, S3(PPPB") 57.5 Hz.

This same product was formed by the similar photolysis of

[Pt (u-H)Mez(uLdppm)z][SbFe] (0.03 g) in pyridine (5 mL), but in the
B case the only gaseous product was CH4. The product.was'identif1ed by the
] .

H and 3]P{]H} NMR spectra.
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V};&LQ;S Preparation of fPtzMe(MeZCO)(u-dppm)z][Pst :

. ?‘.

-5

i A sdgufion of [PtzMe3(p-dppm) ][PF ] (0.05 g, 3.9 x 10 mol) in

dry acetgne (5 mL), 1n an apparatus w1th a sidearm fitted with a 1 mm

~quartz cdvette, was degassed by several freeze -pump-thaw cycles and

then photolysed using a 150 W xenon lamp with water and Corn1ng\0 -52
filters. The react1on was monitored by UV v1s1b1e spectrosc0py, and

when complete the gaseous phase was ana]ysed by G.C. Ethane (4.0+0.2 X

-5 mol) was-ige&on1y gas formed

“ r

The product whs isolated as.a yelTow SO]1d by evaporat1on of the
solvent under high vacuum, and was 1dentgf1ed by the.lH NMR spectrum in
(.c03)2co. §(PtCH,) 0.29 ppm, 23(PtH) 70°Hz, 23(PH) 7.5 Hzo' |

" The complex coufd be converted to [PtzMe(CsHsN)(uldppmie][PFs] h&
adding pyridine (.5 mL) to an NMR sample of [Pt Mé(Me CO)(u-dppm) ][PFG].

IPtZMeTMeZCQ)(u dppm) ] as the SbF6 .salt was also prepared by
similar photolysis of a degassed solution of fPt H(u-H)Me( —dppm) ][SbFG]
(0. 10 g) in (CD )ZCO {0.7 mL) and was 1dent1fied as abo%F. The acetone-
comp]ex decomposed over a per1od of severa1 hours to an unidentified

product. NMR(CD3)2C0): : cS(PtCl_~I_3) 0,24 ppm, J(PtH) 82 Hz, J(PH) 7 Hz.

- a

- .

8.4.6 Preparation of [Pt,Me(CDCN) (u-dppm),1[SbF ]

This was obtained and identified by phoﬁoiysis of,[RozH(u-H)Me
(u-dppm) }[SbF ] in CDSCN as described abo;e: "This compiex.was stable -
in CD3CN so1ut1on i “the absence of oxygen, but decomposed on
evaporation of the so]vent The same product was formed b sinﬁ];r
photolysis of [Ptz(u—H)Mez(u-dppm)Z][SbFﬁ] or,lasrﬁhe ﬁfﬁ; sa1t, by °

273

photolysis of [Pt Me (u-dppm)z][PF6]. NMR(CD3CN){ '6(P£Cﬂa)‘0.80 ppm,
23(PtH) 60 Hz, SJ(PH) 6.5 Hz. '
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8.4.7 Ppotolysis of [PtzMeqﬂu—dppm)Z][PFs] in CDZC12~

{Ptzne3(h-dppm)zjfpﬁej (.0843 g) was dissolved #n CD

ZC]Z (1 mL) «

in a 5 mm NMR tube. The solution was then degassed, flame sealed and
‘then irradiated using a 150 W xenon Tamp source filtered through
. Corning O-Sé‘and H

1 ‘.
The ]H and 31P{]H} NMR spectra showed the: product to be [PtZMez(u-Cl)

(u- dppm)Z][PFsl 118 ’

Thg NMR tube was~tﬁen opéned and the gas product analysed by G.C.

20 filters., Photolysis was continued for 30 min.

The gases C2 5 € 4, and - CH 4 wéreabbéervéd in a ratio.of 1:0.08:0.02.
NMR(CD,C1,4): . §(PtCHy) 0.51 pom, 3(PH) 6.6 Hz, “J(PtH) 88 Hz and
sgcﬂépza'A.OQ pPm. 5(9) .5 ppm, 13(PtP) 3030 Hzi'zd(gFP) 37 Hz,
J(PP) 30 Hz. ‘

8.4.8 . Preparatlon of [PtMe(C H N)‘(dpp&t)[NO ] : “

A solution of’ AgNO& (0.060 g) in methanol (12 mL) was added drop-

wise to a so1ut1on of [PtC]Me(dppm)] (0.20 g) in CH,CT, (50 mL) The

'm1x§pre was ther filtered to remoye Agpl‘apd pyridiné (0.5 mL) was added."

After 10 min. the solvent was evaporqtedidndér vaguum to give the

product. NMR(C-DGN): &(PR).-26.6'ppm, '3(ptp) 3388 Hz, 23(pPpB)

38 Hz, and 6(P%) ~42.3 ppm.  'a(PtP®) 1270 Hz, 2a(P"P®) 38 e,

5(Ptcy) 1.02 ppm, 3(P%H) 8 hz, 33(pP) 3 hz, 2)(PtH) 61° Hz.

_ The assignments were confirmed by se]ect1ve decoupling of PA and

observing loss of J(P H) coupling ‘ ‘ .
When the photolysis of [PtzMe3(u-dppm)2][PF6j was carr&e& out in

C5 5N with monitoring by ]H and 1P{1H} Nﬂﬁ; an equimoiar mixture of

. r - e

[PtMeZ(dppm)], and [PtMe(CSDSN)(dpﬁm)]+ was formed. The parameters for

the latter complex were identical with those of the sample prepared above.



196

8.4.9 Quantum Yield Determinations . “-

-t

Irradjations weré performed using the 362 nm band of Ehe Jasco
CRM-FA Spectroirradiator.
' In a typjca] experiment, a solution of [PtzMe3(u-dppm)2][PF6] in
CH,CT, (4.6 L 4.45 x 1074
1 em quartz cuvette. The reaction was monitored by following the cﬁange

M). The solution was then flame sealed in a

.in optical density at 440 nm. The data were then analysed by calculat-
ing the Eoncentration of LPtZMes(u—dppm)ZJ+ after each irradiation.
From‘tﬁis an‘average concentration over each irradiation interval, and
" hence the percent 1ight absorbed, was calculated. Linear glots.of
[ﬁtzMe3(L»dppm)2]f cog;eqtration vs. quanta of light absorbed by
[Pt_zMe3(u-dppm)2]+ were obtained (correlation coeff. > 0.99) (figure
4.4). The quantum yield was then calculated from the slope of this line.- o
The quantum yield méasunehent in beqzene was complicated by
precipktation of a white microcrystalline material after ~40% reaction
at which state an isosbestic point at 360 nm was lost. The‘finall
absp?ption was estimated and the quantum yield calculated as 0.6. ' The
error due’ to, this est%matiop is difficult to assess. Quantum yield are

given in Table 4.2,

8.4.10 Proof of intramolecular reaction -

. A mixture of [Pte(uLD)(CD3)2£u-dppm)2j[PF6] kd.025 g)'and
[Ptz(u-H)(CH3)2(g-dppm)2][PF6] (0.025 g) in pyridine (5 mL) was degagsed
and photolysed to partial conversion. The gaseous products were
analysed ugi;g A Varian MAT 311A mass spectrometer. For comparison,
photolysis of the pure labelled materials were also carried out and the
gases analysed in the same way. The above system gave CD4:éD3H:CH3D:

CH, = 1:0.04:0.02:1.6.,

4
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Experiments using [Pt2(CD3)3(u-dppm)2][PF6] and [PtZ(CH3)3(p-dppm)2]

-

» {PFﬁ] were carried out in a similar way.

8.5 Experiment for Chapter 5
¢
Samples of FPtZ(CHZCH3)(dppm)3][PF6] and [DtZ(CHZCD3)depm)3]E?F6]

were obtained from Dr. M.P. BroQﬁ,34 and [PtZ(CHZCH3)3(dppm)2][P56) was
~

prepared By Dr. K.A. Azam.lz]'

v

8.5.1 Photolysis of [Pt2E53(u-dppm)2]+

1

A sample of [Pt,Et,(u-dppm),J[PF.] (.05 g)-was dissolved in‘C02C12
- (1 q) in a 5 mm NMR tube.v ?his sample was then irradiated with the
fi]teréa‘output from a medium pressure Hg lamp. The sagmge was blaced.
12 cm from the lamp and both é water and ‘> 420 nm filter were inter- .
posed oetween the lamp and sample. Following 10 min. of irradiatio;,
a sample of the gas above the liquid was analysed by G.C. (poropak Q
column) and f;und to contain 75%:10% C,H, and 25%+10% C2H6). The 3]P NMR T .
spectrum of the %Solutionm was obtained and found to contain peaks due to
the starting material (=55%), [Ptz(u—H)Etz(u—hppm)2]+‘(z44%) and an
unidentified coﬁpoﬁnd (=1%). ‘ ‘ff
The gés wa% then removgd by a stream‘o; N2 and .the procedure was
. repeated, this time photo]yiing the solution for 1 h. The results
“obtained for gas analysis were now 50% C2H4 and 50% C2H6._ The 31? NMR
spectrum indicated that no sta#fing material remained:nui“e p}oduéts
were [PtZ(U-H)EtZ,(u-dppm)ZJ+ (=~35%) and the unidentified compound (45%).

The experiment was repeated under degassed conditipps to yieid,

after 40 min irradiation, 25% [PtzEté(u-dppm)2]+, 64% [Pt%(u-H)Etz .

' (u-dppm)2]+ and 11.0% of the new complex. The gas analysis indicated




<

»
CZHﬁ (75%) and C2H6 (25%). '
e 31

P NMR spectra of both [PtzEt3(u-dppm)2]+ and -~ .
121

. Th
[Ptz(u-H)EtZ(u-dppm)z]+ have been reported previouﬁiy. The unknqwn |

1

complex had the following NMR parameters: G(B]P) = 11.8 ppm,

13(PtP) = 3320 Ha.

.

.
. i ®
8.5.2 Thermolysis of Degassed Solutions of [PtzEt(dppm)3]

A sample of [Pt2E§(dppm)3][PF6] (.0071 g) was dissolved in «
acetonitri]g (5.0 mL), degassed and flame- sealed ipto a quartz faced
cuvette. The visible absorption specfrum was recorded. .Thé’sample was

* then placed in‘a steam bath at 100°C. Periodically the sampie was
removed, cooled to room tgmperature, and the absorption.Spectrdm
recorded. In the early stages (approximately oﬁe ha]f—]ife), an
isosbestic point was evident at 442 nm (figure 5.1). First order
ana1y§i; of the data, figure 5.2, indicated a rate constant of

2.2¢.3 x 1072 §7!

for decomposition of [PtzEt(dppm)3]+.
Identical experiments were conducted with (Ptz(CHéCD3)(dppm)QJ[PFG].
In the case of [PtZ(CHZCD3)(dppm)3][PF6], additional experiments were’
carried out in the presence pf dppm and [PtZD(dppm)al[PFGJ. _When these
additives were used they were mixed with [Ptz(CH2C03)(dme;3] prior to
dissolution. The obtained first order rate constéhts are given in
Table 5.1. - -
Thermolysis was also conducted'and monitored by NMR speét}qscopy.
In'this case a sample of [Ptz(CHZCD3)(dppm)3][PF6] (0.0813 g) in b.-
.acetonitrile (0.8 mL) was degassed and flame segled in a 5 mm NMR tube.

1

The sample was then heated to 100°C in a steam bath. The H NMR sbectrum

was run periodically and the Toss of intensity of the.resonarce due to

' ) -
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the“Pt-CH, protons was observed (& = .53 ppm, 23(PtH) = 58 Hz,
3J(PP) = 7.5 Hz). Throughout the reaction, no resonance due to the
methyl group (PtCHZCﬂa) (6 = 1.97 ppm) was observed.

31

At completion of the reaction, the P NMR spectrum was obtained

and found to contain resonances due to an unknown species which gave an

195

[A282] multiplet, with Pt satellites. The product had the following

Vy(pepPy = 3120 Hz; s(P) = 5.5 ppm,

spectral parameters; §(P 3 = 2 ppm,
13(ptPB) = 3050 Hz.

The tube was then opened and the gas phase was analysed by G.C. and
found to contain ethylene and ethane in a 2 to 1 ratio.

Thermolysis of an identically prgpared sample of [PtzH(dppm)3][PF6]

gave rise to identical platinum-containing products as determined by the

31P{]H} NMR spectrum. However no gas was produced.

8.5.3 Thermolysis of Non-degassed Solutions of [PtzEt(dppm)B][PFs]

A sampl; of [PtzEt(dppm)B][PFs] (.0241 g) was dissolved in DMSO

(25 mL) [purified by recrystallization]. This solution was kept at a
constant temperature of 78°C by placing it 1n a cold finger above
refluxing ethanol. Aliquots were withdrawn at different times and the
visible absorption spectra were obtained. Initially an {sosbestic point
was present af A =‘432 ﬁm, however this was lost qfter about 2 half
lives. The rate constant for the reaction was found, by a first orde;
-analysis, to be 2.7+.2 x 1074 57!, .

SiMilar experiments were conducted at 64°C, using a methanol

reflux, in both pcetonitr}le and DMSO solvents.‘ The first order rate
_constants are given in Table 5.1. Following reaction the solutions were
evapéﬁated and an infrared spectrumnwas obtained on the rgs1due; No —_

5 r 4
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absorption due to a platinum hydride was observed in the region of

2000 cm” .

2 '
-8.5.4 Photolysis of [PtzEt(dppm)(u-dppm)2]+

A sample.of [szEt(dpph)3][PF6] (.097 Q) in acetone (10 mL) was
degassed and flame sealed into a pyrex vessel with a 1 mm pathlength
quartz optical cell attached. |

The sample was irradiated with a 150 W xenon lamp placed 25 cm
from the sample. The output of the lamp was filtered by placing a
filter (Corning 3-73, pass X > 410 nm) between lamp and sample. The
sample was removed periodically and the visible absorption spectrum was
obtained. After five hours, no further change in the absorption was
observed. The sample was then opened and the solvent was removed under
vacuum. The product (.08 g) was then dissolved in CH,C, and the I.R.
spectrum was obfained. An absorption at v(PtH) = 2010 cm'1 was
identified as'due to {PtZH(d;;'pm)3]+ by compgrison with the I.R. sbectrﬁm
oé.an authentic Sémp]eQOf [PtzH(dppm)3]+. éy measuring the 1nteﬁsity of

1

the absorption at 2010 cm ', the product mixture was found to contain

\ 4

25% by weight [PtZH(dpbm)3][PF6]:
The experiment was then repeated with a new filter, such that only
A > 510 nm was passed to the sample (Corning 3-70). In this case the
final pfoduct was found to contain 65% [BtZH(dppm)3][PF6] by weight. -
" In a similar experiment, a sémple of [PtZEt(dppm)3][PF6] (.019 q)
+in acetone (2 mL) was degassed and photolyzed (using the Corning 3-70
filter). The reacifon was monitored bj observing changes in the visible
absorption spectrum. At 66% reaction, the reaction was stopped. The gas '

was analyzed and found to contain 0.82 moles of ethylene and 0.22 moles
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of ethane per mole [PtzEt(dppm)3][PF6] decomposed; a ratio of ethane to
ethylene of .3. This%experiment was repeated with a mixture of
[PtzEt(dppm)3][PF6] (.011 g) and [PtzH(dppm)3][PF6] (.010 g). The |
ratio of ethane to ethylene produced was found to be 0.50. A sampie of
[P; CH2C03(dppm ][PF ] was degassed and f]ame sealed in a 5 mn NMR

tube. The sample was irradiate ve and the ]H NMR spectrum was

obtained periodicaldy. The s¥gnal due to\the Pt-‘Cﬂ_2 aroup was observed
to decrease. During the coutse of the reAction no signal due to

PtCHZCB_3 was observed.

8.5.5 Quantum Yield Determinations )
The quantum yie]éé for decomposition of [PtZEHZCH3(dpprﬁ)3]+ and
[Pt,CH,CD4(dppm),] in acetonitrile were determinéd.
In a typical experiment [Pt2CH2CH3(dppm)3][PFé] (.0207.g) was
dissolved in acetonitrile (10.0 mL). A portion of this so]gﬁion (4.0'mL)
was then degassed and flame sea]eé'{nto a 1.0 cm path 1eﬁgth quartz
cuvette.
The sample was then irradiated with the Jasco (RM-FA speciro-
irradiator. Thé intensity of the band ‘used (5004 nm) had been
‘calibrated re]atiJe to the 362 nm band using a thermopile. The Tight
flux o{ the 362 nm band had been ca1ibrated using the chemical actino-
meter potassium ferrioxalate as described 1n section 8.1. The extent of °
react1on and hence the 29ncentrat1on of [Ptz(CH CH3)(dppm ] was C o
monitored by measuring the optical density at 466 nm.
The 1ight absorbed-was then calculated as descnibed in Chapter 3. )
Plots of mo]gs [Pt (CH CH3)(dppm ] decomposed vs moles 1ight absorbeda N

were lingér, giving a slope equal to the quantum yield 5.3:¢.5 x 10

The quantum yield for decompositioh of [Ptz(CH CD3)(dppm ] under B
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jdentical conditions was found to be 5.2:.5 x 1074, The difference is

cnot significant as illustrated by a plot of moles [Pt (CH CHS)(dppm)3]
and moles [Pt (CH CD3)(dppm) ] against light absorbed shown in
Figure 5.4.

The quantum yield for decomppsition of [Pt (CH CH3)(dppm)3]+ in
0.066 molar dppm was found to be 5.5:.5 x 1074

In a similar manper, quantum yields for decomposition of
[Ptz(tHZCH3)(dppm)3]+ and [Pt (CdZCD3)(dppm)3]+ were measured using
473+4 nm 1ight and found to be 6.4+.5 x 107> and 6.6%.5 x 107> '

respectively.

8.6 Experimental for Chapter 6

[PtMeZ(phen)] was obtained by a previously published procedurew7

and 1dentified by its ]H NMR spectrum. NMR(CD2C12): d(PtCﬂs) 1.14 ppm,
2 .

J(PtH) 86 Hz, S(phen H) 7.52-9.28 ppm.

Hg(1Pr)2 was obtained by a known procedure and identified by its

1 1591

H NMR spectrum. NMR(C_D,): 6(CﬂﬁCH3)2) -0.75 ppm and

6°6
5(CH(Cﬂa)2) -0.5 ppm, 3J(HgH) 120 Hz, 3J(HH) 7 Hz (shifts relative to
ext. TMS).
Spectroscopic grade acetone and "gold label" acetonitrile were used

without further.purification.

8.6.1 Preparation of [PtIMe21Pr(phen)]

A solution of [Pt Me,(phen)] (5 x 1073 mo1 L™') and isopropy!

iodide (5.2 x 1073 mot L'3) was degassed in acetone. The sample was
irradiated with the 1ight output from a medium pressure ﬁercury Tamp,

,0 and a C-370 filter. The sample was placed

filtered through both H
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15 c¢cm from the light source. The reaction was monitored by following
the decrease in optical density at 473 nm. At the end of the reaction

(=5 min), the vessel was opened and the solvent was evaporated using a

rotary evaporator. The ]H NMR spectrum was then obtained on the product

and found to be identical with the spectrum of an authentic samp]e.188

) 1.58 ppm, J(PtH) 72 Hz; s(CHMe,) 1.81 ppm,
3

NMR(CD,C1,): & (PtCH;

3)(HH) 6.5 Hz and S(CH(CH,),) .16 ppm, “J(HH) 6.5 Hz,

J(PtH) 65 Hz.

A similar experiment was carried out in which p-methoxyphenol

2 1o L']) was added prior to deaassing the solution. In this

(2.4 x 10°
case, the output from the Hg lamp used previously was insufficient to
induce reaction and hence a 150 W high pressure xenon:iamp was used.

,0 and a Corning 0-52 filter.
The product mixture, as identified by the IH NMR spectrum, consisted of

Again, the output was filtered through H

an approximately 1:}3m1xture of [PtIMe21Pr(phen)] and [PtIZMez(phen)],

identified by .its ]H NMR soectrum.]88

NMR(CD,C1,): §(PtCH,) 2.53 ppm, “J(PtH) 74 Hz and §(phen)
8.0-9.25 ppm. N

8.6.2 ESR Spectra

A degassed so]ut%on of [PtMeZ(phen)] and isoproﬁy1 iodide in benzene
was irradiated in the cavity of the ESR spectrometer; no signal was
observed. The experiment was repeated with DMPO (.1 mL) added and an ,
intense ESR signal was observed. When irradiation was halted, the '
signal decayed slowly and reappeared on further irraaiét{bn (g 2.0063,
peak width = 1.6 g, hyperfine splitting: ag = 21.8 g, ay = 14.3 q).

An identical signal was pbtained upon warming a solution of Hg(ipr)2 and

DMPO in benzene.




-8.6.3 Quantum Yield Determinations

The 473 nm band of the Jasco CRM-FA spectroirradiator was used,

calibrated as described in section 8.5.5.

In a typical experiment stock so1utions'of [PtMeZ(pHen)]'and’

isopropyl iodide in acetone were prepared. Aliquots of these were

mixed and 5.0 mL of the resultant solution (concentration of

4

[PtMe_(phen)] = 6.6 x 10 ' M; concentration of isopropv] iodide =

,
5.83 x_JO'3'M) degassed. A plot of moles [PtMeZ(phen)] reacted vs
1ight absorbed was made.  This was found to be linear (figure 6.3),
and the quéntum yield was obtaiﬁea from the slope.

This experiment was repeated with a variety of isopropv] iodide
concentrations and the quantum yields are regorted in Table 6.2.
Quantum yields were also determined in the presénce of the free

radical scavengers, benzoquinone and 4-methoxyphenol. In a typical

experiment a solution (4.0 mL) containing [PtMez(phen)] (6.54 x 10-4

3

mol L-]), sopropy’ “odide (6.2 x 1077 mol L']) and benzoquinone

(2.2 x 10°% mo1 7!

) was degassed and flame seg]ed into a 9uartz
cuvette. The solution was then {rrédiated,yandvthe extent of reaction
was determined by monitoring the optical density at 473 nm. A plot of
moles [PtMez(phen)] reacted vs Einsteins ‘light abso#bed‘was then
constyucted (figure 6.6). The quantum yield was calculated from the
initial slope of this line and found to be 6.6 x 10-4. The quantum
y3e1d5'are‘reported in Table 6.3 for a variety of concentrations of
both benzoquinone and 4-methoxyphenol.

Triplet quenching‘experiﬁents were also undertaken usinq'thg

known triplet quencher pyrene.]O] In a typical experiment a solution

(phen)] (1.37 x 1074

(5 mt) of [PtMe2

mol L']), isopropyl iodide
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(1.30 x 107> ‘mol L"!) and pyrene (8.0 x 1072 mof LYY was degassed and

flame sealed in a quartz cuvette. The solution was then irradiated

" at 473 nm and the extent of reaction was determined by the optical

_density at 473 nm. For this ekﬁerimenf, the 1ight source was not
calibrated and hence plots of moles [Ptﬁez(phen)] reached vs. counts -
irradiation was made. A b]énk experiment was done, with no pyrene
‘present, and analyzed in the same manner. The slope of the plot for the
blank experiment divided by the slope in the presence of .pyrene gave
rise to a ratio, ¢/9(Q) of 7.2. This experiment waS”ﬁepeétéd wifh

1 1

different pyrene concentrations of 0.%59 mol,L' and 0.239 mol L™ to

yield ratios ¢/4(Q) of 11 and 20, respectively. )
The reaction was also -triplet sensitized using benzophenone;IO]
In this experiment, a solution of [PtMez(phen)] (1.37 x 1074 mo L']),

3 mol L"1) and benzophenone (0.02 mol L'])

isopropy! iddide.(1.30 x 107
was dedassed and flame sealed. The irradiation was then carried out T
using the 362 nm band of the 1ight source. The observed quantum yield,
calculated iﬁ the usual way was found to be 0.68. The quantum yield

was then measured under 1dent{ca1 conditions in the absenqe of benio-
_phenone and.found to be 2.6. Under the concentration conditions used,

20% of the l1ight was absorbed directly by [PtMez(phen)]. Hence,

correcting for this, the quantum yield for reaction from the sensitized

triplet state is 0.15.

qé.7 Experimental for Chapter 7

8.7:1 Catalysfis of the Water Gas Shift Reaction

In a typ%ca] reaction [Ptz(u-H)Hz(dppm)z][PFé] (.1515 q) was
" introduced into a Parr pressure reactor (300 mL) with MeOH (50 mL) and

E1

H
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distilled H20 (25 mL). The vessel was then f]ushed with N2 for 30 miﬁ.
-and charged with CO to a p}essqre of 125 p.s.%. .Thg mixture was thén
heated to 1b0°p¢1°c (qfter:a‘stabilizatidh perfod of 15 min.). 'A1iquots
\,of gas were removed through a gas sémp1jng system'connected directly to
a ga§ injector on the gas éhromatoérgph. The gas was then analyzed for
R, (using a 6' Molecular Sieve'SA &tumn) or €O, (using a 6" Porapék Q-
column) and peak heights compared with standard curves, and CO2 was
corrected for its solubility in the m1'xt:uv'e.189 '
" Plots of moles CO2 (OV Hz) p%oduced vS. iime were 1inear. Thé

slope of this plot divided by the number of moles [Ptz(u-H)Hz(dppm)z]

[PFGJ gives the turnover rate. The:data is presented in Table 7.1. w

PCH,POPh

8.7.2 Pfepar&tion 6f the Red Cluster [Pt4(u-C0)2(u-dppm)3(n'-th 2 2)]

[Ptz(u-H)HZ(dppm)ZJ[BPha] (.206? g).HZO 210 mL) and MeOH (50 mlL)
were intfoduqed into the autoclave. Dinitnogen-waé bubbled through the
solution for 1/2 hour. A pressure of CO (150 p.s.i.) was theé’intro-
ducgd into the vessel and it waé heated -to {oobc %o; 30 hrs. The bressure
was then released and thé solution allowed to evapdrate for 60 h. The
solvent was then decanéed leaving red crystals. m.p. 220-230 dec.
Anal. caled. for C, - Hoo0-PPt.: C, 52.3; H, 3.76. Found: €, 46.82;

10278873 8 "4°
H, 3.58. . .

3

T

"8.7.3 Preparation of the Yellow Clusters * |

[Ptz(u-H)Hz(dppm)zj[PFs]'(.2050 grams) was introduced into the
. autoclave with HZO‘(TO mL)ifnd methangl (50 mL). The reactor-was then
purged with N2 for 30 min. and, charged with CO (160 p.s.i.}. The
' regcto; was then heated to 100°C for 32 hours. The pfessure.wés then

releaseq from the reécéor and the red-yellow solution filtered. into a
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round bottom f1asgf N2 was bubbled through this solution for 14 hours.
The 1iquid layer was then decanted leaving yellow needles which Qere
dried under high vacuum. Yield: Q.185 g, m.p. 234°C dec wifh evolution
of a gas. Anal. calcd. for'C]08H8304P8Pt4: C, 51.4; H, 3.62. Found:
C, 46.82; H, 3.58.

¢

8.7.4 In Situ Study of the Catalytic Mixture by NMR

YN .
[Ptz(p-H)Hz(dppm)z]fPFa] (.0526 g) was introduced into a 10 mm NMR

tube with HZO (.3 mL) and MeOH (1:4 mL). The tube was then sealed
- \

under CO (.51 atmospheres) and heated to 100°C for 3.5 h. The 31P NMR

was then run at 60°C for 3 h and the tube was then heated to 100°C for

31

an additional 18.5 h. The “'P NMR was.ther obtained at 60°C ower a time

period of 4 hours. The tube was then opened and an IR spectrum of the
solid was recorded. The liquid layer was then evaporated and. an IR

spectrum of the remaining solid was obtained.
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