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ABSTRACT

This thesis describes the preparation, characterisation, and
reactivity of a new class of platinacyclobutane complexes, containing
5 hydroxyl or ester functionality. The monomeric compounds are prepared
by the reaction of Zeise's djmer with the appropriate cyc]ppropane
derivative and subseqeent»addition of pyridine.

Owing to the presence of the -hydroxyl group, these complexes
have been shown to interact w1th the shift reagent; Eu(fod)3, so as to

]H N.M.R. spectra. Using the results obtained

greatly simplify their
from this s;udx and the equation of Karplus, comparisons are drawn
befween ring conformations “in the solid state and solution which indi-
cate Eignificant puckering of theseicomp1exes in solhtign.

A ,eovel 'rin’g eXpan’sion, reaetiod is presented by which platinacy-
c1epentanes are prepared by solvolysis of the platinacyclobutylcarbinyl
esters, under mild gbnditions. P]atinacyc]opentanes are the exclusive

13 1

. producta. identified by their '“Cand 'H N. M. R. spectra The mechanism

by which this rearrangement proceeds was studied by kinetics as welT as

13C and 2H 1abe111ng studies in the absence and presence of

suitable
added pyridine. The results indicete one overa]]_mechanism with a step
dependent on pyridine concefltration.

The reactions of Zeise's dimer with bicyc]d[Z.].O]pentane and
quadricyclane, 1n'acetone,_are shewn to give cyclopentene and norborna-
diene (NBﬁ)‘and [Ptztlé(u-CI)2(cyc1opentene)2] and [PtC]zNBD] as the
respective products. ‘

1-Methy]cyclopropy1~earbino] and 2-cyclopropyl-2-propyl-p- -

* nitrobenzoate react cleanly, in acetone, with [ha(CO)4C12] to give

. L

111 e
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| -methy]cyc]obutanm and 5- chlero 2 pentene, respectwely "The
mechanism of the f1rst of these was 1nvest1gateq by kinetics and 2H
labelling studies while a novel carboxylate bhc\ged rhodium d1m€r was
obtained in"the latter. Possible mechanisms for these rearrangenenps

are presented which may involve meta]laEyc]e' intermediates. . i‘
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CHAPTER 1
INTRODUCTION
1. THg cﬁemistry of platinum

4

Historically, the first organometallic compound to be prepargd was

. Y '
. potassium trichloro(ethylene)platinate(I1I) monohydrate, commonly referred

to-as Zeise's sd1t in honour of its discoverer. « The develoﬁm& seen in

’ L . . . . *
'tﬁe,organometalf?c chemistry of platinum can be attributed mainly to the

fact that it .forms a vast range of stable complexes which_can be readily
i;o1aﬁed and characterised. ! ’ 7
Although a few platinum systems afe of catalytic interest, it is

often fhis stabi]%t& of the complexes which precludes the rote of platinum ,
comp1gxe; in ﬁuch of the rich'homogeheous-catalysis exHibited by nickel .
and palladiuﬁ. Often, howeyer, investigatipn of the related p1atfnym
system can yie1d»fruitfu1 results owing'to the isolation of complexes
which could be envisioned, by analogy, as key intermediates in ‘the cafa-
1ytica11y‘active'§ystemu |

~ PTatfnum coordination compound$ are known for many oxidation states,
0, +1, +2, +3; +4’and‘hnger.‘ However the most common oxidation states
for the organometallic comp]exes‘are D, +2 apd'+4. Owing to this, two—‘
electron reductive-elimination and oxidative-addition regctions between
the divalent state and the 0 and +4 oxidation states are facile. These
processes are made more favourable due to stab]é geometries of complexes

in these oxidation states which allow for reductive-elimination and




4’ ) : ¢
oxidative-addition reactions to occur with loss of or)addi;ion of two

ligands respectively. This is illustrated in figure 1.1.
P

>

1.1 Oxidation states

The 0, +2 and +4 oxidation states of platinum and their usual

stereochemistry are listed in Table 1.1. The chemistry of complexes of

1,2,3

platinum in various oxidation states has been well reviewed, and will
& N

only be discussed briefly here. ~
1.1.1 Platinum(0)

.ﬁ]atinum(Q) has a 59}0 electronic configuration. With four neutral

1igands the normal geomgtry which results is tetrahedral, as expected for

a 9}0 metal ion. This oxidation state is stabj]iseq by tertiary phosphine

ligands. An empirical observétion is that stepwise replacement of carbon
g>monoxide by phosphines in a series of compliexes increases the stability

-
1 : -
.

»

“in fhe order:

[Pt(C0), 1 <<[Pt(C0) 5(PRy) 1 LPL(CO),,(PRy),1, [PL(CO) (PR3) 3]

1 . .
The dissociation of phosphine from [Pt(PR3)4] type complexes to give

[Pt(PR3)3] and [Pt(PR3)2] is well-known, the eXtent of which seems to
depend on the fteric bulk (cone-angle) of the phosphine. With extremely
bulky phosphines only the coordinatively unsaturated [PtL2] can be isolated.

For example when L = PPhtBu2 the complex Pt(PPhtBuz)Z.was isolated and its
4

structure determined.” The stabilisation of the linear and trigonal
coordinatively unsaturated compounds reflects the relief of steric strain
seen in going to lower coordination numbers.

The reactions of [Pt(PPh3)3] and [Pt(PPh3)4] are numerous and

(//’ generally fall into two catagories: oxidative addition and coordinative
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Figure 1.1 The relationships between the common
oxidation states of platinum '
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Table 1.1  Usual Coordinatiog Number and -
Stereochemistries df_Platihum .
Compounds in Common Ox¥dation States
0; \
. | .
Oxidation Coordination \
State Number Geometry Examples Ref, -,
. - ‘
10 . t |
) 0,d 2 linear [Pt(PPh Bu2)2] 4
4 ) . ~
3 trigonal planar [Pt(PPh3)3] 2
“ ‘ -» .
4 ' distorted tetrahedral [Pt(PPh3)3CO]; one form 1
. (T~ 42 tetrahedral . [Pt(PPh;);C0], .
.. ) . - .
e | [Pt(PPh,EL),(C0),] ]
+2,g§° 42 e square planar K,PtCl, 2
5 trigonal bipyramidal [Pt(Snc13)5]3‘ 2
; i
6 ' octahedral [Pt(,NO)C]S]Z_ 2
w,d® 7 6 octahedral .~ K, fac-[Pt(NO,),C1;]  3°

v .

a) most common S




addition, each of which may involve initial generation of the [Pt(PPh3)2]
1 4

species. In the former, which involves oxidation to platinum(II)? the

incoming 1ligand (an alkyl halide or hydrohalic acid) is dissociated into

two fragments which both coordinate to the metal, as in equation 1.1.

[Pt(PPhy),] + CHyI —— [PE(I)(CHy)(PPhy),] RS

In the latter, there is no change in the formal oxidation state of the
metal as the incoming ligand (such as olefins, acetylenes or carbon
monoxide), does not dissociate. The reaction proceeds as equation 1.2.

[Pt(PPh,),] + =C=CZ —— [PL(C,H,) (PPh,),] ..(1.2)

-

1.1.2 Platinum(I)

Platinum(I) compounds usually contain a Pt-Pt bond, which allows

for the resulting species to be diamagnetic. An example of this type is

the compound,” Pt,C1,(u-dppm),:

P ‘
(Ph),F~ P(Ph),
C1-Pt —Pt-C]

(Ph)zP\\/_P(Ph)2

which has been shown to participate in many interesting reactions.

~

1.1.3 Platinum(II)

The complexes of platinum in the divalent state are extensiyé and
varied, as is the chemistry of these compounds.zq Platinum(I1) has the
5g§felectronic configuration, the four-coordinate complexes being sduarei

planar in geometry. 4

g
.
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| Platinum(II) shows a marked preference for nitrogen, halagens,
cyanide and heavy. donor atﬁms (P, As,” S, Se) in formation of complexes,
and exhibits only a small affinity for oxygen and fluorine donor groups.

Owing to their usual coordinative unsaturation, platinum(II)

complexes show a diversity of reactions as they undergo oxidative-addiéion,
reductive-elimination and ligand substitution reactions. Platinum(II)
also show§ an ease of formation of m-complexes, hydrido and Pt-C o-bonded

complexes. -

1.1.4 Platinum{III)

The oxidation state +3 is very rare for platinum and complexes
often ocgur on]y as shortlived 1ntermed1ates A few alkyl and aryl complexes
of p]at1num(III) are known] and 1imited to binuclear carboxylate-bridged
complexes. The preparation of a complex [Ptz(OZCCH3)6] has been described,6
as well as the complex [Pt(y-picoline)(OZCCF3)(CH3)2]27 whose structure

(figure 1.2) has been determined by X-ray diffraction methods. The number

of platinum(III) dinuclear complexes which have been studied by X-ray

CF3 CF3
A Y \ /
C C

// \\\AL‘\\

Me &e Me/> | g

?Figure 1.2 The structure of
[Pt(y-pico]1ne)(02CCF32(CH3)2]2

crystallography is smaﬁ8 but has been extended recently by the X-ray

structural determinatiohs of the dinuclear compounds K2[Pt2(3094(OS(CH3)2)]-

4H209 and Naz[Ptz(HP04)4(H20)é].]0
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1.1.5 Platinum(IV)

Platinum(IV) complexes are numerous. Many are able to undergo
reductive e]iminationvreaqtjons as well as ligand substitﬁtion reactions.’
A characteristic of Pt(IV) alkyl complexes is the stability of the

\fac—Pt(CH3)3 unit. Typical of Ehese are the complexes LPtX(CH3)3]4
(X = iodide, chloride, hydroxide and azide) which are all tetrameric
possessing the structure in fiéure 1.3 with platinum atoms located at

opposite corners of a.cube.

>
~

Me
Me
|~
X Pt—-Me
AV
Me-j7Pt X'
Me l Me
/

Figure 1.3 . The tetrameric structure
of [PtX(CH3)3]4 complexes

1.1.6 Platinum in higher oxidation states? |

The platinum(V) complexes which havé,been investigated are Pth,
P'EOF3 and a series of hexaf]uorop]atinates(V). Most are octahedral,
paramagnetic g? systems with a single unpaired electron. »

Complexes with platinum in the +6 oxidation state'arg knoWn only
with oxygen or fluorine ligands. PtF6 is extremeay reactive aﬁd believed

to have octahedral symmetry.



1.2 Rlatinum-olefin complexes

tinum, in both the 0 and +2 oxidation states forms olefin complexes.
In fact they are the oldest class of organometaltiics known, K[PtC13(C2H4)]-

H20 being first reported in 3830.]]

1.2.1 ﬁreparation of platinum{Il)-olefin complexes - 4

The platinum(II)-olefin complexes may be prepared by:
a) Reaction of platinum(IIl) salts, [PtC14]2' with primary alcohols

according to the reaction in equation 1.3.
NaZ[PtC14] + RCHZCHZOH — Na[Pt(RCH=CH2)C13] . (1.3)

b) Treating a platinum(II) salt with olefin in aqueous solution.
The mechanism for this reaction has‘been determined’ (scheme 1.1). The
reaction takes a number of days to go to completion, but addition of a
trace of stannous chloride accelerates this reaction considerably (Scheme 1.2). A
convenient rouﬁe to Zeise's salt takes advantage of this rate enhancement
and the mechanism of its formation by this method has been deduced by

Belluco. 2

Dimerisation of K[PtC13(C2H4)] is effected in ethanol by the
addition of concentrated HC1 to yield Zeise's dimer, [PtZCIZ(u—Cf)Z(C2H4)2].13
c)- Treatment of a chloroplatinate(II) salt with silver(1) and an

olefin (equation 1.4). [/—

PPhy] + AGC10, + CoH, — [PL(C,H,) (n5-CoHg)PPRIICIO, ...(1.4)

5

5)

d) Cleavage of a halide bridge by olefins (equation 1.5).

[Pt23r61‘2 + 2(olefin) —— 2[PtBr,(olefin)]™ . ...(1.5)




k .
}}i? [PtCT,] 1% ___g___+ [PL(C,H,)C15]"
'\ +C24/k3
[Pt(H,0)C1,]"

: Scheme 1.1  The mechanism for the regct1on
. of ethylene with [PtC1

, 2- -
C1 SnCl, +(CoHy C1 ’///§nc1 . C1 C1

AN 2- o snC1,7 ~ 1

N
x
~N

Scheme 1.2 The mechanism of the reaction of
ethylene with [PtC1, 12- in the presence
of [SnC13]

!
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e) Replacement of one olefin by another. An excess of one olefin
is used to displace another olefin from its complex (equation 1.6).
Ethylene complexes are often used as starting materials since removal of

ethylene is rapid, owing to its volatility.

K[PtC13(C Ho)l o+ PhCH=CH2 — K[PtC]B(PhCH=CH2)] + CZH

oMy (1.6)

4 -

1.2.2 Bonding in platinum-olefin complexes

The nature of the platinum-olefin bond has been the subject of
extensive investigation. The bonding is usually considered in terms of
the Dewar-Chatt-Duncanson approach.] This approach considers the contri-
bution from two components to the total bonding: a olbond invo]ving
donation of electrons frgm the‘fi11ed nr-molecular orbitals of the(o1efin
to an empty dsp2 hybrid orbital on the metal atom and a n-boﬁd formed by
the back-donation of electrons from a platinum dp hybrid orbital into the
empty j*-ant{bonding orbital of the olefin, the olefin being oriented
perpendicular to the Pt013 plane. This is illustrated in figure‘1.4.

The model can be used to explain all known properties of the complexes.
Controversy only arises over the relative cohtribution of the o and n-bonds

in this scheme.

\ o-type bond

/ n-type bond

i‘gure 1.4 Bonding in platinum(II)-olefin complexes
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Hof-fmann14 has addressed the bonding, rotational barriers and con-
formational preferences in ethylene complexes from a molecular orbital .
approach. He argues that the barrier to rotation of £he ethylene about
the Pt-ethylene axis in Zeise's salt type complexes is largely sep by
steric factors which favor the upright geometry. Essentially all of this
barrier arises from the interactjon of the cis-chlorines with fhe ethylene.

" This steric 1ntefaction is also shgwn to account for theuobserveg bending

back of the ethylene hydrogens away from the metal.
1.2.3 Nucleophilic attack on coordinated olefins

The bonding scheme for metal-olefin complexes, describéd in the
previpus section suggests that the electron density in the n-orbital of
the olefin is greatly reduced upon coordination to the métal atom. This
is supported not only by the observed increase in C=C bond length in the “
N compiexed o]éfin relative to that of thé free olefin, but also by the
increase in susceptibility towards nucleophilic attack in the former.]
Nucleophiles which have béen shown to attack olefin complexes to’'give
o-alkyl complexes include OH , CH3C00_, CH30', €17, alcohols, amines and

amides. In most of the cases studied, the process involved trans attack

(from the face opposite the metal) by the nucleophile, without prior
coordination. With substituted olefins thjs reaction usually proceeds

yielding the product arising from attack at the more substituted carbon
‘ 3

(equation 1.7).

) ﬁ/FH3
CHZ—C\+

NHEt,  (1.7)

///;3

\

I
N/
/N

a1 . PR3 Cl PR

3
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15 in terms of

fhis result has been rationalized by Eisenstein and Hoffman
"slipping" motion of the alkene relative to the metal-alkene bond axis
‘pr1or to bond format10n between the nucleophile and the alkenic carbon.
In asymmetrically sdﬁstituted alkene complexes such as A, X-ray crystal
Structure detérminations]{,reveal that the me@a]-carboﬁ distance to the
carbon atom carrying the smbstituent, C2, is longer than that to the

unsubstituted carbon, C]. ‘

]

Frequently- this bonding asymmetry is accompanied by a slipping of the

olefin such that the,cen%er of the C]-C2 bond 1ies below the ML. coordina-

3

tion plane. For instance in A, when ML3 = PtC1(acac) and R = OH] the

PtéC] distance is 2.222(9) A. Also, the distance from the midpoint of -

the C]-Cz‘bond to the princiba] ML, coordination plane is 0.59 A. ,Eiéénstein

3
and Hoffmann have extended this ground state observation to explain

reactivity of olefins; symmetric or asymmetric. The asymmetric m-bonding
to an olefin and the s1ip51ng of the olefin, when takén to their extreme,

are signs.of an easy transformation to a zwitterionic w-bonded form,

tompléxﬁB, which is effectively a metal-stabilised carbonium ion.

\
7

LY
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‘This resonance structure would account for the obsérved products of nucleo-
philic reactions as being those arising from attack at the more substituted
carbon; in the absence of overriding steric‘effects.-

Another éxample of nucieopﬁi]ic attack on a platinum-olefin involves
the preparation of platinum-carbon o-bonded comp]gxes fro& a m-bonded |

1

olefin, as in equation 1.8. This type of reactton may give precedent

for the preparation of substituted platinacyclopentane complexes from

k3

’ . ) OAc
C1 0AC
- : -
2 ’ Pt + 4AgOAc — Pt ...(1.8)
Pth/r ~a PPhs” "> )

platinum but—3—ény1 complexes according to equation 1.9.° Th1§/aspect will

be discussed further in a later chapter.

+ OH ...(1.9
&t@ OH  —— Pt N (1.9)

1.3 Platinacyclobutane complexes

Interest in platinacyclobutane complexes has arisen owing
to their possible relevance to several transition metal catalysed reactions,
such as olefin metathesjs and transition metal catalysed rearrangements
of small rings. Each of these will be further explored separately in
1Ater sections. i -
The cﬁémistry of platinacyclobutanes has been reviewed]7.and will

not be repeated here. Discussion will be restricted to specific areas in

-

the field required to introduce aspects brought up in later chapters.
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1.3.1. Preparation

There exist in the Titerature several methods for thé preparation
of platinacyclobutanes. of Pt(II1) and Pt(IV). The first p]atinacye1obutane
complex was prepared by the reaction oficyc1opropane with hexachloro-
p1atinic(IV) acid in acetic anhydride £o give a_brown solid of composition
PtC12(C3H6) which gave a white compound [PfC]é(C H )(py)2] oh treatment

36
18

. . s . b .
with pyridine. This method can not be used to prepare substituted

derivatives. The general method used is that discovered by McQui]]in,]g
in which the cyclopropane derivative is reacted with Zeise's dimer,

according to equation 1.10. The solvent bf choice for this reaction is
g, PtC12(C2H4) ot R ——<::]——~—» i;Z:Pt612 p b C2H4 ...(1.10)

found to be tetrahydrofuran, as both the starting materials and product -

are soluble in 1t.]7

The reaction in equation 1.10 is gccelerated by
electron-releasing groups, R, and 1mpedédiwhen strongly electron-withdrawing
groups are present, eg., R = C02tH3, CN or COCH,. The ih%tial]y preEibi-
tated products are thought to be tetrame}fc‘in>the solid state having
the $tructure in figure 1.5, as determined from spectroscopic evidence.
These prodﬁcts are insoluble in most orgénic solvents, however in solvents,

*é, contajqing a donor oxygen atom, such as tetrahydrofuran, the tetra-
meric species breaks up to give presumab]y [PtC12(CH2CHZCH2)Sz] in
so]utioh; fhough they are rarely seen upon isolation. On treatment with
pyridine, or other good nitrogeﬁ donor 1igands, the mqnomegic octahedral

. - »
[PtC]Z(CHZQHZCHZ)pyé] is formed. These types of complexes’can be isolated

-

and easily characterised owing to their enhanced solubilities QOmpared

to the tetrameric complexes. They have been shown to have the structure,
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Figure .5 The tetrameric structure proposed
for [PtC]Z(C3H6)]4 complexes

E

s

shown in figure 1.6, with trans chloride and cis pyridine 1igands.20

Reactions of soft ligands, L, such as trialkyl phosphines,®carbon
monoxide and alkenes with platinum(IV) metallacyclobutanes lead to
reductive elimination of the cyc1dbropane derivative and formation of the

platinum(II) complex, cis- PtUzL2 .

Cl .
py l
j::ﬁt :
\
PY ¢
Figure 1.6 Octahedral arrangement of

————
> TJigands in [PtC1,(CH,CH,CH,)py;]
compounds 2rrerere e

Ylide or aikene comp]exe; are formed from decomposition of the
platinum(IV) metallacyclobutanes upon addition of bulky nitrogen donor

l1igands or weakly coorinating 1igands; such as methyl cyanide, or even

<




pyridine itself if the platinacyclobutane is'heavilylsubstituted as in

[P%C]Z(CHCHBC(CH3)2CH2)py2]. a-elimination is strongly indicated in tpis

mechanism.Z] .
It has been démonstrated22 that-one cyclopropane can displace

another in the tetramer1c complex, but only s?ow1y in the bis(pyridine)

complex accord1ng to equat1on 1. 11

I pter,l, o+ 4R —-<::]-—-+ ’%ﬁi:Pt612]4 + 4 [:j> ()

Synthet1c routes to plat1num(II) metallacyclobutanes are known
and have been presented e]sewhere 17 One of these, discovered by
Whitesic_ies,23 involves vy-elimination of metal alkyls which lack a g-CH
bond. The mechanism which has been deduced is shown in scheme 1.3. It
involves three steps: creation of a vacant site on the'p1atinum by
dissociation of phosphine, oxidative addition of a methyl C-H bond from
a neopentyl group to platinum(II), and reductive elimination of neopentane
to yield the platinum(II) metallacyclobutane. An X-ray structural

23

determination on one of these products has been performed. This

remarkable reaction may provide a general synthetic route to other

metallacyclobutanes, as it has been extended so far to 1’r1’d1’um24 and
thorium.25
Kochi26 has recently reported the synthesis of some platinum(II)

metallacyclobutanes by the electrochemical and chemical reduction of the

corresponding platinum(IV) ana]ogues. X-ray crystallography studies on

| a— | r
[PtCHZCHZCHZ(biDy)] and [PtC]Z(CHZCHZCHz)(biDY)] reveal the essential’

identity of the platinacyclobutane moiety in both derivatives.
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Scheme 1.3 Formation of platinum(II)
metallacyclobutanes from a
dialkylplatinum(II) complex
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1.3.2 Mechanism of formatign of p]atinacyclobutanes by the

~ method of McQuillin .
: o .

In equat1on 1.10, when R = 6 13° PhCHZ, 0-0 NC6H4, or Ph, the

product isolated after addition of pyridine is [PtC] (CHZCHRCH2 py2] whereas

r____—_"”—ﬂ 22 27
‘when R = CH3C6 4 the major product isolated is [PtC]z(CHRCHZCHZ)pyZ]

These results indicate insertion of platinum into the least substituted
and most substituted t-C bond of the cyclopropane, respective]y; The

mechanism which best explains the observed results from the reaction is

28

illustrated in scheme 1.4, In this mechanism, the platinum atom inserts.

into the mééf substituted bong to give compound C; [ﬁtC]Z(CHRCHzéH )52]
‘which then undergoes an. intramolecular jsomerisetion~reaction to gC¥é\~P
compound D, [PtC12(CH2CHRCH2)52]. Alternatively, iesertion into the
least suhstituted‘bond could occur to a minor degree, "initially giving D.
EitherAway, the skeletal isomerisation between the two products i$ rapid,
leading to an equilibrium mixture of the two. _ fhbs, it is not possible
to deterﬁine the initial point of insertion into the cyclopropane r{Bg.

»

Th1s type of skeletal isomerisation has also been seen fof the

29 -

bis(pyridine) products (S=py). The rate has been shown tg be strong]y

.
——

dependent upon the qchentration of added pyridine and the isomerization
reaction does not occur for the analogous bipyridyl complexes. _These A
results strongly 1ndicate<}hat reversible dissociation of pyridjne from

the platinacyclobutane giQiqg a five—codrdinate{Tﬁ;e]ectron complex,occurs

brior to the skeletal rearrangement.
Y :

1.4 Meta]]écyc]obutanes as intermediates . . , .

Metallacyclobutanes-have been proposed as intermediates in several”

catalytic.reactions, to-explain the broducts from transformations. Two

«
A
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Scheme 1.4 Mechanism of formation
" of p'latinacyc]obutanes‘
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of these are the olefin metathesis reaction and the rearrangements of

strained cycloalkanes.
1.4.1 The olefin metathesis reaction

A]thbugh the mechanism of olefin metathesis was once in doubt,
most authors now accept the Herisson-Chauvin mecham’sm30 illustrated in
figure 1.7. The mechanism involves the generation of a metal-carbene

which reacts with an olefin to give a metallacyclobutane intermediate,

M=CHR Z ' .
o+ -— M\ . ~— M R
R'CH =CHR' : CHR" -7

/

RHC
N
| 7\CHR'
M=CHR' — <—o M
¥ NehR!
p CHR=CHR' A

.. Figure 1.7  The nonpairwise mechanism
for olefin metathesis

%hich cén then break-up to give the original metal-carbene comg]ex and
olefin or different ones. This provides an’exp1anation for the.scramb1ing
of alkylidene units observed experimentally. Evidence for this mechanisnt
has been summarised e1sgwhere3] and will not be elaborated upoq,bire.
Recent results will be discussed however, which firmly establish each of
the %ajqr steps involved (figure 1.7).

The key steps which neeg to be demonstrated to lend credence -to

this mechanism are: (1) that a recoverable metal-carbene complex would

S ~ ‘

20




21

catalyse metathesis and (2) that metallacyclobutanes are intermediates
in a catalytic reaction..

The first clear-cut case of catalysis by a carbene complex was

32 in which exchange of alkylidene units

-

between metal carbene complexes and alkenes was shown (figure 1.8).

reported by Parshall and Tebbe,

: H
2
CH, @Hz 13
+

C ¥ 2
iae” cH S e
3 3. Var Nk B Wl

a)

Figure 1.8 Examples of key steps in olefin metatﬁggis:
a) scrambling of olefins
’> + b) exchange between catalyst carbene and olefin

Another more recent result was reported by Schrock,33 in which the

exchanged carbene product could be isolated (equat{on 1.12).

L : L
ATCT
C1 0 & H.C=CH 3 O =0 .
17 1 CH 2, = e X~ —\
LS L. C(cH,),
C(CHy), Ph " .
L = PEt, _ . (1.12)
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The last of the major steps of the Chauvin mechanism to be modelled

was the preparation of a metallacyclobutane complex from a metal carbene-

34

olefin reactfbn. This has been demonstrated directly by Grubbs,”" based

on the Tebbe system according to figure 1.9. Several of the titanacyclo-
butane products of this reaction have been isolated and their X-ray

crystallographic studies reported.35 "

¢ CH CH, AICI(EH,) |
t S~ T3 372 . t
BuCH=CH,, + Cp,Ti Al < Cp T1:::>>—— Bu
2 TN o, by .
+1PrCH=CHD
-/ o te e
Cp2T1::;:> Pr+ BuCH=CH,
D

- Figure 1.9 Preparation of a metallacyclobutane from
a metal carbene-olefin-reaction
Thus, the Chauvin mechanism is clearly suppofted by experimental
- (//] results.
1.4.2 Rearrangement of strained cycloalkanes by transition metals
Transition metals are known to catalyse rearrangements of strained
ring carbocyclic compounds. This topic has been a subject of reviews.3
Metallacyclobutane-type intermediates are suggested for most of these
reactions, although the -evidence is usually indirect. Several of these
reactions will be discussed briefly. ‘&
Quadricyclane (E) rearranges at room temperature to norbornadiene

-
in the presence of many transition metal complexes according to the
e

reaction (equation 1.13). ‘ '




If [ha(u-C1)2(C0)4] is used as a catalyst however, a rhodiacyclobutane

was trapped by CO insertion according to Figure 1.10. The product
isolated, a rhodiacyclopentanone, supports the metallacyclobutane

intermediate proposed. The formation of rhodiacyclopentanones has also

Z%Rh = % 3(%

oc /Rh
c1

Figure 1.10 Reaction of [Rh2(60)4C12] with quadricyclane

been seen in the reactions of cyclopropanes with [RhZ(CO)4C12] according

to the reaction37 in equation 1.14.

' 0
[+ I, 01] — [R{\Rﬁco)m ], R

of




The reaction of Zeise's dimer with the strained ring compounds F

and G have recently been reinvestigated by Jennings.38 The original work
F . G

39

by Volger,”” postulated the platinum complexes to contain bis-endo coor-

dination to the edge of the cyclopropane as in H and I respectively. The

latter of these comg}exes, I; was investigated subsequently by Johnson,40

ﬁ\Pt/// \\bt//// “

N N

H I

who concluded that the same structure, I, was present. Jenm‘ngs,38

however, has reported the products, more plausibly as.the platinacyclo-
butane complexes J and K, respectively. These structures were supported

by spectroscopic techniques which included so]id-étate 13

C-N.M.R.
Bicycloalkanes are strained ring systems which generally rearrange
to give olefinic products,36 possibly via metallacyclobutane intermediates.
Bicyclo[2.1.0]pentane, L, for examp]é, when treated with [ha(u—C1)2(C0)4]
« reacts to give cyclopentene as the major product. The mechanism by which

this reaction is thought to proceed is shown in figure 1.11. This




PtCl,py, . PtClpy,
J K

mechanism is consistent with the results of studies performed on labelled

bicyclopentanes.
M ‘ M—H
AN &/ ‘Q
L - _ .
Z |
H * H

_H M!I

il
sl

Figure 1.11 Proposed mechanism for the rearrangement of bicyclo[2.1.0]-
pentane in the presence of [ha(CO)4C12] ,'M".
Bicyclo[1.1.0]butane, M,gis thermally stable but rearranges easily
to 1,3-dienes in the presence 6f a variety of transition metal catalysts.
An interesting reaction of M with Zeise's dimer has been reported recently
to‘Bive a platinacyclobutane complex which was characterised as the more
soluble bis(pyridine) adduct, N.4] The reaction proceeds according to

figure 1.12. The relevance of this reaction, and others, to the thesis

work will be discussed in a later chapter.
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; <D " QoG] — [P0,(CqHe)),

y M .
2 +p.y

Figure 1.12 Reaction of bicyclo[1.1.0]butane
: with Zeise's dimer

1.5 Platinacyclopentanes

1.5.1 Preparation
. : , ¢

There are at this time few general synthetic routes to p1atinacyé1o-‘
pentane complexes, though routes to other metal]acyc]opeﬂ%anes are known.
One method of preparation is by treatment of diha]ogenop]atinum(II) complex

with 1,4-dilithiobutane according to the reaction in'ﬁigure 1.13.42 The
platinum(I1) metallacyclopentanes are susceptible to oxidation by halogens

.to give the platinum(IV) metallacyclopentanes.

2

f 1
cis-[PtCl (PMezPh)zj + L1(CH2)4EJ ST Elif[Pt(CHQCHZCHZCHz)(PMezph)z]

I,

— 1
[PtIZ(CHZCHZCHZCHZ)(PMeZPh)Z]

Figure 1.13  Preparation of platinum{(II)
" and (1V) metallacyclopentanes
This method has not been used to prepare platinacyclopentanes with sub-

stituents on the rings.
X,

v
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A similar method43 to the one above, involves the reaction .of a
di-Grignard reagent with dich10r0(1,5-cyc1ooctadiene)p]atihum(II) followed
by displacement of 1,5-cyclooctadiene, COD, with tertiary phosphines
according to equation 1.15.

-~

MgBr(C 2)4MgBr‘ + (COD)PtC]2 — (COD)Pt(CH2)4

PRy ... (1.15)
-COD

Pt(CH2)4(PR3)2

These products oxidatively add halogens to yield the.corresponding

platinum(IV) complex. This method has found utility in the preparation

- of substituted platinacyclopentanes such as [Pt(CHCH CHZCHéEHZ)(P—tBu3)2]

3
Another method,44 though less general, involves the coupling of -
two butadiene units upon reaction with (COD)ZPt to give the g? complex, 0,

having trans a,a’'-vinyl groups as determined by X-ray diffraction methods.

¢=C .

(COD) Pt

-

A platinum(II) metallacyclopentane has also been prepared45

by
oxidative-addition of electronegatively substituted cyclobutanes to

[Pt(PPh3)2(C2H4)] according to the reaction (equation 1.16). The structure

of the product (X = OEt) was determined by X-ray diffraction techniques.

L "
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CN - .
A—cH,  -C,H, A,
[Pt(PPh, ) (¢ 5 4)] + NC | (PPh3)2Pt\ EHZ ..(1.16)
- N CHX c— HX
Ne &N | SNy,
¢ X = OEt, CgH,OCH, )

64

1.5.2 Metallacyclopentanes as intermediates

The role of metallacycldalkanes as catalytic intermediates has been

46 Schrock47 has noted a selective catalysis

a-subject of a recent review.
for the dimerisation of olefins vié a tantalacyclopentane intermediate.

The meta11acyc1opentane decomposes by ring contraction to give a metalla-
cyclobutane followed by g-elimination-reductive elimination (f{gure 1.14).

The reverse reaction, metallacyclobutane to meta11acyc1opentane\rind-

expansion will be presented in a Tater chapter for a novel platinum system.

[TaC]z(cyclooctene)Cp'] + 2 /ﬁ\/xi§ —————>(p'Cl,Ta

. —Cp'C]ZTa
- Cp'C1

F1gure 1.14 Dimer1sat1on of 2-deuterio-1-pentene with TaC12Cp
Cp'= Cy(CHy)g

Vs




CHAPTER 2

PREPARATION AND CHARACTERISATION
OF PLATINACYCLOBUTANE COMPLEXES

1. Introduction ) ~

Since the discovery of the first platinacyclobutane complex by

18

Tipper, in 1955, this area of research has received considerable

17

attention. The implication of metallacyclobutanes as key intermediates

31

in such processes as olefin metathesis,” the transition metal catalysed

.
rearrangements of small organic ring compounds36 and the Ziegler-Natta

48,49

polymerisation of olefins has contributed greatly to the growth of

this field. Not only have the preparation ané reactivity of many platin-
acyclobutanes been reported, but investigations of the chemistry of
metallacyclobutanes of other transition elements have also been undertaken.

Although the number of platinacyclobutanes which have been made is
quite large, all previously known platinum(IV) metallacyclobutanes have
either unsubsti%uted rings or have simple alkyl or\ary] substituents on
the ring.]7 Attempfs to prepare derivatives with an amine functionality
have failed since reaction of Zeise's dimer with either 2-cyclopropyl-
pyridine or N,N-diethylcyclopropyl hethy]amine gavé only the simple .
nitrogen bonded adducts, trans-[PtCl,(CoH,)(L)]."

The initial strgtegy of this thesis involves the preparation of
platinacyclobutane conlexes containing a hydroxyi functionality
according to equation 2.1. The results of such studies not only extended
the generality of this reaction{(equation 1.10) but’providea a route to

ester derivatives containing a good leaving group. The significance of

this aspect of the research will be dealt with in a later chapter.
V.4

29
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This chapter reports the preparation and characterisation of all

platinacyclobutanes prepared in this work, as well as the results for
-~ .
cyclopropane starting materials prepared.

[Pt Clo(u-C)p(CpHg)p] + n[>—CHp0H — [ Pecty),
CHZOH
2.1
l +py (2.1)
S
: g]
Py~
,ﬁt::::>»£H20H
PY (1
2. Results and Discussion
2.1 Preparation of cyclopropane derivatives

The cyclopropanes used in this work consist of two types: those
containing an alcohol group and those cont%ining an ester linkagé. The
experimental details for the preparétion,of those cyc]opropanes‘ not
obtained from commercigl suppliers are described in Chapter 8.

In general, the primary alcohols were prepared directly by
reduction of the corresponding carboxj]ic acid in anhydrous ether,
fo1lowed by hydrolysis, according to equation 2.2.5(1 ‘This route also

: \
provided a convenient method for deuterium incorporation. at the carbinyl

group through the use of lithium aluminum fieuteride (R =D in equation

[: X 1] LiAIRy; (R=H or D) [: X (2.2)
COOH ii) H 0 . CRZOH'

2.2).

2

(X = H, CH3 or Ph)
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Lo .
2-Cyclopropyl-2-propanol was prepared by the Grignard reaction of

methylmagnesium iodide with cyclopropyl methyl ketone, according to

equation 2.3.52

i 0
! ' .. k2.3)
[::>>—-C—CH3 1) H,0 [::>>——-C(CH3)2

. ‘1\/. .
The ester-containing cys‘gp?opane derivatives were prepared from

the corresponding alcohol and were of two types: methanesulphonates;
-O-SOZCH3(OM5) and p-nitrobenzoates; -0-g4<::>>N02(OPNB;. The methane-
sulphonates of primary alcohols were prepared by the reaction of the
alcohol with methanesulphohy1.ch]oride, in triethylamine, at room
temperature acga}ding to equation 2;4.53 ﬁ;}empts to preparé thé methane-

-~

sJ?phonate ester of the secondary alcohol, a-methylcyclopropyl methanol,

\

“<_R R + -
l >< ¥ CH,S0,C1 + N(CoHg)n ——or ’ >< + N(CoHe ) 4HCT
CHpOH = 73772 (€253 CH, OMs (CoHg) 3HCT

-

(R = H, CHy, Ph) | | . (2.4)

~in good yield, were‘not successful. These reactions provided some of
‘the desired product only at Tow temperature and prolongeg reaction
times. |
‘. ‘ p-Nitrobenzoate esters of the secondary and tertiary alcohols
were prepared, according to equation 2.5, by the reaction of the alcohol

with p-nitrobenzoyl chloride in dry pyridine at -5°C.

' 0
1,2 .g L7012 L T
CR'R2OH + 02N<<::>» Cl1 + py — CR'RZOPNB *+ pyHC1 ...(2.5)

1

The cyc]obropanes prepared were characterised by 'H, and 13C—N.M.R.

spectroscopies as well as melfing points or boiling points for the

‘



A

-~
kS

: ¢
sb]ids or liquids respective]y.‘ This information is reported in the

t .

experimental section of ChapterlB.
LY

2.2 Preparation of the platinacyclobutane complexes

The platinacyclobutane complexes (1+15) were Pprepared acgording -

to a revised method of McQuillin'2

using anhydrous tetrahydrofuran as
solvent. A typiéa] synthesis consisted ‘of the reactioﬁ‘bf a ﬂen{;old
molar excess of the cyclopropane derivative with Zeise's dimer,for
10-20 hours at room temper&ture. This has been i]]us£rated .in scheme
1.4. ﬁeTgrally, the oxidative addition reaction is accompanied by a
distinctive colour chénge fr;m the characteristic orange of Zeise's
dimer to a ﬁa]e yellow. Upon removal'of the solveﬁt and unreacted
cyclopropane, a solid residue remainséwhich is probably thrameric
(figure 1.5). These insoluble products were then treated with'pyridiﬁe
or the chelating ligand, 2,2'-bipyridine to give the more soluble mono-"
merty products. The 2,2'-bip}ridine (bipy):compléxes could also be
prong§_ directly from tﬁe.pyridine comp]efes‘by addition of 2,2'-

bﬁpyri&dne. The bipy‘coﬁp]exes yéré generally found to be less soluble

than t%é analogous pyridine complexes and hence could be isolated by,

B b -
filtration. The exact details of each preparationghas begn outlined in

1

chapter 8. “The progucts were chéracterized by 'H and 13C N.M.R. .

spectroscopies, well as elemental analyses and melting points. The
- L] . ‘ ¢

product iso]ated%_in alT cases,was that depicted in"scheme 2.1 which -

corresponds to compound D ,in scheme 1.4; - .




3 r 1
R 3,152,048
[Pt,C15(u-C1)p(CoHy),T + [:><:R]R20R4 — [PLCI,(CH,CR" (CR'ROR™)CH, )]

+L;
» L = py or %bipy
.
i ! [P{c12(CHZCR3(6R1R20R4)6H2)L2]
" PRODUCTS .
L = py : L = ybipy
1: R'=R%=R3=p*=H 11: R'=R%=R3=R%-H
2: R'=R3-R*H; RP=cH, 12: RleraH,; RO=RY=H
3: R'=Rl=CHy; RO=R'= 13: RV=RZ=R3=H; RA=PH
4: R1=R=RY=H; R¥=CH, 14: RV=RZ=R3=H; RO=Ms
5: R'=R%=R*:H; R3=Ph 15: R'=R%=H; R3=ph; R*=Ms
6: R'=R%=R%=H; R'=Ms .
7: R1=R=H; RP=CHy; R*=PNB
8: R1=Rl=ch,; RO=H; R*-Php
9: R'=RE=H; R3aCH,; Ri=Ms 5
. 10: R'=R%=H; R32ph; R*=Ms

Scheme 2.1 Preparation and labelling code
of platinacyclobutane products



2.3 Characterisation of the platinacyclobutane complexes

*

1

2.3.1 'H-N.M.R. spectra Y

The proton N.M.R. spectra for cdmp]exes of the }ype
r 1
[PtC1ZCHZCR3(CR]R20R4)CH2L2] are often very complicated when R3 = H

4 .
owing to the plethora of couplings present, (both proton-proton, JH H

.and p1at1num-pfoton, pr H) as well as very similar chemical shifté.
A technique for simplification of these second-order spectra will be
discussed in chapter 3. However, wheh R3 is a methyl or phenyl group

the complexity of the spectrum is greatly reduced and its interpreta-

tion is straightforward. The 1H-N.M.R. spectral parameters for complexes

1-15 are given in.Table 2.1. The solvent used was CDC1,, except where

1

‘indicated. The "H-N.M.R. spectrum for compound 9 will be discussed

in more detail.
1

| ]

L AB ‘LA B
H-N.M.R. spectrum of [PtC]Z(CH H C(CH3)(CHQOSOZCH3)CH H )py2]

The
9, in figure 2.1 will be used to illustrate the assignment of the proton
signals foé these platinacyclobutane complexes. The spectrum in CDC13,
consists of resonances in two distinct regions: fhe aromat{c region
containing the Eyfidine ligand resonances (7-10 ppm) and the aliphatic
region containing the other resonances (1-5 ppm). The methyl group on
the g-carbon appears as a broad singlet at 1.16 ppm. The observed
broadening arises due to the small magnitude of 4JPt,H coupling of the
methyl protons to p]atinum-i95. In contrast, the methyl group of the
methanesu1phonaté ester appears as a sharp singlet at 2.98 ppm w{th no

apparént coupling to platinum-195. This would réhuir coupling across

seven bonds and is expected to be negligible. The CRy carbinyl protons f@

—

N
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2)(pt-HP)=83.3 Hz; Z0(Pt-HP)=83.3 Hz; ZO(RTRE-R%)=6.1 Hz

23(RV-R%)=6.0 Hz

2y (pt-H)=80.73 Hz; 23(Pt-HP)=84.47 Hz; H3(Pt-R’)=3.9 Hz;

25(HP-HBy=4.85 Hz
23 (Pt-H)=85.5 Hz; 23(Pt-HE)=87.0 Hz;

23(pt-HP=81.5 Hz; 23(Pt-H*)=81.5 Hz;

2y(h-HB)=4.8 Hz; 20(R3-H
23(R1-R%)=5.8 Hz
25(pt-HM)=80 Hz; 20(Pt-HB)=77 Kz
2)(Pt-HP)=84.6 Hz; 20(Pt-HD)=86 Hz;
23(Pt-H )=85.5 Hz; 20(Pt-H®)=87.0 Hz;

23(pt-HP)=81.5 Hz; 2J(Pt-HE)=85 Hz;

J(H"-H

23 (HP-HBY=5 Hz

102 r3)=7.4 Hz;

23(R'R

129.0 Hz; 2J(R3-HB)=7.1 Hz

A B)=5.4 Hz

23 (HA-HB)%6 Hz

23(R1R2-R3)=5.7. Hz

2)(pt-HP)=85.5; 20(Pt-HB)=87.0 Hz; 23(H’-HB)=5 Hz

25(pt-H)=82.1 Hz; 2J(Pt-HP)=83.8 Hz;
43(pt-r3)=3.5 Hz

23(Pt-HP)=86.5 Hz; 23(Pt-HP)=87.3 Hz;

-

2J(R1R2-R3)=6.1 Hz;

-

25(4P-HB)=5.2 Hz
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are highly deshielded by the oxygen atom and appear as a broad singlet
at 4.16 ppm. The broadeﬁing can again be attributed to the magnitude
of 4th H coupling. The ring methylene protons, HA'and HB, appear as

an AB pattern in the region 2.3-3.5 ppm with a large 2J coupling

Pt-H
of about 80 Hz producingsate11ipes also of the same pattern. The
satellite furthest downfield is masked by the methyl resonance of the
methanesulphonate group, but its counterpart is clearly visible. The
chemical shifts of the ring methylene protons, HA and HB, are shifted
downfield by over 2 ppm relative to their chemical shifts in the free
cyclopropane derivative as expected on going from a 3-membered to a
4-membered alicyctic compound. .

The aromatic region of figure 2.1 contains the three separate
proton resonances for the‘cobrdinated pyridine ligands ceﬁtered at 7.37
ppm, 7.82 ppm and 8.74 ppm fér the meta, para and ortho protons respect-

ively. Platinum satellites can be seen on the ortho resonance which

which arise through coupling to platinum-195.

13

2.3.2 C-N.M.R. spectra -

Carbon-13 N.M.R. spectroscopy has proven to be an invaluable

tool for the investigation of platinacyclobutane complexes. The -proton

13

decoupled “C-N.M.R. spectra are, for the most part, readily interpret-

"able. A single line éppears for each of the different carbon

]SC coupling to

environments in the molecule, the magnitude of iﬁe
vp]atfnum being diagnostic for each ring position. The larger chemical
shift range (~200 ppm) for the region of interest relative to that of
]H-N.M.R. spectroscopy (~10 ppm) also makes for well-separated resonances.

Off-éesonance ]H—decoupled spectra provide useful information as to the
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assignment of the carbon resonances as being either a tertiary,

secondary, or primary carbon. This same information can be obtained

; " through more sophisticated pulsing techniques-such as INEPT sequence,
which‘fequire less acquisition-time than an off-resonance spectrum. By
this technique CH3 and CH carbons appear in the specérum in a normal
upright fashion, however, CH2 carbons appear with negative intensities
and tertiary carbons are quenched entirely.

The 13C-N.M.R. data for the platinacyclobutane complexes 1-10

. are presented in Tables 2.2 and 2.3. The chemical shifts are recorded
13

relative to TMS using the central CDC-I3 peak, which is taken to be
%

13

+77.0 ppm, as reference. The "“C-N.M.R. specfra of the 2,2'-bipyridyl

compiexes 11-15 have not been attempted owing to their low solubility

in CDC13.

13

A typical '“C-N.M.R. spectrum for a bis(pyridine) platinacyclo-

butane complex consists of resonances in two distinct regions of interest.
The aromatic region (120-170 ppm) contains the resonances of'the ortho,
meta and para pyridine carbons whereas the rema{ning carbons in the
structure appear between -14 ppm and +90 ppm. The dﬁemical shifts and
~coupling consténts for the pyridine resonances are presented in Table 2.3.

13

- The proton-decoupled C-N.M.R. spectrum of compound 4,

3, 2 4
C H2C (

| -
[PtC] CH,) (C'H,0H)C H,py,] in Figure 2.2 will be taken as an

13

2

example to illustrate the interpretation of the “C-N.M.R. spectra of

these complexes. Figure 2.3 is an expansion of the aliphatic region of

this spectrum. it contains both the ﬁorma] ]30{1H} N.M.R. spectrum

»

(figure 2.3h) as well as the spectrum resulting from use of the. INEPT

pulse sequence (figure 2.3a)
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Table 2.3 'SC-N.M.R. Spectral Data For
Pyridine Ligands Of Complexes:
23
py,C1,Pt
2C15 o R208?
Complex : § ppm; (J195p, _13¢)
" meta para ortho
1 RI=RE=RP=R*=H o 125 138; 149
2. R'=p3=pA=y; RE=CH, 1255 138; 149
“
3: RI=RPseHy; RO=RMH 125.2 (11.2 Hz); 138.1; 149.2
a: R'=R%=R*=H; RI-cH, 125; 138; - 149
5: R'=R%=R%=H; R3=ph 125.2 (11.4 Hz); 138.1; - 149.2
C . . - ' )
6: RI=R=R3=H; RA=Mg 125.3 (11.2 Hz); 138.3; 148.9
. plopdiy. plorw . R4 ' . )
7: R1=R3=H; RP=chy; RO-PHB 125.2 (11.5 Hz); 138.1; 149.2
LI 8: R=R%<CHy; RO=H; R*=pnp 125.2 (11.7'Hz); 138.1; 149.3
. ploploy. pdopy .- pAe ) )
9: RI=R=H; RO=CHy; RP=Ms 125 (11.8 Hz);  138.2; 149.1
1.2 0 3 4

10: R'=R"=H; R"=Ph; R'=Ms 125.4 (11.8 Hz); 138.3; 149.3

-

b
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« The pyridine carbon resonances are seen in figure 2.2 at 149.2

\:ppm, 125.2 ppm and 138.1 ppm for the ortho, meta and para carbons
respectively. A small JPt,C coupling of 11.2 Hz is seen for the meta
carbon. Generally, the pyridine resonances are of little use in product
identification, however, they do serve the purpose of establishing the
\pregence of coord%nated pyridine 1igands:

The carbinyl carbon, C]

s 1S shifted thg furthest downfie]d
relative to fhe other aliphatic carbons owing EEA:ﬁe deshielding
effect of the hydroxyl group directly bonded to thijs .carhon. The
signal appears as a singlet at 70.9 ppm with a coupling to platinum
3JPt,C; of 28.3-Hz. From the INEPT spectruh, figure 2.3a, assignment
of this signal to a CHzlcarbon is confirmed by theddownward peak in-
tenSity. | |

The g-ring carbon, C%, resonates upfield from C' at 48.7 ppm

and has a coupling 2J of 92.2 Hz. From the INEPT spectrum the

Pt,C
absence of intensity confirms assignment of this resonance to a tertiary

carbon.

3

4
The ring a-methylene carbons, C” and C4§ are equivalent and

S . k.
hence give rise to a single peak with satellites. The chemical shift

of these carbon atomsiis -3.0 ppm and t;e observable .coupling, ]JPt,C’
is 355.7 Hz. The INEPT spectrum supports this a;signment as the
.kesg}ting resohance points ‘downward. '

'The range o# IJPi,C poup]ing constants seen fof compdundé 1-10
is .349.2 Hz to 367.5 Hz.and falls in the range ob;erved ﬁrevibus]y for

p]at{num(IV) metallacyclobutane comh1exes of'this’t'ype.]7 The observed

range of coupling constants, ZJPl c» to the’ B-carbon (C2) is 90.3 Hz

to 103.9 Hz and is also consistent with previous reports.]7 In
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\ '

‘combarison,,the platinum(IV) alkyl comp]ex,55 [PtIZ( (4- CH CcH )2]

2 5
has a ]JPf C vélue of 507 Hz and a coupling to the g-methyl carbon of
Tess than 8 Hz. These differénces can be rationalized in terms of the
degree of s-character-in the bonds which is a contributing factor

governing the coupling constants between directly bonded atoms. The?® -

“smaller ]th ¢ seen for nlatinatyclobuianes nelative to thnse of

17

vplat1num alkyl comp]exes has been attrvbuted to ring stra1n which .

necessitates a C3—Pt~-C4 angle considerably less than the normal 90°

and hence 1ow s-charaeter. In the platinum(IV) metaltacyclobutane "

complexes there is expected.to be a contr1but1on to 2th C due to

direct overlap between the. B-carbon and the metal atom, based on

1

structural data, a situation which is.not poss1b1e in a]ky] compliexes.
‘”Th1s overlap will be reflected in 1arger Zth ¢ coupling constants.

56

These arguments are supported by the finding”® that platinum(IV)

mefalﬁaéyclopentane comp]exee, in which the ring is expected to be
opened up cnns1derab1y re]at1ve to the four-membered r1ngs, have ]th ¢
va]ues which fall into the range 0-43 Hz depending ‘upon the substitu-
ents on the r1ng This' aspect,senﬁ.&,to illustrate the effect'of ring-

stra1n upon coup11ng in platinum complexes and will be discussed further

in chapter 4 of this thesis. - . , ¥




~ tetrachloride solution of cholesterol produces a wil 1-resolved spectrum
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CHAPTER 3

LANTHANIDE SHIFT REAGENT STUDIES ON,
SOME FUNCTIONALLY SUBSTITUTED PLATINACYCLOBUTANES
AND THEIR PUCKERING‘IN SOLUTION
o . - . ’ ‘)

1. Introduction

1.1 The Lanthanide Shift Technique

Since the report by'Hinck1ey57 in 1969, that addition of tris-

(dipivalomethanato)europium(III) dipyridinate, Eu(dpm)3py2, to a carbon

of the latter, lanthanide shift reagémés (LSRs) have proved to be a

Al

valuable development in the use of N.M.R. spectrbscopy.sg' In favourable 4

cases it is possible to simplify a very complex spectrum to a first-order”,
) !

~ N -

. analysis without loss of resolution.

In general, LSRs are six-coordinate metal complexes Which can

readily expand their coordination number in solution by bhinding to the

¢

heteroatoms of the substrate under study. Therefqre, the LSR itself

consists of a metal ion combined with its ligands. Metal ion complexes

e 58

of the. complete lanthanide series have been investigated,” the results
. e

. - o ‘( - . .
indicatinggthat the lanthanides of gr&g;est interest for shifting experi-

ments are europium, ytterbium and praseodymium- In the trivalent Stq{e
europium has developed as the most widely used 1anthan1de for proton
shift experiments and likewise, ytf%rb1um is the 1anth£n1de of choice
for carbon-13 shift experiments. Praseodymium has been used for both °,

proton and carbon-13 shift experiments. /' /

Although 1t is poss1b1e to perfﬁrm shift experiments in aqueous

sbolution by use of the appropriate 1anthan1de/§alt,.most work is done in

‘"




4%

7

CDC13 or CC14, though other organic solvents have been used. It is
necessary to have a shift reagent which is readily soluble in most
organic solvents since a larger induced shift will be seen as the shift

/

reagent concenfration.ﬁﬁhreases.\'This implies thaﬁ conditions of fast-
exchangé on the N.M.R. time scale e;}st between the complex's substrate-
adduct gnd free substrate: .1,3-diketo type organic anions possess the
qualities desirable in a good ligand as well as being readily adaptable
| to ﬁreparation of fluorinated analogues which show imbroved'solubi]ity
'and cgordfﬁating properties. Figure 3i1 shows the most frequently used
~meta1 jons énd 1iga;ﬁs seen in shift reagent studies.

The'attnibutgs,of one LSR over another have been well established
ﬁexperimentaily, maiing the éechnique amenable to many substrate types
provided they possess a sufficientjy polar and exposed functional group
to form a complex with the LSR. The effectiveness of a functional
qroup‘to form this shift reagent-substrate compiex is a reflection of

y .
the dissociation constant and geometry and has been shown to be in the

ordgr:58
" amine > hydroxyl-> ketone > aldehyde > etger > ester > nitrile . -

The addition of the LSR to the substrate leads to the qui]ibria:
L+S &=1LS i ...(3.1)
K> '

oS E SIS

) ...(3.2)

that is; formation of a 1:1 or 1:2 complex respectively. It is
generally assumed th‘&‘KZ is negligible and only the 1:1"complex is /
formed. This assumption seems to be valid®® when the concentration of

added LSR is small relative to that of the substrate.

]
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a -~
ANTONS:
-
2CF3
¢
/ dpm” ‘ v fod~
catIons: Eut3, pr3, w*?
l ! -
. . ‘
Figure 3.1 Common anions and cations
-~ used in shift reagent studies
~
p
\ -




The observed lanthanide induced shift (LIS) is an average of the

éhifts for the complexed and uncomplexed substrate and is given by the

o

equation:

LS | '
LIS = {-S—O}AB . ...(3.3)

where [LS] is the concentrat1on of the lanthanide substrate adduct,
[Sb] is the total concentration of‘the substrate and Ag is the induced
shift for the case when the substrate is completely bound to the LSR.

K1, from reaction 3.1 is given by the equation:
) P ' '
K [E]I%] L T-TGS (5, T-T5T) -+ (3.4)

P
If one assumes that SO>>L0 (i.e. Tow LSR concentrations), equation 3.4

becomes:

K. = ILS|
1 L,J-1LS ]IS,
L
S
K, [L, LS, ] ' .
[LS] = 170" "0
1+|50|K]

extracting [LS] -

and substitut’g [LS] into equation 3.3 yields:

K1[Lo]AB

LIS:T‘_"-[_ST)]T(—]_ ) ...(3.5)‘

There are two experimental approaches which are frequént]y used,
both of which give a graphical represeniation of fhe LIS experiment.
The first is to make standard additions to the substrate (vary So)
keeping Lo constant. The_second is to make standard additions of the

¢

-~

49
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shift reﬁgent (vary Loj keepfng SO constant. Since it is the 1a£ter
technique which was used in this study, the mathematicai expressions
used in this approgch will be deQe]oped.

In the(case of strong binding of the substrate (i.e. amines and
alcohols), K][So]>>1, which whén substituted into equation 3.5 éives,
upon simplification:

[L,1og a -
LIS = —[ga—_]" N v .(3.6)

When LIS is plotted vs [Lo]/[So] it corresponds to a straight line
passing through the origin with a slope equal to bg-
For the case of weak binding of the substrate to the reagent

K][SO]>>1 which simpiifies equation 3.5 to:

LIS = K][LOJAB .
. or LIS = 4K1[SO]AE [L,] ' ' . (3.7)
1 . - [50]
) §

Since the functional grodp of the substrate in this study is a hydroxyl A
it is the 'first of thes‘éSes whith is applicable.

LY

1.2 The Shift Mechanism

The shift which results from the interaction between the para-

magnetic metal ion and the nuclei of the substrate is said to be hithy

LY .
dominated by a paramagnetic component, Apara (the diamagnetic component

has beén found to be essentially negligib]eSg) which can be expressed as

the sum of the two terms; contact (Ac) and pseudgcontact (A_) where:

p

”»
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N

Apara;l?- b, * Ap ...(3.8)

For 1anthan}d$s;'the contapt shift component, A.s occurs by direct
e]ectfbn-nuc]eus'madhetic interaction, the so-called "through-bond"
interaction. It is reétﬁjcted\to atoms close to the coordination site
{up to three or four bonds) and fa]]s off rapidly with increasing
distance. The hydrogen atoms of the substrate age usually located at -
peripheral positions and aren 't d1rect1y invglved in the bonding. For

58b that contact contributions are

this reason it has been determined
relatively small, though for all other nuclei, both pseudocontact and
contact shifts are to be expected.

With lanthanides, the predominent magnetic interaction is pseudo- .

_contact in nature and given, in its most general form58_as&'
N | 3cos%-1 v+ K sin26c0526’ h (3.9)
p axial r3 . nonaxial r3 i "'“ :

3

where the position of the 1qnthanide ion is given by the coordinéte;
(0,0,0) in figure 3.2.

For the special case of an axially symmetrical field, equation -

3.9 reduces to the familiar McConnell-Robertson equation:60
2 :
AéKF {3cos 6-1) ... (3.10)
r .

-
» -

which shows the pseudocontact shift to be independent of the nucleus

but very'strong]j dependent on the geometry of the complex. The

McConnel1-Robertson equation has been used with great success in the

*

study of the sﬁift-distance relationships, namely phat the magmitude




52

L

|
r|

' |
' L ]
| .

(0,0,0) : . >
[ 0/ /
o\ | )
_______ N '

\ ' Figure 3.2 Definition of the parameters for equation 3.9




S3

of the lanthanide induced shift is inversely proportional

to the cube of the average distance from the metal ion.
1.3 Scope of this chapter |

Although LSRs have been used routinely to simplify the N.M.R.

of organic compounds, they have received much less attention for co-

58

ordination and organometallic compounds. Most studies of this latter

typé”have dealt with the interaction of LSRs with functionalized metall-
ocene complexes. There have been no reports to date of the use of LSRs
to simplify the N.M.R. of metallacycloalkane coTplexes. It is the {
results of such a study whichjuill be discussed {n this chapter.
The preparation of some p]atinacyc]obutane derivatives with
hydroxymethy] substituents have been discussed in chaptér 2 of this
thesis. As might be expected, the ]H-N.M.R. specfra of thesg compounds
are often complex owing to second-order effects. The presence:of the
donor hydroxy]l group; however, has made simplification possible by the

k!

use of the lanthanide shift reagent, Eu(fod) Simplification has “

3"
enabled the extraction of certain N.M.R. parameters which are unattain-
agle from the unshifted spectrum. These parameters have been used to

make predictions of ring puckg‘ing in solution.

The complexes studieﬁjfre [5tC12(CHZCH(CHZOH)éHZ)pyz] (19,

[P%C]Z(CHZCH(CHCH30H)6H2py2] (2), [ﬁtC}z(CHZCH(C(CH3)20H56H2)Pyz] (3).

4

-

2. ° Results and Discussion
2.1 The.lanthanide shift experiments

e ] ) . .
The "H-N.M.R. spﬁstra wefe.recorded with a Va;;an XL-100
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spectrometer. Lanthanide shift studies were carried out by adding
portions of a weighed samp]e’Eu(fod)3 shift reagent to a solution of a
kngwn.&tight of the p]aiinacyc]obufane in CDC13 solution. Molar ratios
were ca]cu]Z;ed from each spectrum by comparison of the integration for
the tertidry buty1 groﬁp of Eu(fod) 3nd,¢he integration of an appropri-
ate signal correspﬁﬁding to*thg platinacyclobutane.

Tables. 3.1, 3.2 énd’3.3 show the observed proton specfra1\para—
meters of the three p]atinacyclobutanés wigh varied Eu(fod)s/substrate
ratios:. The shift dat;arepresentedwgfaph%ca1]y in figures 3.3, 3.4
and 3.5 which show. the gfféct of added Eu(fod)3 on the individual proton
resonances of the compf;xes. As expected, based on the 1/r3 dependence
in the McCoypé?]-Robertson equation (equaéion 3.10) the shifting

parameter, S, which is defined by equation 3.11, is largest for thosg

protons closest to the OH group.

‘

écomplexed K Guncomp]exed,+ qug(igdg -+ (3.77)

. #

Several consistencies within the data Bear mentioningnﬁwlpe hydroxy]
protons Ha, is seén to show the largest magnitude of thé‘%hange in the
chemical shift all being in the range 40.5+2. From the data for qom-
pounds 1 and 2 the carbinol protoni; as expected, have the next largest
shifting parameter: ]2203'4' Metg;l groups d%rect1y bound to the

carbinol carbon as in 2 and 3 show a shifting parameter of 6.4%.2. Hb

is the{;;xt highest shifted proton with a S value of 5.9+.5. The assigme.
d

’ *
ments for the ring methylene protons H® and H® are based on the
expec%ed larger shift for the protons in cyclopropylcarbinol except

that in this study6] the shifting reagent used was Pr(dpm)3 which
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. The assignment for H® and H

S6

Calculated by-integration of the t-butyl group of Eu(fod)3 and a

¢
suitable substrate peak

Calculated from residual CHC]3 peak in deuterated solvent; where

the peak could not be identified no shift value has been given
Where it wa not possible to see the individual satellites, no o

value has been given

_ . ‘ ) Eu(fod)
Where S is defined by Scomllexed Suncomplexed +35 gﬁggf;g%e -

d ére made on the basis of the expected

c“ . . 3
]argér S fog H. sFor poor]yvreso1ved signals tWe value Scomplex 1S

taken as the average value.

/
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causes an induced shift negative tp that seen using europium shift .

reagents. The-study62

of the effect of addition of Eu(dpm)3 on trans-
1—pheny]ethyny]-2-hydroxymethy1cyc]opropane a119ws a more direct
comparison to be made. Using these authors' data for Eu(dpm)3/substrate
ratio§ £.75, shifting pargﬁeters for protons a through e can be calcu-
lated. glhese S values for this cyclopropane a;e~shown in Table 3.4 and "

|
indicate a trend in good agreement with the data for the platinacyclo-

butanes. ’ . =
Figures 3.6, 3.7 and 3.8 show the spectra exhibited for eacﬁ of
‘the platinacyclobutanes studies (1-3), in the absence of shift reagent
and with an appropriate’Eu(fod)3/substrate ratio such that a first-,
* order analysis results, The -gross difference between the twq,spectra
for each of ‘the complexes reflects the utility of the techniqug. Not
only do the mu]tip]icitiés of the resonances become\sppirent with the
corresponding proton-proton couplings, but afso, in ﬁost cases, the
platinum-proton couplings become readily discerniblé. The magnitudes
Qf these are not obvious froﬁ the unshifted spectra. For compound 1

the 1

H-N.M.R. spectrum waé simulated by means of the parameters obtained
from extrapo]ation in figu}g 3:3‘to a Eu(fod)3/substrate ratio of zero.
The.chemica1 shifts, obtained in this manner as well as the‘proton-
proton coupling constants obtained from the first-oé&er analysis were
refined using the program LAOCN III. A comparison between the observed
and calcu]ate: spectra in the region HC and HY is shown in figure 3.9.
The coupling constants and chemicgl shifts obtained by direct\measure- .
" ment from the first-order spectrum are in good agreement‘w}tﬁ those for

the J?huR. simulation. Thus, it would‘appear that coordination of the

hydroxyl function io the shift raagent doesypot appear té change to
. ¢ ' 7 .




Table 3.4 Calculated Shifting Parameters, S, .
for trans-1-phenylethynyl-2-hydroxymethy1-
cyclopropane, Based on Data from Reference 62

Proton .S
Ha 62.2

~ CH,Of : 17.4
4 : b

=X

10.6 * _
o S X T -
H 8.2
HE ‘ 7.8
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degree &f puckering in p1atinacyc]obufanes varies wtdely.

68
any significant degree, the geometry of the complex. This fact,
combined with the ability to measure vicinal and geminal couplings®
for the p]é&inacycTobutane ring protons from the first-order analysis

has enabled predictions to be made as to the puckerigg of these

metallacycles in solution.
2.2 Puckering of the platinacyclobutanes in so]q}ion

There is geﬁeraT agreement by workers in this field that there
is a low activation towards puckering of the metallacyclobltane r“ing.]7
Both ring puckering in solution and 1ack of appreciab}e riné strain
energy may contribute to the importance of meta]]aﬁyc]es és intermedi-
ates /in transition me@a]-cata]yzed reactions. The puckec angle found
in an X-ray strucgyre'deferminatidn may deﬁend on steric effgfts or
crystal packing fo;bes. Ihus: the degree of puckerimg of a metalla- -
cyclobhtane ring in the solid state and in solution may dfffer.

It has been shown by X-ray cryétailographic_gna]ysis that the

LY
63 The minimum

pucker angle yet determined is 0° for the complex [5tC12(CH CHZEHZ)

(bfpy)],64

[PLEH (CO,CH, ) C(0) CH(CO,CH,) (PPh,), 1. Although facile puckering in

whereas the maximum value is 50°3 obtained for fa; complex

solution and hence shorter Pt-H contacts have been used to.interpret

. | '
targe *3(1%%Pt-TH) to the g-CH, protons of [PE(CHCH,CH,) (bipy)],

64

a complex which is essentially planar in the solid state, ' there have

~ been no attembfa to estimate equilibrium pucker angte¥ of\ metallacyclo-

butanes in solution. Furthermore, it is also possfb]e to make compafi-

sons bétﬁeen‘puclér angles in solution and those in the solid state

since X-ray crystallographic studies have been performed by Ibers, () .

« » -

o’
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are

Jones and Sabat66 on compound 3 as well as [P%C12(CH2C(CH3)(CHZOH)éHZ)v\
67

Pyz] 4. A cbmparison between the structural parameters for the two

metallacyclobutanes is given in Table 3.5. ORTEP plots of these T

structures are given in figures 3.10 and 3.11 for compounds 3 and 4
respectively. Although the crystallographers are Qnable at this t%me
to account for the difference in C(1)-C(2) and C(2)-C(3) bond lengths
found in the struofG::‘;f compound 3, all other aspects of the detegs
mination are normal. They-are also confident that the pucker angle in
3 is 5°#1°, |

'The eqﬁation of Karp]us68 (equation 3.12) relates the magn%tude

of the wicinal 3J(]H—]H) coupling constant to the H-CC-H torsion

angle. From empirical studi€s the set of parameters which is most

a

3J = A + Bcoso #+ Ccos2d ... (3.12)

reliable is A = 7 B®¥ -1 and C = 5. Thus, substitution into equation

69

3.12 produces equation 3.13. Inherent 1in thi§ réﬁationship are

3

J =7 - cose + 5c0520 ...(3.13)

il 2
‘

certain limitations, however it has been used successfully to determine

-the pucker angles in cyclobutanol, which can invert, as well as rigid

70

bicyclic derivatives whiich cannot invert. From the analysis of the

first-order ]H-N.M.?. spectral pafameters of the platinacyclobutanes
1-3 it should be possible to calculate a torsion angle from“equation ﬂ
3.13 and hence thg extent of puckering in thése metallacycles.

Figure 3.12 is a view 1ookfﬁa down the g-carbon towards oné of

bd bc

the a;carbons of the platinacycloﬁhtaﬁes. The angles ¢ which

» .

and ¢

. ¢ ;

-~



Table 3.5

Space Group

>

C(1)-Pt-C{3)
c(1)-c(2)-c(3),

CPt-¢(1)- C(2y
Pt-C(3)- c (2)

)-R-c(3)] -
[c{1)-c(2)-C(3)]

"

Structural parameters for metallacyclobutanes 3 and 4

H
SREPENg
py2C12Pt C(CH3)2 py2C12Pt ; "
' 2
3 4
N
P21/c Pbca
Intramolecular Distances (E) )
2.064(10) O 2.082(7) s
‘W .,670(9) © 2.676(7)
2.061(9) 2. 039(6)
1.597(12) : .542(10)
1.492(14) 1. 548( 0)
' 2.375(12) 2.345(10)
Bond Angles (Degrees)
70.50(36) ) 70.15(28)
100.42(64) -+ 98.75(55)
92.71(54) 95.55(46)
96.15(53) 95.54(44)
Pucker Angle (Degrees) ‘~ <

70
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Figure 3.10 ORTEP drawing of the molecule: [P%Cl2CH2CH(C(CH3)20H)6H2py2]; 3.
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L} 73
b /
A bd N
H '3
’bc
" py,Cl,Pt S
2 12
HC CR'R"CH
\d A
&“.

‘ :
‘ Eigure,3.12 A view down the~C2—CB>h bond

are shown correspond to the two torsion angles expected between HbHd

and~H?H respect1ye1y. The labelling of the diagram is such that He'
has been assigned to the ,proton cis to the CﬂqRZOH‘group whereas Hd is
trans to the CR]RZOH group. Yhese are the same aésignmenis as pre-
viousﬁy made in Chapter 2, being based upon the expected larger shifting: . -
parameter for HE. If thever; a reversal of the assignménts is made
there is little change in the resulting pucker angle.

The results are shown in Table 3.6 wheré ¢l corresbonds.to the
_ torsion angle for the assignments of figure 3.127and ¢2'torresﬁbngs t;
a revegsal o% assignments for H® and Hd. The pucker a&é]e’has been
determined from figﬁre 3.12 which is basea on an.idealized platinacycle
having‘Pf—C bond lengths of 2.040 R, metallacyclic C-C bond 1engths,of'
1.545 R, a C(1)-c{2)-C(3) bond angle of 98,68°, and at planarity (pucker
angle = 0°) a Pt-C-C bond angle of 95.60°. These vé1u?s were based .
'upon those obtained in the crystallographic study of compound 4.6? The
hydrogen atom positions ot the methylene groups were idealized so that

the H-C-H ang]e is 109.5 and the CH2 plane is perpend1cu}ar to the CXY N

p]ane where X and Y- are the atoms attached to C.
@ o

2 ,
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-

solvolysis mixture but also”their solvolysis rate was slowed, presum-
ably due to OPNB being a much pobrer leaving group in solvolysis, so
that reductive e]iminﬁtion of the cyclopropane derivative ﬁrom the
metal became competitive. This had the effect of reducing yields to
such an extent that when R' = RZ = CHy, R® = H, R* = PNB, (8), no
51atinacyc1e could be isolated, the produc#s of the reaction being
[PtC]ZpyZJ and 2-cyc10propyf—2-propy1 - p-nitrobenzoate.

- A typical éo]vo]ysis experiment wasfperformed by dissolving the

platinacyclobutane in a 60% or higher aqueous acetone mixture and
allowing the reaction to proceed, with stﬁrring at slightly elevated
temperathres. Addition of equimolar amounts of CaCO3 to thé solution
fo react with the acid formed had no effect on the rate of solvolysis
nor product ratios or yields and jn most cases it was‘omitted. After
completion of the reaction the solution was worked up by additionyof
K2C03 until a saturatéd aqueous 1ayér separated‘but. The solvents were
then evaporafed and the residue was;taken up in CH2612. The organic
layer was'filtergd, dried over anhydrous KZCO3 and evapo;ated to
aboui’one ﬁi&]i]itre. Addition of n-pentane to this solution caused
prgsiiitation of the produéts »

Table 4.1 1wsts the oroducts of solvolysis from these reactions.

th:>/£se tion becomes apparent be1ng that in no case was the un-
3( 1,2

expanded plat1qacyc1obutane derivative [;;C12(CH2CR CR'R OR )CH )L ]
forped in detectable quantity and henée solvolysis occurs with .
essentia]]) complete ring expanéion. These unrearranged platinacyclo-
butanes have bgen prepared independently and fully characterized as
described in chapter 2.? They would have been detected if‘present in

1-2% yield, in favourable cases. Also it is seen that on introduction

.

. .
.
R
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nearly planar ring should result from solution studies. This however 1is
not the casé as the conformation with the CR]RZOH group in the endo
position, figure 3{13(c), is not only destabilized by two gauche-butane
type interactions-between the CR]RZOH group and the platinum dtom, but .
also upon investigation of space-filling models this conformation is
much less likely due to severe steric interaction with the axial
chloride. Thus, a rabﬁd equilibrium between structures a and b in
figure 3.13 results and should yield N.M.R. parameters inte}mediate
between those for the extremes but naturally weighted towards the more
stable conformer.

It wbu]d also be expected that substitution of a hydrogeﬁ by a
methyl group on the g-carbon as in compound 4 should alter the equili-
brium conformations in fibure 3.13 so as to allow both the methyl and
CR]RZOH substituents to occupy a position in which each subsfituent is
symmetrically disposed. }his would indicate that for 4 the equi1{brium
would be closer to 3.13(b) than for 1-3 which could adopt a conformation
closer to'3.13(a) relative to that of 4. Supportive to this are the

magnitude of the 3‘1(]95Pt-]3

€) couplings between the platinum atom and
the carbinol carbon which is in the range 47+2 Hz for 1-3 .and only 2814
Hz for compound 4 (see Table 2.2). ‘This does not appear to be mere
coincidence as simifar results were seen in Chapter 2 for the methane-
su1bhonate esters of compounds 1 and 4 which show 3J(195Pt-]3c)

couplings of 54.1 and 28.2 Hz respectively. Furthermore, similar

resu]&s were obtained by Puddephatt et a1.71 for the mono- and di-methyl

substituted platinacyc]obutanes [PEC]Z(CHZCH(CH3)6H2py2] and
33(196p;.13

[PtC]2(CH2C(CH3)2CH2)6y2] which have ~J C) couplings to the




.equation 3.12. Table 3.7 illustrates this point as large

A

99

-
methyl carbons of 54.0 and 29.0 Hz respectively, though no interpreta-

tion for this difference was given. These results are summarized in

Table 3.7.
Qualitatively, the large difference in coupling constants can be
rationalized with the Karplus relationship although the parameters A, ’

B and C in equétion 3.12 are unknown. In a p]anar,p1atinacyc]obutdne,

3.14(a), and a puckered platinacyclobutane, 3.14(b), one would expect a

small 3J(]95Pt—13c) and a large 3J(]gsPt—BC) respectively based upon
. HZC/Pt R]
H
1206 <180°
9=120°
HR2
(a) _(b)

Figure 3.14 Newman projections of a non-puckered (a)
and a puckered (b) platinacyclobutane

35(195p13

J C)

couplings are seen for the complexes where R]

= H which are expected
to have equilibrium conformations more highly puckered than the disub-
stituted complexes which show smaller coupling constants corresponding
to a more planar equilibrium conformation.

"The validity of the conclusions dr;wn from the proton work 1;
based upon the fe]iability‘of the Karplus equation and the constants of

Bothnér-By used in equation 3.13. Strong support for self-consistency

of the data is seen from conﬁideratiog of the platinacyclobutanes

¥ 1
[PtC12CH§PhCHbPhCHCHdL2]; where L = pyridine or 4-tertbutyl pyridine,




Table 3.7

»

Compound

1_. pl.
R fCHZOH

. Re=
=H; R -CHZOSOZCH3

; R®=CH(CH;

3)OH

1. o2,
=H; R=C(CHy),0H

2

"R =H; R"=CH

=CH..; RC=CH ,OH

3!

1 2

R'=CH ; R =CHZOSOZCH

3

1_p2_
R ‘R —CH3

a) this work

.3 .'

Comparison of SJ(12%Pt-13¢) values
for mono- and d1-methy] subst1tuted

platinacyclobutanes )
py2C12Ptf:::::::>%<il ' . -. N
3J(]gsPt-wC); (Hz) | Reference’

9.0 “ a
54.1 ‘ : a
45.2 ' a
6.2 | a
54.0 71'
28.4 a
28.2 ' a

29.0 N

78
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*4 . for which-30(HPHC) ~ 33 (Hby 72,73

dy = 9.0¢1.0 Hz oF 8.6:1,0 Hz respectively

‘similar to those seen for complexes 1-3, indicating very similar cqn-
. ' \

formations in solution. An X-ray crystal structure determination on

[P%C]QCHPhCHPhéHZpyz], reveals the presence of two conformers in thé

solid state with pucker angles of 22° and 28°.7% These are consistent

with the range ca]chated for compounds 5-3 of 27+8° indicating Ehat

it has ve}y similar conformations in both solid state anq solution. If

one argues that equation 3.13 is so unreliable for p]étinac}c]obutanes

that equal vicinal couplings of 8.5t1 Hz correspopds to a planar ring

in 1-3, then these 1,2-d}pﬁeny] substituted analogues must be apﬁ?oxi—

“ mately planar in solution as well. This is highly improbable based
upon, examination-of space-filling models which indicate very signifi-

cant steric hindrance to a planar platinacyclobutane.

[
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CHAPTER 4

RING-EXPANSION REACTIONS OF PLATINACYCLOBUTANES:
THEIR SCOPE AND LIMITATIONS

' 1. Introduction’

The observation that cyc]bpropy]carbiny] derivatives give
* mixtures of products upon solvolysis (equation 4.1)’has been well

established in organic chemistry and often used.as a synthetic tool.75

- 60% aq. acetone OH
[>— chyoms - [>—cHyon + 1 —/\ 0

40°C -’
53%  44% 3% ...(4.1)
Much less studied experimentally however, are cyclobutylcarbinyl
“derivatives which also give a mixture of products upon solvolysis,
formation of ring expanded product;/;hough are often much more favoured

in this case compared with the cyclopropylcarbinyl system {equation

a.2)78, ) .
c
CHZOTS CHZOAC
HOAC
—W"' + ...(4.2)
1% A 99%

If is this prefefence-for ring e*bansion in the cyclobutyl-
carbinyl systems which mage the possibility for similar reactions iﬁ
the p]atiﬂnc&c]obuty1carbiny1 system seem attractive.
Schrock has proposed that short-1ived tantalacyclobutane inter-
mediates'are formed from tantalacyclopentanes during some catalytic
" alkene dimerization reactions (equatigq 4.})77 byt the reverse reaction,

which should be favoured thermodynamica11y78 has not been observed.



M:::::J p— M::fij] e M::::::> — products ...(4.3)

This chapter will discuss such a reaction and its scope and
limitations, the synthetic strateqy stemming from the analogy with the

organic systems (equation 4.4).

solvolysis
Pt CH20R ————— Pt CH OH + Pt .(4.4)

OR=a leaving group .
2. Results and Discussion
2.1 Preparation of Platinacyclobutane Complexes

The preparation of the platinacyclobutanes containing a leaving
group suitable for solvolysis involved the oxidative addition of the
required cyclopropane derivative with Zeise's dimer (equation 4.5) as

descrfbed in chapter 2.

L cencr3rer) R20rd)
[P, 1, (u-€1), (C2H4 ),] +[>< R P G L

...(4.5)°

; N
[C1,PeicH,CRO(CRIRP0RY)CH, ] —L— L0 Pt3<
L=py or kbipy

It was not known "a priori" whether platinacyclobutanes would be

products of such a reaction owing to the high reactivity of the start1ﬁ§

¢




-cyclopropane derivatives (especially when 0R4'“ methanesulphonate (OMs))
and the expected reactivity of the platinacyclobutane cbmp]ex thus
formed. It waS‘discovened.that these reactions proceed cleanly and
in good yield, prééenting few syntheticﬁdifficu]ties. The products

were stable crystalline solids.

.2.2 Solvolysis of Platinacyclobutane Complexes

The golvolysis of the p1at1nacyclobuténes in equation 4.5 pro-
ceedeg smoothly for the methanesulphonate esters (R4 = Ms) in, for
the most part, 60% aqueous acefone mixtures at-36°C. The solvent was
chosen so as to paraltel as closely as possible the studies of the
organic derivatives keeping tﬁe conditions mild enough>such that the
p1atinacyc10butanes would be stable against reductive elimination
processes but would still be reactive towards solvelysis. It was

: found that the platinacyclobutanes were generally much more soluble
at higher acetone:water ratios. However, solvolysis rates were
typically redufed in these less polar solvent mixtures. Solubility
was not a concern except during the kinetic runs for the bipy deriva-

. tives which a(e’Very mdéh less soTuble than their pyridine counterparts
and are just sparingly soluble in a 60% aqueous atetone medium, Quali-
tatively it was observedlthat these bipy compleies feacted ﬁuch more
slowly than the pyridine 6nes, indicating that~1ig$nd dissociation
might be invo]de at somé stage. The signif%cance:éf this result wif]
be discussed further in chapter 5: o N

- Less success was seen‘for the p-nitrobenzoaté derivatives,
; ’ '. " (R4 = PNB): of the secondary and tért1a;y aTGoho]s:'.Not only werex .
' they less soluble than the mej:han,esulphonates/(R4 ; Ms) in the

"
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solvolysis mixture but alsotheir solvolysis rate was slowed, presum-
ably due to OPNB being a much poerer Teaving group in solvolysis, so
that reductive eIimiﬁation of the cyclopropane derivative from the
metal became competitive. This had the effect of reducing yields to
such an extent that when R] = R2 = CH3, R3 ; H, R4 = PNB, (8), no
B]atinacyc1e could be isolated, the producqs of the reaction being
[PtC12py2] and 2-cyc10propyf—2-propy1 - p-ﬂitrobenzoate. g

A typical So]vo]ysjs experiment was}performed by dissolving the
platinacyclobutane in a 60% or higher agueous acetone mixture and
allowing the reaction to proceed, with stirring at slightly elevated
temperathres. Addition of equimolar amounts of CaCO3 to the soTution
to react with the acid formed had no effect on the rate of solvolysis
nor product ratios or yields and in most cases it was omitted. After
comp]et1on of the reaction the so]ut1on was worked up by addition of
K2C03 until a saturated aqueous 1ayer separated’ out. The solvents were
then evaporated and the residue was taken up in CH2C12 The organic
layer wasvfiltered, dried over anhydrous K2C03 and evapo;ated to
about one ﬁ%ﬂ]i]itre. Addition of n-pentane to this solution caused
prchiitation of the produets .

Table 4.1 11sts the products of solvolysis from these reactiogns.

}ﬁ§>;tse¥§ht1on becomes apparent be1ng that in no case was the un-
2

expanded p]at1nacyc1obutane der1vat1ve [PtC] (CHZCR (CR R 0R4)CH )LZJ
forped in detectable quantity and hence solvolysis occurs with .
essentia]1& complete ring expanéion. These unrearranged platinacycio-
butanes have been prepared independently and fully characterized as

described in chapter 2. They would have been detected if present in

1-2% yield, in favourable cases. Alsoc it is seen that on introduction

-
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-

of a phenyl substituent on the B-cafbon no ring expansion products Qere
isolated for tﬁe bis(pyridine) adduct, 10, yet when L = bipy, 15,
compound 19 could be isolated though in a reduced yield compared to
most of the otﬁér reactions presented. . This reflects the stabilising
effecf that the chelating bipy ring has on the ihtermediate‘of the
reaction. |

Only in an 1so]ated'case was more than one platinacyclopentane
prodict isolated. In a single solvolysis reaction of pyzc12Pt<>-CH20Ms,
6, to give 16, three geometrical isamers were produced as identified

]3C-N.M.R. spectra.' They differed only in the orientation

by their
of the chloride and pyridine 1igands with respect to the platinacyclo-
pentane riné. The predominant isomer in this case was thefone isolated
all other times,'presﬁmab1y with Erggg_éhloride and cis pyridine
1igénds. This aspect of formation of other isomers was not pursued
further due to non-reproducibility in the system, buf ha§ been

observed previously in reTated platinacyc]opeﬂtanes.79

2.3 Characterisation of Platinacyclopentane complexes

The platinacyclopentane products 16-20 were characterised most

13

easily by their C-N.M.R. spectra, ']H-N.M.R. spectra were less useful

owing to their complexity. Mass spectra and elemental .analyses were

“also helpful in several of the cases.
*

2.3.1 Mass spectra

The mass spzctra for compounds 16 and 17 run at 230°C and 70 eV
: »

show no parent ion. However *the first ion observed cofresponded to a



"
*

loss of ethylene (m/e = 28) with the most infense peak of the isotope

paﬁkern aq 496 ang 494 respeq}iye]y. The pext observable ions at
424 and 422 respeéti@e]y correspond to loss of thg fragment CHZCHOH
(m/e
further fragmentation. All peaks had EQ: correct isotope pattern., The

a

results support the s%{fctura1 assignments in Table 5.1 and are con-

44) leaving behind the bare [PtC]sz] fragment which underwent

sistent with the pyrolysis and photoiysis:studies of other platinacyclo-

79,80

pentanes which show ready loss of ethylene from the metallacycle

.
or loss of the entire organic moiety to give the longer-chain olefin

with no formation of cyc]obufanetproductk. In the mass spectral
analysis for compounds#16 and 17 there was no evidence for loss of

the CHZQHOH unit prior to the loss of ethylene as the mass spectra in

the region m/e = 440-460 were devoid of peaks.

~

2. .2 ]H-N.M.R. Analysis of the P]atinacyciopentane Prodycts

1

The "H-N.M.R. data obtained for the complexes 16-20 are

presented in‘Tabig 4.2. In all cases the spectra were very compléx
ana often second-order. The spec%ra were simp?i;ied somewhat usjng
decoupling tegnpiqugs and deuteriup labelling studies (see chapter 5),'
which allowed for c]eaf assignments of thg chemical shift ranges for.
the protons; yet few homonuc]earL]H-]H éoup]ings o? heteronuclear .
195p¢ T couplings could be readily discerned.

. Several Téathres:oﬁ-the chemical shifts deserve mention. -It is
apparent that fhe spectra %or these complexes are much diffeﬁenththaﬁ

Pr

those seen for other p]atinacycﬁopentanéS'with an unsubstituted fived

, membered ring. For example, [Ptl,(CH,CH,CH,CH, ) (PPh(CH
] h

exhibits a "H-N.M.R. spectrum cdnsisting of a broad unresolved
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multiplet at §4.48 ppm. Substitution on the ring by a methyl group,

as in the platinum(II) complex EP't(CHCH3CH2CH26H2)(P-"Bu3)2],43 causes
a shift such that the methine proton can be distinguished yet the
methylene protoné remain unresolved. .-

The maximum chemical shiff difference between the protons on
the o andlB-carbons for complexes 16-20 is in all cases greatef'than
2.5 ppm. The downfie]d shift of the a-protons r%]ative to the B-
protons is’a simj]ar result as that seen in the substituted platinum(II)

44

platinagyclopentane, complex 0, in which the a-protons were found to

-

(cop)pPt COD = 1,5-cyclooctadiene

0o N e

resonate downfield fro;—%he g-protons in the ranges’ 3.4-3.1 and 2.2-
1.2 ppm }especfiveT&. This differ?nce is less than that seen for
.comp1exes 16-20 but certainly 1end§ credence to tﬁ; assignments of the
| o and g-protons.

Due to the unsymmetrical nature of the ring in these complexes
arising from the B-hydroxyl group it is possible to distinguish inf
almost every case each of the inequivalent protons.. Unambigudus
assignment between gemina} methylene protons is not possible.

It is seen, in Table 4.2, that generally the a-1 proton(s) and
the a-4 protons alternate in chemical shifts. That is, the hydrox%1

group causes the a-1 proton to resonate furthest downfield followed

Q .
next by an a-4 proton, then the other «-1 proton while the remaining

a-4 proton resonates the furthest upfield.

1

In 20 the H-N.M.R. spectrum was helpful in assignment of the

structure owing to the appearance of the methy1 group-as a doublet



with a large coupling to platinum indicating that it is coupled to a

single hydrogen ahfd is on the a-carbon. The chemical shift of 0.66

ppm, the coupling to H-a] and the magnitude of the coupling to platinum

of 20.5 Hz areclose to the parameters seen in [ﬁtC]Z(CHCH3CH26H2)py2]50
whose methyl resonance occurs at 0.84 ppm Qith a 3J(CHS-Ha) = 8 Hz
and 3J(Pt-CH3) = 22 Hz. This data supports the structure of 20, as
that shown in Table 4.1.

2.3.3 13C-N;M.R. Spectra of the Platinacyclopentane Complexes

0f particular value in fhe unequivocal characterisation of the
platinacyclopentane products were ]BC chemical shifts, the multiplici-
ties observed in the off-resonance decoupled ]3C-N.M.R. spectra (for
20 this same information was obtained from an INEPT experiment) and the
magnitudes of the couplings ]JPt-C which differ markedly in platinacy-
clobutanes and platinacyclopentanes. 7vable 4.3 1ists the observed

»

‘spectra1'parameters for the complexes 16-20. One of these will be

discussed more fully. FE -
~; One would expect from the structure of 18 two resonances for
each of the a-carbons which should have large 2J(195Pt~]3c) couplings.

Also it would be expected that the hydroxyl should shift the o-carbon

closest to it (C-1) some 8-13 ppm downfield of the other a-carbon

(C-4) based on analogy to trends found in similar organic compounds.gl

Also one would expect two more resonances, one for each of the p-

carbons. The magnitudes of the couplings 2J(]95Pt—13c) to platinum-195

should be quite small reflecting the relief in ring strain relative to

the platinacyclobutanes which show quite large (~100 Hz) 2J

Pt-C
couplings to the B-carbons. The presence of the hydroxyl directly
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bonded to the B-carbon (C-2) should cause a pronounced downfield shift

(36-51 ppm) of this carbon relative to the other g-carbon (C-3). Also
the a-carbons should be shielded relative to the g-carbons as seen in

- -
17 The methyl group should fall in the

platinacyclobutane complexes.
typical region 619-30 ppm and should deshield the resonances of the a-
and g-carbons somewhat,'sim11ar to the shift induced by the hydroxyl
“but much smaller in magnitude.. In summary then one would expect a total
of five resonances, one for each of the four ring ca;bons and one for
the methyl group.. )

This is exactly what is observed in the 13C-N.M.R. spectrum of

13C{IH} N.M.R. spectrum of

compodnd 18. Figure 4.1 is the 50.309 MHz
18 1in CDZC12 (the quintet at 53.8 ppm due to the solvent has been
removed for clarity) in the ring carbon and methyl regions. The a-
carbons are located at §18.4 ppm; 1J(]95Pt;]3c) =" 493.9 Hz and 634.0
ppm; ]J(]gspt—]3c) = 540.9 Hz for carbons 4 and 1 respectively.
Although the chemical shift difference between these two, 15.6 ppm,
does not fall within the predicted range, this can be attributed to
the methyl group deshielding C-1 more than C-4. The 8-carbons are

23199 13¢y = 14.7

located downfield of the a-carbons at §81.0 ppm; “J(
Hz and §46.9 ppm; 2J(]95Pt-]3c) = 5.7 Hz for carbons 2 and 3 respectively.
The hydroxyl causes the 34 ppm downfield shift of cgrbon-Z relative to
carbon-3, as predicted above. The magnitudes of the platinum-carbon

coupling constants are dramatically Tess than those of the_a-carbons,

though non-zero. The methyl group is readily assigned to the peak at

(

spectrum (Table 4.3, not shown) also confirms these assignments.

25.7 ppm; 3J ]95Pt-]3c) = 34.5 Hz. The off-resonance decoupled
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The data in Table 4.3 are self-consistent. Chemical shifts and
coupling constants of the individual carbon resonances_witﬂin the
series of complexes fall for the most part within quite a narrow range.-
Substitution of pyridine by 2,2'-bipyridyl (cf. 16 and 17) seems to
alter only the magnitude of the coypling to carbon-2 which is estimated
to be less than 5 Hz in the bipy complex. The substitution of a methyl
group (as in 18) or a phenyl group (as imn 19) on carbon-2 relative to
the unsubstituted rings (as in 16 and i]) has 1ittie marked effect on. -~
the spectral parameters. The coupling of platinum to carbon-2 in 19
was not oﬂserved due to a lesser solubifMity and the fact that it is a
tertiaﬁy carbon and thereby of Tow intensi%y. Hence, the absence of

satellites in this case does not imply the coupling is less than 5 Hz

but instead is undetermined. The‘most striking difference among the
data set occurs in complex 20 for which tﬁe magnitude of the 2J(]gsPt-
}36) coupling to C-2 is rather high; 43.3 Hz. This anomalousiy higﬁ
'qcoupling may indicate that this position is the_most sensitive to ring
conformation, although the magnitude, of fhe ;oup1ing is expected to be
dominated by through-bond components. The conformation of the ring in
20 is expected to differ from the others as the a-methyl group would
prefer to occupy an gquatoria] position in the five-membered ring,lbased

82 This

on conformational studies of substituteg five-membered rings.
should lead to a puckering of the platinacyciopentane ring regard1ess
of the geometry of the methyl group relative to thé hydroxyl. 1In 18

and 19 the substituént, now on carbon-2, will prefer to be equatorial.

The ring conformation of 20 compared to 18 and 19 need not be tﬁe same

and is probably different. Puckering of the five-membered ring in the

solid state is a common observation from X-ray structural investigations.
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In [PtIZ(CHZCHZCHZCHZ)(PPh(CH3)2) 1,

for example, the puckering in , "=,
the butanediyl ligand was attributed to relief of crowding of the
hydrogen atoms on adjacent carbon atoms. Substitution on the!ring is

% Steric hindrance between the a-methyl

expgcted to favour puckering.
group in 20 and the py;idine and chloride 1igaﬁds may be the dominént
factor in the determination of the magnitude of the coupling constant.
This steric crowding may also account for the thermal instability of

20, which shows accelerated decomposition in solution relative to the

other platinacyclopentanes prepared. A solution allowed to remain at

room temperature overnight in methylene citoride became distinctly ‘
brown in colour. These stéﬁic and conformational differences may also
account fo;}the upfield shift of carbon-4 in 20 relative to the other
complexes in Table 4.3. |
The product arising from so]vo]ysis;bf 7 was assigned structure
20 with the methyl group on carbqﬁ 1 and the hydroxyl group on carbon

2 but we note that this would have similar 13¢ ('H} and INEPT '3

C-spectra
as that of its C-4 epimer, with the methyl group on carbon-4 and the
hydroxyl grdup on carbon-2. This apparent ambiguity is resolved upon
inspection of the chemical shift positions of each of.the carbons in

the strﬁcture relative to those of the other platinacyclopentanes 16-19
in Table4.3. Clearly, structure 20 is much more consistent with the
trends. Also, as will be shoyn in chapter 5, structure.éo is more

consistent with the 'available mechanistic data.

The geometry of 20, as being the cis or trans isomer, with

respectlto orientation of the methyl and hydroxyl substituents, is not

13

readily determined even when comparison is made between the C-cﬁemiqal
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not
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\ Table 4.4 '3¢-Data For Complexes of the Type:
N R'
OH
X-EHZ | A=Ptil, py,
Chemical Chemicall Chemical Shift
- Carbon Shift |[Refer-||Compound Shift Difference
R, R Position &(ppm) [ence Number §(ppm) BCH,-Pt (ppm)
9"
R=R'=H C-1 35.3 - 28.8 +6.5
€-2 73.6 81 16 77.0 -3.4
- C-3 35.3 41 .1 -5.8
m C-4 23.7 17.0 +6.7
R=CH3, R'=H}  C-1 41.2 34.0 +7.2
‘ c-2 79.7 84 18 81.0 -1.3
C-3 41.2 46.9 -5.7
C-4 24.3 18.5 +5.8
CH; 28.3 25.8 +2.5
R=Ph, R'=H C-1 41.8 38.8 . +#3.0-
c-2 83.3 85 19 84.4 -1.1
-C-3 41.8 i 46.6 -4.8
+ C-4 23.8 21.0 +2-.8
, . kE1s ltrans 1f cis[1f trans.
R=H, R'=CH3 C-1 QO] 42.2 38.8 | +1.3 +3.4
C-2 5.5/ 80.1| 86 20 80.8 -5.3 -0.7
c-3 4.6] 34.1 39.1 -4.4 -5.0
C-4 2.3} 21.7 10.7 | #+11.6 | +11.0
CHy 4.0} 18.6 19.3 -5.3 -0.70




shifts of the parent cyclopentancls and the platinacyclopentane

”qomp}exes._ This comparison is shown in Table ﬁ.4. Based upon the

N 2

. trends Qen it appears as if. assignment of a trans geometry to compound
. N ﬂ T

\ i
20 moype c1ase1y fits the data. As will be illustrated in chapter 5,

this is also the“isomgr expected mechanistically.

2.4  Qther reactions of p]atinacyc]obufane complexes

°

Cyclopropylcarbinyl complexes are knbwn to undergo reactions with

acidé and alcohols.of the type illustrated in equation 4.6. It has

HOAC - ~
D—ACHZOTS HOAc, [>—CH20Ac, " <>—0Ac

7]% 24% (4 6)
EtOH T Es
S [>—CH30Et ¥ <>—05t

75% w 25%

been known sirice 1960 that treatment of cyclopropylcarbinol with dilute
, . .

HC1 is‘a good method for the preparation of cyc]obutano1.87 Acid
cata]ys?g of the cyclopropylcarbinyl system§ is not restricted to only
the unsubstituted cyclopropylcarbinol bdf:T?methylcyc1obutano1 is also
prepared in 95% yield by the action of HC1 on 1-methylcyclopropyl-
carbinol at 100°C in water.

r
Cyclobutylcarbinyl derivatives ha.p been studied to a far lesser

’

degree but are known to readily ﬁndergo acetolysis and formolysis
reactions (equatipns 4.2 and 4.7).76b

It was anticipated gt the onset of this sfhdy that the platin-
acyclobutylcarbinol complexes and their esters might undergo alcoholysis

and acid catalysed reactions to give, to a certain extent, platinacyclo-

pentane derivatives according to equation 4.8.

-
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CHy n. ~ OAc - QAG OAc
«CH,0Bs 2Ok L
' HOAc/NaOAc + Q’C% +CZ,( . + unknown
-——-—_————-——* .
CH 47% 6%- 19% H3' 11% CH3 14%
.73
. 0 . 8 ) * (4 7)
0-CH 0 - cgeth W
CH ,
COOH/QZ é ' Q +. unknown
\ 53 @.6% 18% “CHy 113 eHy 112
OBs = p-bromobenzenesulphonate -
. : : 3
ot ‘R3 . 3 ‘ ) R
R -
1,2~,4 _ROH R
L2C12Pt CR R OR" — L2C12Pt 1 2 +‘L2C]2Pt
: CR'RPOR - R!
) ' RZ

..(4.8)

 Table 4.5 lists the reactions atteﬁpted and the results obtained
for the p]atiﬁacyclzgutanes underconsideration. There are severa] trends
which are.apparent from the data. F1rst1y, the p1at1nacyc10butane-
carbinol derivatives were robust to reactions in the neat alcohols (wifh
EtOH, CHC13 had to be added to facilitate disso]utiqn of the starting
material). Addition of HC1, generated "in situ" by addition of 2-3
equivalents of acetylchloride caused a dramatic change in these results
for the bis(pyridine) adducts. The starting‘materials decemposed to
"[PtClzpyz] and unidentified products. The bipy complexes survived these.
eonditions with few spectral changes. Dioxane/watef mixtures with HC}
added were as unsuccessful as the alcoholysis react1ons In no case

could a stab]e product other than start1ng material or [PtCl Lz],

(L = py or 1/2b1py) be isolated from these reactIOn m1xtures

v




)

’py2C12Pt:::>r£H20H

Table 4.5 Solvolysis and Alcoholysis Reactions

Performed and Products Isolated

Complex Reaction Conditions

(4=5 days)

i) EtOH; 40°C
1 . 11) EtOH/CHC]3+ACC1; 40°C
‘ o iii) dioxane/H0; 40°C

T . _ iv) dioxane/H,0+HC1074930°C

| W
| .
py2C12Pt:::>rCHCH3 . 1).CHOH; 40°C -
YT Ld1) SHOHeACCT; 40°C

py2C12Pfiz:>»£H20Ms’ " i) MeOH

) 6 i) EtOH

L1B(C H ) H
-Sn(CH )4/acetone
i HR(CHy) 5 40°C
OPNB ’
I(CH3)2 i) K03 d0°C
o i1) H,0tAcCl;

) ELOH/CHC1 43 40°C

EtOH+AcCT; 40°C

(bipy)C1,Pt :::>»CH OH - 1) CH30H+Atc1 ‘

dioxane/H20+HC1
( L]
i) CH,OH+AcC1;

CH.,OH 3
2 ii) dioxane/H20+HC1;
iii) acetone/H20+HC1;

py2C12Pt
40°C .

Ph
(bipy)C]th

15

a0°c
40°C
40°C

- 98

Product




Legend: 5

-

1 1
a) possibly [PtC1,(CHCH3CHOCH,CH,CH,)py, ], see text.

* b) possibly [ﬁEEiZ(CHZCHOEtCHZCHZ)py2] or [ﬁtClZ(CHZCH(CHZOEtiéHZ)pyz],

see text.

SM = only the platinacyclobutane starting material recovered.
. '

d) generé1 decomposition, the solution darkening to unidentifiable

insoluble products.

AcCl = acetyl chloride -




10wl

In only two of the cases were complexes isolated which resembled

the desired ring-expansion products. The reaction of

[PC1,, (CH,CH(CHCH M) CH, )Py, ], 2, with acetyl chloride produced a new
product, other thn starting material, in very low yield. The ]H-N.M.R. )
spectrum, in CDZC12, showed not only a methoxy resonance at §3.55 ppm
but also the presence of a methyl doublet at 50.64 ppm with a proton-*
platinum coupling constant of 20 Hz. These results are consistent with
& _the presence of -an a-methyl substituted ring s™jlar to that seen for
the platinacyclopentane 20 except that no methoxy resonance 1s.pres§nt

in the latter compound.

)

Likewise, the reaction of [P}smz(CHZCH(CHZOH)CHZ)pyzj, 1, in

EtOH/CHC]3 solution in the presence of acetyl chloride produced another

new product. The ]H—N.M.R. spectrum exhibited a triplet at &1.13 ppm

(3 3

J = 6.8 Hz) and a quartet at §3.87 ppm (~J = 6.8 Hz) correspond-

H,H H,H
ing to the CH3 and CHZ groups respeptiveWy of the ethoxide product,

1

expecfed. The rest of the H-N.M.R. spectrum was very complex, though

not 1ike the starting material, 1. Purification of the product was
unsuccessful. -
' In both of the above cases the results were of variaS]e reproduc-
2 ibility. The products were formed in low yield and poor purity, thereby
thwarting full characterisation. These results, therefore, only
support the conclusion that ihis type of alcoholysis reaction may be .

possible -for platinacyclobutanes. The ideal réaction conditions for

such a transformation have not yet been fully realised. -

In another exberiment [PrtmzCHZCH(CHZOMs)éHZpyZJ, g% was

i Tv/v)

solvolyzed in~60% acetone/HZO solution saturated with lithium

#

chloride. The reaction-was allowed to proceed as described before
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(section 2.2), for two days, after which time it was worked up and the

product analysed. The only product was identified to be

]H and 13

[ﬁgb12CHéCH0HCH26H2py2], 16, by its C-N.M.R# spectra which

matched exactly those previously“obtained (Tables 4.2 andi4.3) for

‘the same complex. This experiment shows that although r(;g expahsion

-
FF

occurs complete]y,undér these conditions, the absence of aﬁ}“k{pg-

substituted chloro product, [P'tmZCHZCHcmHZéHZpyZ], must refl(ect that

hydroxide is a much better nucleophile than chloride in these \

solvolysis reactions.
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CHAPTER 5
MECHANISTIC STUbIES ON THE RING EXPANSION REACTIONS

The scope and 1imitations of the ring expansion reactions dis-

covered have been presented in the previous chapter. This chapter will

deal with the investigation of the mechanism by which this novel
rearrangement p}oceeds. First, however, some comments on the ring
.expansion reactions in the organic systems warrant mentioning. Points
raised will be used later to rationalise some of the observed features

of the platinacyclobutylcarbinyl ring expansion reactions.
1.1 The organtc precedents

’ | As previously mentioned in Chapter 4, the solvolysis of cyclo-
propylcarbinyl derivatives has been the subject of considerable .
researcb.75 A ﬁarticular]y elegant study88 (equation 5.1) involves
the so]v?TYEis of cyclopropylcarbinyl methanesulphonate deuterated.

except for one position (mostly c1s 2 or -3).

60%
3 »

e a1)
1, 10% 1, 10.2% 1, 9.8% .cis-1, 26% ~
1", 1.9% 1", 21.1% cis-2 and trans-1, 3%
' -4, 48.8%
cis-2 or -3; 80.6% cis-2 and trans-2 and "2, 10% -
-3, 62.2% -4, 5.0%
trans-2 or -3, 7.5% # trans-2 and cis-3, 32.8% 3, 27%
— R -3, 6.5% trans-3, 3.6% 4, 347%
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The product analysis reveals that scrambling of methylene units in

this reaction is extensive, but is not complete. Hydride shifts are

89

known -~ not to occur and all processes take place with high stereo

selectivity (no cis>trans). The exact mechanism of this reaction is

still an area of controversygo but may involve rapidly equilibrating
5

structures as those in scheme 5.1.7

Scheme 5.1 Possible route to rearrangement of methylene
groups in the cyclopropylcarbinyl system

Studies of similar reactions of cyclobutylcarbinyl derivatives

are much more rare, especially those containing suitable labels. A

13 91

study of the acetolysis of ~C-labelled cyclobutyl-p-toluenesulphonate

as well as product distribution is given in equation 5.2. It is clear
‘ ' 0Ac
CHZOTs . CHZOAc v

-13

——— ) + ...(5.2)

259% 75%
Cy, 20%
Cp+Ccs 64%
C3+Cq, 16%
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from the data that methylene scrambling has occurred to some degree as
the label is Tocated not only in the 2 and 5 positions (the position
expected mechanistically by equation 5.3) but in all other positions as

well. A mechanism for scrambling of the methylene units has not been

,
presented.  In the simple cyclopentyl cation of equation 5.3 no second

+0Ac” ...(5.3)

CH20TS OAc

rearrangement (in the absence of reversibility) save for a hydride

shift appears possible. Such a process has not been observeﬁ in a
76b -

=

similar system.

There is general agreement by workers in this field that the
extent of ring expansion depends on the ring strain difference between
n and (n+1) membered carbocycles. The re]ative'stabflities of the
_carbonium jons in the order 3°>2°>1° is also a contributing factor in
equation 5.3. In 1-methylcyclobutylcarbinyl tp§y1ate,re1ief of ring
strain together with the conversion of a primary to a tertiary

carbonium ion (equation 5.4) in the intermediate provides the driving

CH CHy
CH,0Ts L, _
-0Ts / +0Ac, ...(5.8)

_ 1y —

3 CHly CHy PAc

s #

force for‘\ring-expansion.92 Table 5.1 Tists the strain energies
N\

(relative tE\tYElohexane = 0) and heats of combustion of cyc]oa]kanes

93

n=23, 4 and 5. As can be seen by this data that there is considerably
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TabYe 5.1 Some Properties of Cycloalkanes

—

i

. ' Heat of Cmeug%ion AH/n Total Strg{n

ycloalkane AH (kcal mol-!) (kcal) (kcal mol1-')
cyclopropane o 499.83 ) 166.6 27.6

" cyclobutane 655. 86 164.0 26.4.
cyclopentane 793.52 158.7 6.5

more relief of ring strain associated with expansion of a four to a
(‘ five-membered ring (19.9 kcal mo]-]) than expansion of a tﬁree to a
four-membered ring (1.2 kcal mo]-]). A1l things beiné equal, one would
predict that in a reaction which can proceed via a route involving
ring expansion that more of the ring expanded product (n+1) will be
seen when n = 4 than when n = 3. Empirically this is what is observed.

1.2 Kinetic studies of the platinacyclobutylcarbinyl ring
expansion reactions -

The solvolyses of three methanesulphonate platinacyclobutane

I { 1
complexes: [PtC12(CH2CH(CHZOMs)CHZ)pyZ], 6, [PtClZ(CHZCH(CHZOMs)CHZ)
(bipy)], 14, and [PEC12(CH2C(CH3)(CH20M5)6H2§py2], 9, were conducted

in 60% (v/v) acetone—d6/020 mixtures at 36°C in a constant temperature
bath. The reactions were conveniently monitored by 1H-N.M.R. on a
vVarian T-60 N.M.R. spectrometer by observing the rate of disappeqrance
of the singlet due to the methyl group of the methanesulphonate on the
complex and the appearance of the methyl singlet due to the methane-
sulphonic acid-d] produced. The instrument was tuned to achieve the

maximum possible resolution before each spectrum. As both of the




Figure 5.1

-S0,CH,

CH3 (starting material)

acetone-d5

Methanesulphonic acid-d1

CH3 (product)

) w«»/

]H-N.M.R. spectrum during the solvolysis of 8,

[Htc12(CH2c(CH3)(CHZOMs)EHZ)pyz] at time intervals of

a) t=5 minutes b) t= 500 minutes c) t= 1680 minutes

106
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observed signals were a sharp methyl sing]ét and the separation between
0.4-0.5 ppm (C53503D resonates upfield from the -OSOZC_H_3 signal for the
complex) quantitative information could be obtained from the measure-
ment of their relative peak heights. The deuterated acetone-d5 peak
was used as an internal standard.

Figure 5.1 illustrates the differences observed in the 1H~N.M.R.

spectrum during the so]vo]ysis of [5tC12(CH2C(CH3)(CHZOMs)éHZ)pyzj, 8,
as the reaction proceeds. At t = 5 minutes (f%gure 5.1a) the spectrum
is dominated by the methyl peak of the methanesulphonate peak of the
complex 0.9 ppm downfield from the acetone-d5 quintet and the broad
upfield singlet due to the methyl peak on the B-carbon. Also present
is the AB pattern of the methylene ring protons just downfield from
the acetone-d5 quintet. As the reaction proceeds the methanesulphonic
acid-d1 peak appears (just displaced from interference by the AB

pattern of the starting material) 0.4 ppm downfield from the acetone-

d5 quintet. Also the methyl peak of the riﬁg expanded product

[P%C12(CH2C(CH3)(OD)CHzéHz)pyZJ becomes present ~0.15 ppm downfield
from the methyl group of the starting material. This is most readily
seen when the reaction approaches one half-life (figure 5.1b) and the
product and starting material are of comparable concentrations in
solution. When the reaction is complete the AB pattern of .the ring
protons is no longer present and only the methanesulphonic acid—d1
peak and the methyl of the platinacyclopentane product remain clearly
visible.

The kinetic plots obtained in this manner a}e shown in figures

5.2, 5.3 anj 5.4 for\compounds'6, 14 and 9 respectively. The data
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indicates a first-order dependence for each of the three complexes.
The rate constants obtained from the slopes of these graphs are

presented in Table 5.2. The first observation upon comparison of

Table 5.2  Pseudo-first Order Rate Constants for the Solvolysis of
[PtC1 (CHZCR(CHZOMS)CH L 2] in 60% acetone- d6/D20 at 36°C

-] s
Compound Kobs (s ")
65 R=H; L=py | 2.40 x 107
14; R=H; L=1/2bipy 5.86 x 107°
9; R=CHy; L=py 1.81 x 107

»

the rates is that the chelating group 2,2‘-biéyr1dyl has slowed down
the solvolysis by a factor of four compared to the bis(pyridine)
complex. This is a highly significant finding indicating that dissoci-
ation of a pyridine ligand may in fact be necessary at some step during
the mechanism. In 14, bipy would not be expected to dissociate to any'
significant degree and hence the rate would be retarded if dissociation *
is important.

A second feature of this data is that the presence 6f the
methyl group on the g-carbon of the platinacyclobutane ring (as in 9)
has slowed xhe=§olvolysis reaction to a small extent. This finding is
contrary to analogous organic systems in which such a substitution
causes a significant rate increase (see Table 5.3). This apparent lack
of a rate enhancement in.solvo]ysis of 9 relative to 6 will be ration- N

alized in a later section of this chapter by the existence of two . . )

competing mechanisms which produce this result. As will be seen, a
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small rate enhancement is observed when only one of these routes
is considered.
The rates in Table 5.2 are 1npermediate between those found
for the cyclopropylcarbinyl and the cyc1qbuty1carbiny1Wsystems: In
the solvolysis of cycloalkylcarbinyl esters, the rate of reacfion is
largely influenced by the degree of strain in adjacent C-C Bonds. The
rate constant for hydrolysis of é;;E;;EHCQéOMs in 60% aqueous diglyme
at 40°C is 2.607 x 1073 7! >3 and by extréﬁo1ation from r;tes at
» J/ higher temperatures, that for acefo1ysis of cyclobutylcarbinyl tosylate
a ~at 36°C is expected to be 3 x 107 s, 1-Methylcyclobutylcarbiny!
(f brosylate solvolyzes 42 times faster than 1-methy1cyc]openty1carb1ny1
brosylate under identical conditions for each.95 It would appear as
if the rates for solvolysis of complexes 6, 9 and 14 are actually
faster than those based on strain arguments. Platinacyclobutanes
are less strained than cyclobutanes and hence should have slower
relative rates if mechanisms similar to those of ecuations 5.3 or 5.4
are evoked for each of the two systems. The results indicate the
possibility of neighbouring group participation by the platinum atom
and/or the possibility of different mechanisms operafing in each of
the two systems.
The evidence from the work of this thesis indicates that rihg
'strain in platinacyclobutanes, as was the case in the organic systems,
is a significant factor leading to ring expansion. This statement. is

; , supported by the observation that innone of the solvolyses was the

unexpanded product (equatior 4.4) detected. This appears to be

[ 23,96

@ontrary to results of Whitesides whose evidence points to only

.a 5 kcal mol'] difference in ring strain between his platinuh(II)

-

+
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metallacyclobutane and meta]]acyé]opentane complexes depicted in
scheme 1.3 of chapter 1. O0f course, the systems are not completely
analogous, differing in oxidation state of the platinum, ancillary
ligands, sabsfituents on the gimge  nd method of rihg forhation. A

- '

difference of only 5 kcal mol ' is not expected to be sufficient to

cause preferential formation of only the riﬁg expanded products as
was observed in this study. * ' ‘

The products obtained from solvolysis in the platinum system
are not unlike those obtained from studies of the corresponding cyclo-
alkylcarbinyl systems as seen in Table 5.4. ‘The only complex which g
does not fit the organic results well is the 1-phenyl derivative 15
which gives the ring expanded product whereas in the 1-phenylcyclo-
butylcarbinyl derivative studied, solvolysis is accompanied by 1,2-
phenyl rearrangement rather than ring expansion to give exclusively
rearranged products. Also it is seen that complex 9 does give a
similar product to that of the organic system, howé?er) with no
evidence for olefin formation. Both 1-phenyl and 1-me£hy1 cyclo-
‘propylcarbinyl derivatives, on the other hand give 1-substituted
cyclobutanol as the only products.75 Clearly, in these cases, 9 and
17, the platinum system is behaving more like the cyclopropylcarbinyl
derivatives.

Certainly the two systems in Table 5.4 are not identical and a
mechanism would then have to account -for the observed differenées in
rates and products obtained.

The effect of adaed pyridine upon the solvolysis rate was

investigated in order to study the implications of the rate differences
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’
)

Table 5.4  Comparison of Products from .
Solvolysis of Comptexes of the type

‘ R
. - CRy R0

CompTex Observed Product(s) ref

Ry=Ry=Ry=H . | ’
X=Pt; Y=Ms; (6,14), OH '
) Ptﬁ (c) b
X=CHy3 Y=Ts OOAC — OAc 76
- (99%) b (1%)
Ry=R,=H; Ry=CH,

X=Pt; Y=Ms; (9) . Pt/\)(CHB (c) b

OR , H
X=CHy; Y=Bs o (™ .95
- 3 (59%) (41%)
Ry=Rp=H; R3=Pf . - ‘
X=Pt; Y=Ms; (15) . PtO(O';h (c) b
X=CHy3 Y=Ts < CHPR 94, 97
(95%) >—CH,ph (9%) !
R]=R3=H; R2=Cﬂ3 ) -

. H : . ‘-
X=Pt; Y=PNB; (7) . 3o 7 * b

HCHBOAC‘ H3 QAc " 0Ac
X=CH,,; Y=Ts % ) G’CH 98
2 1 (23%) (22%) ac(2%)

(53%)
(20% cis; 33% trans)
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observed between complexes 6 and 14. As well a quantitative result was
. ,
measured for the effect of added pyridine on the rate of solvolysis

of 9.
1.3 Effect of added pyridine on the observed solvolysis rates

The rate of solvolysis in 60% acetone—dG}DZO at 36°C was
measured/as describgd in the previous section for complex 6 at various
pyridine concentrations. .The results are summarized in Table 5.5 and
presented gyaphically in figure 5.5. These results illustrate the
Aramatic influence added pyridine has upon, the solvolysis rate,’further
supporting the idea that 1igand d{ssociatigﬁ might be involved at some *
‘ stage in the mechanism.

Plots of ij—ljp—-vs. [pyls where‘koo is the 1imiting rate seen
' obs e '

by extrapot®ion of the curve in figure 5.5 tg infinite tpy] values’

were constructed for varidus km values. The best result was obtained

for k_ = 5.90 x 1076 sec”! though small changes in the k_ value had

little effect on the s]ope obtained. The only exception to this was

the final po1nt at highest [py] ([py] = 3.23 x 10~ -1

M), which was
influenged the most by this k_ value as expected based upon the value
(kobs'kw) for this point being very small and hence the most sensitive.
Table 5.6 summarizes the E_—l:F— value at various pyridine concentra-

tions, the results -being shown graphically in figure 5.6 for k, =

5.90 x 1070 secs). This data leads to the two-term rate expression

for the first-order rate constants, after simplification of kobs Y
, 1.81 x 1075
5 90 x 107° ]??75 oyl An therest1ng resu]; of the jnf1uence of

-

-added pyridine in this study is that the k_ value is identical, within
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Table 5.5 - Solvolysjs Rates of [#tc1Z(CHZCH(CH20M§SEH2)py2],
6, (7.0 x 1072 M) at Various Pyridine Concentrations-

-

- -1
[py] (M) kops (87 -
0 2.40 x 1072
) -6
1.29 x 10 . 973 x 10 P
2.58 x 1072 7,99 x 1078
6.45 x 1072 6.85 x 107°
3.23 x 107 6.10 x 107
Table 5.6 (kobs - km)'] Values at Various Pyridine

Concentrations Where k_ = 5.90 x 10'6’5’]

[py] (kobs - 5.90 x 10-6)_7 ’ h
0 o 5.5 x 10 s
,51.29 x 107 26 x 10 s
2.58 x 1072 28 x 10% s
6.45 x 1072 . 105 x 10 s
3.23 x 107 500 x 10% s
.
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Figure 5.6 Graphical representation of the data from Table 5.6,
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experimental error, to the rate observed for the solvolysis of the 2,2'-
bipyridyl complex 14 of 5.86 x 10'6 sec'] (Table 5.2). Although this
similarity could be merely fortuitous it is more ]ike1y that these
results do indicate a similar mechanism for the solvolysis reaction of
6, at high pyridine concentrations and that of 14.

A similar study to the one above was undertaken-on the complex

I 1
[PtC1,(CH C(CH3)(CH20MS)CH2)py2], 9. A detailed quantitative result

2(. 2

similar to that done for 6 above, was not undertaken owing to the
observation that at an added pyridine concentration of 1.032 M (over
three times the concentration requj’ ey to qhench the solvolysis of 6

to 97% of the limiting value) the so1vo1ysis rate of 9 was still 1.66

X 10'5 sec']. Thus, pyridine had 1ittle effect on this solvolysis rate.
Most certainly a different mechanism, one not involving significant
ligand dissociation is being observed in the solvolysis of 9.

In order to further efuciddte the mechanism, 13C and 2H label-

1ing studies were undertaken.

2. Labelling Studies

13

2.1 C Labelling Studies

Labelling experiments were carried out using the complexes:
13 1) 13 1

[PLC1,(CH,CH(*CH,OMs ) CH, )L, 1, L = py: (6- bipy: (18-13¢') where *C

denotes a carbon enriched to 7.5% 13

13

C. These comp]exes were prepared

fro C cyclopropylcarbinyl methanesulphonate as described in

‘chapter 2 for the un]abe]]ed complexes. The cyclopropane derivative

was prepared by literature procedures and enriched to 7.5% ]3 as

1

determined by 'H-N.M.R. The ligand showed no evidence of scrambling of




the label prior to its use and the platinacycliobutanes formed from-it

showed enrichment only on the carbinyl carbon as expected fn.the
absence of rearrangement processes.

The solvolyses for these complexes were run at 36°C in 60% (v/v)
acetone/water mixtures as previously described, for greater than three
half-lives. The ]3C—N.M.R. spectra of the p1atinacyc16pentane products
formed from these reactions are shown in figures 5.7 and 5.8 for the’
labelled complexes 16-*C and 17-*C respectively. The method of
assignments of chemical shifts for each of the carbon atoms was de-
scribed in chapter 4. The carbon ring positions have been numbered
as describéd in this earlier discussion. The numbers above the signals
in figures 5.7 and 5.8 correspond to these ring assignments.

Figure 5.7 indicates that for complex 16-¢C the 13 Tabel is
located primarily at the C-1 position with a lesser, though significant
amount of enrichment occurring at the C-3 position. The C-2 and C-4
carbons of the ring show no evidence for enrichment at these positions.

Figure 5.é shows that the extent of enrichment at the ring
positions in complex 17-*C is a reversal of that seen 'in figure 5.7
for the bis{pyridine) analoque (16-*C). Figure 5.8 shows primary
label incorporation at the C-3 position with a lesser amount of enrich-
‘ment at the C-1 position. As in the bis(pyridine) case the C-2 and
C-4 position in the platinacyclopentane ring show no detectable
amounts of enrichment.

Clearly the two results show selective label incorporation has

occurred in the same two ring positions, C-1 and C-3, yet the relative

amounts of label at each position are reversed in the two cases. This
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is a significant finding and indicates the possible presence of two

competing pathways.

Carbon-13 N.M.R. spectroscopy as performed in this section is
not a quantitative method. The results however are,certainly different

enough that the conclusions drawn from them are justified. In order
. -
to quantify these results, as well as to further investigate the

mechanism, deuterium labelling was performed.

2.2 .. Deuterium Labelling Studies

137

The results of the '~C labelling studies described above

proﬁpted further investigation of the mechanism with another labei-

The ease of preparation of the a,a-dideuterio-cyclopropylcarbinyl

1

ligands, from the 'H labelled alcohols, prepared by reduction of the

corresponding acid with LiA1D,, (equation 2.2; R = D), made this

4°
method seem very promising.

This deuterium labelling will give evidence to two important

aspects of the mechanism. A check of hydride migrations is possible

13

since in' the C{1H} N.M.R. spectrum a CHD group will appear as a

triplet. As 2H-N.M.R..is a quantitative technique, a measure of the

?

-

deuterium incorpo}ation at each of the ring sites is possible.. Together

13C-N.M.R. spectral results the exact ring éssignment could

with the
be made. These assignments were supported by both homonuclear decoupl-
ing studies on the 2H-]abe]]ed and unlabelled complexes as well as

previous assignments (Table 4.2).

Three deyterium labelled b1étinacyclobutane complexes were

2OMs)CHz_)

(bipy)1, 14-D,, and [PEC]Z(CHZCQCH3)§c020Ms)CH2)py2], 9-D,. These

prepared: [PtCl, (CH,CH(CD,OMs)CH,)py,], 6-D,, [PtC1,(CH,CH(CD

t

&
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complexes were solvolyzed under the same conditions as described in

chapter 4. In the cases of both bié(pyridine) complexes 6—02 and 9-02

-~ S
simultaneous reactions were run in the absence and presence of Targe

-amounts of added pyridine in an effort to decipher the kinetic and ]3C
labelling results previously described. The results for each of these
_complexes will be discussed.

13

Figure 5.9a,b shows the ~“C-N.M.R. spectra of the platinacyclo-

pentane products from the solvolysis of [ﬁtC]z(CHZCH(CDZOMs)éHZ)pyz],
6-D,, in the absence of added pyridine and in the presence of a .32 M
concentration of pyridine respectively, as compared to the 13C-N.M.R.
spectrum of the fully protiated préduct. The most dramatic gffect
seen upon- deuteration for the reaction in the absence of pyridine
(figure 5.9a) is that the signal for C-1 at 4§29.0 ppm is reduced in

intensity ®o such an extent that it is just visible above the baseline

(see arrow).. This is consistent with the majority of the label being

" incorporated at the C-1 carbon as a methylene CD2 unit, with no

evidence for hydride migrations (deuterium“scramb]kng). In the presence
of added pyridine (figure 5.9b) the peak at 29.0 ppm due to C-1
réappears, though not to its fu]i extent, whereas Fhe peak at 41.2 ppm
has now. been greaily reduced. Ihese results indicate the majority of
the label has been incorporated as a methylene-CD2 unit at C-3 with

some still at C-1. Although no quantitative information could be

obtained from the 13

C-N.M.R. spectra.described in section 2.1 an
estimate of the ratios of the two products in figure 5.9b is possible

in so far as the central peak for C-4 appears as two resonances (iﬁ

\jggfpproximate“ratio of 3:1) separated by 1.5 Hz. The upfield resonance

corresponds to the C-4 carbon of the isomer in highest abundance, theg

~%

v
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Figure 5.9 3¢ (')-N.M.R. spectrum of the solvolysis product(s) from
[ﬁtc12(CHZCH(CDZOMs)éHZ)pyz],(6-02):16-02, a) in the
' absence of added pyridine. b) in the presence of added

pyridine ([0.32M]), relative to fully protiated spectrum.
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one with the 02 on C-3. The resonance -just déwnfie]d from that
corresponds to the C-4 of the less abundant isomer, that with the

13

02 label ‘on C-1. The deuterium isotope effect on ~C-chemical shifts

that is observed here is wg]] known95 but had not been reported before
in p]atinacyc1e§

The 2H{ H} N.M.R. spectra of the products obta1ned from soLyo]y-
sis of 6- D2 in the absence and presence of ppdme were run in CHZVC12
with a trace of CDC]3 as a reference. The results are shown in
figure 10a and 10b respectively. The peak marked with an asterisk is
due tb BD in the residual water. The two broad upfield peaks (without
platinum satellites) in 10a cq:respond td the two 1nequ1va1ept deuter1Um
methylene atoms on C-3 (labelled as'3-02). The two 1argq.¢ownf1e1d
peaks correspond to the two inequivalent deuterium atoms on the C-1
position (labelled as 1—02). These both have large observable
p]étinum—deuterium couplings, the mpgnitude of whichrié 13.2 Hz for
the downfield resonance and about the same for the other, though one
satellite is masked by jthe water impurity. In figure 10b the peak

$ntensities for the o and 8 deuteriums have now been reversed. Integra-

tion of the signals yields the results shown-in Table 5.7. ,

Solvolysis of [PtC] ,(CH,CH(CD,, oMs)éH }(bipy)], 14-D,, was

13

performed as previously described. The “C N.M.R. of the product was

attempted but, owing to poor so]ub111ty, the spectral quality was poor

A\ ]

and hence it is not illustrated here. It does however support the

e 2'H{]H} N.M.R. spectrum obtained, is sh@wn in

24 'H) N.M.R. data.
figure 5.1]1 and indicates very similar reﬁbits to those obtaiped in

the sofVo]ysis of 6 in the presence of added pyridine. That is,
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Figure 5.10 2H {H]-N.M.R. géiitrum of the product(s) from the
solvolysis ofjé<D2, a) in the absence of added pi?ﬁh%ne
and b) 1in the presence of added pyridine ([0.32 M]).
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predominant formation of the 3-02 isomef and to a lesser extent the
1-D2 isomer is established. The results are summé#ﬁzed in Table 5.7.

The So1volysis studies of the deuterium labelled complex,

.[PEC12(CH2¢(CH3)(CDZOMS)EHZ)pyZ]i 9-D,, showed much less effect of
L]
added pyridine on the product ratios obtained. Based on the previous

kinetic results, which showed little effect of added pyridine on the

-

solvolysis rates this was to be expected. Figure 5.12a and 5.12b show

13

the '°C N.M.R. spectra of the products from solvolysis of 9-02 in the

absence of added pyridine and the presence of a 0.78 M concentratian of

130_N.M.R. of the fully

pyridine, respectively, compared with the
protiated product.” In both‘%f the deuterium labelled cases the most

striking difference seen from the protiated result is the great

v

reduction in 1nteﬁsityvfor the C-3 signal at 46.9 ppm w%th 1itf1é - .
efféct upon the rest of the spectrum. This is cbnsistent with predom:
inent formation of'the isomer with the methy]ene-d2 unit on the C-3
position (3L02) with very‘1itt1e of the 1-D, isomer. The 2}I{1H} N.M.R:
spectra confirm these results as seen in figure 5.13. The chemical
shifts and absencé of observabie platinum-deuterium coupling conf{rm

; the.assignment of the two major peaks at §0.44 ppm and &§1.91 ppm as
being due to the two inequivalent deuterium atoms on the B8-position
(3-02). These assignments are also consistent with those-obtained from

the ]H-N.M.R. assignments determined grevibus]y. The quantitative

g results from the 2

H{lH] N.M.R. spectra are shown iq Table 5.7.
Upon investigation of Table 5.7 one can make certain vitdl
conclusions. Firstly, the product ratio for the solvolysis of 6-D2

in the absence of pyridine is much different than that for the reaction
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_Figure 5.12 ]3C {'"H}-N.M.R, spectrum of the so1vo'|ys1s product(s) from
[PtC12(CH2 (CH3)(CDZOMS)CH2)py2], 9-D,, a) in the absence
of added pyridine. b) in the presence of added pyridine
([0.7@ M1), relative to the fully protiated- sampte.
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Figure 5.13 2H{]H}-N.M.R. spectrum of the product(s) from the
solvolysis of 9-D, a) in the absence of added pyridine
and b) in the -presence of added pyridine ([0.78 M]).
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Table 5.7 Product Distributions From Solvolyses
of Deuterium Labelled Platinacyclopentanes

2

Complex [pyl, Moo \ % Product =~ .
- : 1-02 3-D2

6-02 0 86 . 14

6-D2 0.32 32 68

14-02 0 27 73

9-D, 0 10 90

9-D 0.78 T <5 >95
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of the same complex in the presence of pyridine. Furthermore, the
latter of these behaves almost identically to that for the bipy
complex, 14-02. These results strongly support both the kinetic

results and the 13

C-N.M.R. labelling results. A1§o the same can be
said for complex 9—D2 which shows a differen? product ratio from either
6-D2 or 14-02, as well as showing Tittle influence of isomer ratio
or added pyridine.

Nw1th these results so far discussed in this chqpter, a reactiqn

scheme can now be presented..
3. Me;hanisms of the Solvolyses Reactions

" The results of the so]Vo]ysis studies, thus far discussed,
styongly support the mechanism shown in scheme 5.2, in which tpere are
two separhte pathways; one which gives the 1abé15 on the 1-C position

and the other on the 3-C ring position.

13

For 6, 6- “C and 6-02 it is 1likely that the major reaction

¢ Pathway involves initial skeletal isomerisation from the g-isomer(I)

to the a-isomer(I11) followed by rapid solvolysis of Il to give the label
*CDZOMS
R
/ R
Pt - ——= " Pt
*CDZOMS

. (1) | (11)

in the 1-C position. This solvolysis is strongly metal-assisted since
the intermediate carbonium ion is stabilized by the metal-alkene

resonance form, I1I.” The platinacyclobutane resonance form of III

is expected to be destabilised relative to the other two owing to it
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CR R OMs
3 -py
CR]R OMs “not for excess

pyridine or bipy

©
Q

(I) B-fsomer a-isomer
lMsO J-MSO'
‘ R R 1 g2 CrIR2
R + 3
R L A
CR'R
+
(111)
l+0H'
2
3 R1 R R3
*
+ OH
P 1 Pt
R2
’ label on carbon-1
1+0H'
kY R3
Pf::::::Ii?Hz label on carbon-3
* R N
R]

Scheme 5.2 Mechanism for the rearrangement;
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D e
D D h D * 2
R
R R~
* . . t
Pt -« Pt -—o Pt SR
y (111) N R

being more strained as well as a primary carbonium ion (see section 1.1

of this chapter).

»

The skeletal isomerisation, I-II is expected to be retarded by

17 13

free pyridine ' and cannot occur29 in 14,14- °C or 14-D2 when the

2 2

ligand is 2,2'lbipyridyl. Heﬁée, under these conditions the reaction
occurs by direct solvolysis of the g-isomer, (Iy, giviné.}argely the
label on the 3 position of the ring. The mechanism of this solvolysis
\\ is expected to be very similar tﬁ'that seen in the.organjc;systems
(equations+ 5.3 and“5.4). This is illustrated by equation 5.5 (R = H).

However, the actual product formed under these conditions is still about

R . LOR
Pt * > pt/\ﬁ_z +£)H- Pt R ...(5.5)
CDZ S Dz * 8
. \;/, D

30% of the 1-C isomer. Either there is a route to skeletal isomerisa-
tion which can 6ccur without 1igand dissociation or else solvolysis
of isomer I can give 30% of the 1-C isomer.

This aspect of the mechanism, that of formation of the a-D,
isomer directly from Ehe g-isomer is not easy to explain. A mechanism,

[

for skeletal isomerisation, involving formation of a platinum-carbene-
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’; . '
olefin complex would require ligand dissociation In the absence of

ligand dissociation a "20-electron" intermediate would be 1nvo1ved, such
complexes are unknown in p1at1nuﬁ chemistry. A more likely route would
invo]ve:a concerted process in which C-C aqd Pt-C bond cleavage and
formation occur in a concerted manner. Two such mechanisms can be
envisioned. The first, depicted in Figure 5.14 involves g+a isomeri-

17 followed

sation, similar to that seen in other platinacyclobutanes,
by formation of a metal-alkene resonance strué!ure (see III in scheme

5.2). Another route, also involving a concerted process is shown in

.
- . €D, 0Ms
~GH
L2C12Pt CDZOMS LZC]ZPt<:EH;?\CH(CDZOMS) — L2C12Pf::f:>
2 -OMs ™
i +

DD gy - D 0D C
+OH
L2C12Pté/ |_2C12Pt</j > L,C Pt\ﬁ «» LyC1 P

Figure 5.14 A proposed concerted route to the platin-

. acyclopentane product with the labels ending
. " . up on tarbon 1, in the absence of ligand
4 - ’ dissociation

N

figure 5.15. This proposed mechanism does not involve an isomerisation

*

A -
A /? ——L2C12Pt§+=—_ L2C12PtQ+
’ 1. /D
D™ M

OH™ v
.« L,C1,Pt _
’ ‘. - OH ~y

. ) D D
Figure 5.15 Another proposed concerted route

step prior to ring-expansion.

v
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Now when-I in scheme 5.2 is the methyl-substituted spécies, 9,

513

C or 9-02, stéric hindrance is exbected to hinder the isomerisa-
tion 1 to II. It is probably for this reason that solvolysis proceeds
through the isomer I djrectly according to equation 5.5 (R = CH3).
The product ratios would not be‘expected to differ greatly in the
presence or absence of added pyridine, iq this case, since ligand
dissociation is now not important. The product will be mainly the

3-C isomer. Although the rate of solvolysis of 9 is slower than &,

. there has actually been a rate enhancement of the solvolysis of

structure (1) for 9 compared to that of 6 in the presence of added

(181 x 10'5]
5.9 x 10'6
solvolysis of the B-isomer, more closely resembles that of the

L

pyridine or 14 by a factor of 3; As this route, direct

organic system one would expect such an anchimeric assistance from the
methyl group.75
From the observed product of the solvolysis of 15, it is
reasonable to assume that this reaqpion also proceeds by direct
solvolysis of (I) similar to thét seen in the other bipy comb]ex, 14.
For complex 7, in which a methyl group is now on the carbinyl
carbon the isolated product, 20, strongly suggests that th% isomerisa-
tién I to II of the p]afinacyc]obutane occurs prior to formation of
. the carbonium fon if scheme 5.2 is considered to operate in ‘this case.

" As this complex is the only one with steric crowding at the carbinyl

carbon, direct comparisons to the other systems is not possible.

4. Attempts to prepare but-3-enylplatinum(IV) complexes of the

type III in scheme 5.1

Further support ﬁgr the overall mechanism of the ring-expanion
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reactions (Scheme 5.2) would involve the preparatioh of a but-3-
enylplatinum(IV) complex and conversion of it tolg platinacyclopentane
s product. A review of complexes containigg o-bonded organic ligands
lTinked by a n-bond with the metal has been pre;ented e]sewhere.99
But-3- eny]phftanum complexes have been proposed as 1ntermed1ates in
the decomposition of.platinacyclopentanes, to explain h1gh y1e]ds of
1-butene: in such reactions.80 '
The initial strategy followed was to oxidatively add 4-bromo-1-
butene to [Pt(CH3);b1PYJ as shown in equation 5.6. Once isslated it
was thought that treatment of the oxidative addition product, 21, in
acetone, with aqueous AgBF4 would ¢cause abstraction of the bromide’

(as AgBr) followed by forma;ion of the desired p1atinacyc1opentang$

[P%(CH3)2(CHCH0HCH2&H2)(bipy)].

Br
N _CH N CH e
( pt” 3+ BrCH,,CH,,CH=CH, ———»—( //Pt’/ 3 ...(5.6)
N7 CHy N eH,
~ . CH,CH, CH=CH,
N N = bipy
. 21 .
Tra The reaction hoped for is shown in equation 5.7. This reaction
(}

was not observed. However, it is much less favourable than that
‘¢ proposed in scheme 5.2, because both complexes IV and V contain
mutually trans Pt-C o-bonds. Such complexes are very rare and usually

100

highly reactive, egq. [Pt(CH3)4(biPY)], antl it seems that simple

substitution of Br™ by OH2 is preferred in this reaction. The product

has been identified as [Pt(CH3)2(CH CHZCH CHZ)(OHZ)(bipy)][BF4].
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— - 4
Br CH3
- Nl _cH - N | cH
/) ( \Pt< \3 ~-Br (>Pt/ 3
N/I CHy N UJ
CH,CH,,CH=CH = B
272 2 (1V)
21 -
\ . 1+ OH ...(5.7)
N
N N = bipy CH3
<N\|/CH3
- Pt o
N e
OH
(v) : .
A better ana]ogy to the reaction proposed inhscheme 5.2 could ”
be realized by the reaction shown in equation 5.8. However, 1h this 7
. Br
(N\\Pt/,CH3 ' CH2=CHCH2CHzBr ‘ <N\\Lt/,CH3 )
N7 pr N/l Br ‘
l'-Br‘ < ...(5.8)
By . ?r +
(N\I _CHy fOu” (N\pt _CHy

Pt ) .
N , N~ .
OH ‘ "
case the oxidativeé addition step of butenyl bromide was ,very slow and

gave the desired species VI in only very Tow yield. ’
‘ ‘ ) Attempts to prepare bpten}]p]atinum complexes from reactions of
butenyl Grignard reagent§ with fPtClz(SMez)Zj were also unsutcessfd].l‘

‘ 5. ﬁ'tonclusions,

This chapter has described mechanistic\stIdies of the ring

studies have been

L4

expansion reaction presented in chapter 4. Thes

N
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4

varied, yél the results are all consistent with one overall scheme (5.2). '

Comparisons have been made, wherever possible, to the organic systems
upon which this reaction is based. The twb systems actually have
quife similar mechanisms and products, the méjor difference being that
in the platinacyclobutylcarbinyl systems a route involvind a but-3- B
enylplatinum(IV) intermediate is proposed. Although attempts to

prepare such intermedigtes were nqt entirely successful, the difficulty |
seems to be a preparative one and does not preclude their role as

intermediates in these processes.




CHAPTER 6
REACTIONS OF ZEISE'S DIMER WITH STRAINED ORGANIC COMPOUNDS - °

*»

The reaction of transition metal complexes with small ring
organic compounds has been introduced in Chapter 1. This chapter will £
describe the reactions of bicyc]o[Z.].O.]penfane and quadricyc1aﬁe

with Zeise's dimer, [Pt2C12(uJC1)2(C2H4)2]. The reactions hoped for

.
.
“ Z[::::ztiiix

Bicyc]o[Zil.O.]pentane Quadricyclgne
g {

in each case are illustrated in equations 6.1 and 6.2 respectively.
The preparation of platinacyclobutanes by reaction of cyclopropanes

with Zeise's dimer has been discussed at 1ength~(s£e Chapter-2). As

will be seen these reactions do not give'iso1ab1eCh]atinacyq]es as.

products, even at low temperature; but instead unﬁgrgo ske1eta1 isomerT-
satior. , . i b

- !

LG '
[+ [P0, (w01 (CpHg),) —22 [PECT, (o),

- /‘ l‘{p/y L (6.1)

py2C12Pt )
. 4 -CH, > f
1 py ...(6.2) L
py,C1,Pt ] o
272

-
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Also, the preparation of bicyclo{2.1.0]pentane will be

described.

\

1. Bjcyclo[z.].o]pentane

1.1 Preparation of bicyclo[2.1.0]pentane

The method‘used for the preparation of this compound was that of

101 and is illustrated in scheme 6.1. The

Gassman and Mansf%e]d
préqedure uSeq was esse;Eially’that of the 1iteratu£€,and is described
fu]]yrin the experimental sectio;!with references to alterations. The
products wére{characte§i§ed at “each iso1aFf0n stage by boiling points

and H]-N.M.R. spectroscbpy.
1.2° Reaction of bicyclo[2.1.0]pentane with Zeise's dimer

* Although the reaction sought was that shown in'equation‘G.IQ it
36 !

<

transition metal complexes causes the-rearrangement shown in equation:

-is also known”" that exposure of bicyclo[2.1.0]pentane to severa}z

6.3. Thermally, a temperature of 330°C is required to}bring about this

reaction36. As the total strain energy in bicyclo[2.1.0]penta

. o Mora
| - ' : g ...(6.3)- -

J102. 7T
about 57 kcal mol'] a process, such as that depicted in equation 6.3

is 11ke1y. -However, with a transigion metal species, such as

[PFZC]Z(“'C1)2(CZH4)21 which is kn to react in_benzene with Cyc1o-m

pentene]p3vas well as other olefins (ol) to yield dimeric analogues of .

leise's dimer,’[Pt2C12(u-C1)2(01)2], olefin comple;es must be.bonsideréd
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as possible reaction products. Zeise's dimer has been found to be

monomeric in acetonemll’]05

14

(acetone)] (owing to the high trans-effect of olefinic ligands, this

and present as the species [PtClZ(C2H4)

species is expected to have the trans geometry).

When freshly prepared bicyc]o[Z?].O]pentane is added to a
solution of Zeise's dimer in acetone-d6 an orange precipitate is formed
within an hour. Although this product is only sparingly sotuble in
ch10roform—d1, a ]H—N.M.R.’spéétrum run overnight }evealed a broad
peak at §5.6 ppm together with another broad signal at §1.8 ppm, the
noise level of the spectrum being rather high. When a similar reaction
is performed with cyclopentene a similar oranée Precipitate is formed

which is also sparingly soluble in ch]oroformrd]. A ]H-N.M.R. spectrum ‘\

L

Eun overnight exhibited a broad peak at §5.70 pph and another at 61.90
ppm. A small amount of cyclopentene was also present in this dilute

sample. . .

-

The above results indicate that the two precipitates are likely

the same compound in both cases. [Pt,Cl,{u-C1),(cyclopentene),],
272 2 2

prepared by the reaction of cyclopentene with Zeise's dimer in benzene,

»
is also an opange complex whi’is fairly insoluble in chloroform but

1 )106

gives 'H-N.M.R. data (=CH, 2, 6.05 ppm and CH,, 6, 2.1 ppm close

to-those obtained for the isolated precipitates. Thgse results suggest
that the initially formed precipitates are [Pt2C12(u-C1)2(cyc1obéntene)].‘
When bicyclo[2.1.0]pentane is added to an acetone-d6 solution

TH-N.M.R.

of Zeise's dimer at -80°C and the reaction followed by
spectroscopy no reaction occurs until -35°C. At this temperature an

orange precipitate starts to form.  The species identified to be in
-
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solution are Zeise's dimer (as [PtC]Z(C2H4)(acetone—dG)]), in equili-
brium with free ethylene, bicyclo[2.1.0]pentane and cyclopentene. As
the solution is warmed further, more precipitate is formed as well as
cyclopentene whose signals in the ]H-N.M.R. grow relative to those
corresponding to the two starting reagents. Upon complete conversion
of the initial Zeise's dimer, the products seen in solution are S
cyclopentene, ethylene and some bicyc]o[Z.].O]pgntane.- At no time was
a platinacycle seen.

A similar variable temperature study to the reaétion above was

performed using cyclopentene in place of bicyclo[2.1.0]pentane. A

"precipitate formed arouhd,-]0°c and no new peaks were observed in/jthe

1H-N.M.R. spectrum.

These results are consistent with the pathways shown 'in scheme

9 .

6.2. Cyclopentene reacts with [PtClz(C2H4)(acetone)] to give
[EICLQ(cyclopentene)(acetone)] (presumably via the mixed bis(olefin)

intermediate: [PtC]ZQZ'HI;)(cyc]op‘entene)]). This is in ehuih’bm‘um

with the dimer, [Pt2C12(u-C1)2(cyclopeﬁtene)2] which is insoluble.

Precipitation of this dimeric pfoducf"yives the®reaction to completion.
The concentration of [PtClz(cyclopentene)(5Eetone)] in solution is

probably small. Even so, detection of it in the L

H-N.M,R. spectrum
would be doubtful due to err]ap of signals from unéomplexed cyclo-
pentene, and probable rapid exchanée between free and-coordinatgd
cyclopentene. This type of reaction has been see: before.107 A
comp]ex'TPtC12(CzH4)(b1)]", where”o1 = propene or 1-butene, is produced . .
by the sﬁ]itting of,Zeise'sidimer in acetone as solvent at -78°C. On |

warming, this complex decomposes to give principally [Ptc12(01)]2.

-
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Conversions and interconversions in the bicyclo[2.1.0]-
pentane and cyclopentene reactions with Zeise's dimer in
acetone (=S). Alkene for alkene exchanges will be fast.

/
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Now, when Sicyclotz.l.o]pentane is used in place of cyclopenténe,
generation of the species [PtC]z(cyglopentene)(acetone)] is also
possible in solution, presumaB]y via an undetectable platinacycle.
[PtC12(éyc]opentene)(acetone)] can then react as before, eventually
’giving [Pt2612(J:C1)2(cyc1opentene)2] which is insoluble. Since CoH,
is a better ligand than cyc19pentene, the equilibria will probably
favour [PtClZ(C2H4)(acetone)] at first until a very high concentration
of cyclopentene is formed. All exchange s}eps will be ﬁas%. This, of ~
course, accounts for the presence of free cyclopentene in solution.

The sa]ient'features of this study are that upon treatment with
leise's dimer in acetoqg, bicyclo[2.1.0]pentane is converted to
[PtZCJz(u—C1)z(cyc10pentene)2], with free cyclopentene being generated.
At no step, even at low temperatures, is a platinacycle detectéd in

so]pEjbn. However, such a species is postulated as an intermediate.
¥ .

2. Quadricyclane o

2.1 « Reaction of Quadricyclaneiyith'Zeise's dimer

Although the reaction sought was that shown in equation 6.2 it
is knowp36 that exposure of quadricyclane to several transition metal
complexes causes the;ﬁearrangement to norbornadiene (NBD), shown in “

equatioh,6.4.‘ Thermally, this same reaction is known to proceed

‘éEEEEE> ’ Mor a » ‘éZ{i:2> ...(6.4)°

108 One of the complexes which is

* “
-

slowly (t1/2 x 14 .hr at 140°C).

. A .
known to catalyse the reaction in equation 6.4 1is [PtClz(NBD)] itse1f.109
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Although this complex can be prepared from Zeise's dimer by reaction

with norbornadieneJ]O the direct reaction of Zeise's dimer with

quadricyclane has not been studied previously.

i
P

When' quadricyclane is added to an acetone solution of Zeise's
dimer at room temperature, a fluffy pale-yellow complex immediately
precipitates out of solution. ‘The reaction proceeds until the orange
éo]our of Zeise's dimer is no longer detectable. The product, which
is only slightly éo]ub]e‘fn CDCl4, was identified to be'[Pt012(NBD)]

épy‘uH-N.M.R. spectroscopy (see Table 6.1).

Table 6.1 'H-N.M.R. Spectra] Data For *
The Complex [PtC1,(NBD)], in CDCI,
L 3
Chemical Shifts in CDC13
Proton Complex NBD]11 Comments
a €30
H . 5%30 ppm 6.72 th H 67.5 Hz
b .
H 1.70 ppm 1.97
_ : L
* 4 4.34 ppm 3.52

\ .

» When quadricyclane is added to an acetone-d. sotution of.
Zeise's dimer at -75°C a precipitate forms immediately as before.

There is no evidence for,quadricyclane in solution, as checked by,

"]H-N.M.R. spectroscopy,-the principle species being'readily identified

& {3 - »

?
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6
Table 6.1). The on1yﬁgfher species detected in solution was

as NBD (in acetone-d Ha, §6.77 ppm: Hb, 61;71 ppm; HC, 8§3.56 ppm,‘c.f.

[PtC12(62H4)(acetone—ds)] P equilibrium with free‘ethy]ene. The
reaction was determined tp be catalytic as a 10-fold excess of Quadrj-
cyclane was converted immediate]y to NBD even at thié temperature.- This
solution was warmed §1ow1y and the ]H-N.M.ﬁ. spectrum was analysed at
incremental temperatures. The ]H—N.M.R. sggg%rum reqained»unchanged.

At ambient temperature the cap was remgvéd;%rom thé N.M.R. tube. After i

1

2 hours no ethylene beak could be observed in the 'H-N.M.R. spectrum.

This study shows that Zeise's Qjmer can effect the conversion

fnggquation 6.4, catalytically, even at -75°C. The active catalytic
specigs is presumed to be EPtQ]Z(NBD)i. This species is most likely
formed according to the mechanism in equation 6.5. Once formed, the
catalytic conversion of quadricyclane to NBD may invojve coordination -

of quadricyclane to [Pt@]Z(NBD)] via an exchange with the originally

coordinated olefin, or by extension of the coordination around the #
" metal. Either of these processes may be-thought of as involving .
¢ ) . .3
platinacycle intermediates. However, no such intermediates or. ¢
complexes were detected even at -75°C.
C1 : , ﬂ]
- S
—_— — T Vi
[PLC1,(C,H,)S] == | Plt -<-—S/P't
'S= solvent, acetons// (1 ‘ %§§>// ¢
...(6.5)
/\I
N
. a1 c1
|
[PtC12(NBD)] 3




CHAPTER 7 ‘

REACTIONS OF SOME CYCLOPROPANES WTTH'[ha(CO)4C12]

. . . -
7.1 Preamble '

Dichlorotetracarbony]dirhodium(I), [ha(C0)4C12], obtained by

. the reduction of [RhC13-3H20] with‘CO,”2 is perhaps the mogt important

'ﬁstsrting material for rhodium(I) chemistry. . Rhodium metallacycles
4 '

‘ , . 113 . T
" have been prepared using this complex. o e

- As discussed in chapter 1, rhodiacycles have been proposed as

intermediafés in the reaction of [RhZ(CO)4C12] with cyclopropanes

K

(equation 1.14) and quadricyclane (figure 1.10). These reactions do
not give isolable rhodiacyc]bbutanes but instead.undérgo insertion of

a termina]‘CO,'from,the Starting material, to give a rhodiacyclo-

-1

pentanone product.. SJEport for the rhodiacyclobutane intermediate is ,

LY T A
seen in the reactions of dibenzosemibullvalenes with [ha(c0)4c12]1‘3 _

O

(equation 7.1) in which the products isolated appear to be rhodiacyclo-"

butane complexes.
“ #

Cthy

[ha(C0)4C12]

—— e SRy

LN & 2 A

2

-

o The qim'of the work in this section of the thesis was to : ’
determine the products of the reactions between [Rhp(C0)4C12] and the

. 152 o
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various cyclopropanes used in the preparation of the platinacyélo-
butanes of chapter 2, The reactions hoped for are illustrated in scheme
7.1. They are based, by éna]ogy, on those previous)y known in the
rhodium systems studied to date and those of the platinum systems
discussed in this thesis. By sueh processes rhodiacycles containing
three, four, or five carbon atoms €n the cyclic array can be envisioned.
In this study, however, no stazae rhodiacyclies could be isolated. The
products, where reactions occurred were organic compounds derived

from rearrangement of the starting cyc1opr0§anes. These reactions were

not general for all the cyc]opropaﬁes studied'but are novel in their

own right and will be discussed in separate sections. £
7.2 Reactions attempted

The reactions of [RhZ(CO)4C12] which have been attempted are
summarised in Table 7.1. In generaWtwo methods were tried: reaction
was carried out in the neat cyclopropane and in ofganic solvents;such
as tetrahydrofuran, chloroform, or acetone: Two of these latter
reactions proved to be interesting and involved rearrangement of the

® &»
cyc]opropane. These are marked by asterisks in Table 7.1.

7.2.1 Reaction. of [ha(QO)4C12] with the neat cyclopropane
. R | Y : .

McQu1'1'|in35 has preparéd stable rhodiacycles by the reactions
.pf [ha(CO)4C12] in neat cyclopropane derivativeﬁ, under mild
condifions, the products;precipitating from solution (equation 1.14).
This method however, proved unsuccessful for the reaction of

*

[Rh (C0)4012] with the cyclopropanes used in this study (see Table 7. 1).

4
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ZRH
0c—
1

Scheme 7.1
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ﬂ Possible Metallacycles in the Reaction of
[ha(c0)4c12] With Some Cyclopropanes _




S

Cyclopropane

»[:>—éh20H

Table 7.1

iii)

*xoiv)

i)
ii)
iii)
i)
ii)

111)

Solvent

neat
THF ,
CHC]3
acetone

[

neat

THF

CDC13
acetone-d6

neat
THF
acetone-d6

neat

THF

CDC]3
acetone-d6

neat .

neat
THF
acetone-d6

acetone-d6

acetone-d6
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Reactions Attempted Between Cyc?obropanes And
[Rh2(C0)4C12] In Various Solvents At 40°C

Result

no reaction

no reaction

no reaction
veryrslow; deéomp.

~

no reaction
¥ L]
no reaction

very slow; decomp.
CHs3
OH

no reaction
no reaction
no reaction

* no reaction
no reaction
no reaction

no“reaction

no reaction
no reaction
very slow; decomp.

HaC
3 S =CH-CH, - CH,C1
HyC : -

no reaction

* - deno;es a reaction which was studied ih deétail
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1In a typical experiment, [ha(CO)4C12] was dissolved in the
cycloe;opahé and the resulting ééiu;ion was eithér kept in a nitrogen
atmosphere or p]écéa‘in a sealed tube. In both of these cases the
same result was %Btaiﬁed. The solution gradually (within six hours)
Qarkened‘owing to the formation of rhodium meta]."Upon work-up, b}

evaporation of the cytlopropane and fi]tﬁ!‘ion of the metal, the
\

orange residue was identified by infrared spectroséopy to be the
]

starting matgrial [RhZ(C0)4C12].

Many of theseyéamé reactions were followed by ]H-N.M.R. spectro-

-scopy which showed no noticeable spectral changes: In every case

e .
* studied prolonged reaction time or reaction at slightly elevated

- temperatures éerVed only to 1ngﬁea§e the extent of decomposition.
. [a ‘
7.2.2 React10ns of [Rh (coy C12] with Cyc]opropanes in Organ]c

Solvents

Reactions Sf tRthCO)ACTZJ with cyclgprobanes yj’sealed tgbes.
containing tetrahydronggp-of‘cthroform (pr CDC13) as solvent gave
‘re§u1ts similar, for the most pprt; to those desc}ibed in section 7.2.1
above. ‘That is} no react{on was observed exé%ét‘for bradua] Eeduction
of [Rh (66)4012] fb'e!emeﬁta] rﬁodium The reaction was allowed to
proceed until this decompos1t1on made further study 1mposs1b1e The

use of CDC13 as so]veﬁ%’allowed these reactions to be conveniently
: _

LN
monitored by

H-N.M.R. spectroscopy In only one case was a reactign
pbserved in CDC]3 which involved more than just decompos1t1on of the
rhodium starting material. The reaction of 1-mephy1cyc16propy1
carbjnoi (5% mole excess) with [ha(CO)4C1éJ was very slow at 40°C;,

going toB0% completion after-ten days. The product of this reaction

- <+

\ ‘I - ] ' ' ‘T'
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> was determined by 1H-N.M.R. spectroscopy to be 1-methylcyciobutanol,

87

identified by comparison to an authentic sample. However., the

}eacf}on was thought to be too slow to conveniently étudy further and T
decomposition to rhodium}me€;1 was fairly extensive as well.

In acetone as solvent, reactions of the various cyclopropanes
proved to-be more fruitful. Prediétions as to reacgiy{ty could not

N
\bé made a priori with any degree of certainty.

Both CH,CH(CH,0H)CH, and CH,C(C,Hg){CH,0H)CH, reacted very

slowly with [Rh2C12(C0)41 in acetone-d. as followed by ]H—NZM.R.

6
# spectroscopy. Product identification, however, was not possible owing

to decomposition of the catalyst to rhodium metal, prior to sufficisat‘

4

reaction.

’

The reactions which yielded good results were those invo]vipg

ﬁzc(cHB)(CHZOHTCHZ and (':HZCH{C(CH3)20PNB}(':H2' in separate dxperiments |
® .
with [BhZ(CO)4C12]. The first of these was determined to be -catalytic -

giving 1-methylcyclobutanol exclusively. The second gave

(CH3)2C=CHCH2CH2C1 by a non-catalytic route.

(c0)‘4c12]'

7.3 Reig%ion of 1-methylcyclopropyl carbinol with {ha

in~ cgtone-d6
7.3.1 General resultg

It was found that [RhZ(CO)ACfEJ could catalyse the rearrangemént
‘ : f

of 1-methyl@yclopropyl carbinol to P-methylcyclobutanol, according to
the equi]ibriuﬁ*in equatiqQn 7.2. gThis reaction does not proceed in e

’ﬁhe absence of added catalyst nor in the presence of added acids (such

as trifluoroacetic), under the mild conditions employed. The presence

-
/




i

—a

" m{ns As can be seen from ‘the flnal spectrum, the reactgzr goes

. -
ﬁswti‘ayy to cowlgtiog. 1In figure 7. 1b the reactmo’

158

S OO, e, :
. ~ o, (7.2)
CH, OH oo

of an equ{]ibrium was esfab]ished empirically based upon the’observation
that a11 the 1-methylcyclopropy] carbinol could never be converted -
Integration of the methyl signals, using a 100 MHz ]H N. M R. spggtro-

meter yielded an equilibrium constant of 21 at 40°C. Using equat1on

7.3, this‘equi]ibrium constant converts into a free energy of 11:9

kcal md]']

»
L4 . - . n

4G = <RTInK = -1.9 kcal mol”) *(7.3)

. This may represent the difference in ring-strain between

. ‘ N
the three and four membered rings. From Table 5.1 this value is 1.2

kcal mol'] for the parent cycloalkanes. This is consistent with a

“similar determination of as equilibrium mixture of cyg}obuty] chlgride

.and tyc]opropylmetpy] chloride which claims 3\(giig’dfwé6:1 for, these

[}

isomers at 25°¢’° (a6 ==2.1 keal mo1 ') e

&

A \i!he reaction was most easily studied by-fo]]owing it with
1

. '"H-N.M.R. speétroscopy In acetone d6 the methy] resonance of thé

1n1t1a1 1- methy]cyclopropy] carbinol octurs 0.18 ppm upfield from that ,

~
of the 1-methylcycliobutanol produced. The cyclopropyl protons d1m1n1sh

.accordingly and re§onances_apbear”§ome 2 ppm downfield- from tHis
R _ N - .

position, consistent with the product'being/a cyclobutane. - These.

‘facts are clearly 1lTustrated in flgure 7.1 wh1ch shows a typical run

o
at’ QD°C for time intérva]s of t 0 mins, t = 370 mins anq t =900 °

. (8 _
almost

” .
»
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»
CH3
[: CH3
. - CH20H
cyclopropane
protons | S,
‘ solvent
a)
&
‘ -
- b) \-
CH3
’ OH -
CH3
L 3 ' L4
’ ’ 3.0 . 2.0 1.0 0.0 6 p.p.m. - \
. /
1 ) e
. ‘ Figure 7.1 1? N.M.R. spectrum during the solvolysis of 1-methy1-
! o 4 cxc]opropy1<éarbin01 at time intervals of a) 0 mfnuggs

' . _ . b) 370 minutes and c) 900 minutes in acetone-d6 at 40 °c.
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reached one half-life as estimateq from the heights of the two methyl

resonances. The concentration of [RhZ(CO)
2

4612] for this experiment

M and the concentration of T-methylcyciopropyl

carbinol was twice this: 1.71 x 10'] M. The product formed is most

13 13

was 8.57 x 10

readily identified by its C{IH} and "“C-INEPT N.M.R. specfk?./ The
results in Table 7.2 are consistent with those in the literatJ}e for
the ‘same compound.”4 Identical spectra were obtained whether or got
the sample was separated from the catalyst prior to running the spectrum.
Upon evaporation of the volatile products, the ré;idue which remained
contained only [RhZ(C0)4C12]. This was’ established by.infrared
spectroscopy 1ntCDC13 which showed only those p;aks consistent with

the starting dimer and ]H-N.M.R. specfiroscopy which confirmed the
absence of proton containing materials. Thus, the cafaTyFic nature

o¥ this reaction was supported. Likewise, the conversion of greater
than stoichiometric amounts of 1—hethy1cyclopropy] Carbino]'and”k{netic

: 8
studies showed similar resuits.,

The results of kinetic studies to determine the order of the

A}

reaction with respect to the reactants will now be discussed.
, . ,

7.3.2 Kinetic studie;

The dependence of thé Eafalysed redrrangement of ]—mgthy]-
‘cyclopropyl carbinol with respect to [Rhé(C0)4C12] was determined by
the incremental additionﬁ of céta]yst to é standard so1u£ioniof cyclo-
propane and obsgrvipg the rate of 40°C. Plets of C-C_ versus fime;

where C = the_concentrgtion of 1-méihy1cyclppropy1 carpinol and C_ =

the concentration of this cyclopropane after ﬁnfjnite reaction, for -

14 '



Table 7.2

ty

Carbon Atom

13

. & ppm

161

C-N.M.R. Results of 1-Methylcyclobutanol

b

Founda

Literature

b,114

72.5 (tertiary)
38.4 (CH,)

12.2 (CHZ)
27.2_(CH3)

72.1
37.1
11.4
-26.5

a) in acetoné-ds, reference:center of acetone—d6

, Septet at 29.8 ppm downfield from TMS

b) in CDCI
L

relative to TMS

2
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each of these experiments are shown in figure 7.2. C_ was determined
by accurate integration (at 100 MHz) of the methyl proton signals after
the reactions had reached equilibrium at 40°C. The value of C_ was
determined to be 0.0082 M by this method. The near linearity of
these plots indicates Fhat the dependence of this reaction with respec£
to 1-methylcyclopropyl carbinol 1$‘sma11 and probably close to zero.
‘Now, a plot of the initial slopes of the graphs in figure 7.2 versus
the square of the concentration of [RhZ(CO)4C12] givesa straight line
(figure 7.3). This indicates a second-order depeagence with respeﬁt
to catastfz

In solvents containing oxygen donor atoms, such as‘dioxane,the"
equilibrium of equation 7.4 has been'%ound, by infrared spectroscopy,

115

to lie well to the right. The predominant species in solution '

being:” [Rh(CO),C1S]; S =solvent. .The infrared spectrum of

27y

[ha(co)4c12]‘ + .25 = 2[Rn(C0),C15] ..(7.4)

[ha(C0)4C12] in aiftone exhibits two strong bands in the carbony]l A

1 and 2055 cm'], This is consistent, by analogy to

region at 1987 cm
the dioxane stﬁdy, with the species in solution being the monomer
gii—[RhC](CO)ZS]; S = acetone. Therefore, the squared dependence,
oBserved is actually with respect to [RhC](CO)Zileﬁich indicates tﬁat
dimerisation of [RhC](CO)ZS] to an active species is rate-limiting. A
méchanisn?which supports fhe available data will be presented in

hJ

section 7.3.3. - . ‘ &

‘ . , L
‘\) - \
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7.3.3 Mechanism involving [Rh(CO)2C1S] acting as a lLewis acid
or a Rhodiacycle \\ .

-
At this stage in the study it was not possible to discern

between a Lé@is acid mechanism or one involving a rhodiacycle. Thé
two 1ikely routes are illustrated in Scheme 7.2.
The evidence against the Lewis acid mechanism is: s
1. H' does not effect the isomerisation.
2. No 1-chloro-1-methylcyclobutane was detected as compared
to an authentic sample.
3. No catalysis in CH613, where the catalyst exists as the ‘
dimer [ha(co)4C12]’]]4 was observed.
4. Kinetic studies in acetoﬁe show rate o [Rh(CO)2C1S]2

M L ]
indicating a binucleart catalyst and 0 order with respect,

to the cyclopropane derivative.

In order to’gain further insight into the mechanism-of rearrangement

—l

the reaction of CHZCQQH3)(CDZQH)CH2‘w1th [Rn,(€0),C1,] in acetone;d,

*at 40°C was attempteq. For comparati@e purposes the solvolysis of

the methanesulphonate analogue, (EHZC(CH3)(CDZOM5)6H2 in 60% qpetoné/HZO
at 40°C was also performed. }t was anticipated that if a rhodiacyclo-
‘butane 1ntermegig;é is operating then a different label distrTbJ‘ion
’~shou1d be seen in the products of the two reactions. }f, howe r, ¥
the same label distribution is observed for these two reactions then

N

evidence would point to the existence of the same carbonium ion - _

- - Co

intermediate in both cases. ‘ el
vt . The pfoducts of the twogreactions described’above were analysed
by théir ]3C—N.M.R. spectra in acetone—d6. THe conditions of data

collection and spectral display were identical for each as was the

{




[Rh(co) c1s] + E>< K

PATizﬁ////

‘¢ (0),CIRN~ OCH —]Sj
s /

v
[(CO¥,CIRN(OH)]"CH

+
2

. \
L [(co),

CIRh{OH) 1"

‘Scheme 7.2

/

CH OH

\\\\z:TH B

(€0),C1RN

N\

[hh(tO)éClS] +

he

CH,q
C]Rh:::>K
CH, OH

l 2.
CH3

OH

Two Likely Routes For ‘The Rearrahgement

1) One Involving Lewis Acid (Path A) and

2) One

Involving A Rhodiacycle
! .
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cbncentratfon of 1-methylcyclobutanol in each sample, t@ereby
mék{hg comparisons between the results-possible. The resﬁ]ts 6f this
experiment were conclusive in that the same product mixture of
deuterium 1abelled 1-methylcyclobutanol was obtained-in each of these

. 4 ,
cases (see figure 7.4). ‘This result supports the role of similar

carbonium ion intermediates in both cases. The result can also be

]

rationalised by a mechanism jnvo]vihg,a rhodiacyclobutane which gives

(v65%) , (~35%)

Fiqure 7.4 . Same product mixtures obtained
‘ in the two labelling studies

)

the,same label distribution as that of the solvolysis case. However,

this is‘much Tess 1ikely than the other possibiyity.

| fhe avai{able evidence just presented for the catalysed
rearréngement~qf 1-methylcyclopropyl carbinol by [Rh2(00)4c12]
guggests a proceés similar to that outlined in scheme 7.3. This

mechanism accounts for thé second-order dependence on [Rh(C0),C1S] as

2
the dimer with ope solvent mblecule must be formed before reaction can
¢

occur. Displacement of the solvent molecule by the alcohol is
) A » '




.
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expected to be rapid. Now, 1nteract1on of the cyc1opropy] end of.
'l k
the molecule with the other rhodlum atom can activate the ring to
&
expand. The precise mechanisnrof this is not yet known but involves
. -'

generation of the carbggﬂum fon which can then rearrange.

The fact twat. bhfs reaction is not general for all the cyclo- '
'.'
propanes stud1ed¢@py well be dependent upon the geometry of the cyclo-

[ l

propane and its ability to interact w1th the"™ther rhodium atom wh11e

in the spanning pos1t1on However, a more important factor may we]] ,
pe linked to the rate enhancement seen in methyl substituted cyclopro-

panes in normal so]vo]ysis75 as well as the formation of a secondary,

R CHy ‘ CH,
[:)‘f-CHZ —_— 1t s .. (7.5)
+
' - : : &
- carbonium iod from a primary one, as depicted in equation 7.5

AN
7.3.4 $eaction of 1-methylcy pronggfigrblno1 with [Rh C0)4C12]
in acetone d6 under cartfon mo e pressure at 40°C
Although the evidence presented in the previous sections seems
to rule out a rhodiacyclic intermediate it was thought that, if present,
. one couid be tr;pped by CO insertion to give a more stable rhodiacycle,
as tn scheme 7.1. Therefore, a reaction was set up under identical
conditions as before except thag;the reaction was performed in.a bomb™
under 150 psi of COo. Before discussing these results, the possible
. interactjons of Cd\with each of the star}ing materials will be
discussed brief]y with reference to results from the literature.

Under a carbon monoxide pressure of 50 kg/cm2 and a temperature

of 200°C cyclopropane itself has been shown to be converted cata1yt1ca11y
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CH3

Scheme 7.3
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The Probable Mechanism For Rearrangement
of 1 Methy]cyc]opropyl carbinol by
[Rh (C0) CIZ] in Acetone
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to a mixture of mainly gkopy1ene, dipropyl ketone, cyclobutanone and

isopropyl propyl ketone by e1ther [Rh (C0)4C12] or the rhod1acyc10- /
116 .
1o

pentanone: [RhC](COCHZCHZCHz)( 0) These cond1t1ons are vefy

severe and comparison to results at 40°C may not be possible.

117

It has been found that carbon monoxide is capable of bridge-

sp]itfing reactions with [ha(C0)4C12] af elevated pressures'(ZOO psi).
according to equ;tidh 7.6. The extent of the equi]ibrﬁuﬁ at 25°C i)&
<
[Rh,(C0),CT,] + 200 == 2Rh(CO)

L . &

3C1 ‘ '...(7.6)

dependent upon the partial pressure of CO and the solvent employed.

The conversion to [Rh(CO)3C1] is approximately ten times larger in

1,2-dichloroethane fﬁan in hexane.”7 . .

When a catalytic amount of 1-methylcyclopropyl .carbino] is

reacted with~[Rh2(C0)4CTZ] at 40°C in acetone-d. under CO (150 psi)

6
for 12 hours and the resultant solution allowed to equilibrate to

atmospheric pressure the organic product is only T-methy]cyc]obutano1,

%

as ideptified by 1H—N._M.R. spectroscopy. The rhodium complex in
sb]utioﬁ\is st111-[RQ£CO)2C1(acetone)]. However, precipitating out of
the orjginan solutica were several large black crysta]s: Infrared;
spectra of these crystais in the carbonyl region (nujol (cm']): 2070s,
2015m, 18005;-CDC13H(cm'1): 2070s, 2040m, 1800s) and their colour

confirm them as being the cluster Rh6(C0)]6. This known compound is

"

black and air stable and has carbonyl stretching frequencies of

-1 118 119

2073 cm™ ', 2026 cm'] ahd 1800 cm™" in KBr. Previous reports

have . 1nd1cated that both [Rh (C0) ]2] and [Rh (00)16] can be formed

from react1ons of [RhZ(C0)4C12] w1th CO depending upon the solvent
’ L) EA

Q 1
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~system. It wou]d appear that the 1nso1ub111ty of [Rh (CO)]G] in

'acetone facilitates 1ts 1dent1f1cat1on in th1s case.
. A

i

7.4« ReaCtioﬁ.Of [ha(C0)5C12] with 2-cyclopropyl- |
2-propyl - p-nitrobenzoate _ . .

&

when 2-cycLopropy43?-propy1 - p—nitrobenZOate is added to an
acetone solution of [Rh (C0) Clz] the solution furns a,deep g@d.co1our

within half an hour and a dark precipitate comes out of so]ut1on The
o4
reaction has beeh shown to g1ve the_products in scheme 7.4. The#

organic product der1ved from rearrangement of the start1ng cyclopropane
1s 5- ch]oro 2- methyl 2- pentene The ch]or1de is derived from the

[Rh (CO) C]z] start1ng material.’ The fate of the rhodium employed

is generat1on of the novel qarboxylate complex [Rh (u- 0,C-CcH 27P" NOZ)Z

(C0)4J. These two products account ‘for. the 1ack of cata]ys1s observed

/

Vim bh1s react1on , ' o o "
: 3 N . ' '
7.4.1 Product identification

P

5 Chloro-2- methy] 2- pentene 1s formed in 95% ydeld JFrom this -

;react1on The product is most eas1]y character1sed by its ]H-dﬁwgz

13 13

o
spectrum as well as by its C{ H} and INEPT “C-N.M. R spectra“ The .

spectral vdata and con‘on to that of*tﬂe hterature ts summarised
in Table 7.3. | |

I hd 2,

The rhodfﬁm complex.: - [Rh (u- 0 C- C6 4 p:ﬁOz CO ] iy read11y
characterised by *its infrared spectra (TabTe 7 4) H N. M. R. spectrum
(mu]tip]et at 68.34 ppm in acetone- dﬁ) and elemental ana]ys1s Its .

pur1ty 1s supported by a sharp me]t1ng ponnt (209 210° C)- The =
' compound 15’ b]ue b1ack in the solid state and is so]ub]e in common
. - e\

~

"y

a ‘.9

-~y
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Scheme 7.4 Products of the reaction of [RhZ(C0)4C12]
with 2-Cyclopropyl-2-propyl - _p-nitrobenzoate
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Table 7.3 ]H and ]3C-N.M.R. Spectral Pargheters
For 5-Chloro-2-methyl-2-pentene
! ALl
H,C
' c3=c4HC-c5Hg-c6H§c1
HBe
3
N 5 (ppm)
. : Proton. ~ Found® Literatureb
uA 1B 1.63, s 1.63, s
1.69, d; J=1.2 Hz 1.71, s
HC 5.17, m; J=1.2 Hz, 5.12; J=7 Hz
7.02 Hz .
- HP | 2.44, quart; J=7.02 Hz 2.20-2.70; J=7 Hz
HE 3.53, t; J=7.02 Hz 3.45; J=7 Hz
c
Carbon . § (ppm)
. ' Found .
1 .2 | ’ '
c,C 25.8, 17.8 (CH3 s)
. 63 135.1 (tertiary)
ct ’ 121.2 (methine)
C5 32.2 ‘(methylene)
C6 45.1 (methylene)

a) in acetone-d6 so]Qent, using acetone quintet .as reference,
62.04 ppm from TMS
{

b) in CDC]3, relative to TMS from reference 120

c) in acetone-d6 solvent, using atetone septet as reference 629.8 ppm
relative to TMS -
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organic solvents; giving an orangtho]ution in acetone. , The dichroic
nature of carboxylate bridged rhodium complexes has ‘been observed

13 and has been rationalised in terms of different Rh-Rh

before
interactions in the solid state and solution. Similar type complexes,
prepared by the reaction in equation 7.7, have been shown to be

dimeric in acetone or benzene solutions based on molecular weight

determination in these so}vents.]21 A comparison of- the infrared
2Ag0,CR ‘
[ha(q0)4C12] —_— [ha(u—OZCR)Z(CO)4] + 2AgC] . (7.7)
R = CH

CFy, Ph, p-FCGH

3’ 64

»

spectral data for the complex isolated and a very similar complex

(R = p-FC6H4 in equation 7.7) is given in Table 7.4.

7.4.2 Discussion of fhe reaction
./

The formation of 5-chloro-2-methy1-Z-peqtene from 2-cyclopropyl-
2-propyl - p-nitrobenzoate is not iota11y unexpected based upon similar
organic systems which ﬁndergo the process in equation 7.8.75 However,
2-cyclopropyl-2-propyl - p-nitrobenzoate under solvolysis conditions
gives only unrearranged 2-cyclopropyl-2-propanol and no olefin

products.122 The reaction observed is most closely related to a study

R_ X - R o R ‘
—_— —_— _
R:>¢L__<<:] — R:}:;::f::] = R:>___CHCH2CH2Y ...(7.8)

of the conversion of cyclopropylmethanols into homoallylic halides

using Lewis acids such as MgX2 (X = C1, Br or I) as shown in

5
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Table 7.4 Infrared Bands (in cm—-)-df'Brjaged
- Carboxylate Complexes of the Type:

[Rh,(u-0,CR),(C0),]
*(Nujol and Halocarbon 0ils)

Compound . CO stretch Asym Sym "Otﬁer strong
. €00 C00 bands

Rxp-NO?C6H4a 2076 vs, 2021 vs 1605 1555 ' 1530 my, 1430 s

Blue Black * 1345 s

m.p. 209-210°C

R=p-F06H4b 2079 vs, 2024 vs 1603 1546
Blue 1984 w
m.p. 184°C

1508 s, 1408 s,

1403 s

a) this work

b) reference 121
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equation 7.9. 5-Chloro-2-methyl-2-pentene itself was brepared'from

. ) ‘ RI
RV X\\\,/’\\<55J\\ (7.9)
: - R (7.
R OH Etzo, A .

2-cyclopropyl-2-propanol by this reaction. Cyclopropy1 carbino],A
however, did not react at an appreciable rate. These authors also
found that substitution of an alkoxy functionality for hydroxy did
not preclude reactioh; it only slowed the r;te. Unfortunately no
ester funttionalities were attémpted which could be used in comparison-

to work done in this thesis.

L 4

7.5 Reactions of [ha(C0)4C12] with some platinacyclobutanes

As seen in section 7.3,’[Rh2(C0)4C12] is able to effect the
transformation of T-methylcyclopropyl carbinol to T1-methylcyclobutanol

in good yie]d,(eqdation 7.2). . Also, an estimate was obtained for the

difference in ring strain in the three and four membered carbocycles.
. P

It was hobed that thz(CO)4C]2] might also catalyse the ring expansion
reaction of a platinacyclobutane to a platinacyclopentane complex as

seen in equation 7.10.

CH

CH [Rh,(€0),C1,] 3
L2(212Pt<>( 3 24 2 L2c1zpf<j‘0“ ...(7.10)
CHOH S 75 | ,

2

If such a reaction could be observed then an equilibrium mixture of

the two metallacycles would give a direct estimate of their relative

1

ring strains.. This value has been estimated to be <5 kcal mol ', by

23,96

some authors, for a similar Pt(II) system,

though work in this
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thesis suggests a larger value in this Pt(IV) system studied.
Unfortunately, as will be discussed, [ha(CO)4C12] does not catalyse
the reaction,in equation 7.10.

When a catalytic amount of the bis(pyridine) adduct:

[ﬁtC]z(CHZC(CH3)(CHZOH)éHz)pyz], 4, was dissolved in acetone and

allowed to react with [RhZ(CO)4612] for several days at room tempera-
ture, the solution blackened somewhat. The starting piatinacyclgbutane;
however, was recovered unchanged indicating the black inso]ub]g

¢
species was rhodium metal.

The bipy complex, [P%C]z(CHZC(CH3)(CHZOH)EHszipy] was prepared
. directly from the pyridine analogue by addition of 2-2'-bipyridine and
filtration of the insolwble product. NWhén this complex was dissolved

in acetone and, likewise, allowed to react with [RhZ(C0)4C]2]'the
‘starting p1atinacyc10butane‘was again recovered_unchanged (as iifnti-
fied by it; ]H-N.M.R. spectrum), though some rhodium metal was also ‘

present. ///

The above results clearly show that [th(CO)4C12] does not
B

catalyse the reaction in equation’ 7.10. However, they do not preclude
the possibility that such an equilibrium might exist if a suitable

catalyst could be found.




CHAPTER 8
EXPERIMENTAL

8.1 General

]H-N.M.R. spectra were recorded using a Varian 760 N.M.R,

Spectrometer at 60 MHz or a Varian XL100-Spectrometer at 100 MHz.
: ]3C N.M.R. spectra were recorded using a Varian XL100 instrument
operating at 25.2 MHz, a Varian XL200 instrument at 50.309 MHz or a

" Bruker WH-400 spectrometer at 100.618 MHz. °

H-N.M.R; spectra were
recorded using a Varian XL200 instrument 6perating at 30.710 MHz.

The infrared spectra of solid compounds were recorded -as nujol
or halocarbon 0il mulls. Solution infrared speéira were run ih either
methylene chloride, chloroform or acetone using 1.0 mm NaC] cells.
'The spectra were all recorded on a Beckman 4250 instrument.

Mass spectra were recorded on a Varian MAT 317A instrument -
operating under conditions specified in the text.

Microanalyses wege performed by Guelph Chemical Laboratories,
Gueiph, Ontario, Canada.

Cyclopropanes, not synthesised, were obtained from Aldrich and
were used without further pﬁrification. Ethyl1&e and carbon monoxide
were obtained frem Linde. K2PtC14‘and RhC13'3H20 were obtained from
Strem Chemicals Inc. Al1.deuterated solvents were obtained from MSD
Isdtopes whereaéfa]] protiated solvents were obtained from Fischer
Scientific Company. Pyridine and methanesulphonyl chloride were
supplied by Eastman Kodak Co. [Pt(CHB)Z(bipy)] was kindly supplied

13

by Mr. P.K. Monaghan. C-labelled cyclopropyl carbinol was prepared

178 '
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. by the method of Golﬁng.et a1]23 with experimental assistance from ]
o C '

“ Mr. T. McLean. Most other chemicals were obtained from:Aldrich.

Solvents were generally used as is except foe anhydrous tetra-

hydrofuran and methylene chloride which were distilled from CaHz.
8.2  Preparation of TraMsitiof Metal Starting Materials
8.2.1 Zeise's Salt, K[PtC13(C2H4)]-H20

Pot R ium tetrachloroplatinate(II), K, PtC1,, (4.5g, 10.8 mmol)

2 4’
was added to 45 mL of 5 M aqueous hydrochjoric acid in a‘]25 mL two °

- necked flask equipped with a magnetic stirrer. The flask was sealed

with a rubber septum fitted with two meedles, one of which extended - ‘
into the solution and used as an inert gas inlet and another used és“

a gas outlet. The other opéning is fittéd with a thefmoﬁeter coupTe
through which is placed a disposable Pasteur pipette which exﬁends

into the solution and is attachedxto a cylinder of ethylene. The

flask #s then flushed with nitrogen for thirty minutes during which

time ethylene is intermittently bubbled to aid flushing. With a
:hybodermfc syringe 5 mL of distilled water was added to hydrated tin(II)‘
chloride, SnC12-2H20, (.04 g, 0.2 mmol) and the resulting suspension

was quick]y,transferred, ajsb1by means of a hypodermic syringe, td the
flask containing the K2P;614. A stream of ethylene was slowly bubbled
through the resulting stirred reaction mixture. During the boursé of

the reaction;/the initial ‘red-brown sulpension turns ye11ow and all

the -so1id dissolves as the reaction p?dceer. After .12 hrs the,

reaction mixture was warmed to 45°C and clarified through a sintered

L]

‘g1hss‘funne1;._The solution was evaporatéd on a rotary evaporator

-

A}
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until yellow crysta]s:inﬁtially formed. The flask was then cooled in
a salt-ice mixture yielding a yellow precipfitate of ﬁeed]e shaped

. cryé£;1s of Zeise's salt. The K[PtCl3(C2H4)]-HéO was filtered and
then washed with a small amount of ice water. The product was dried
in vacuo giving 3.2 g (76%). The filtrate was then allowed to
evaporate at room temperature and the resulting solids were extracted
with methanol (3 x 10 mL). KC1 and other impurities were filtered

off and the methanol was evaporated to give a further yield of Zeise's

“ salt. Total yield was 82%.

13
8.2.2 Zeise's Dimer: [Pt2C12(u-C1)2(CZH4)2]

Zeise's salt (1 g, 2.6 mmols) was added to 15 mL of absolute
ethanol. 0.5 ﬁL of concentrated HC1 was added dropwise with stirring.
Potassium chloride was precipitated immediately. The mixture was
clarified by filtering through a fine sintered é]ass filter. The
solvent was pumped off to give a bright orange product which was

v

washed with a Tittle cold ethanol and dried under vacuum overnight.

The yield was 0.73 g, 97%. ~
. « ~ ’

8.2.3 [PtC1,(SMe,),] o
X ‘ : s
KyPtCl, (5 92 2.0 mmol) was dissolved in 30-mL of water and the

resuiting solution wasfiltered. Dimethyl sulphide (2.5 mL) was
added to the stirred solution. The reaction was allowed to proceed at
room temperature for 2 1/2 hrs and for a further hour at 80°C. The

-+ aqueous solution was evaporated to dryness gnd the residue extracted

“With CHZC]2 (3 x 30 mL). .The organic layer was filtered and dried




over Na2504 then filtered again and evaporated. The yield of yellow

product was 4.14 g (88%). m.p. 157-158°C.

8.2.4 [PtBr,(SMe,),]

This was prepared in an identical fashion as that for the
dichloro analogue, [PtC]Z(SMeZ)Z] (8.2.3) except that the K,PtCl, ‘
was dissolved in 85 mL of saturated aqueous KBr prior to add%tion
of the dimethyl sulphide. VYield = 4.57 g, (79%) of orange product :
m.p. - 165—167°C;

8.2.5 [Pty(CHy),(u-She,),]

I[PtCIZ(SMeZ)z], (1g, 2.78 hmo]), was suspended in 75 mL .
anhydrous ether cooled in an ice-saltwater bath. LiCHB, (12 mL of
1.5 M solution in ether) is added dropwise to the stirred suspension.
The reaction is performed under N2 for one hour. The mixture is
transferred to a separatory %unne] and 25 mL of saturated adueous
NH4C1 solution is added. The ether layer is obtained, washed with

" water (1 x 1q“gL) and dried over MgSO4. The ether was removed on a

rotary evaporater giving a light brown residue (.65 g, 81%).
8.2.6 [PtBrCH3(SMeZ)2] ’

[PtZ(CH3)4(u-SMe2)é], (182 mg, 0.32 mmol) was dissolved in

‘ CHEC]Z (2 mL) and §Me2 (47 uL, 0.64 nnw])Awas added. The mixture was
stirred for 30 minutes at room temperature after which time
[PtBrz(SMéz)z] (303 mg, 0.64 mmol), dissolved in CH2C12 (6 mL),

was added dropwise with stirring. The reaction flask was covered in

~foil and allowed to stir at room temperature for 21 hrs. The clear
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a .
light yellow solution was filtered and hexanes (5 mL) was added to
drive off the dimethyl sulphide. After evaporation of the solvent the

residue was‘dried on high vacuum to give a light brown residue (447 mg,

92%) .
8.2.7 [PtBrCH3(pry)]

[PtBrcCH (SMeZ)z], (201 mg, 0.485 mmol), was dissolved in 2 mL

3
. of dry benzene and the solution filtered. A 5% mole excess of

| 2,2'-bipyridine (éo mg) was also dissolved in 1 mL of drynbenzeng
and the solution filtered. These two solutions were combined in the
dark and allowed to react at 0°C for 3 h&urs. Orange needles of the
desired product precipitated and were filtered, washed with n-pentane

(2 x 3 mL) and anhydrous ether (1 x 2 mL). The yield of the product

1

- was 202 mg (93%). "H-N.M.R. in CD,C1

2
23("%pt-4)=78 Hz. m.p. 180°C (d).-

2 CQS at 61.10 ppm, -

12
18.2.8 [Rh,(C0),C1,] \

Carbon monoxide is passed th}ough a finely divided sample of
[RhC]3-3H20], (3.0 g, 11.5 mmol), at 100°C so as to maintain a con;eni-
ent rate of sublimation of the product. At regular 1nteryals the
water is removed with absorben; cotton and the réd-orange product
isolated. After six hours the reaction is complete and only a small ’ N
amount of sfarting material (presumab]} as the inert [RhC43]) remains
unreacted. ?:e product was sublimed under vacuum at 80°C to give 2.05g
(87%) of the desired red-orange product. The product‘was stored in a

?

desiccator.

' »
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- 8.3 Preparation of C' propanes |
(see Tables BTﬁﬁQB'.—Z for "4 and 13C-N.M.R. data)

*

8.3.1 Cyc]op:opy] carbinol

¥

.Cyclopropanecarboxy1fb acid (5.0 g, 58.1 mmol1) in 10 mL of:
anhydrous ether was reduced with 1.05 equivalents of Tithium aluminum
hydride in 75 mL of anhydrous ether. The acid was added dropwise to

« the suspension at a rate to maint&in gentle reflux. The top of the

condenser was fitted with a CaCl2 drying tube. . After addition -

(30 mins.), the mixture was allowed to react at reflux for an additional

-

» X .
three hours. Distilled water was then added dropwise with caution
until there was no further effervescingand the precipitate was a pure'
white colour. The suspension was gallowed- to settle and then decanted

and filtered through Celite. The Celite and precipitate were washed

A

with ether (2 x 50 mL), The ether extracts were combined, dried'ovgr

K,CO and'eVaporated at 0°C on a rotary evaporater. The residue was

2773
fractionally distilled under reduced pressure to give 3.23 q (77%

yield) of the product. b.p. 35-37°C/16 mm Hg.

8.3.2 Cyc]opropy]-a,u—d2 cérbino] . P

The procedure used was the same as that for the preparation of
‘ L N . .
cyclopropyl carbinol (8.3.1) except that lithium aluminum deuteride,

~

containing 99 atom % deuterium, was used to reduce the acid. The -

yield of the product was 2.68 g (62%).

8.3.3 Cyc]opropy1carb1ny1‘methanesulﬁhonate Yy

To a stirred solution of-cyc]opropy]'carbinoi (1 g, 13.9 mmo

&




{
8

in CH2C12 (1 mL) and triethylamine (2.8 g, 27.8 mmol), at 0°C, was

added methanesulphonyl chloride (1.59 g; 13.9 mmol) in CH,CIl (f mL).
A 272

After stirring for an additional 2 hours at 0°C 2 mL of cold CH2C12

was added and the organic phase washed sequentially with ice water

at 0°C (1 x 4 mL) and égain with 4 mL of ice

o

in vacuo at

(3 x 4 mL); 2% Na,CO

. 2773
water.. After drying over K2C03 the solvent was removed

0°C over a period of five hours. The residue obtained (1.51 g, 72%)

was used without further purification. .
8.3.4 Cyc]opropylparbiny]—a,a—d2 methanesulphonate .

The procedure was the same as for the preparation of cyclopropyl-
carbinyl methanesu]phonate‘(B.3.3) except that the ester yas prepared
from-cyclopr‘opyl-a,u-d2 carbinp]. The yield of product was 1.33 g

(65%) .

L]

. Y . ‘
B8.3.5 1-Methylcyclopropyl carbinol

1—Methy]c&cloprbpanecérboxy]ic'acid (10.0 gi 0.1 mo]) was

reduced in 1%0 mL of anhydrbus ether with 1.05 equivalents of lithium
aluminum hydride. The acid in 25 mL of aﬁhydqgus ether was added
dropwise with stirring to the §USpension at a rate to maintain a
gentie reflux. The susbensioq was allowed to reflux for an additional
A3 hours after which timedistilled water was added with caution until
there was no more effervescing and the precipitate was a puré'whjte.
The suspension was a]]erd to settle and the solution qnd*susgension
were filtered through a Celite pad. The Celite was washed .with ther

(3 x 25 mL) and tbe ethereal solution was dried over K2C03. The ether

was removed under reduced pressure at 0°C. The residue was dried

- &




again over K2C03 prior to distillation which gave one main fraction of

the title compound (6.63 g, 77%). b.p. 37-39°C/15 mm Hg.

8.3.6 1-Methy‘lcyc]opropy]-a,a—d2 carbinol

The procedure was the same as for the preparation of 1-methyl-

cyclopropyl carbinol (8.3.5) except that lithium aluminum deuteride,
¥ .

containing 99 atom % deuterium, was used to reduce the acid, (5.0 g,

.05 mol). The yield of product was 2.5 g (57%). ; .

8.3.7 1-Methylcyclopropylcarbinyl methanesulphonate

To a stirred solution of }-methylcyclopropyl carbinol (1 g,

11.6 mmol) in CH,Cl, (1 mL) and triethylamine (2.35 g, 23.2 mmol),

at 0°C, was added dropwise methanesulphonyl chloride (1.33 g, 11.6 mmol) &

in CH,CI, (1 mL). After stirring for an additional 2 hours at 0°C,
cold CH Ci (2 mL) was added and the organic phase washed sequentially
with~ice wéter (3 x 4 mL), 2% aqueous Nazéo3 ;olution at 0°C'(1 X 4 mL)
and again with ice water (1 x 4 mL). After evaporation under high

vacuum for fqur hours at 0°C there remained a 1ight yellow oil (0.98 g,

52% yield) which was used without further purification.
8.3.8 1-Methy1cyc!opropy]carbiny]-a,a—dz methanesulphonate

The procedure used was the same as that for the preparation of
1-methylcyclopropylcarbinyl methanesulphonate (8.3.7) except that
<
lithium aluminum deuteride, containing 99 atom % deuterium was used to.

reduce the acfd. The yield of produce was 1.16 g (62%).
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8.3.9 2-Cyclopropyl-2-propanol~2

Cyclopropyl methy? ketone (8.4 g, 0.1 mol) in anhydrous ether
(25 mL) was added over a period of forty-five minutes to a solution of
methy? iodide (17.04 g, 0.12 mol) and magnesium turnings (2.92 g,

0.12 mol) jn anhydrous .ether (100 mL) at 0°C. After the addition was

completed, fﬁe reaction mixture was refluxed for thirty minutes, poured
onto ice and filtered through a Celite pad. The organic layer was
separated and the aqueous layer was extrécted with ether (2 x-75 mL).
The combined organic ]éyers were washed once with water (50 mL) and
driea with KZCO3. The solvent was removed and the residue distilled
under a reduced pressure of 16 mm Hg to give a single fraction

(41-44°C) of the desired product (8.2 g, 82%).

8.3.10 2-Cyclopropyl-2-propyl = p-nitrobenzoate
|

2-Cyclopropyl-2-propanol (1 g, 0.01 mol) was reacted with
p-nitrobenzoyl chloride (1.94 g, 0.0105 mol) ™ dry pyridine (10 mL)
ét -5°C for 72 hours. Cold CH2C12 (30 mL) was added and the organic
phase was washed with ice water (3 x 30 mL), co]& 5% aqueous Na2C03
so]utiﬁ% (1 x 30 mL) and again with ice water (1 x 36 mL). The organic
layer was dried over K2C03. filtered and evaporated to give an oily -
solid which was recrystallised from hexanes -to give a white crystalline

product (2.0 ¢, 70%). m.p. = 88-89°C.
) 8.3.11 a-Methylcyclopropylcarbinyl-p-nitrobenzoate

a-Methylcyclopropyl carbinol (1 g, 11.6 mmol) was reacted with

p-nitrobenzoyl chloride (2.26 g, 12.2 mmol) in dry pyridine (10 mL) at
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-5°C for 72 hours. Cold CH2C12 (30 mL) was added and the orgépic

phase was washed with ice water (3 x 30 mL), cold aqueous 5% Na2C03

solution (1 x 30 mL) and again with ice water (1 x 30 hL). The

{
organic layer was dried over K2C03, filtered and evaporated to yield
an orange 01l which crystallised upon standing. The product was
recrystallised twice from hexanes to give 1.9 g (70%) of white

crystals. m.p. = 55-56°C.

8.4 Preparation of Platinacyclobutane Complexes

1

8.4.1; [P%C]Z(CHZCH(cgzoﬂiﬁHé)pyzj, 1.

Zeise's dimer (100 mg, 0.172 mmoi) was placed in a round bottom
flask fit}ed with 5 condenser, drying tube and stirring bar. The
dimer was dissolved in dry THF (5 mL) and cyclopropyl, carbinol
. (125 mg, 1.72 mmol) was added dropwise to the stirring solution. The
reaction was allowed to proceed overnight at room temperature after
which time the solution was filtered through a K2CO3 plug and
evaporated to dryness under high vacuum. To the solid tetrameric

complex was added CH C12 @5 mL) and then pyridine was added to the

2
stirred suspension, kept at 0°C, until the solution cleared. This

solution was then evaporated to dryness and the residue washed with
anhydrous ether (1 x 1 mL). The last traces of ether and residual
pyridine were removed under high vacuum to gjvé‘an amorphous pale

yellow compound. This was then recrystallised from CH,C1, solution

272
by the addition of n-pentane to give a pale yellow product which was

1

identified by its 'H and ]3C-N.M.R. spectra (Chapter 2). Yie]d 86 mg .

(50%); m.p. 93-95°C (dec.).

Analysis found: C, 32.26; H, 3.60; N, 5.08. Calculated for
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R'=R"=H; R“=Ph; R"=Ms 0.

Table 8.1 H-N.M.R. Date For Synthesized Cyclopropanes
> 4

Compound TL T E A LR & R*
R!=RZ=R3=p4=HP 0.54.m 0.24,m 3.35,d 1.02,m 4.00,s
R'=R%=R3=H; R*=Ms 0.70,m 0.42,m 4.09,d  1.23,m  3.04,s
R1=RZ=R%=H; R3=CH3 0.42,m 0.31,m 3,37.s 1.13,s 3.47,s
R'=R2=H; R3=CH3; RY:Ms  0.57.m 0.48,m 4.02,s 1.20,s 3.04,s
R]=R2=CH3; R3=R%=H 0.3,n  0.26,m 1.18,s  0.92,m 1.81,s
R1=R2=EH3; R3=H; R*=PN8 0.58,m 0.52,m 1.57,s  1.56,m 8.21,m
R'=R3=4; R2=CH§ R4-pnBC 0.55,m 0.55,m 4.36.m/ 1.12,m 8.25,m

. 1.46.d
1_p2.y. g3 4 9%,m 0.96,m 4.08,s  6.96.m

2.61,8 /,z’

a)
b)

c)

in CDCI

J
J

1,2-3

1,2

3 relative to

= 6.7 Hz

= 6.3 Hz,

residual CHC13

&

at 7.24 ppm relative to TMS



189

Table 8.2 }3C-N.M.R. Data For Some
Synthesized Cyclopropanes
3 3
H.C R
2 /
\\\\\‘cz 1 1.2 4 '
///// ~C R'R"0OR
4
H,C
Compound C.| C2 C3 C4 Others
R1=R%=R3=H; RY=Ms 75.8  10.2 3.8 3.8 R'=37.1
R1=R%=R=H; R3=CH3 70.4 17.9  10.8  °10.8  R3=20.6
R1=R%=H; R3;CH3;R4;M5 78.8  15.4  11.7 1.7~ R3=20.4;
R4=37.3
R]=R2=CH3; R3=4; RY=PNB 84.7 20.6 2.1 2.1 R,R%=24.8P
RI=R%=H; RO=CH s RP-PNEC77.4 16,4 . 2.7 3.9 R%=19.9,d
R1=R2=H; R3-ph; RY=Ms 78.2 25.0 12.2 12.2 r*%37.3.e
- \
: : 13 .«
a) in CDC13 relative 39 central \CDC13 peak at +77.0 ppm relative
to TMS A
,
by R* = 123.9, 130.5, 137.5, 150.3; 163.6
c) assignments for C-3 and C-4 ma& be reversed
d) RY = 123.5, 130.7, 136.4, 150.4, 164.3
‘o) RS = 1@7.1, 128.5, 129.0, 141.2

o

)



Ci,N,OPt: C, 33.89; H, 3.665 N, 5.65.

C1atgCToNy

8.4.2 [PtC1,(CH,CH{CH(CH;)OH)CH,lpy, ], 2

This compound was prepared by the same procedure as for

[PEC]Z(CHZCH(CHZOHXEHZ)ﬁyz], (8.4.1), employing a-methylcyclopropyl
carbinol (150 mg, 1.73 mmol). The light yelJow product was recrystal-
lised from CH2C12/n-pentane: yield 81 mg (46%), m.p. 120-127°C (dec.).
Analysis found: C, 34.15; H, 3.53; N, 5.74. Calculated for’

C]5H20C12N20Pt: C, 35.31; H, 3.95; N, 5.49.

: Li )
8.4.3 [PtC12{CHZCF(CCH3)20H)CH2}Dy2], 3.

This compound was prepared by the same procedure as for

[PEC]Z(CHZCH(CHZOH)éHZ)pyz] (section 8.4.1), employing 2-cyclopropyl-
2-propanol (125 mg, 1.24 mmol). The Tight ¥g11ow product was

" recry;ta]]ised from CH2C12/n—pentane = yield 124 mg”(69%), m.p.
119-120°C. |
Ana]ysisr%ound: C, 36.37; H, 4.26; N, 5.20. Calculated for

C]6H22C12N20Pt: C, 36.65; H, 4.23; N, 5.34. .

8.4.4 [PtC]z(CHZC(CH3)(CHZOH)CHZ%pyE]; 4.

This cdmpound was prepared by the same procedure as for

f
[PtClZ(CHZCH(CHZOH)&Hz)pyz], (8.4.1), employing 1-methylcyclopropyl

carbinol (150 mg, 1.91 mmol). The white product was recrystallised

from CH2C12/n-pentane: yield 111 mg (63%}, m.p. 116-117°C (dec.).



Analysis found: C, 35.24; H, 3.92; N, 5.41. Calculated for

C C1

»

N,OPt: C, 35.31; H, 3.95; N, 5.49.

15120t 12Ny

8.4.5 [PLC, (CH,C(Ph) (CHyOH)CHy )Py, T3 5.

This compound was prepared by the same procedure as for

[P%C]Z(CHZCH(CHZOH)éHZ)pyz], (8.4.1), employing 1-phenylcyclopropyl
carbinol {250 mg, 1.72 mmol) except that owing to the involatile
nature of the cyclopropane derivative the tetramer was washed with
anhydrous ether (3 x 1 mL) prior to pyriding addition. The white
product was recrystallised from CH2C12/n;pentane: yield 138 mg (70%),
m.p. 121-123°C (dec.).

Analysis found: 'C, 41.90; H, 3.64; N, 5.30. Calculated for .

C20H22012N20Pt: C, 41.96; H; 3.88; N, 4.89.

8.4.6 [PtC12(CHZCH(CH20MS)CH2)py2]; 6.

P el

This compound was prepared by the same procedure as for

[ﬁtC]z(CHZCH(CHZOH)éHz)pyz], (8.4.1), employing cyclopropylcarbinyl
methanesulphonate (104 mg, 0.69 mmol), except that owing to the
involatile nature of the cyclopropane derivative the tdtramer was
washed well with anhydrous ether (6 X 0:5 ml) prior to pyridine
addition. The produét from pyridine addition was passed down a short
column of Florisil, eluting with CH2012. The solvent was then re-
moved and the product washed to give a pale yellow residue. This
light yellow product was recrxsta]]ised from CH2C12/n—pentane: yield
113 mg (57%), m.p. 56-59°C (dec.).

Analysis found: C, 31.71;.H, 3.79; N, 4,94, Calcuiated for

C15H20C]2N203Pt5: C, 31.37; H, 3.51; N, 4.88.

191
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8.4.7 [PtC]2(CHZ£?(CHCH30PNB)CH2)pyz]; 7.
DR T
This compound was prepared by the same procedure as for

[HtC]Z(CHZCH(EHZOH)EHZ)pyzj, (8.4.1), empToying a-methylcyclopropyl-
carbinyl-p-nitrobenzoate (250 mg, 1.06 mmol), except that the tetramer
was washeﬂ well with anhydrous'ether_(S x 1 mL) prior to pyridine
addition. The white product was rec?ystallised from CH2C12/n—bentane:
yield 125)Tg (55%), m.p. 151-153°C.

Analysis found: C, 39.95; H, 3.60; N, 6.20. Calculated for

C22H23C]2N%24Pt: €, 40.07; H, 3.52; N, 6.37.

8.4.8 [PtC1, (CH,CH(C(CH;),0PNB)CH,}py, 15 8.

“This compound was prepared by the same procedure as for

[PEC]z(pHZCH(CH20H§EH2)pyZJ, (8.4.1), employing 2-cyclopropyl-2-

propyli - p-nitrobenzoate (250 mg, 1.00 mmol), except that the tetramer

.

was wa;hed.with anhydrqus ether (4 x 1 mL) prior to pyridine addition.
The wHite producé was recrystallised from CH2C12/n-pentane: yield

156 mg (67%), m.p. 92-96°C (dec.).

Aﬁa1y§1s’found: C, 39.20; H, 3.72; N, 5.83. Calculated for

C

C1,N0,Pt: C, 41.02; H, 3.74; N, 6.24.

23M25C1oN30,

8.4.9 z[PtC]Z(CHZC(CH3)(CHZOMS)CHZ)pyz]; 9.

This compound was prepared by the same procedure‘as for

[PEC]Z(CHZCH(CHZOQYEHZ)pyZJ, (8.4.1), employing 1-methylcyclopropyl-
carbinyl methanesulphonate (210 mg, 1.28 mmol), except that the

tetramer was washed with anhydrous ether (2 x 2 mL) prior to pyridine

addition. The light yellow produc%lhas rgcrysta]]iséd from -

]

-
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CrgHaaC1oN505 ‘

—— 5
. 8.4.10 [PtClz{CHZC(Pl)‘)(QHé)Ms):HZ}pyz];-10.

CH,C1,/n-pentane: yield 98 mg (48%), m.p. 86-91°C (dec.):

Analysis found: G, 32.72; H, 3.88; N, 4.76. Calculated for

-

c N.0.PtS: C, 32.66, H, 3.77: N, 4.76.

. ‘ 3

This combound was prepared by the same procedure as for

[PECTZ(CHZCH}CHZOHSEHZ)pyz], (8:4.]), employing 1-phenylcyclopropyl-
carbfﬁy] methaﬁésu1phbnéte,(]50 mg, 0.66 mmol), except that the tetramer
was washed with anhydrous ether (1 x 1 mL) prior to_pyridine addition. ’
The 1ight yellow product was.rec}ystallised from CH2C12/n~pentane:

Yield 63 mg {28%), m.p. 132-135 (dec.). A satiiféctory analysis

could not be obtained for this compound owing to [PtC]Zpyz] impurities.

8.4.11 tPE(CHZCH(cnon)duz)(bipy)]; 1.

[
[p%c1Z(CHZCH(CH20H§EH2)py2], 1, (100 mg, 0.20 Mmol) was

dissolved in CH,C1, (2 hL) and the solution fi]tezed into a round
bottom flask wradped in aluminum foil. 5% molar excess of 2,2'-
bipyridine was added to this solution and the reaction f1$sk swirled.
The solution was placed in the fridge for three hours after which time
yellow crystals of the product had formed. The soavent was removed

by pipette and the crystals washgd with anhydrous ether. - The '
crystals were dried in vacuo to give 82 mg (82%) of@the title compound.

1

The compound was identified by its "H-N.M.R. spectrum (Table 2.1),

m.p. 196-200°C (dec.).

8.4.12 [Ptc1Z{CHZCH(C(CH3)20H)6H2}(bipy)]; 12.

This compound was prepared by the same method as for
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[PEC]Z(CH%CﬂecHZOH)éHZ)bipy],(8.4.11), employing the bis(pyridine)
complex, 3 (75 mg, 0.14 mmol). The yield was 64 @g (85%) of the title

compound, ﬁip.'>210°c (dec.).

8.4.13 [P%Clz{eH C(Ph)(CHZOH)EHZ}(bipy)]; 13

2

Ld

This gompbund was prepared by the same method as for

)

,[P%C]Z(CHZCH(CHZOH)éHZ)(bipy)], (8.4.17), "employing the H*S(pyrﬁdine)
complex, 5 (125 mg, 0.22 mmol). The yifhd was 110 mg (88%) of the

title compound. m.p. >260°C (dec.).

Ld

8.4.14 [P%c12(CH

: A
oCH(CH,0Ms)CH,) (bipy)1; 14.

This Compound was prepared by the same method as for

[PtC1,(CH.,CH(CH OH)éHz)(bipy)], (8.4.11), employing the bis(pyridine)

2 72 2
complex, 6 (110 mg, 0.19 mmol). The yield was 78 mg (71%).of‘Ehe

title compound, m.p. >195°C (dec.). =

© 8.4.15 [P%C]z{CHzc(Ph)(CHZOMs)éHZ}(bipy)]; 15.

This compound was prepared by the same method .as for.l

[PLC1,,(CHoCH(CH,OH) CH,) (bipy) ], (8.4.11), employifig the bis(pyridine)
complex, 10 (60 mg, 0.09 mmol). The yield was 50 mg (83%) of the

title compound, m.p. >235°C (dec.).

- 8.5 Experimental details for chapter 4

8.5.1 Solvolysis of [PEC1,(CH,CH(CH,OMs)TH,)py,1; 6.

2( 2 2

[P%C}Z(CHZCH(GHZOMS)CHZ)pyZJ (95 mg, 0.17 mmo1) was dissolved

in a 60% acetone-d6/020 (V/V) solvent mixture and allowed to react at
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1
36°C for twenty four hoﬁrs. The reaction was monit&red by TH-N.M.R.
-spectroscopy to m&ke SU}e it had gone to completion. The solvent was-
removed under high vacuum to give a pale yellow residue. This product
was redissolved in acetone and K2C03 (0.200 g) was added. Water was |
then added dropwise to this suspens1on until a saturated aqueous phase
resulted. -The layers were stirred intimately for fifteen minutes after
thch tihe the solution Qas evaporated to dryness. The residue was
extracted w1th CHZC]2 (5 x 2 mL) until ‘there was no more colour in the
extrqctlogs.‘ The methyTene chloride solution was filtered and evapora-

ted until the total so]vent volume was approx1mately 1 mL. n-Pentane

was added which caused prec1p1tathn of “the product. The solvent Qas ¢

'decanted and the res1due ﬁr:ed to g1ve 3%1e yellow [PtC]2 CH CHOHCH CHZ)

pyg], 16, (70 mg, 84%). m.p. 135-140°C (dec.).
Analysis found: C, 33.97; H, 3.88; N, 5.58. Calculated for

-t C12N20Pt -C,733.88; H, 3.60; N, 5.64.

14 18

8.5.2 Solvolysis of [Pibl2(CHZCH(éHCH30PNB)éH2)py2];.7

[PEE?Z(CHZCH(CHCH30PNB)6H2)pyzj (145 mg, 0.22 mmol) was solvol-

ysed by the procedure"described above (section 8.5.1) in 70% aqueous

acetone at 40°C for 120 hours. Upon purification, as before, light

brown [PtC1 CHCH3CHOHCH26H2)py2], 20,'(73 mg, 65%) remained. m.p.

2(
125°C (dec.).

t 4
8.5.3 Solvolysis of [PtC1,{CH,CH(C(CH3),0PNB)CH,}py 1; 8

. 7

~[PLC1,{CH,CH(C(CH,) ,OPNB)CH, }py,], 8, was solvolysed by the
same method as described above (section 8.5.1) and by varying the

reaction conditions. The product isolated, however, was always
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/

[PtC1,py,] as identified by its m.p., solubility and |

H-N.M.R. spectrum.

CH C(CH3)(CH OMS)CHZ)pyz]; 9

8.5.4 uSolvo]ys1s of [PtCl,(CH, 2

[P%CiZ(CHZC(CH3)(CHZOMsiEHZ)pyz], 9, (125 mg, 0.21mmol) was
_solvolysed by the procedure described above (section 8.5.1) for 30

hours. Upon purification, as before, 1light yellow

|
[ptc12(CH20(CH3)0HCH26H2)py2], 18, (95 mg, 88%) was isolated. m.p.
105-110°C (dec.). . .

Analysis found: C, 35.29; H, 3.97; N, 5.46. Calculated for
C]5H20612N20Pt: C, 35.31; H, 3.95; N2 5.49,

8.5.5 Solvolysis of [PLCl,{CH,C(Ph)(CH,0Ms)CH,}py T35 10

' ’[PEC]Z{CHZC(Ph)(CH20M5)5H2}py2], 10, was solvolysed by the same
method as described above, (8.5.1), and by the reaction conditions.
The product isolated, however, was always [PtClzpyz] as identified by .

its m.p., solubility and‘nH-NﬁM.R. spectrum.

8.5.6 Solvolysis of [PtCl,(CH,CH(CH,OMs)CH,)(bipy)]; 14
2\ LHpLRILHY 2

[PLC1,(CH,CH, (CH,OMS)CH, ) (bipy)1, 14, (80 mg, 0.14 mmol) was
solvolysed for 100 hours accordin@ to the procedure outlined above,

(8.5.1). Upon purﬁficapion, as before, light yellow

[ﬁtc12(CHZCH0HCHZEHZ)(bipy)], 17, (57 md, 83%) remained. \

8.5.7 Solvolysis of [PtC] {CHZC(Ph)(CHZOMs)éHz}(bipy)]; 15

2

[PLC1,{CH,C(Ph) (CH,OMS)CH,} (bipy)1, 15, (50 mg, 0.076 mmol) was
solvolysed in 80% aqueous acetone at 40°C for 120 hours. The reaction

mixture was worked up as described above, (8.5.1) to give 20 mg (46%)

~




of [ﬁtc1Z(CHZC(Ph)(OH)CHZEHZ)(bipy)]; 19. m.p. >a75°C (dec.).
~.

8.5.8. Kinetics of the solvolysis of 6, in the absence of and

presence of pyridine

A stock solution was prepared containing compound 6 (100 mg,
1.74 x 107° mol) dissolved in 2.5 mL of a 60% (V/V) acetone-d6/D20
mixture. Five N.M.R. samples of 0.5 mL each were prepared from this
solution. Pyridine was added to these solutions, by syringe, so as to"
have a range of pyridine concentrations from O M to .32 M. The

.

solvodysis of these samb]ek was followed at 36°C by obser;?hg the

]H-N.M.R. at various time intervals.

8.6 Experimental details for chapter 5 A

2

Solvolyses of the- 3¢ and 2H-labelled complexes

These .complexes were solvolysed according to the procedures
outlined in section 8.5 for the unlabelled platinacyclobutanes. In
egvery reaction tye yield was approximately the same as.for the .

unlabelled case.

3)5(CH,CH,CH=CH, ) (bipy)]; 21

8.6.1 Preparation of [PtBr(CH
[Pt(CH3)2(bipy)] (200 mg, 0.53 mmol) was dissolved in dry ace-

tone (25 mL) and 4-bromo-1-butene (354 mg, 2.62 mmol) was added to this

solution with stirring. The mixture was allowed to react for 24 hours,

after which time the intense red colour had been dispersed leaving a

pale yellow solution. The solution was filtered and taken to dryness.

-

The residue was washed with anhydrous ether (2 x 1 mL) and evaporated

again. The solid residue was taken up 1n,£H2C12 and precipitated with

”
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n-pentane to give 250 mg (92% yield) of the light yellow product® m.p.
202-204°C. ’
Analysis found: C, 36.97; H, 3.70; N, 5.48; Br, 15:00. Calculated for

. C]GHZ]BrNZPt: C, 37.22; H, 4.10; N, 5.43; Br, 15.47.

. R \‘ ‘
] . 1
%§~N.M.R.,§pectrum in CDC13: §-3.8 ppm (CH3, JPtC=695HZ)E §17.9 péh
] "2 N . " .
(EHZ, JPtC=696Hz); 634.% ppm’(CHz, thc=20Hz); §138.5 ppm (CH=3; *~\\

- 4
61]3.2 ppm (—CH2, JPtC

=6Hz). bipy resonances at §123.5, 126.8, 138.8, (
146.9 and 154.9 ppm. This compound decolorizes KMnO4 and CC]4 solutions l

of Br2.

8.6.2 Reactieﬁ\sf 21 with AgBF4

\ 4

: PtBr(CH3)£ffH2CH2CH=CH2)(bipy)], 21, (80 mg, 0.16 mmol) was
dissolved in 10 mL’of acetone. AgBF, (29.3 mg, 0.15 mmol) in @ml of
water; was added with stirring and a precipitate immedfate1y formed.
The solution wags stirred/in"the dark for one hour after which 'time it

was filtered to give affight yellow solution which was evaporated to

dryness on a high vacuum. The residue was dried in a desiccator, over

p205' Tée residue was taken up in CH2C12 and precipitatedvby the addi-

tion of n-pentane to give 65 mg (92% yield) of [Pt(CH3) CH CHZQHiﬁHz)

2( 2

(OH,) (bipy)][BF,]. m.p. 124-127°C. T.R. CsI pellet BF,” (1060 a1y,

4
Analysis found: C, 36.67; H, 4.29; N, 5.36. Calculated for

/
t]6H238F4N0Pt: C, 35.5; H,-4.3; N, 5.2.
8.6.3 Attempted preparation of [PtBrZCH3(CH2CH2CH=tH2)(bipyg .
This reaction was the same as for the préparation of
[PtBr(CH CH.,CH, CH=CH )(bipy)], 21, (8.6.1), employing [PtBrCHg(bjper

3)2( 272 2

. -
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(102"mg, 0.23 mmol). The solution was allowed to react for four days,
after which time it was evaporated to dryneSs. The 1ight yellow product
was very insoluble. The mass spectrum of this compound gave identifi-
able peaks at m/e = 511 (PtBeripy), 446(PtBrCH3bipy), 431(PtBrbipy)

and 351(Ptbipy), all with the correct isotope pattern. The product is
most likely [PtBr3CH3(bipy)]. |

8.7 Experimental details for chapter 6
8.7.1 Preparation of bicyclo[2.1.0]pentane

Bicyclo[2.1.0]pentane was prepared by the method of Gassman and

101

Mansfield (scheme 6.1).

i) - Diethyl 2,3-diazabicyclo[2.2.1]hept-5-ene-2,3-dicarboxylate
Diethy] azodicarboxy{ate (50 g, 0.287 mo1) in 100 mL anhydrous

ether, i; placed in a 500 ml 2-necked flask equipped with a pressure

equalizing dropping funnel and a condenser. Ffreshly prepared cyclo-

pentadiene (21.3 g, 0.304 mol) is added dropwise over a one hour period

_ to the stirred so]ugion. The reaction is cooled as necessary to maintain

a gentle reflux. A#féf‘@ddition, the reaction mixture is allowed to
stand for an additional two hours. The ether and unreacted cyc10;
pentadiene are'disti1led off and the residue is fractionally distilled
to give a co]ourlesstliquid (62.1 g, 91% yield). b.p. 125-130°C

(.5 mm Hg). 'H-N.M.R. in CDC1,/TMS §1.29 (CH,, t, J=7Hz), 1.75(CH, m)

3
4.22(§H2CH3, qu;rt., J=7Hz), 5.15(CH2 bridgehead, brs), 652(=CH, m).
it) Diethyl 2,3-diazabicyclo[2.2.1]heptane
Dieth;] 2,3-diazabicyclof{2.2.1]hept-5-ene-2,3-dicarboxylate
(30 g, 0.125 mol1) in absolute ethanoT'(40 mL) is placed in a Parr
4

——
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&
pressure reactor along with 100 mg of 10% palladium on carbon catalyst.

The bomb is preggﬁrized to 200 psi and stirring is begun. The reaction
proceeds with some evolution of -heat as the temperéture reached 50°C.
After 45 minutes fhe reaction is complete and the procedure is repeated
on a second batch. The combined solutions are filtered and the
ethanol removed on a rotary evaporator. The residue is fractionally
distilled to give 46 g (76%) of the desired product. ]H-N.M.R. in
CDC15/TMS:  61.29 (CH3, t, J=7.1Hz), 1.4-1.8 (CH2+CH, m), 4.22
(QHZCH3, quart., J=7.1Hz), 4.58 (CH2 bridgehead, brs).
iii) 2,3-Diazabicyclo[2.2.1]hept-2-ene

A stream of N2 is bubbled thro;gh 350 mL of ethylene glycol for
30 minutes with stirring and mild heating (40°C). The gas inlet is
replaced with a thermometer, which reaches into the solution and 85% KOH
pe]]?ts (68 g, 1.21'Tgl) are added in four portions. Diethyl 2,3-diaza-
bicyc10{2.2.1]heptané—2,3-dicarboxy1ate (45 g, 0.196 mol) is added
rapidly under N2 to the solution at 125°C. The reaction.mixture is
kept below 130°C during the addition and allowed to stir for 2 hours at
125°C.  The reaction mixture is cooled and then poured slowly into a
2-L beaker containing ice (250 g), water (250 mL) and concentrated HCI
(120 mL). When the acidification is complete the reaction mixture is
warmed to about 40°C and neutralized with 5NNPhOH solution. Half of
this neutral solution is transferred to a second 2-L beaker and
suﬁsequent operétions are carried out on both%batchés,

The solution i3 stirred slowly and 2N CuC]24501ution (15 mL) is
added slowly. The blue-green color is rapidly discharged and a brick

red coloration occurs followed by precipitation of the bright red
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cuprous chelate. The pH is adjusted to 5-6 by the addition of SN
ammonium hydroxide. The solution is heated to 40°C to cause coagula-
tion of the precipitate which is then filtered. The combined precipi-
tate is washed with 20% NH,C1 (100 mL) 95% ethanol (Z x 100 mL) and
cold water (2 x 75 mL).

The damp product ;; broken up and transferred to a 1-L flask
containing a magnetic stirrer and water (100 mL). A cold solution of
NaOH (15 g) in water (25 mL) 1§ added slowly with stirring. The
stirred yellow orange suspension is then continhous]y extracted with
pentane (350 mL) for three‘déys. The pentane extract is drigd over
K2C03 and removed on a rotary evaporator at 0°C. A white crystalline

residue (11.1 g, 62% yield) of the desired product reamins. 1

H-N.MR.
in CDC15/TMS:  60.8-2.0 (6 Hs, 5.20 (2 H; bridgehead).
iv) Bicyclo[2.1.0]pentane

2,3-diazabicyclo[2.2.1]hept-2-ene (3 g, 0.031 mol) is placed in
a 10 mL round bottom flask. The flask is heated at 130-140°C to
completely remove any traces of pentane. A 15-cm unpacked Hempel column
is installed and connected to a receiver flask, fitted with a drying
tube, cooled in a dry ice-acetone bath. The complex is pyrolysed by
heating to 180-195°C. The bicyclo[2.1.0]pentane is filtered through a
plug of Mgs0, to give 1.5 g (71%) yield). ]H—N.M;R. in CDC1,/TMS:

60.56 (2 H, cyclopropane), 1.45 (4 H), 2.12 (2 H).

8.7.2 Reactions of Zeise's dimer with bicyclo[2.1.0]pentane

Zeise's dimer (100 mg, 07172 mmol) was dissolved in acetone
. . .
and b1cyc10[2.1.O]pehtggf/ﬁ]OO mg, 1.47 mmol) was added with stirring.

The reaction is allowed to stir for four hours at room temperature,
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after which time an orange precipitate product had formed which was
insoluble in acetone. This compound was filtered, washed with a little
acetone and dried under high um to give 70 mg (61% yield based on
[Pt,C1,(1-C1),(cycTopentene),]). 'H-N.M.R. run in COCl,: 61.8 (6 H),
5.6 (2 H). . a

A Tow temperature reaction was attempted using Zeise's dimer

(25 mg, .043 mmol) and bicyclo[2.1.0]pentane (16 ul) in acetone-dg
(0.75 mL). The mixture was slowly warmed from -80°C to room

temperature. The product was identified by ]H—N.M.R. spectroscopy to

be(the same as that above.
8.7.3 Reactions of Zeise's dimer with quadricyclane

Zeise's dimer (100 mg, .172 mmol) was dissolved in acetone.
When gquadricyclane (125 mg, 1.36 mmol) was added dropwise the orange
colour of the Zeise's dimer was rapidly discharged and a white
insoluble complex formed. This product was filtered to give 110 mg

(89% yield) of [PtC1,NBD] as identified by its |

H-N.M.R. (Table 6.1).
A low temperature reaction was also performed using Zeise's dimer

(25 mg, .043 mmol) énd quadricyclane (10 ul) in acetone-g6 (0.75 mL).
At -80°C the quadricyclane was completely diges¢ed yielding a white
precipitate so more quadricyclane (0.5 mL) was added and immediately

digested. The species in solution was identified to be norbornadiene

by its 'H-N.M.R. spectrum (Table 6.1).
8.8 Experimental'detai1s for chapter 7

) 8.8.1 Reactions of cyclopropanes with [RhZ(CO)4C12]

-\ .
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i) in neat cyclopropane derivatives

[RhZ(CO)4C12] (60 mg, 0.154 mmol1) is dissolved in’ each of the
cyclopropane derivativeglg% mL) listed in Table 7.1. The reaction
vessel is then sealed or kept under N2. The mixture is allowed to
react at 40°C (the temperature was also varied with no success) for
48 hours after which time the cyclopropane was removed by evaporation
to give a black residue containing rhodium metal and [RhZ(CO)4C12].
In the case of the involatile 1-phenylcyclopropyl carbinol the same
result was observed from,infrared and 1H—N.M.R. spectroscopy on the
reaction mixture. Several of the other reactions were also followed

]H—N.M.R. spectroscopy.”

by
i) in te;rahydrofuran, acetone or chloroform

[RhZ(CO)4C12] (50 mg, 0.129 mmol) is dissolved 5 mL of tetra-
hydrofuran, acetone or chloroform. 50 mg (0.20 0.69 mmol) of the
cyclopropanes in Table 7.1 and the solution kept in a sealed vessel

or under N2 for 48 hours at 40°C. The solutions were also followed

by ]H—N.M.R. spectroscopy/.

Decomposition to rhodium metal was pre-

valent in all cases a y two reactions proved to give definite

<

reaction. 1-Methylc fropyl carbinol gave 1-methylcyclobutanol

and [Rh2(60)4c1é] as the products (see section 7.3). 2-Cyclopropyl-2-
propyl - p-nitroﬁenzoate gave 5—ch]6ro—2-pentene as the organic
product and [ha(u-COZ-C6H4-p-N02)(CO)q] as the rhodium complex (see
section 7.4). |

Analysis found: C, 33.46; H, '1.95; N, 4.20. Calculated for

C]8H8N2012Rh: C, 33.25; H, 1.23; N, 4.31.



iii)  Reaction of 1-Methylcycloprapyl carbinol with [ha(C0)4012]
and carbon monoxide .

1-Methylcyclopropyl carbinol (74 mg, 0.86 mmol) is addedqto a
solution of [Rh2{C0)4C12] (50 mg, 0.129 mmol) in acetone-dg (5 mL).
The mixture is quickly transferred to a Parr bomb and the CO pressure
set to 150 psil The temperature was maintained at 40°C for twelve
hours after which time the bomb was opened. There were several black
crystals of Rh6(CO)]6 present on the bottom of the vessel. The
solution contained only 1-methy1cyé1obuty] carbinol and an equilibrium
amount of 1-methylcyclopropyl carbinol.

iv) Reaction with 1-methy]cydopmpy]-u-a—d2 carbinol ‘

[ha(c‘o)ﬂ'ciz] (40 mg, 0.103 mmo1) is added to a solution of
1—methy]cyc1opropy1-a—a—d2 carbinol (50 mg, 0.556 mmol) in acetone-d6
(0.6 mL) and the reaction vessel (containing an N.M.R. tube) is de-
gassed and sealed under vacuum. The reaction is allowed to proceed
for 48 hours at 40°C after which time the volatiles are distilled

13

over into the N.M.R. tube which is then sealed and the C-N.M.R.

spectrum run and compared with that from section 8.8.2. See chapter 7.
8.8.2 Solvolysis of 1-mgghy]cyc]opropylcarbiny]-a,a-d2
methanesulphonate
&1-Mephy]cyc]opropy]carbiny1-a,a—d2 methanesulphonate (566 mg,
3.41 mmol) was solvolysed in a vigorously stirred suspension of CaCO‘3
{.341 g, 34.1 mmol) in 15 mL of 60% aqueous acetone at 40°C. After
co

2773
until a saturated water solution separated out. The aqueous layer was

90 minutes 10 mL of pentane was added followed by anhydrous K

extracted with a 1:1 pgntane-ether mixture (3 x 3 mL). The solvent

‘as removed carefully on a water aspirator vacuum connected in series

204
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to dry ice-acetone trap until no more solvent came off and then for a

>

further 10 minutes under high vacuum at 0°C. The product was shown

1H-N.M.R. to be clean and free from solvent impurities. 50 mg

by
of this product was sealed in an N.M.R. tube containing 0.6 mL of

écetone-d6 solvent. See chapter 7.

8.8.3 Reactions of [RhZ(CO)4C12] with the platinacyclobutanes:
[ﬁfﬁ]2(CHZC(CH3)(CH20H)EH2)py2] (20 mg, 0.040 mmol) or

[PECT,(CH,C(CHg) (CH,OH)CH, ) (bipy)] (20 mg, 0.040 mmol) are reacted

under No with [ha(CO)4C]2] (10 mg, 0.051 mmol) in acetone-d6 for ’
48 hours at room temperature the starting platinacyclobutane is

recovered unchanged. Some elemental rhodium (or platinum) is present

1

but this is removed by filtration prior to running the "H-N.M.R.

spectrum.
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