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Abstract:

Platina(IV)cyclobutanes were prepared by the reaction of platinum(II) in the form of Zeise's dimer with
bicyclo-[4.1.0]heptane, bicyclo [6.1.0] nonane, and bicyclo [6.1.0lnon-4-ene. The bicycloalkanes
formed insoluble polymeric platinacyclobutanes which were solubilized upon conversion to
monomeric species with pyridine or bipyridine ligands. The bicycloheptane complex was much less
stable than the corresponding bicyclononane complex. Reaction of these platinacyclobutanes with soft
ligands KCN, P®, DMSO, and THF reproduced the original cyclopropanes or yielded olefinic
products. The platinacycles also rearranged thermally to one or more olefinic compounds.

The platinacyclobutane from bicyclononene formed as a dimeric platinum(II)-platinum(IV) species
wherein the platinum(IV) was incorporated into a 2,4-disubstituted platinacyclobutane. This complex
also contained the first reported platinum (IV)-olefin bond and was characterized by X-ray
crystallography. The reactivity of the complex was dominated by reductive elimination of the original
cyclopropane, although the nucleophiles H- and EtO- were induced to attack the platinum (IV)-bound
olefin.
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ABSTRACT

Platina(IV)cyclobutanes were prepared by the reaction
of platinum(II) in the form of Zeise's dimer with bicyclo-
{4.1. 0] heptane, bicyclol6.1.0)lnonane, and bicyeclol 6. 1. 0l non-
4-ene. The bicycloalkanes formed insoluble polymeric’
platinacyclobutanes which were solubilized upon conversion
to monomeric species with pyridine or bipyridine ligands.

- The bicycloheptane complex was much less stable than the

corresponding bicyé¢lononane compiex. Reaction of +these
platinacyclobutanes with soft ligands KCN, Pés, DMSO, and
THF reproduced the original cyclopropanes or Yyielded
olefinic products. The platinacycles also rearranged

thermally to one or more olefinic compounds. .

The platinacyclobutane from bicyclononene *formed as a
dimeric  platinum(II)-platinum(IV) species wherein the
platinum(IV) was incorporated into a 2,4-disubstituted
platinacyclobutane. This complex . also contained the first
reported platinum(IV)-olefin bond and was characterized by
X-ray crystallography. The reactivity of the complex was
dominated by reductive elimination of the original cyclopro-
pane, although the nucleophiles H- and EtO0~ were -induced to
attack the platinum(IV)-bound olefin.




INTRODUCTION

Platinum(II5—01efin Complexes

The fifst metgl 7-complex to béArecognized was-Zeise's
salt, K[CzH4Pt013]:HQQ‘. This complex was made by W.C. Zeise
and was published (in Latin) in 1830. Since then, a tremen-
¢oﬁs yariet& of olefin complexes of Pt(II) have been
prepared and identified.

Mono;olefin complexes of PE(II) can be separated into
two main classes. ’The firsﬁ group 1is comprised of four
general forms?, where‘X can be a halogen, an alko#ide,‘or a
hydride an& L is a heufral ligand: .

a) Dimeric, bridged complexes fPt(olefin)Xz]z;

b) Salts of'an olefin—containing anion M*[Pt(olefin) -

Xsy"
c) Salts of an oiefin—containing‘cation [Pt(olefin) -
XL21% A"
d) Neutral mononuclear complexes, [Pt(olefin) Xz2L1,
where L can be an olefin [Pt(olefin)2Xz21].
The second class, illustrated by comple#es 1 and é; may be
regarded'as P£(0) 'or as Pt(ID. In the latter case, the
Pt(II) and olgfin cafbons are gonnectéd bylc bonds and form
a platinacyclopropane ring. The two poséibilities represent

bonding extremes.




Bonding between Pt(II) and an olefin consists of one o-
and one 7w-bond.r The o-bond is formed when the olefin's
filled 7-orbital donates electron density to an empt& dsp2
orbital on fhe platinum. The 7 bond then results from back
donation of electron densit& from a >fi11ed platinum d
orbital to the vacant olefin 7* orbital®. As shown in
Figure 1, fhese bondslact synergistically. A platiﬁacycio-
pfopgne ring is formed when back bonding from the platinum
to the olefin becomes greatly enhanced.

X-ray analyses of Zeise's salt® and other Pt-olefin
complexes® have- shoﬁn that platinum and its non-olefin
ligandé define a plane coiqcident with the platinum dsp?
" plane. fhe olefin lies perpendicular to this plane, as shown
in Figure 2. The olefinic hydrogen atoms probably form a
pléne which is displaced slightl& from co-planarity with the
carbon atoﬁs but 1is parailel to the C€Cl1ZCl plane. The
carbonFcarbén bondilength in‘the olefin is about 1.4 Kf{
which is slightly elongated'from that of uncomplexed olefins -

' [}
(=1.3 A).
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Figure 1. Bonding Between Platinum(ll) and an Olefin.

Figure 2. Situation of a Platinum-Bound Olefin with Respect
to the Ligand Plane.
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Infrared and Raman gpectroscopiéé provide a useful
qualitative ﬁicture of Pt—olgfin ﬂ-bondiné"”. éenérélly,
the C-C stretching frequency moves tq lower wave hﬁmbérs
with increasing Metal-olefin bond strength. Sbme eiamples
- are shown ip-Table 1. As a quanfitati#e tool for determining-
Pt-olefin bond strength, however, this freQuepéy ﬁust be
used with caution. The C-C stretéhing frequency can couple
with other modes to lead fo complex reéults. A better
diagnostic tool for bond strength‘is the Pt-olefin stretch-

ing frequency. This vibration normally comes between 410 and

380 cm~!, as illustrated in Table-é.

Table 1. Representative Platinum(II)-Olefin Infrared
Carbon-Carbon Stretching Frequencies.

-1

cm
Hz C=CHCH. : 1647
H2C=CH: (gas) | ’ 1623 ( Raman)
[Pt(C2He) Cl2lz , 1506
tpchaﬂe>c1zlz 1504
R2[ PE(CaHs) Cl3 1443
K[ P£( C2Ha) C13) ' 1516
t-[PE(CzHs) (NHz) Cl21 - | 1521
£-1P£( C2He) (NH3) Brz] 1517

x[pt<03H;Y0131H20'.' o 1504
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Table 2. Representative Platinum(II)-Olefin Ihfrared
Metal-Carbon Stretching Frequencies. .

cm
RIPE(C2Hs)ClalH20 407
KtPt(CzH4)Br3]HzO | 395
K{Pt(C3sHs)Cls] : 393
KIPt(t-CsHa) Clzl 387
K[Pt(c-Cnﬂa)Clsl ) . 405

t-[ Pt(Cz2Ha) ( NH3) Cl2] : 383

Platinuh.is .particularly useful as an NMR marker. Its
195 isotope (33.8% natural abunﬁance) ‘is NER active with
spin % and reéeptivity 19.1 (relative to carbon). This
allows platinum coupling to the 'H and 3¢ nuclei' to be
qbserved’°. By .'3C .NMR spectroscopy, Pt—sound olefinic
carbons alwa&s appear upfield relatibe to the free olefins.

Resonances have been reported from 57 to 6130, as listed

in Table 3, with trans-Pt(CzHs)pyCl: appearing at about

midrange'!.

Table 3. Range of Platinum(II)-0lefin '3C NMR Resonances.

| | ppm
'PE( C! Hz =C2HCN) Me( HBpz3) cz. = 7.4
Pt ( £-NCCH=CHCN) Me( HBpzZ3) Corer = 7.8
[Pt(cod) (CaHiz)1" 7 Ceraer = 126.9

t-Pt(C2Hs) pyClz © Coto¢ = 75.0
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Although 'Je:,c depends mainly on carbon hybridization,
Pgegosin has obserQed that platinum coupling to the diréctl&
bound olefinic carbons ;ndicates_ the strength of the
platinum-olefin bond!?. This coupling ranges from 40 to 400
Hz, and generally decreases with increasing @rans influence
in the ligan& trans to the olefin. However, olefin geomet;y,
at least for non-st}ained olefins, does not appear to affect
the constant.

Proton NMR sﬁifts are dependent on ‘complicated shield-
ing effects, ﬁaking it difficﬁlt‘tq predict changes upon

binding to the platinum. Generally platinum is thought to

shield .the protons. However, ligand effects and various
other incompletely c¢haracterized effects may move the
resonance downfield. Platinum bonding to other remote

functionality in the olefinic molecule may .also resu;t in a .
change in the chemical shift of the olefinic protons.
Platinum to olefinie¢ proton éouplings in thé range of.
10 to 83 Hz have been observed, however'this pouplihg is not
always indicative of bond‘strength. Often, Pt-ﬁ coupling is
not observed at'all;' instead broad olefinic resonances are
obtained. This may be dﬁe to the platinum-bound olefin
exchanging with freg'olefin ‘in the solutionz In most cases
tﬁe exchangé is véry rapid, but.éan be haited at 16w teﬁber—
atures. Alternately, broadening may be the result of é
propeller-like rotation of the coordinated olefin, shéwn in

Figure 3. This ‘internal, hindered rotation ranges from 10-20"




-
kcal/mole and increases with decreasing platinum-olefin bond
strength and Jlower steric hinderance. In a non-symmetrical
complex the motion makes the protons equivalent, but can be
halted at Jlow temperatures. Rotation about axis A also

appears to occur, but does not affect the solution NMR

spectruml3.

Figure 3. Rotation of a Platinum Coordinated Olefin.

Nucleophilic Attack on Pt(ll)-Olefin Complexes

Platinum(ll) bound olefins are known to undergo
nucleophilic attackl4-25. The two mechanisms illustrated in
Figure 4 have been postulated for this attack. The olefin

and nucleophile may both coordinate to platinum, Tfollowed by
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cis attack of the nucleophile on the olefin. Alternatively,
the olefin may bond to the platinum followed by external
nucleophilic attack, or trans-addition. 1In either case, the

olefin 1is probably activated by a slippage of the plat-

inum24, as shown in Figure 5.

Figure 4. Mechanisms for Nucleophilic Attack on Platinum(ll)
Bound Olefins.

Nu

Figure 5. Activation of Platinum(ll1)-Olefins.

Monoolefins bound to other platinum-group metals appear
to react via prior nucleophile coordination and cis-attack.
However, 1in 1970, Panunzil4 reported a stereochemical study
of amine attack on (-O-cis-dichlorot (S) -1-butene) [(S) «c-
methylbenzylaminel platinum(ll). The results, shown 1in
Figure 6, clearly demonstrated that the nucleophile did not
coordinate to the platinum. 1In other studies involving

Pt(l1l1)-monoolefin complexes, no attempt was made to deter-

mine stereochemistryl®"1*.
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Figure 6. Stereochemistry of Amine Attack on a Platinum(ll)-
Olefin.

C2Hs
(S)amine
Pt-Cl (S)amine
H r spPt’
Clz Xci

A variety of platinum-bound monoolefins undergo nucleo-
philic attack. These include ethylene, propene, 1l-butene,
cis-2-butene, 3-methyl-1-butene, cyanoethylene, methyl -
vinylester, and styrene. Reaction completeness depends on
the olefin* s steric bulk, but not on electronic factors.
Electron withdraw!ng groups do cause anti-Markovnikoff
addition, however. For (iInstance, when pyridine is the
attack!ng amine, propene vyields 90% of the Markovnikoff
product (pyridine added to the substituted carbon), while
cyanoethylene produces 95% of the anti-Markovnikoff product.

Platinum-diene complexes, typically involving norborna-
diene, 1,5-cyclooctadiene, dicyclopentadiene, and dipentene,
have been more extensively studied. These complexes usually
undergo trans attack27, and yield isolatable products.

Steric TfTactors, and to a lesser degree, nucleophile
basicities determine whether a platinum bound olefin will be
attacked. Soft nucleophiles, such as phosphines, dimethyl-

sulfoxide, dimethylsulfide, and pyridine N-oxide,
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preferentially coordinate to pPlatinum. Aminesflalkoxides,
and a tﬁiol compound have been successfﬁlly added‘to the
olefin. Of the amiﬁeg .studied""7"’, 1° and 2° amines
possessing high basicity and 1low sterié hinderance add
directly to the olefin. Pyridines add to either the platinum
or the olefin, and allnother-aminés attack the platinum, or
fail to react. |

Most " of the amine complexes were studied by ‘low
temperature NMR spectroscopy. Hoﬁever, gstable complexes
represented ih Figu?e 7, were isolated when Y—Z‘=‘acac, am =
morph and when’ Y = Cl, 2 = am = morph, 4-NMezpy, NH:Pr!', or
NHz2But. Compounds :containing 'two different aminés wefe

observed only for Z = py, and am = morph or NHz2Bu'.

Eigure 7. Reaéfion of Amines with Platinum-Ethylene.

Cl : ' Cl

|- iy
l—Pt—Z + am mm—— am+CH20H2-— Tt_

Y

Many complexes resulting from alkoxide éﬁ#aék have been
reported!”~2®. The alkoxide ion could be generated by adding
hase to‘an alcohol, hbwever ethanol also displaced methoxide
from a complex when a émali‘ amoﬁnt of aciq was present??.
Boiling the complexes in concentrated HCl regenerated the

Pt-bound olefin??2.
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Only one thio nucleophile, thiophenol, was reported to

attack a platinum bound olefin'®, resulting in compound 3.

" PhS

-
Phs— "\
SPh

7-Allyl Formation From Pt(II)—Qlefin Complexes

Insight into the mechanism of 7-allyl fo?mation from
platinum bound olefins may 5e ‘obtained by exgmining an
analagous reaction with palladiuni23 (equation 1. inser—‘
tion of the palladium into the éllylic C-H bond can occur by
one of th;ee mechanisms shown 1in Figure 8.  EacH pathway
involves a different.non—iinear transition state, and so can
bé differentiated by the magnitude of the hydrogen isotope

effect??. Hydrogeq\removal was found to occur by external of

PdCly

PdCl,
-HCI
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complexed base attack (paths (b) or (c)), and not, as was
previously supposed, by palladium insertion.
Similarly, 1in platinum insertions into the C-H bond of
an alkane, three transition states are possible, and are
depicted in Figure 9. A kinetic study by Rudakov showed that

piatinum(ll) probably attacks the C-H bond by an inner
Figure 8. Mechanism for Palladium Insertion into an Allylic

Carbon-Hydrogen Bond.

a) Pd insertion into C-H bond

c) External base removal of H*



sphere mechanism (paths (@) or (b))30. In the same reaction,

palladium was found to proceed via an outer-sphere attack

(path (©)).

Figure 9. Possible Transition States in Platinum Insertion
into an Alkane Carbon-Hydrogen Bond.

a)
M
| /
b) Pt— —— L=0l, Br, orH20
L---H
y
S Ptm—C H B

Platinum Catalyzed Rearrangement of Olefins

Olefin isomerization is heterogeneously catalyzed by
platinum metal31, and by platinum supported on carbon,
silica, or alumina32”33. Homogenous platinum catalysts,
however, are generally inferior to other transition metal
catalysts34. Most platinum catalysts include another metal,
usually tin, as a cocatalyst35736. Sodium tetrachloro-
platinate33?, platinum( 11)-olefins38741, ir-allyl complexes42,
and certain preformed platinum(ll)hydrides43 are also known

to isomerize double bonds.



Some species require the addition of a hydrogen source,
while others react autocatalytically. These mechanisms are
shown in Figure 1031. In (&) H+ is added to the platinum to
form a platinum-hydride. This then transfers the hydride to
the olefin, forming an alkyl complex. Abstraction of
hydrogen from a different beta carbon leads to isomeriza-
tion. In pathway Cb), the platinum abstracts a hydrogen from
the olefin, producing a ir-allyl complex. Returning the
hydrogen to a different carbon results in isomerization.

Figure 10. Platinum Catalyzed Olefin |Isomerization
Mechanisms.

b) autocatalytic

Several platinum hydride generating reactions are pos-
sible3”, and are depicted in Figure 1l1. These are initiation
reactions only; the hydride is regenerated from the solvent
or olefin. Sodium tetrachloroplatinate(ll) appears to

abstract a hydrogen from the olefin37, and the ir-allyl



Figure 11. Possible Platinum Hydride-Generating Reactions

b)

and Their Analogues.

Oxidation of a carbon compound

CH3CH20H + OH" + CIPt(Il) -

CH3CHO + HPt(Il) + CI'" + H20

H2 disproportionation

H2 + CIPE(I1) — HPt(1l) + CI* + H+
Platinum oxidized by H2

H2 + PU I1) = H2Pt(IV)
Platinum oxidized by H*

HCI + PU I1) -> HPU IV)Cl

Displacement of H from an olefin

H cl
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complexeé 'also react by intramolecular hydrogen abstraé—
tion*2. fhese are analogous to initiation by reacﬁién
(e). When Zeise's dimer is the catalyst, alcohols, aci&, and
Hz are effeétive hydroéen sources, but water and base.are.
not. Hydrogen probably reacts by‘initiation reaction (b) or
(¢), while. acid initiation proceeds by reaction (.

The rate of igomeﬁization by any process depends oh the
source of the hy&ride and the olefin exch#nge rate. Hith
Zeise's dimer, the rate decreases éuch that H2 > EtOH >

CH;CO0.H%8:*39  If exchange is faster than

Pr'OH > Bu'OH
isomerigzation, the products will be formed in a stepwise

manner, with the ‘initial ratio favoring the more stable

olefin complex?®.

Platinum(IV)-0lefin Complexes -

No Pt(IV)-olefin complexes were reported, as of

108544743,
Bridged, Binuclear Platinum Complexes

Bridged diplatinum complexes having both platinums in -
the same oxidation state are known for states I,'Ii, III;
and Ty2es23.48.46-48, Mixed—vﬁlence bridged 'csmplexes
of platinum are also well known, however ﬁést of thege exist

as extended linear chains®?°'3%°,
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Of the molecular spec?éé known, two are Pt(0)~-Pt(II)
_complexes”, ‘and. are displayed in Figure 12. Binuclear
Pt(II)-Pt(IV) complexes are also relatiQely rare?®?2*3%2, bput
are represented by those showﬁ in Figure 13. Of these,

complex 4 was the first reported neutral Pt(II)-Pt(IV)

bridged dimer.

Platinum Carbonyl Complexes

While platinum(IV).icarbanylg are relatively rare, the
'addition.of carbon mohoxide to plétinum(II) to form mono-
meric complexes'proceeds‘feadily". Several addition routes
are available. For example, a chlorine 1ligand can be
replaced with carbonh monoxide, providing a counterion is
supﬁ;ied (equation 2). Carbon monoxide can glso q;eave-a
halogen—bridged. coﬁplex (equation 3), or displace an

olefin (equation 4).

L2PtClz + CO + NaCl0s -> (2)

[L2Pt(CO)C1)+C1l04- + NaCl
{L.PtCll2 + CO -> L2Pt(CO)C1 o (3)

{ Pt(C2H4)LC1l2] + CO -> _ (4)

{Pt(CO)LCl2] + CHz2=CH:




Figure 12. Binuclear Platinum(O)-Platinum(ll) Complexes.

Px ~ CO

p _sc°l+ I Py v
Pt u Pt- - Pt

Pz >co P pzZ ~co

Figure 13. Binuclear Platinum(ll)-Platinum(1V) Complexes.

Me
Me V6P P Me Mex | P l><
nepget

MeX | P \~ p/ ~ Me Me/"!-

X > Me

—

Mev Me X = CI,Br,|

Pt R = Me Et,Pr,i-Pr
Men

Carbon NMR spectroscopy is a convenient technique for
detecting platinum carbonyls, although no good empirical
rules exist fTor predicting the carbon shift. Ligands oppo-
site the carbonyl influence the platinum-carbon coupling
constant such that 1Jpi,c ranges from 960-999 Hz for ligands
of high trans-influence and 1658-1817 Hz for ligands of low

trans-influence.
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Platina(Ivicyclobuténe Complexes

Platinacyclobutane Structurg and Bonding

In ghis thesis, platinacyclobutane heans platina(IV)—
éyclobutané..

In 1949, Walsh®? suggégted that cyclopropane was more
analagous to olefins than it was to alkanes, with carbon
hybridizations.of a'ppr"voximately.sp2 énd orbitals és‘shown in
Figure 14. | |

This prompted Tipper®®, in..1955, to attempt fopmation
of platinﬁm cyclopropane complexes .analagOus to platinum
olefin complexes.-He succeéeded in fqrming a complex contain-
ing platinum and cyclopropane, but believed it was complex
5: a platinum(II) " with tﬁe cyclopropane edge-bound, as an
olefin would be. It was"iatep shown thaf éhe cyclopropane
had ‘openéd and chelated té platinum in the +4 oxidation
state”"s. The complex was further determined ﬁo be the

polymer 6 because of its general insolubility:

Cl ) Cl

Qt<u>—[> e
2 R | Cl/. .
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Figure 14. Halsh Cyclopropane Orbitals.

bonding, filled

O
DO

antibonding, empty
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Reaction of the diamagnetic polymer with neutral
ligands produced only one compound, which suggested that all
the platinum atoms in the polymer were equivalent and 6-
coordinate59. X-ray powder diffraction studies showed the
solid was ordered, while HS and molecular weight determina-
tions indicated it was a tetramer. Based on this evidence,
two possible structures were proposed and are shown in
Figure 15. Although complex 7 has Da=* symmetry, while the
other structure has S« symmetry, it was difficult to
distinguish between these possibilities. Reaction of the
tetramer with 1,4-dioxane probably produced a dioxane
bridged dimer, however. Presuming the dioxane attacked trans
to the methylene groups, the tetramer with S* symmetry could
not form a dimer. This suggested that 7 was the correct
structure. After reacting the tetramer, the resulting
monomers had the structure shown by compound as7'60'41. This

was confirmed by IR, NMR, and X-ray crystallography.

cl

cl
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Figure 15. Proposed Tetrameric Platinacyclobutane
Structures.

The bonding scheme in platinacyclobutanes is far from
certain. One approach, proposed by McGinnety60, consists of
the linear combination of Walsh cyclopropane orbitals with
dsp3 and d orbitals on the platinum, and is illustrated in
Figure 16. There are eight bonding electrons filling these
orbitals. Orbitals (@ and (b) are comprised of the a-
orbitals on cyclopropane and platinum dsp3 orbitals, while
(o) and (d) are constructed from cyclopropane p-orbitals and
the metal d-orbital. This clearly shows the possibility of
bent bonds iIn platinacyclobutanes, but 1is otherwise not
useful, as no net bonding interaction between the platinum

and the cyclopropane is pictured
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McGinnety Platinacyclobutane Orbitals.

0 ©
/A



24

Analysis of Platinacyclobutgnes

Several X-ray crystal structureé of platinacyclobutanes
' havg been reported. Ihe first was of Pt(CSHa)Clzpyz and
appeared in 197141, Unfortunately, the data set for this
structure was of limited accuracy. McGinnety®® then analyzed
trangs~-Pt( CH¢CH¢CH2) Cl2py2 andﬂ found the ¢€-C boqd distances
to be elongated, with no bond existing between the two
chelating carbons. Furthermore, the platinacyclobutane Eing
was not planar. This puckering was obser&ed in othér
platinacyclobutanes as well, and: ranged from 0-30°. It
appeared‘ to increase as the ring became more substi-
tuted®2'¢3, The pucker may be due to crystal packing
effects; and probably differs in solution.

The CzH; unit of the platinacyclobutane can be identi-
fied by IR. This is illustrated for two-simple complexes in
Table 4. The local symmetry of cyclopropane is not retained,
which also clearly shows that.the ring has opéned”.

As with platinum-olefins,. the 'H NMR spectra of
plahinacyclobutanes can be difficult to'interpret. Coupling
between the platinum and protons ranées from 70-110 Hz for
2Jey,u, 0-50 Hz for *Je:,n, and 0-10 Hz fo£'4apz.u°4'°7. in
cpmplicated molecules, these coqpliﬁgs may be obscured.

Convgrsely, carbon-13 NMR spectroscopy is a very useful
tool for the identification of platinacyclpbutanes°°'69. The

monomeric complexes exhibit 'distinctive resonances for
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Table 4. Infrared Bands of Cyclopropane and its Platina-

cyclobutanes.
bands due
to the ‘ , ‘
CiHe unit [Pt(C3He)Cl21s Pt(C3He) Clzpya C3He
C-H 3025 2992 3103
2954 293§ |
2948 2917
CH: deformation 1414 1437 1442
CH: wag - 1255 1238
| 1237
CH: twist 1965 . 1217
ring deformation 1149 1134
1125 1087
CH: rock. _ 1087 - 1038 1029 °
1022
ring deformation 981 980
CH2 rock _ 948 956 869
‘ 890 892
663
ring deformation 563

(mainly PtE-C)
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the platinécyclobutane carbons. These appear in the approxi-
mate rgnges showﬁ in Figure 17, In the solid state these
resonances appear as broad 1lines, while in solution the

lines are sharp and ekhibit platinum coupling.

Figuré‘17. Platinacyclobutane"ac NMR Reasonahce Ranges With -

all Values in ppm.

R - R
___0-15) -8-(-12) N 0618 N\ 0(-20)
~30 I 35-45| | 40-50 | - 40-60 I
L Pt Pt Pt - J——Pt

Solid State *3C NﬁR spectra of the tetrameric IPCs also

exhibit broad 1lines. The resonances for the carbons Bound

to platinum are .shifted ‘downfield with -respect to the,

monomers. This is probably dﬁe to the gredter trans influ-

ence of chlorines wﬁich are trans to the platinum bound
carbons in the tetramer.

Within the platinacyclobutane, platindm—carbon coupling

has been reported in the ranges tdee,c 335-460 Hz and .

2Jpe.c 80-130Hz. Coupling to sﬁbstituent carbons 1is aﬁproxi-
mately 2Je¢,c 0-25 Hz and *Jee,c 20-65 Hzé®re® o777t
A'Karplus'type relationship was detérmined for ﬁyriqiné
compléxés of substituted platiﬁacyclobutanes, ithhich the
alkane fragment was held ‘rigid“s. Dihedral angles were

determined from X-ray cfystallographic studies, and *Jert,c
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constants were obtained by 13C NMR spectroscopy.' When no
additive.cquﬁling contributions were included, thé équation
3Jep¢.c = 15.7 - 6.8cos¢ + 16.1coe2¢ (¢ = dihedral gnglef was
'obtained. Including' additive coupling confributioﬂs led to
3Jpe.c = 915.4 - 5.8co8¢ + 17.0cos2¢. This relationship was
developed without consideration of the Puddephatt rearrange-
ment or ligand effects, however, and consequently fails to
modél a number of complexes.

?lgtinum-195 spectroscopy can be a useful technique in
identifyiﬁg_ platinacyclébutanes. Platinumr1§5 is . an NMR
“active isotope, .and’so can be directly observed. Platinum
shifts cover a range of approximately 13000 ppm’?%, with
platinum(IIf " complexes -appearing at hiéher field ¢than
piatinum(IV) complexes. Changing solvent_ generally results.
in a large shift in the blatinum resonance of a compound,
while temperaturé' causes about a 0.1 ppm/°K‘.shift.l A
variation in 1ligand can effect a major shift. Generally, as
one mers down a group, there is an upfield shift. The
group N, P, As, and Sb 1is an exqeption to this ruie.
Changing remote substifuents has a relatively smali effect
‘on the chemical shift, providing there is8 no major change in
steric bulk. For e;ample, ahaidgous compounds hAVing.
different phosphine 1ligands, PRi, where R = Me,>E£, Pr", or
Ph, have similar chemical shifts.

The usual standard against which pPlatinum shifts are

measured is [PtCls)?-, however this 1is not a very good
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standard!®. Its chemical shift exhibits high temperature
anq solvent dependence, and it decomposes with time. Also,

nearly all other compounds' shifts are negative relative to

it. Sodium tetracyanoplatinate(II) has been- used as a
standard, and is 1less sensitive to solvent and tempera-
ture’?. Sodium tetracyanoplatinate(II) also appears at

higher field than most other:platinum complexes. .
Plat;nacyclobutanes possessing two chloride ligands and
neutral ligands of the type ‘bipy, Py, or TﬁF, resonate
between about 63Q00.and 63600..Severa1 examples are display-
ed in Table 5; dlefin complexes ' of the same type appear
between 61700 to 62500, This, then can provide a useful

indication of platinacyclobutane formation.

Formation of Platinacyclobutanes

The first reported platinacyclobutane was made from
cyclopropane and chloroplatinic acid in acetié anhydride?®®.
This method failed with substituted cyclopropanes, however.
The now-generaliy used method involves .addition "of the
cyclopropane to a solution containing Zeise's dimer?*.
Several ,differént solvents. héve been tried, although
diethylether' is the most popular. Instead of d;splacing
eﬁhylené frém platinum, a cyclopropane can also exchange
with a differen£ platinum-bound cycléprﬁpane75. Another
method suggested to form platinacyclobuéanes—is the addition

of 1,3—dijGrignards to platinum’é*77.
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t9%pt NMR Resonanceg of Monomeric Platinacyclo-

butanes, With Respct to 1.0M NazPt(CN)s in ‘D20.

CP'[C|2L2 )
<:PBQL2
<:>_<:j%CbL2

PiCloLo

o<

PtClL,

e

) L PtChLs

ie

PtCloLo

PtCloL,
PiCl,Lp

¥

PiClols

e

_ PtCloLo

O

'
0 oO

o>

L

Py

Py

THF

PY

.THF

124
THF
THF
PY
Py

Py

BY

Py

Py .

solvent

CDCl3
CDC13
THF
€DC13
THF

CDC1l:
THF
THF
CDCls
CDClgs
CDClsz
CDCls

CDCls

CDCls

shift (ppm)

3317,3{26
- 2611

3387

3308

3591

3417
3365
3278
3350
3368
3390
3333

3322

3350
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Not all cyélopropahes react wifh platinum(II) to form
platinacyclobutanes. Those which do include simple cyclopro-
panes having up to three aryl or alkyl substituents, ahd are
listed in Table 6. If the cyclopropane bears two substitu-
ents, they are either geminal or trans to each. A tri-sub-
stituted cyclopropane, 1,1,éthimethylcyclopropane, has a136
been reported to form a stasle'platinacyclobutane.

As of 1972, ¢is-1,2-dialkylcyclopropanes were thought
not to form platinacéclobutanes. For example, McQuillin®®
reported that norcarane reacted with Zeise's dimer to yield
two ﬂ-allyl cohplexes (inferred only), which then gecomposed
to a mixture . of olefins' (equation 5). Aryl coﬁpounds
appeared to be exceptions as gl§—1,2-dipheny1cyclopropéne
lead to a stable platinacycle. In 1982, however, Jennings®?
reported stabie platiﬁacyclobutanes obtained frbm norbornyl-
cyclopropanes. Since then, several norbornyl complexes

have been made and characterized’® from the.cyclopropanes-

listed in Table 7.

PII)
Et,O0,A, 1 hr




31

Table 6. Cyclopropanes Which Form‘Platinacyclobutanest
cyclopropané méﬁhylcyclopropane
ethylcyclopropane isopropyleyclopropane
butylcyclopropane . n-hexylcyélopropane
Phenylcyclopropane benzyléyclopropane

p-toluylcyqlopropane o-toluylcyclopropane
spirol 2, 2] pentane ' spiroi 2, 41 heptane
spirof 2, 5loctane
o—nitrophgnylcycloproﬂane
p-méthoxyphenylcyclopropaﬁe
p—ethoxyphenylcyclopropane
lgggg§-1,2-diqhepyléyclopropane

cis-1, 2-diphenylcyclopropane
tf&ns-fyz-ditoluylcyclopropane
gggg§—1-methyi42-phenylcypiopropane
trans-1,2-dimethy1cyélopfopane
tnans—1—0n—buty1)—Z—methylcyclopropane.
1,1—dimethylcyqioproﬁane
1,1-diethyicyclopropane
1,2-dicyqlopropy;éthane
1,1{Z;trimethylcycloppopane
cyclopropylmethylmesylate 
1-(cyclopropyl) -1-ethylmesylate
2-(cyélopropyl)-2—prop91me§ylate

(1-methy1-1-cyciopropy1)methylmesylate
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Table 7. Norbornylcyclopropanes Which Form Platinacyclo-
butanes. ' : .
exo-tricyclol 3.2.1.0%'*%*]loctane
exo-tricyclol 3.2.1.0%"%loct-6-ene

eko,exo—tetracyclo[3.311.02".05'°]nonéne

exo-tricyclol 3.2.1.02%'*]1-6-octanone
exo-tricyclo[3.2.1.02'“]-6-octdnone, ketal with

ethylene gl&coi

More recently, a. 1,2,3-trisubstituted nqrbornyi
cyclopropane was shown to form the stable platinacyclo-

butane 97°%.

CH,OH

Pt

Cyclopropanes difectly bearing electron ‘withdrawing
groups, including those listed.in Table 8, fail to react
with platinum(Il). A few other exéeptions, such as 1,1-di-
ﬁhénylcyclopropanéj and trans—1,2_di(4—metﬁ§xyphenylfcyclo—

propane react to give non-platinacyclopropane products.
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Table 8. Cyclopropahes ¥hich Do Not Form Platinécyclo-
butanes. ' - o

1,1-diphehy1cyclopvopane
g;§-1;(n-buty1)2-methy19yclopropane
.glg-bicyclo[4.1.0]heptane'
trans-1,2—di(p-methoxypheny1)cyclopropane
cyclopropylmethylester
cycloprbp&ieyani@e
1,1, 2, 2-tetramethylcyclopropane

Platinacyclobutane Rearrangement -

Cyclopropanes having unique bqnds can yiel& different
piatinacyclohutane isomers (equatiop 6). Pu&dephatt. dis-
covered that isomer 11 was the kinetic product from phenyl-
cyclopropane, but with time an equilibrium between 10
and 11 'was established’é’°°. It was later shown that thi;

isomerization was general for platinacyclobutangéB’.

20w R+ Pt | ©)

10 11
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Isomerization was deterred by chelating Jligands, or
excess free ligand. This 1indicated that isomerization
proceeds by an initial ligand loss, which was verified by
kinetic studies.

Substituent migration was ruled out since the isomer-
ization of 1-deuterio-Il-phenylplatinacyclobutane proceeded
with no scrambling of the deuterium and phenyl groups onto
different carbons*0 (equation 7). Reversible elimination
of the cyclopropane was also disproved, because cylopropanes
won"t react with PtCl2pyz, and free cyclopropane in the

isomerization mixture was not incorporated into a platina-

cyclobutane* 2 (equation 8).

Cl
()

Four major mechanisms, shown 1in Figure 18 have there-
fore been proposed for the Puddephatt rearrangement. Mech-
anism (a)is attractive because of the ongoing interest in
olefin metathesis, however, it is incorrect. The olefin-
carbene intermediate would be expected to produce thermal

decomposition products representing fragmentation of the
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Figure 18. Proposed Puddephatt Rearrangement Mechanisms.

a. Methasis with rotation
b. Edge migration

c. Concerted

d. Cyclobutylcation analogy
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éyclopropane._Ihese produéts aré not observed. Also, olefin-
metathésis often results in cis-trans isomerization, and the
same result’ would be expecte& from _mechanism (a). Only if
the number of olefin rotations differed frém the number of
carbene rotations by an odd‘number would the cyeloprppan;
stefeochemist?y bé retained. However, ’the rearrangement

of cis;z—pheny1—4-deutefioplatinacyclobutane yvielded ‘the

3-phenyl isomer with no ioss‘of stereochemistry. Reductive
elimination of phenylcyclopropane also retained the cis
configuration. (Using deuterium in the‘ study eliminéteq any
thermodynamic or steriq stereochem%cal breference?z.)
Further evidence against mechanism (a) was obtained
from a crossover experiment in which 1-phenylplatinacyclo-
propane waé isomerized in the presence of Q—Qethylstypene.
No p-tolylplatinacyclobutane was produced.
. 0f the three remaining mechaniams, (b) 'is the least
likely, 'although. it can't at présent be disproved;‘The
crossover experiment with chlobropane, mentioned eaflier,
indicates that the cycloproﬁape; though intact, must still
be strongly bound to the piatinum.'This situation is thermo-
d&namically.unfeasable and has no precedent®?®. .
'The fourth. mechanism arises from theoretical extended
Huckel studies, aésuming that the initial 1loss of a ligand
leaves the platinum as a 5-coordinate fragment with square-
pyramidal geometry. The platinacyCiobutane is then isolobal

to a cyclobutyl cation. Rearrangement proceeds as shown in
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Figure 19. The analysis predicted 1l to represent minima;
however, to fit the experimental data, il must be the
intermediates and 11 the transition states. This discrepancy
was dismissed as a failure of the extended Huckel calcula-

tion to properly predict the relative energies.

Figure 19. Mechanism Proposed for the Puddephatt Rearrange-
ment by Analogy to the Cyclobutyl Cation.

Currently, mechanisms (¢) and (d) explain all the
available data, but cannot be distinguished experimentally,

if they are indeed different.
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Although the Puddephatt rearrangement occurs with most
or all platinacyclobutanes, the position of equilibrium
varies. Generally, large [ligands on platinum or large
substituents on the cyclopropane favor isomer 13, in which
the substituent is remote from the platinum (equation 9).
Also, electron donating substituents favor isomer 13, while
electron withdrawing substituents are expected to favor
isomer 12**. Steric concerns appear to be the overriding

factor, however.

0

The instability of some cis-1.2-disubstituted cyclopro-
pane platinacycles may be due to steric interactions between
platinum and the substituents in 1isomer 14. Placing the
substituents trans partially relieves this interaction

(equation 10).

14
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The Puddephatt rearrangemant makes it impossible in
most ~caées to determine where plaéinum inserted into the
cyclopropane ring. Methylcyélopropane leads to both possible
isomers, but with 6thep éikylc&clopropanesﬂonly isomer 13 is
observedf“. Fromlghis it couldA‘be assumed that insertion
occured into the least substituted,bond; Stepic factors,
howevef, may disfavor one iéomer such that it 1is not
observed. This is supported by the observation that alkyl-
platinacyclobu}anés rearrahge pabidly; and many Eeactions
appear to proceed from isomer 12°%'.

Aryl?yclopropanes generaiiy exist as two observable
isomers. Hith some arylcyclopropanes ;n equilibrium mixture
is immediately obtained. Phenquyclopropane, 4-substituted-
phenylcyclopropanes, and tnans-1,2;di(4-toly1)cyclopropane-
produce one initial isomer;‘ howeyer. In these éompléies
insertion is thought to occur into fhe most substituted Sohd
of the cyclopropane. This preference‘may be due to‘increased'
electron density‘in Ehat bond, ;s"electron-donating substi-
tuents are knownl to ipcrease cyclopropane reactivity with

platinum(II)73,

Chemistry of Platinacyclobutanes

Reactions of -monomeric platinacyclobutane complexes
generally Proceed by initial dissociation- of a neutral

ligand, as illustrated in Figure 20, ‘This can be halted by
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ligand saturation or chelating ligands, such that the ligand
cannot dissociate84’®3. Photolysis <carried out in polar
solvents, such as DMSO, can cause loss of a chlorine iInstead
of a neutral ligand88.
Figure 20. Initial Ligand Dissociation From a Platinacyclo-
butane.
TI
L— Pt-
c
c a cl A
L |
1' p! 'Pt
L (1] I L I 'LI
Cl c

A + PtCI2L

Platinacvclobutane Decomposition

Platinacyclobutanes decompose by three major pathways:

reductive elimination of the parent cyclopropane; rearrange-

ment to form an ylide; or rearrangement to form an olefin.

Reductive elimination of cyclopropane can occur from

either a tetrameric or monomeric platinaeyelobutane complex.

The elimination appears to be concerted and proceeds with

retention of stereochemistry about the cyclopropane ring64.

Generally, elimination is induced by photolysis87, thermol-

ysis or reaction with soft ligands. These ligands include
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alkenes, Co, PPh3, KCN, and DMSO*11*7184 *e8"e9. A soft
ligand added to a monomeric complex must successfully
compete with the previous ligand for a coordination site.

In one report, cyclopropane was eliminated from a
platinacyclobutane bearing the bipyridine ligand. The
bipyridine completely dissociated from the platinum before
the elimination occured90.

Olefin forming decomposition of a platinacyclobutane
preferentially produces the least-substituted olefin
possible. If cis and trans isomers can be formed, the cijs
isomer is favored. The reaction is initiated by dissociation
of a neutral ligand, followed by hydrogen abstraction. This
probably forms a platinum-bound olefin from which the free
olefin is displaced (equation 11). Only a few such interme-
diates have been observed, however. The Tfirst was reported

by Brown in 197881 (equation 12).

CHCI3
+ py Q0Q pPy— a2
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Three mechanisms for olefin formation have been
proposed, and are shown iIn Figure 21. The first route
involves oc-hydrogen elimination, while the second and third
proceed by fl-hydrogen elimination from the ring or a methyl
substituent, respectively. In each case, the piatinacyclo-
butane undergoes the Puddephatt rearrangement rapidly
compared to the hydride shift. This frequently results in
the alkene having a different carbon skeleton from that of

the observed piatinacyclobutane (equation 13).

Figure 21. Mechanisms Proposed for the Rearrangement of
Platinacyclobutanes to Olefins.

1) - H elimination
2) reductive elimination

Ha Ha

1) B-H elimination
2) reductive elimination

Ha Ha

CHgc CH2aHc
1) @3- H elimination

2) reductive elimination
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To differentiate between these pathways, Johnson91l
examined the deuterium labeled cyclopropanes 15, 16 and
17. Only cyclopropane 17 could differentiate between an o
and a fl-hydrogen abstraction. 1In each case, a major olefin
resulted which could be derived by pathway (b), while a
minor olefin resulting from pathway (¢) was also obtained.
This indicated the olefins were produced by the B-hydrogen
elimination mechanism. The labeling also showed, via
cyclopropane 16, that no methyl migration was involved in

the rearrangement.

15 16 17
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This reaction was reexamined by Puddephatt’2, who found
that cyclopropane 17 produced compound 18 as the major
product. This indicated (@) was the pathway followed. Fur-
ther confirmation was obtained by the decomposition of
complex 19 which yielded 20 as the major product. However,
since Puddephatt®s and Johnson"s experiments were carried
out under different reaction conditions, different mechan-

isms may actually have been in effect.

CDH cHs D CDH
Hiiiii
c
CH3' CD(CH3R  CH3inn CH3  nsCDHCH3
18 20

Although many platinaeyelobutane reactions are known to
yield ylides, only those mechanisms which also pertain to
olefin formation will be considered here.

Puddephatt®3 reported production of an alkene by the
decomposition of a platinaeyelobutane, which proceeded via
an intermediate ylide complex (equation 14). Labelling
studies showed that the ylide was formed by an cc-hydrogen
elimination, and 1,3-H shift (equation 15). The 1,3-H
shift formed a platinum-carbene which then proceeded to
either the ylide or the olefin. Three conditions were

necessary to form the ylide: the carbene carbon B to the
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platinum had to be primary; the attacking ligand had to be
compact; and it had to be a strong base. Schrock type
platinum(ll) carbenes, however, have never been observed and

are a matter of speculation only.

Cl L

Lx I |

L L-Pt-CH C H 2CH(CH3)2 (14)
cl
cl

L = 2,6-dimethylpyridine

(15)

L-Pt-CDCH2CHDPh

L = 2-methylpyridine Cl

Brown’4, reported that both ylide and olefin formation
proceeded via B-hydrogen abstraction to a common ir-allyl
intermediate, although no hard evidence exists for this
mechanism (equation 16). With weakly coordinating ligands,
all the platinacycles investigated yielded olefin complexes,
while with pyridine, plati nayclobutanes substituted at
only one carbon yielded ylides, and those substituted at two

carbons yielded olefins.
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Cl

py-Pt

c cl
py-Pt

c Cl

py-Pt

Cl

Pi-allyls are most easily identified by 1H and
spectroscopies. In general, ir-allyl protons can be
into three types, shown in Figure 22, with shifts93
from 62-69. Carbon resonances usually appear between

6124. Platinum-carbon coupling to the central

€5

13C NMR
divided
ranging
650 and

carbon

(0-SOHz) is less than to the end carbons (42-250 Hz)42"9*.

Figure 22. Pi-allyl 1H NMR Resonance Ranges.

Pt

H1:H2:H3=1:2 :2
H1 4-9 ppm

H2 3.4-4.4 ppm
H3 2-3 ppm
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Additions to Platinacyclobutanes

Platinacyclobutanes can be hydrogenated to alkanes by
reaction with lithium aluminum hydride, hydrogen in alcohol
solution8*«97, or hydrochloric acid in water98 (equation

17). The mechanism of this hydrogenolysis is not known.

Pt (17)

Diazomethane adds CH2 to piatinacyclobutane hydrocar-
bons, yielding two olefins (equations 18 and 19). A mechan-
ism 1involving a platinacyclopentane intermediate has been

proposed99, and is illustrated in Figure 23.

Reactions of Norbornvl Platinacyclobutanes

Horbornyl platinacyclobutanes occasionally react
differently than other known platinacyclobutanes. For

instance, typical platinacyclobutanes react with DHSO or CO
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Figure 23. Mechanism Proposed for the Reaction of Diazo-
methane with Platinacyclobutanes.

to reductively eliminate cyclopropane. Reaction of norbornyl
platinacycles with DMSO yields both cyclopropane and ring
homologation with respect to the parent olefin, as shown in
Figure 24. The double bond or cyclopropane across the ring
from the platinacyclobutane probably assists in the ring
expansion, as the saturated case carries out this process
poorly””*100.

When reacted with carbon monoxide, as illustrated in
Figure 25, the norbornyl systems yield olefinic and cation
capture products as well as cyclopropanes. Mechanistic
studies showed that several products resulted from cationic
pathways involving skeletal isomerization and capture of HCI
and/or ROH101 shown 1in Figure 26.

Likewise, thermolysis of some norbornyl cyclopropanes
yields diolefins, which require a formal cleavage of the
platinacyclobutane ring. These reactions and their proposed

mechanisms are displayed in Figures 27 and 28. Once again.
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assistance may come from the cyclopropane or double bond
across the ring, as the saturated system does not produce a

diolefinl02.

Figure 24. Reactions of Norbornyl Platinacyclobutanes with
DMSO.

Figure 25. Reactions of Norbornyl Platinacyclobutanes with
CO.

PtClgu
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Figure 26. Cationic Mechanisms Proposed for the Reactions of
Norbornyl Platinacyclobutanes with CO.
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Figure 27. Thermolysis of Norbornyl Platinacyclobutanes.

Figure 28. Proposed Mechanism for Formation of Diolefins
from Norbornyl Platinacyclobutane Thermolysis.
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RESULTS AND DISCUSSION
Statement of Problem
Platinum(II) forms platinacyclobutanes by inserting

into a variety of simple cyclopropanes containing aryl and

alkyl substituents““. However, cis-1,2-dialkyl substituted

cyclopropanes were- reported not to form platinacyclo-
butanes®®. This was maintained until 1982, when stable
rlatinacyclobutanes froh norbornyl - cyclopropanes were

reportgd*?. The stability of the norbornyl éystems may be
due to.their ;igidi£§, which could minimize steric intepac—
tions between .the pyclopropane suﬁéfituents and platinum's
'ligands. |

We wished to examine othér g;g—i,Z—dialkyl substituted
cyclopropanés having steric considerétiqns intermediate to
those of the rigid norbornyl ﬂcyclopropanes ‘and the rela-
tiveiy unconstrained- simple cyclopropanes. The Hicyc}o—
[n;1.0]a1kanes, or bicycliq cyclopropanes, met this require-
ment and were chosén fof stud&. Furthermore, transformations

of the resulting platinacyclobutanes could be of synthetic

interest, as cyclic molecules are ubiquitous in nature.
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Formation of Platinacyclobutanes

Complexes from Cyclopropane 21

The reaction of bicyclol 6.1.0) nonane (21) with Zeise’s
dimer proceeded at room temperature to yield a vyellow IPC
(Initially Precipitated Complex) (equation 20). Character-
ization of the complex by its solid state 13C NMR spectrum,
which is reproduced in Figure 29, showed platinacyclobutane
carbon resonances at 651 (C2) and 66.9 (CI). A third reso-
nance at about 630 (C3) was expected, but overlapped with
resonances for the substituent ring carbons. Good correla-
tion existed between the spectrum of 22, and those observed
for the norbornyl 1PCs, as reported by Haddington48. Data
for these complexes are listed iIn Table 9. The elemental
analysis was reasonable for the proposed compound as well,
indicating that complex 22 was the desired platinacyclo-

butane.

Generally, platinacyclobutanes do not melt but thermal-
ly decompose instead. This was true of complex 22, which

decomposed between 136° and 139°C.
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Figure 29. Solid State 13C HMR Spectrum of 22.

=T
Table 9. Platinacyclobutane 22 Solid State 13C NMR Reson-
ances.
woncine VOB K],
R= H Ph

atom 22* 33 34 35 R=H R=Ph

1 6. 9** 4 15 4 2.4 1.9

2 51.0 58 54 56 34 38

3 obsc. 33 32 33 25

*3-9: 30. 6; 30. 4; 29. 6; 26. 0.
**all shifts are in ppm
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NMR Resonances for Compounds 23 (L =

Table 10.
(L = bipy) .
L= Py
solvent = CDCla
13C NMR***=*
ctt 1 -7. 2 t (351)**
2 48. 6 d (85)
3 14. 2 d (348)
4* 31.2 t
5* 30.0 t
6™ 25.9 t
7= 25.6 t
8* 29.5 t
o* 30. 8 t
1H NMR
Htt la 2.6 dd
1b 2.5 dd
2 2.7 m
3 3.6 dd (96)
4a 2.2 m
4b-8 1.3 m
9a 2.2 m
9b 0.7 d
115Pt NMR
3263***

* not rigorously assigned
** platinum coupling in Hz
*** relative to 1.0M Na3Pt(CN)*

shifts

in ppm

HbHa

H

Hb Ha

Py

py-

-7.
49.
12.

W
=

N N
29

OO WWWWOWWONOD

Rs

A ol A
FPWRUOO®O

3300

ds

ettt OO

dd

Hb

(357)
(100)
(354)

(88)

(95)

1/
CD

-6. 7
47. 4
13. 3
31.6
30. 5
26. 1
26. 0
29. 8
30. 8

PRNENONNN
WOONUUITOMNOD

3076

in Dz0O at 25°C

py) and 24

2bipy
Ccl13

(364)

(85)
(342)

ettt OO

dd (91)
dd

m

dd (98)
ddd

m

ddd

d
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Reaction of IPC 22 with two equivalents of pyridine
yielded the monomeric complex 23 (equation 21). The platina-
cyclobutane ring protons could be distinguished by proton
NMR spectroscopy, as shown in Table 10. Most of the peaks
overlapped and platinum coupling was obscured, with the
exception of the resonance for the proton at carbon 3 which
came at 63.6. This peak was in a clear region of the
spectrum and exhibited platinum coupling of 96 Hz. Its
utility in platinacyclobutane identification and kinetic

studies will be discussed Ilater.

The carbon-1 3 NMR spectrum of complex 23 showed charac-
teristic platinacyclobutane resonances at 6-7.2 (Cl), 614.2
(C3), and 648.6 (C2). The assignment of these peaks to a
2,3-dialkylplatinacyclobutane was established with the
norbornyl platinacyclobutanes69. The complex was non-sym-
metrical as manifested by the lack of magnetic equivalence
between the carbons. Platinum couplings of 351 Hz and 348 Hz
to CI and C3, respectively, indicated the presence of
platinum-carbon sigma bonds. Platinum coupling was also

observed to C2 (85 Hz), but was too large to be 2Jp4iC
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éxcept' within ;the pla@inac?clobutane. A platinum-195 reso-
nance was observed at 63263, which was also consistent
with a ©platina(IV)cyclobutane bearing pyridine and chlorine
ligands.

Complex 23 couid pe isolated as a yellow solid by
precipitation from 'penténe, but was relatively unstable and
decomposed'at 245°C. In solution .23 decomposed within six
hours at foom‘ temperature. Similar ‘platinacyclobutane
decompositions have been shown to require an open coopdina—
tion site on the plaﬁinum formed by an initial pyridine‘
.1igand loss?®®, This process could be halted by maintaining
complex 23 1in byridine solution or by replécing the py}i;
dines with the cholating 2,2' -bipyridine (bipy) 1ligand.

in pyfidine, the '3C and 'H NMR spectra of complex 23
were similar ¢to those. obtained in chloroform oolution apd
are also listed in Table 10. A slight downfield shift of the
proton resonances was noted and is typical of complexes in
pyridine solution. The platinum NMR resonance =showed a
greater shift, to 63300, due to6 platinum's NMR sensitivity
to solventf. -

étabilization of the platinacyclobutane with the bipy
ligand permitted isolation of 24 as a pale yeilow solid,
which was thermally stable up to 300°C. The structure of
this compound was confirmed by elemental analysis and NMR
spectrosoopieé (Table 10)., The =sensitivity of platinum NMR

to ligand changes caused the platinum resonance to shift to
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§3076. The .*H and *3C NMR spectra remained relatively

unchanged from those of .complex 23, however,.

Complexes from Cxcloprqpane 25

i I

Although reaction of cyclopropane 21 with platinum
éhbwed that a platinacyclobutane could be made. from a
bicyclo[n,1.0]alkané, the re;ction of cyélopropane'ZS had
‘been specifically reported'not to y;eld this product. The
reaction of cycloproﬁane 25 with platinum wés therefope
reexaained. |

According to McQuillin®®, cyclopropane 25 mprodﬁced
‘ 7-allyl ;omplexes when refluxed with platinum in diethyl-
etﬁer (equation 22). These complexeé were not directly
observed, but their decomposiéion with potassium cyanide
yielded‘a mixture of olefins, _while a platinacyclobutane

would have reproducéd the original cyclopropane.

Pi(Il)

T .—K—C.ﬁ->
Et,O,A,1hr

25
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Cyclopropane 25 coptained more ring strain_than'21, so
both 25 and its resulting platinacyclobutanés w;re thought
té be more reactive than 21 and its complexes. Therefore,
when the reflux of 25 with Zeise's ‘dimer in diethylether
yielded olefinic products as reported, it was hypothesizéd
that if the ﬁiatinacycle had formed, it had éubsequently
rearranged. Tﬁe reaction was therefore repeated at 23°C,
g°C, and -10°C. At OQC and -10°C a‘yellow solid wés obtain-
ed, but darkened almost immediatel& upon isolation. Like-
wise, when the solid was ©placed in chloroform and two .
equivalents of pyridine were pdded,_the solutiop darkened
rapidly and did not exhibit any evidence of a’platinacyclo—
butane. However, when the_ solid was solvated in pyridine,
the platinacyclébutane 30 was observéd and . remained intact

for over a year (equation 239,

PH(l) ] | T (23

Et,O0 . b PiClo)4 Py - — PtClopys

25 29 solid - 30

Optimization of the reaction requiréd balancing time
and temperature to yield a maximum amount of- IPC 29 before
its rearfangement producté could accumulate. The reaction of
three equivalents of 25 with platinum for 36 hours at -10°C
appeared optimal, -but yields greater than 32% were not

-obtained.
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Spec@roscopically, the identification of 30 was very
similar to that’of 23. As listed gn Table 11, the *'H NMR
preak for the proton at carbon 3 was aéain easily identifi;
able at 63.66° and showed platinum coupling 6f-_93 Hz. A
platinum-195 resonance appeared at 63315 .and correlated well
with the 63300 peak obtained for complex 23 1in pyridine
solution. Likewise, the platinacyglébutane carbons appe;red'
at 644.6 (C2), 65.8 (C3) and 6-8.6 (C1) in the *3C NMR
spectrum. These were 6oup1ed to platinum by 98 Hz, 369 Hz,
and 354 Hz, respectively. The carbon-13 spectrum was @lsp
examined for évidence.of 7-allyl complex férmation. Excess
pyridine should decompose 7w-allyl compounds to their
respective olefin analogues as does potassium byanide. These
olefins exhibit"sp2 carbon resénances between 6105 anaAéiSO,
however no such peaks were observed in the spectrum of
30. Furthermore, all the sp® carbon resonances in the
'spectrum could be assigned' to either complex 30 or to
residual cyclopropane 25. Therefore, under the mild feaction
conditions used, platinacyclobutane 30 was the maior organo- -
platinum speéies formed.

Attempts to isolate 30 as a solid proved futile, B0 it
was converted to the bipy adduct, 31 (equation 24). Because
of the instability bf IPC 29, the Bipy 1igand was added by
direct .displacement of .the pyridines. in complex 30. The
reactioq was carried out in pyridine solution to stabilize

LY

the complgx prior to complete bipy chelation.




Table 11.

L =
Solvent

130 NMRXx*x*xx%

Ci 1
2
3
4%
5*
6*
7 %

'H NMR

Hit 1a

4a
4b~-7a
7b

93Pt NMR

61

bipy) .
7
6
SN
Hp
Py
PY
~-8.6 t (354) %%
44.6 d (98)
5.8 d (369)
27.2 t
20.4 ¢
19.9 ¢t
25.7 t
'3.04d
2.8 dd
3.0 m
3.7 ddd (93)
2.2 m :
1.5 m’
2.0 m
3315x%%

* not rigorously assigned

** platinum coupling in Hz
* X X relat1ve to 1.0M Nath(CN)4
xx%* all shifts in ppm

H Hy

42,

27.
20.
19,
24.

3095

- = NNWWwNN

2 1‘ Ha
3

PtCloLo

NMR Resonances for Compounds 30 (L = py)
(L

1/2 bipy
CDClsx

NN

OAhO W~ o~

ettt

(342)
(92)
(366)
(24)
(43)
(49)
(15)

dd (85)
dd (80)
m
ddd (92)
m .
m
m

in D20 at 25°C

and 31
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] ooy ] )

—PiClpy.  PY L PtClobipy

30 : : 31

After purification on a silica gel column, complex 31
was obtained as a pale yellow solid which was stable at room
temperature-for several days.‘The solid decomposed thermally
‘at 213°C, confirﬁing that 31 Qas much less stable than the
analagous: cémplex 24.-Tﬁis increased. instability led to
difficulties in pbtaining an elemental analysis, and the
final analysis.was off by 0.62% in carbon. |

Analysis of 51 by froton, carbon-13, and platinum-1985
NMR-spectroscopies verified that 31 was séructuraliy analo-
gous to 24. The respective respnahées'for ‘31 ére shown in
Table-11. fhe proton resonances for 31 were'ﬁéll separated
and permitted observafion of 85 and 80 Hz plétinum couplingsA

to Hia and H1b, respectively.

Complexes from Cyclopropane 32

The reactions of cyclopropanes 21 and 25 with plati-
num(II) clearly showed that platinacyclobutanes can be made
from cis—bicyclo[n.1,0]élkanes. This research was therefore

extended to examine olefin-contaihing bicyeclic cyclopropanes

as well. Platinum(II) bonds strongly to unhindered olefins,
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usuaily to fﬁe exc;usion of cyclopropane insefﬁion, so the
development of a method for forminé platinacyclobuténes in
the presence of these olefins was desirable. Fdrthermore,
transformations of, platinacycle 34 produced séﬁe unusual
products not obtained from the reactions of 35. This reac-
.tivity difference migﬁt 6ccﬁr with the bicyclic platina-

cyclobutanes as well.

PiCl2)4

35

BicycloL6.1.0]non;4—ene, 32, was chosen' for this
study. By analogy to 21, thig platinacyclobutgné might be
reasoﬁably stable once forﬁed. |

Initially, reactién of 32 with platinuﬁ(II) made the
platinum-bound olefin complex,'36 (equation 25). No inser-
tion into the cyclopropane was observed. A second equivalént
>of platinum was expecfed to insert into complex 36, howevef,
since tﬁe'first platinum protected the olefin from further
complexation. This did not océﬁr,' indicaging the insertion

was energetically unfavorable.

P(ll)
. Cl—Pt—
ELO,RT ° | | . (23]
2

32 | 36
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The reaction mixture'was_ heated to 60°C, but still no
insertion occurred. Above 60°C platinacyclobutaﬁes héve been -
reported ¢to decompose®?, so aftempting‘to form one above
this ' temperature appeared counterproductive. However,
remo&al of oxygen from the reaction environment was found to
halt the decémposition. Comﬁlex 36 and a second eQuivélént
of'platinum were thérefore piaced in a deoxygenated chloro;
form splutioﬁ and sealéd in an evacuated tube.'After heating
to 95°C for 15 minutes a most unusual platinacyclobutane was

obtained (equation 26).

?I P4 ‘
: PH() S\
Cl— Pt— - Clw_ oyl 26
| CHCl3, N,, 95°C Tt<c,/ Pt\C, (26)
2 ci .
. 36 37
Complex 37 was not an IPC, and was soluble in"chlorb—

form. Its analysis by !3C NMR spectroscépy showed five
carbon resonances, indicating a éymmetric complex. These
resonances are listed in Taﬁle 12. Olefinic carbons appeared
at 6120.4 and were coupled tq platinum by 94 Hz. This reso-
nance was upfield of the platinum(II)-bound olefinic carbon
resénance in 36 (689.9, lJp_t.c162 Hﬁ) and was close to the
resonance of the free oiefin 32 (613013). Thé coupling of 94

Hz was larger than expected for secondary coupling to

platinum elsewhere in the molecule, but ﬂwas too small




Table 12. NMR Resonances

- Pt -ClI
13 C NMR****
1 16. 3 t
2 30.3d
3 19.9 t **
4 28.5 t *
5 89. 9 d (162)
6
7
8
9
NMR
la 0. 02 dd
1b 0. 78 ddd
2 1.05 m
3a 2. 44 dd *
3b 2. 44 dd *
4 2.59 m
5 5. 57 m (66)
6
7
8-9a
9b
193 pt NMR
2338 A**

* not rigorously assigned
** platinum coupling
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for Compounds 36,

36.
29.

22.
120.
71 .

IS
Oh~NPOO®

2. 97 ddd (92)

2.6-2.2m*
1.26 d (108)
3. 73 ddd (82)
2.6-2.2m*
2.6-2.2m*
7. 40 dd (60)
4. 70 s (69)
2796

21 84

in Hz

*** relative to 1.0M NazPt(CN)*

**** all shifts

in ppm,

solvent

t (100) **

d
t
t
d
t

(338)

*
*

(9%
(205)

*

*

37, and 48.

-6.
47 .

w
AN
NOPOWOOIOOR

25.
131.
130.

24.

32.

(alle NoNoN_ I, JoloRy_ |

.6 dd (9L
.5-1.8m
.15 m

.6 ddd (95)
.6 ddd (95)
.5-1.8m
.5-1.8m
.73 m

- 73 m
.5-1.8 m
.6 m

PNOUONNWWWNN

3072

in DzO at 25°C

was CDCls
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to be due to a platinum( I11)-olefin bond. 1In the proton NMR
spectrum, the olefin resonance appeared at 67.4, which
indicated an olefin bearing an electron withdrawing group.
This peak was coupled to platinum by 60 Hz.

The platinacyclobutane carbons appeared at 629.6 (C2)
and 636.8 (CI) and were coupled to platinum by 338 Hz and
100 Hz, respectively. These peaks were downfield of those
observed for platinacyclobutanes 23 and 30, and are indica-
tive of <carbons trans to chlorines on platinum. This rela-
tionship was established by Haddington68 for the norbornyl
platinacyclobutanes.

The proton and carbon NMR data were consistent with
the platinum(lV) portion of complex 37, where the unusual
olefin resonances and platinum couplings were due to the
presence of a platinumtlV)-olefin bond. The backbonding
contribution to this bond was expected to be much less than
in a platinum(ll) bond. Therefore, donation of electron
density from the olefin to the platinum might have deshield-
ed the olefinic protons and carbons relative to those iIn a
platinum(ll) bound olefin. Decreased backbonding may have
also caused the reduced platinum-carbon coupling constant,

but this 1is uncertain.

37
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The platinum-195 NﬁR spectrum, however, showed two
platinum resonances at ‘62796 and 62184. The upfield peak
(562184) was indicative of a platinum(II) species. An X—ray’
crystallographic. analysis was - therefpre undertaken to
elucidate the inorganic portion of the molecule, and thg

resulting data 1is 1listed 1in Appendix B.' The structure

' obtained was that of 37, and contained two different
platinum atoms: a. four—cébrdinate, square "~ planar plati-
num(II) and a six-coordinate, ocfahedral Platinum(IV),

These geometries and coordination numbers, together with a
distance of ‘3.66:3 between the two platiﬁums, indicated a
mixed Qalence dpmplex rather than a platinum(III) dimer.
The platinums were bridged .by tﬁo chlorines and the
resulting dichlorodiplatinum riné waé puckered by 28°, Thé
plaﬁinum(IV) to bridging chlorine bond distance was 2.6 3,
while the platinum(II) to bridging chlorine bond distance

was 2.3 3. This difference may have reflected the enlarged

~coordination sphere of the platinum(IV), but was more likely

due to the hiéh Erans influgnce of the_carbops trans to the
chlorines on the ﬁlatinum(IV).

The platinum(II) portion of the molecule resembled half
of the reactant Zeise's dimer, while the platinum{(1IV)
portion contained the platinacyclobutane. The platinacycle
consisted of‘ platinum ingerted- into the most substituted
bond of .the éyclopropane, and fhe resulting ring was

puckered by 11°. Platinacyclobutane rings are frequently
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puckered‘z, but this was the first report of platinum
residing in the most éubstituted ﬁond of a %,é—dialkyl—
substituted c&cloﬁéopane. Only once has platinum even been
observed in the most substituted bond of a monoalkylcyclo-
propane®®. It has been suggested, howevef, that platinum méy
insert into the most substitutea bond initially, dué ‘to the
increaséd electron . density iﬁ this bond, but rapidly
rearranges to a less substituted bond because of unfavprable
steric interactions®!. Rearrangement of platinum into the
most substitgted bond has also been invoked‘to explain the
cafbon‘ linkages found 1in some platinacyclobutane réaction
products. |

The platinum(IV) in compound 37 was trapped and prohib—.
ited from. undergoing-the Puddephatt rearrangement by cheia—
tion of. the olefin. Whether the platinum inserted direétly
into the most substituted bond and was immediately trapped,
or whether it inserted into a less substituted bond and was
trapped_upon reafranging into the proper bond is not known. -
Breaking the piatinum bond to the olefin moiety, however,
caused the platinum to rearrange to a less subsfituted bond,
as will be discussed later.

The platinum(IV) bound olefin was of particular signif-
icance, as it was the first ever reported. It had a bond
distance of 2;13 R, while the platinum(II)-olefin bond
distance in the same molecule was 1.97 K. This change in

bond 1length ©probably reflected the change in olefin
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character rather than the change in platinum oxidation

state, as bond distances of 2.09 Z and 2,00 X have been
reported for the platinum(II)—plefiﬁ species 38 and 39,

respectively®. The platinum(IV)-olefin in 37 was ~ not

fluxional, as evidenced by its shéfp NMR lines.

Gl Cl
I
-Pt —cl ~Pt —Cl
@J__I N
2 2
38 39

Since 37 contained a platinuﬁ which was still bound to .
the olefin and also inserted into the cyclopropane, it might
not be‘ necessary to react 36 with extra platinum. The
reaction was therefore repeated without a second equivalent
of platinum, and'produced a compiéx similar to 37lbut in low
yield (equation 27). This product was identified by 'H NMR,
and may be dimeric. It was not stable, however, and reduc-
tively eliminated c¢yclopropane. This suggested that the
complex was readily converted to a species containing an
open coordination.site, 40, from whence reductive_eliminé—
tion could occur. If the comﬁlex was 41, then the chlorinés

were only weakly bridging, either because of the trans

influence of the platinum bound carbons, or steric interac-

tions between the two halvgs of the molecule. Addition of a
stoichiometric amount of THF or pyridine to either the.
reactioﬂ mixture or product failed to stabilize the complex, -

however.
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Cl-Pt
| CHCU, N

proposed proposed
141 40

Isolation of the piatinum(lV) portion of 37 as a
monomer would facilitate the study of both the piatinum( 1V)-
olefin and the platinacyclobutane without interference from
the platinum(ll). Complex 37 was therefore placed in
pyridine solution, on the premise that the pyridine monomer
would be formed and then stabilized by the excess pyridine.
The product was stable iIn pyridine solution, but could not
be isolated as a solid, and was not the desired complex 42

(equation 28).

The 13C and 195Pt NMR spectra of the product were
obtained and are shown in Table 13. Carbon resonances at
635.7 (t,Jft,cl16), 610.4 (d, JPt,c494) , and 6-9.7 (d,Jpt,c
473) suggested a 2,4-dialkylplatinacyclobutane, however

platinum coupling between 450 and 550 Hz generally indicates
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Table 13. 195Pt and 13C NMR Resonances for Compound 43.

13C NMR=* ppm mult. Jrt.c
74. 5 d
37. 6 t
3B.7 t (116)
4.1 d (797?)
32. 8 t
25. 4 t
10. 4 d (494)
-9.7 d (473)
195Pt NMR
2891**

* in py-ds solvent
** relative to 1.0M Na2Pt(CN)1 in D20 at 25°C
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a platinacyclopentanel03. The platinum peak at 62891,
although it was close to the platinum(lV) resonance for
complex 37, might also have indicated a piatinacyclo-
pentane. Furthermore, platinum may have been coupled to the
carbon peak at 634.1 by 797 Hz, which if true, 1indicated an
ylide complex.

One structure proposed to Tfit this data was 44,
assuming that the olefinic carbon resonances were obscurred
by pyridine and the peak at 674.5 was due to an impurity.
However, ClI and C3 of 44, should be magnetically equivalent,
which they were not in the complex obtained. In 45, an
isomer of 44, the bridgehead carbons are made nonequivalent
by the different trans influences of chlorine and pyridine.
Unfortunately, the shifts of these carbons are predicted to
be about 610 and 640, by analogy to complexes 23 and 37. 1In

fact, the resonances appeared at 610 and 6-10. The same

arguments ruled out 42 as the reaction product.

44 45 42

Attempts to determine whether a free olefin existed in
the complex were unsuccessful. As previously mentioned, the
olefin region in the 13C NMR spectrum was obscured by

pyridine. Likewise, the olefin C-C stretch region in the IR
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spectrum was obscure& by pyridine; while C-Cl1 stretch
prevented model C-C bend frequencies from’_being determined,
anq the C-C bend band‘was not aséigned. Complex;tion of the
olefin by CpFe(CO)2: was attempted, but p&ridine replaced the
co 1igan&s‘ and thwarted the reaqtion. Reaction of 37 Qith
morpholine, a non-aromatic, nitrogen 1ligand similar 1in
steric bulk to pyridine, _yielded a different product alt6—~
gefher, which was not characterized further. -

Isomeric complexes 46 and 47, 'which each coﬁtain
platinacyclobutane and pentane rings and an ylide, but have
no olefin, were‘proposed‘ as alternatives to structures 42,
44 and 45. They are derived from nucleophilic attack by
pyridine on 'the. platinum bpund .olefin in 42, giving a
pyridine substituted qarbon (assigned to 674.5) and.-a
platinum bbund carbon (634.1, . Jrt,c797). However, the
upfield shift of C1 to 6-10 was still unexplained. Attempts
to replace the hproposed carbon-coordinated pyridiﬁe with

morpholine or n-butylamine were unsuccessful.

Py
e
Pr’py Cl
71 c Py
Cl
46

The ppoduct obtained from 37 in pyridine should. be
completely reexamined, as our inability to elucidate its

structure may have been due to insufficient or misleading
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data. For instance, the carbon-13 NMR resonances at §37.6,
632.8, and §25. 4 were broad, which suggested the complexvméy
have actually been fluxional. However, since it was épparent
that 42, the desired complex, wasn;t formed the reaction was

abandoned (see equation 28).

A
S\Pt/OI

I ~~py
C
42
- (not formed)

In a fufther attemﬁt to isolaté the ‘plétinum(IV)_
portion of 37 as a monomer, the comﬁlex was reacted with
bipy. This .was expected ¢to cleave the platinum(IV)-olefin
bond, but 1leave the platinacyclobutane intact. However, in
diethyléther and chloroform the réaction led to decomposi-
tion " of the complex (equation 29). By' analoéy. to the
formation of the bicycloheptane’ platinacycle 31; the.
reaction was therefore carried out in ©pyridine solution
(equation 30). Tﬁis produced cbmplex 48, which could be

isolated as a white solid.

\(l | |

e Pt/H‘ bipy + PtClbipy (29) -
| ~~cCI~ ~~ci CHClzor Et,O
cl

37 _ 32
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1 o
cl A bipy
NN
Tt\.Cl/Pt\Cl Copy
ol ‘

(30)

37 4 . 48

Complei 48 was intermediate ig stability to analagous
platinacyclobutanes 24 and'31; and as a solid decomposed
thermally at 243°C. It's ﬁﬂR dafa, listed in Table 12, a156
_correlated well with_that of 2# and 31. A proton resonance
for H3 was obser?ed at 63:6 and waé éoupled to plétinum by
95 Hz. The éafbons in fhe platingcyclobutane ring resonated
at 647.8 (C2), 612.5 (C3) and 6-6.1 (C1) and were céupled by
82, 345, and 361 ‘ Hez, gespectively. The platinum resonance

appeargd at 63072 in the ‘?sPt NMR spectrum.

Chemistry of the Platinacyclobutanes

Reactions with KCN, DMSO, and Pé¢s

Platinacyclobutanes' have"been reported to reductively
eliminate cyclopropane when reacted with soft ligands®? such
as potassium cyanide (KCN), dimethylsulfoxide (DMSO), and
triphenylphosphine (Pé¢3). Tﬁesé reactions therefore can be
used as standards against which the reactivity of new plati-
nacyclobutanes can se compared. If cyclqprqpane is produced,
they also confirm the_'prior existencde of a platinacyclo¥

butane.
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Complexes 22 and 29 were reacted with KCN and the

hydrocarbon products were examined by proton NMR spectro-
scopy (equations 31 and 32). As expected, cyclopropanes 21

and 25 were obtained, respectively.

(1)

The pyridine monomers 23 and 30 were also examined by
reaction with a soft Jligand (equations 33 and 34). In each
case, Five equivalents of P$3 were added to the complex in

pyridine solution. Again, cyclopropanes 21 and 25 were the

30 25
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only hydrocarbon products observed by proton NMR spectrosco-
py. These results indicated that the platinacyclobutanes of
21 and 25 were formed and reacted with soft ligands simi-

larly to the simple platinacyclobutanes previously reported.

The reaction of IPC 22 with DMSO was not so straight-
forward, however, as shown in Figure 30. At room tempera-
ture, reductive elimination proceeded as expected, but at
19°C a small amount of olefin products was obtained as

well. Three olefins, 49, 50, and 51, were formed and

Figure 30. Reactions of Platinacyclobutanes 22 and 35 With

DMSO.
35 <6% >92
22 21
DMSO
PICI2): 19 °C
22 21

>95% <5%
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together constituted Iless than 5% of the product mixture.
This reactivity is interesting, as it 1iUs more like that
observed for norbornyl platinacycle 3599, than for the
simple cyclopropanes.

In an attempt to increase the yield of the olefins, the
reaction was run at an even lower temperature. The DMSO was
mixed with a two-fold excess of chloroform to keep it from
freezing, and was cooled to -100C. The reaction again
produced olefins, but in smaller yield than was obtained at
19°C. This may have been the result of decreased DMSO
concentration, rather than the lower temperature.

IT complex 37 also reacted like 1its norbornyl counter-
part99 (equation 35), it would produce 1, 5-cyclonondiene,
52, in good yield. This constitutes ring homologation with
respect to the diolefin from which cyclopropane 32 was made
(equation 36). Although ring expansion can be facilitated by
conventional organic chemistry, it is not applicable to all
systems. Platinacyclobutane rearrangements, therefore, might
provide an alternative synthetic route to these products.
Complex 37, 1in particular, appeared likely to undergo this
reaction, as platinum had already disrupted the bridging

bond.
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€5)

32 a 37 52

Unfortunately, as illustrated in Figure 31, reaction of
37 with DMSO vyielded only cyclopropane 32. This may have
been a consequence of the dimeric nature of 37, however,
since cleavage of the dimer by DMSO might have instigated
immediate reductive elimination. The bipy monomer 48 was
therefore reacted with DMSO, as shown in Figure 31. This
reaction was very slow, indicating that it required prior
dissociation of the bipy ligand. However, no products other
than cyclopropane 32 were obtained from this reaction,
either. These results suggested that the norbornyl complex
35 was receiving assistance from its olefin bond which was
not available to the platinacyclobutanes of 32.

Figure 31. Reactions of Platinacyclobutanes 37 and 48 With
DMSO.

a
37 32

48 32
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Thermal Decomposition of 23 and 48.

The thermal decomposition of 48, shown in Figure 32,
confirmed that 48 and the norbornyl complex 53 react
differently. Again, a long reaction time was required,
presumedly due to the presence of the chelating ligand,
bipy. Upon completion, however, the volatiles contained only
cyclopropane 32.

Figure 32. Thermal Reactions of Platinacyclobutanes 48 and
53.

38%

Complex 23 decomposed much more rapidly, but its
moderate stability allowed the process to be followed by 1H
and 13C NMR. In chloroform or benzene at room temperature,
the decomposition occurred over a period of six hours, and
proceeded to the free olefin, 49 (equation 37). An interme-
diate platinum-bound olefin, 54, was observed in a small,

steady-state concentration by 13C NMR spectroscopy. The
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reaction was also monitored at -40°C and at 37°C, which
showed the concentration of 54 to be proportional to the
temperature, however no other intermediates were observed.
The temperature dependence of 54 suggested that the rate of
formation of 54 was more sensitive to temperature than was
its decomposition rate, which allowed 54 to accumulate at

higher temperatures.

Two mechanisms have been described in the literature to
account for the isomerization of platinacyclobutanes to
olefins. These differ in whether the 1isomerization Iis
initiated by an oc92 or a fl-hydride’l abstraction. The two
mechanisms can therefore be distinguished by deuterium
labelling as shown in Figure 33. Both mechanisms propose the
formation of a platinum-hydride species, which should be
visible in the 1H NMR spectrum between 6-7 and 6-24. No such
species was observed between -40°C to 25°C, however, nor has
it been observed in other reported platinacyclobutane
decompositions. Therefore, the platinum-hydride either never
existed, or it was high In energy and existed too transient-

ly to be observed.
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Figure 33. Platinacyclobutane Decomposition Mechanisms as
Differentiated by Deuterium Labelling.

The product from the decomposition of the deuterated
platinacyclobutane 55 was made and examined by proton and
deuterium NMR spectroscopy (equation 38). An attempt to run
the decomposition reaction in carbon tetrachloride, which
contains neither protons nor deuteriums to interfere with
the spectroscopy, proceeded very slowly and required more
than 24 hours to complete. The rate difference was probably
due to the change in solvent polarity and its effects on the

charge separated transition state. The deuterium NMR

1€9))

55 56
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- spectrum contained two peaks: one at 64.77 and one at 62:17,
which are listed in Table 14. Integration of thé proton NMR
spectrum likewise showed the absence of one proton at 64.74
and one at 62.18. This data indicated tﬁat thé "product was

formed via the x—hydride abstraction mechénism.

Table 14. 'H and *H NMR Resonances for Olefins 49 and 56.

CHH -~ CHD
H D
H H
49 . : 56
tH NMR* PEM intg. ppm intg.
4,74 2 4.74 1
2.18 4 2.18 3
1.63 4. 1.63 4
1. 49 6 1. 49 6
ZH NMR**
4.77
2.17
* in CDClaz solvent
** in CCls solvent
The integrations, however, were not consistent with

exc;usive formation of 56.'By"H NMR' spectroscopy, the ﬁeak
a£'§4.74 actuélly contained 1less thgn one proton, compared
to the peaks at 61.63 and 61.49. The 62.18 peak overlapped
with an impurity, and could not be ipteqrated as aécurate-
ly. Cyclopropane 57 contained 13% hydrogen at each deuterium

ppsition and after correcting for this, the integrations
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indicated a product mixture of 80% 56 and 20% 58, where 58
was produced by the 8-hydrogen abstraction mechanism
(equation 39). Twenty percent was a maximum, since the
most probable integration error would have occurred if an
impurity were coincident with the 61.63 and 61.49 peaks.
This would have caused the olefin to appear Jlow in hydro-
gen. It is interesting, however, that both a and 8-hydrogen
abstraction mechanisms appeared to be occurring, as it has

been traditionally assumed that the reaction proceeds by

only one mechanism.

CDD

The kinetics of the reaction also indicated that other
pathways were competing with the ”“-abstraction. Decomposi-
tion of 23 and 55 was monitored by integrating the platina-
cyclobutane H(3) peak at 63.6 in the 1H NMR spectrum. This
peak appeared in an uncomplicated region of the spectrum and
was unaffected by conversion to the deuterated compound.

Scans were obtained every 1-10 minutes for Ffive half lives,
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and each point was obtained in one pulse. Loss of the
reactant platinacyclobutane could Dbe obtained in this
manner. However, growth of the initial product 54 could not
be adequately determined, as its resonances overlapped with
those of the Tfinal product, 49.

Reaction of non-deuterated 23 was monitored at 37°, 47°
and 57°C and appeared to obey first order Kkinetics at all
temperatures. Varying concentrations of 20, 30 and 40 mg/ml
were monitored at 37°C and exhibited no significant rate
differences. Three repetitions of each experiment were
examined and the average rates from these are reported in
Table 15. The decomposition of 30 mg/ml of 23 at 47° and
57°C confirmed an increase in rate with increasing tempera-

ture. Good correlations were obtained for all analyses.

Table 15. Average Rate Constants for the Decomposition of

Complex 23.
Temperature (°C) Concentration (mg/ml) k (104 s" 1)
37 20 8.6 * 0.6
37 30 7.3 = 0.8
37 40 6.9 £ 1.1
47 30 22 + 2
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A plot of In k vs. T"1 yielded activation parameters of
AH* = 19.4 + 0.02 kcal mol-1 and AS* = -6.2 + 0.06 <cal K'1
mol"™1. The entropy of activation was of little assistance in
elucidating the reaction mechanism, since it Tfell in the
-10 < AS* < +10 range where the contribution from solvent
reordering is a complicating factorl1l04. Furthermore, neither
the entropy nor enthalpy of activation appeared to reflect
the preequilibrium dissociation of pyridine known to occur
prior to platinacyclobutane decomposition (equation 40).
This reversible Tfirst step was probably very rapid compared
to the rate determining step, since first-order Kkinetics

were observedl05.

The kinetics of the deuterated compound, 55, were also
measured at 37°, 47° and 57°C for platinacycle concentra-
tions of 30 mg/ml. The reactions again appeared to obey
first order Kkinetics and the rates, which are displayed in
Table 16, increased with 1increasing temperature. Compari-
son of the respective rates for 23 and 55 gave Kkinetic
isotope effects (KIEs) of 2.5 at 57°C, 2.0 at 47°C, and 1.8
at 37°C. Extrapolation of the rates to 25°C yielded a KIE

of 1.4.
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Table 16. Average Rate Constants for the Decomposition of

Complex 55.
Temperature (°C) Concentration (mg/ml) k (10° s" 1)
37 30 J43 £ 0. 01
47 30 1.1 = 0.1
57 30 2.3 = 0.2

Obtaining KIEs in this manner is generally invalid
unless the substrates are isotopically purel0O6. However,
isotopic competition determinations were also deemed
insufficient because the reaction began with four isoto-
pomers, and produced up to six others, as shown iIn Figure
34. Mass spectral determination of the isotope positions can
not distinguish between these isomers so, until a better
method for deuterium iIncorporation 1is developed, the KIEs
will be correspondingly inaccurate. The rate comparison

method presented a useful qualitative KIE picture, however.
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Figure 34. Possible Isotopomers in the Decomposition of 55.

A rough correction for hydrogen impurities was applied
to the observed deuterium rate constants in the following
manner. The reactant mixture was assumed to contain only 23
and 55 of which 13% was 55 as determined by proton NMR
spectroscopy. This 55 reacted Tfaster than 23 and was
probably completely consumed during the monitoring of the
reaction. A correction factor was therefore applied assuming
knobs = (.87)ko + (. 13)kn, and gave corrected deuterium rate
constants as shown in Table 17. In fact, 1isomers 60 and 61
probably showed KIEs intermediate to those of 23 and 55, and
the situation was further complicated by the concurrent «-
and fi-abstraction mechanisms. The B-mechanism should exhibit
varying secondary isotope effects (SIEs) depending on the
reactant.

Comparing the corrected deuterium rate constants to the

observed hydrogen rate constants vyielded KIEs of 3.6 at
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Table 17. Corrected Rate Constants for the Decomposition of
Complex 55.

Temperature (0C) Concentration (mg/ml) Reorr (104 s"1)

37 30 3.3 + 0.1
47 30 8.1 + 0.1
57 30 16 + 2

57°C, 2.7 at 47°C, and 2.3 at 37°C, with extrapolation to
1.7 at 25°C, as listed 1in Table 18. These KIEs obviously
diverged at higher temperatures, as did the uncorrected
KI Es. Therefore, the observed rates must have included
contributions from two or more isotopically dependant
processes. One possibility was that the pyridine preequilib-
rium may have been affected by deuterium @« to the platinum.
This could have been a trans effect whereby the deuterium
changed the trans influence of the carbon, or a steric
effect on the pyridine reassociation. Although possible,
this effect is expected to be small compared to the partial
occurance of the O0-mechanism.

As previously discussed, up to 20% of the reaction
proceeded by the O0-hydrogen abstraction mechanism. This

process should follow Ffirst order kinetics and show a SIE,
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Table 18. Kinetic Isotope Effects for the Decomposition of
Complexes 23 and 55.

23 55
Temperature (00 kn/ko observed kn/ko corrected
57 2.5 3.6
a7 2.0 2.7
37 1.8 2.3
25* 1.4 1.7

* obtained by extrapolation

which could be either normal if hyperconjugation effects
dominate, or inverse if inductive effects dominatel06. Some
possible magnitudes of the rate constant for 8-abstraction
were obtained by assuming it affected only the decomposition
of 23 such that knobs = (.80) knee + (.20) kn8. This yielded a
knB range of approximately 5*10*4 s"1 to 4*10"11 s"1 at room
temperature. Furthermore, this model suggested a maximum KIE
at 25°C of kHoc/kooc = 2. More precise modelling was prohib-
ited by the complexity of the reaction and the lack of

additional data.
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Tunnelling was deemed insignificant in fhis reaction,
because-of the small KIE value ogtainéd ét 37°C‘and extrapo-
lated to room temperatube‘°°"°9; Comparison of the preexpo-
nential constants was useless, due tb the rafe divergence
observed at high temperaturé.

Values of 1;4F2'are relatively small for a primary KIE
at room temperature. This was probably due in part to the
SIE component, but otherwise‘ suggested the reaction p;o—
ceeded through a bent trgnsition. state??. For a hydride
transfer w;th an angle Q between the.bonds @o hydrogen in
the transition state, a bend.of 60° < 8 < ‘f20° waé prob-
able. Of.courseA the KIE magnitude also depends on the order
of the bond being broken. Eyén for an angle of © = 180°, the
KIE approacﬁes unity as the-bond order approaches one or
zero in the transition state. Reporfed measurements of KIEs
for intramoiecular 1,2-hydride shifts in other systems
generally fell between 1.5 and 3.3. >

In summary, only' gqualitative KIE values for the
decomposition of ~ 23 and 55 were determined. A KIE of 1.4-2
at 25°C was suggested, and indicated a bent transition stat;
geometfy. Furthermore, the observed KIE increased at high
temperatures which could be .attributed to a rate contribu-
tion by the B-hydrogen abstraet;on process.

As has been discussed, the rearraﬁgement of platina-

cyclobutane 23 proceeded after loss of one pyridine ligand,

however 23 was initially formed by adding two pyridine
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_ligands to IPC 22. Therefore, it was hypéthesized that the
reactive species could be obtained‘ by addiﬁg only one
pyridine 1ligand fo IPC 22 in the first place. This was
indeed the cage, an& the tﬁo reactions are compa£ed in
Figurg 35. Both reactions formed olefin complex 54, whicﬂ
rapidly _ released olefin 49 when reacted 'with a.secénd
equivalent of ©pyridine. However; in the reaction. of IPC 22
with only éne iigand, no second p&ridine wés available and
complex 54 glowly isomerized to complex 62.

This reaction of 2% with ane pyr;dine suggested that
multiple olefins produced 'from a 'ﬁlétinacyclobutane rear-
rangemehf‘could ‘be the result of a secondary olefin isomer-
igation process, as illustrated- in Figure 36{ pafhwa& (b):,
In the past, the formafion- of olefin mixtures from such
reactions was thouéht to substantiate a ﬂ—all&l iqtermediate
such as shown in'pathway (a) (or see equation 22).

A mixture of olefins, shown in figure 37, reaction (a)
was obtained from the decomposition of platinacyclobutane 23
in refluxing chloroform. Formation of this mixture may have
been due to isomerization of the intermedia@e olefin complex
54 as illustrated'in reaction (c). At rooh temperaturé, the
isomerization of olefin complex 54 to olefin complex 62 was
sho%n to be slower than release of the olefin 49 by reaction
of complex 54 with another equivalent of pyridine (reaction

(b)).  However, at 'elevated temperatures the rate of
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Figure 35. Decomposition of Platinacyclobutane 22 with one
or two Pyridines.

Py
PtCI2Py2

62 50
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Figure 36. Possible Mechanisms for Producing Olefin Mixtures
From Platinacyclobutanes.

59 54
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Figure 37. Thermal Decompositions of 23 Involving Isomer-
ization of Olefin 54.

87%
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isomerization may have been competitive with the olefin
release rate, allowing some formation of olefin 50.

The species causing the olefins to 1isomerize is not
known, but some possibilities have been ruled out and
are displayed in Figure 38. From these it appeared that the
reaction was not producing free olefin which then isomer-
ized by reacting with a catalyst in the solution. For
instance, bis(pyridine)platinum dichloride and Zeise"s
pyridine monomer could not cause the 1isomerization, as they
did not react at all with standards of the olefins. Like-
wise, pyridine did not catalyze the rearrangement of the
olefin standards, nor did the olefins undergo autoisomeriza-
tion.

Figure 38. Species Not Responsible for the Isomerization of
Olefins 49 and 50.

RCI2Py2 or RCI2Py(C2H4)

NR
CHCI3 , A
() NR
CHCI3 A
PtCI2Py2 \R
CHCI3 , A
(Py) NR

50 CHCI3 , A
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As shown iIn Figure 39, the platinum-bound olefin
complex may have isomerized directly, either autocatalyt-
ically (mechanism (a)), or with the aid of an external
hydrogen cocatalyst such as ethanol or HCI38"41 (mechanism
(b)). A small amount of a ir-allyl complex was formed during
the reaction, and may have been a side product from the
autocatalytic isomerization. Alternatively, it may actually
have been the isomerization catalyst, a possibility which 1is
shown in mechanism (c¢) of Figure 3942.

The 1isomerization of the platinum-bound olefins was
studied independent of any complications from the platina-
cyclobutane rearrangement, by reacting the olefins directly
with Zeise"s dimer. 1In either chloroform or methylene
chloride, olefin 49 vrapidly formed an equilibrium mixture
consisting of olefin 50 and its platinum complexes (equation
41). The intermediate platinum-bound olefin 63 could be
observed by NMR spectroscopy at -60°C. Isomerization of 63
was very fast compared to that of its pyridine analogue,
54, which suggested that 54 dissociated pyridine in a slow

step prior to isomerizing (equation 42).

“@n
49 63



Figure 39. Possible Mechanisms for the Isomerization of
Olefin 49.

@ NPt

()

PtH
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Addition of one equivalent of platinum to olefin 50
simply produced complex 64, as shown in Figure 40. However,
the addition of an excess of olefin 50 to the platinum
yielded the same equilibrium mixture of 50 and its complexes
as was obtained from the reaction of olefin 49. This equi-
librium was fast on the NMR time scale, but could be frozen
out at -60°C. Excess 50 could also be removed from the
mixture to generate complex 64. Addition of pyridine to the
mixture yielded olefin 50 and pyridine complex 62. No forma-
tion of olefin 49 was observed at any point, indicating that
the isomerization of 49 to 50 was preferred over that of 50
to 49. These reactions are summarized iIn Figure 40.

As was mentioned ©previously, the 1isomerization of
olefin 49 produced a small amount of a ir-allyl complex. In

fact, any process which proceeded through the equilibrium
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Figure 40. Reactions of Olefins 49 and 50 With Platinum(ll).

R o
o ¢ ¢ PO

63
W
<1 eq Pt(Il)

Or Aaa (x5~ v

50 62

49

1 eq Pt(H)

Ptci2C

mixture of olefin 50 and 1its platinum complexes also
produced a small amount of the ir-allyl (equation 43). In the
absence of pyridine, the ir-allyl complex existed as a
chlorine bridged dimer, 65. With the addition of pyridine,
however, two 1isomeric ir-allyl complexes, 66 and 67, were

produced
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The rearrangment of platinacyclobutane 23 also produced
the ir-allyl isomers 66 and 67, in about 60% yield, when the
reaction was run in methanol (equation 44). Since these
products differed greatly from those obtained when the same
rearrangement was run in chloroform, the change in mechanism
was probably due to the 1increase in solvent polarity. As
illustrated in Figure 41, a more polar solvent might have
favored the fi-hydride abstraction mechanism (a), which could
yield the ir-allyl directly. Or it might have stabilized a
charged intermediate iIn the «cc-hydride abstraction pathway

(b) , allowing the intermediate to form a ir-allyl.
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Figure 41. Formation of Pi-Allyls 66 and 67 From Decomposi-
tion of 23 in Methanol.

PtClpy
\Z . 66&67
yM PtCI2PV
39 PtGI2PV
5
\y /_PtCIZP\/. v I—Ptuzw
59 H
HO -
66867
O -
Ptci2Pv
54

Another possibility is that methanol promoted ir-allyl
formation from the olefin complex 54 (equation 45). To
accomplish this, a proton « to the olefin must have been
removed by one of the three mechanisms28 shown iIn Figure

42. Pathway (©) in particular might be promoted by a highly

polar solvent.

49
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Figure 42. Possible Mechanisms For the Formation of a
Pi-Allyl From Olefin Complex 54 Following Loss of
a Pyridine Ligand.
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The same processes are possibilities for ir-allyl
formation from both olefins 49 and 50. The mechanisms
involving olefin 50 are analagous to those iIn Figure
42, except that a proton from the methyl group is removed

(equation 46).

@

A closer examination of the ir-allyl formation from
platinacyclobutane 23 was undertaken by NMR spectroscopy.
Complex 54 was observed prior to the appearance of the
ir-allyl complexes 66 and 67, indicating it might have been
their precursor. However. the difference in time between
the complexes®™ respective appearances was slight, and given
the spectroscopic sensitivity limits, may have been nonexis-
tent. Therefore, it could not be determined whether 54
produced 66 and 67 or whether they were formed by concurrent

pathways.

Reactions of 22 and 37 with THF and CO.

Secondary olefin rearrangement has been observed in

other reactions of 22 as well. For instance, in excess THF.
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a complex analagous to the pyridine complex 54 was observed
and did not isomerize (equation 47). However, when 22 was
reacted with only one equivalent of THF, it rearranged as
observed previously for the reaction of 22 with one equiva-
lent of pyridine (equation 48). This suggested that ligand
deficiency instigated the olefin isomerization, while excess

ligand inhibited the process.

@
THF

leq THF
[f— RCI2THF (GY))

69

Reaction of 22 with carbon monoxide also involved a
secondary isomerization of 49 to 50. Simple platinacyclo-
butanes reportedly react with CO to Tform cyclopropanes64,
however 22 produced only 19% of 21 (equation 49). Specifi-
cally, placement of complex 22 under 80 ©psi of carbon
monoxide for 36 hours produced a product mixture containing
64% 50, 19% 21, 8% 51, and 9% minor methylcyclooctene

isomers.
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CO
PtCI2HA

22 50 64% 21 19% 51 8%
@9

70 71 72
9%

Olefins 70, 71, and 72 were probably products from
further isomerization of 50, but might also have been formed
by reaction of cyclopropane 21 with acid in the solutionllO.
However, under the reaction conditions, 21 was not observed
to produce any methyl eyelooctene products. A standard of 70
was made, and by comparison the product mixture was about 1%
in 70. Proton NMR data for 70 1is listed in Appendix A.
Olefins 71 and 72 exhibited similar proton NMR spectra, but
were not rigorously differentiated.

Since 22 did not mimic the simple platinacyclobutanes”
reactivity, it might have undergone cationic rearrangement,
illustrated in mechanism (b) of Figure 43, as did the
norbornyl platinacycles101 (mechanism (@))- Alternatively,
as shown in mechanism (c), 51 may have arisen from a
Puddephatt rearrangement of the platinacyclobutane, followed

by either an o> or a 13-hydrogen abstraction process, and
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Figure 43. Possible Mechanisms for the Reaction of Platina-
cyclobutanes with 0.
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olefin 50 may have been formed by isomerization of 49 as has
been discussed previously.

These mechanistic possibilities can be distinguished by
determining the positions at which deuterium labelling is
incorporated into 50, as illustrated 1iIn Figure 44. The
reaction was therefore run with deuterated 57 (equation 50),
followed by 1H and 2H HMR product analysis. The 2H NMR
spectrum contained peaks at 65. 33, 62. 09, and 61. 64 which
were assigned to compound 74, and at 60. 50, and 6-0. 32 for
57. Evidence for deuterium on the olefin indicated that the
reaction proceeded through the exomethylene complex. This
was supported by a substantial deuterium isotope effect
which altered the product ratios. Cyclopropane became the
major product from the deuterated substrate, while only 18%
of 74 and none of the other olefins were observed. This
suggested that the reaction proceeded through 75 in pathway
(@) of Figure 44, since the deuterium isotope effect would
disfavor 75, and therefore 74 relative to 57. Pathway (b) in
Figure 44 should have exhibited a much smaller isotope

effect.

73
18% 82%



109
Figure 44. Deuterium Labelling to Distinguish Between the

Possible Mechanisms iIn the Reaction of 22 with
0.

Complex 37 was also reacted with THF and CO. In THF
solution, 37 yielded only cyclopropane 32 (equation 51).
Once again, this may have been an artifact of splitting
the dichlorodiplatinum ring. 1In fact, ligand induced
cleavage of the dichlorodiplatinum ring followed by reduc-
tive elimination of cyclopropane 32 was directly observed in
the reaction of 37 with carbon monoxide, as shown in Figure
45. In this case the decomposition was slower and could be

followed by NMR spectroscopy.

GD

37 32
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Figure 45. Reaction of Complex 37 with .

co +  R(CO)CI2(C2H4)
CHCI3
79
cl cl 76
37 o
(CO)CI2P t- R(CO)2CI2
+ CH2=CH?2
ey
+ R(CO)CI2
cl
77 32

Initially, carbon monoxide which was bubbled through a
chloroform solution divided 37 into two monomers. These
monomers could not be isolated, but were identified in
solution by 1H, 13C and I19sPt NMR, and IR spectroscopies.
The infrared spectrum of 76 showed a terminally bound
carbonyl resonance at 2070 cm-1. Typicallylll, terminally
bound carbonyls resonate between 2140 and 1800 cm'1l, while
bridging carbonyls appear at 1850-1700 cm 1, and free carbon
monoxide shows a band at 2143 cm"™1l. A resonance ascribed to
the platinum bound carbonyl was also observed in the 13C HMR
spectrum at 6151.6 with platinum coupling of 1557 Hz.
Although no data for platinum( 1V)-carbonyl model compounds

was found, platinum(ll)carbonyl couplings range from 960 to

1817 Hz341 which correlates with the observed coupling.



111

Little change was seen 1in 'the rest of the carbon-13 NMR
spectrum, except for' broadening. of the platinacyélobutane'
carbon peak at . 630. The‘ t?3pg NMR spectrum of complex 76
showed a fesonance at 6ﬁ?76. This was Qery different from
the platinuﬁ(IV) resonance observed for complex 37 (62796)
which suégested that the carbonyl was bound to the plati-
num(IV) as shown in 76, and not to the platinum(II) as in
complex 77. -

Plétinum(IV) carbonyl ~complexes are rare and are
usually halide or hydride complexes which exist as salts®*.
This made the observation of 76 both interest;ng and
‘unexpected, ﬁut suggested that it should not be a stable
complex. In fact, the reductive elimination oflcycloprdpane
from 76 formed 78 and occurred in less than a week:. Complex
78 then released freé hydrocarbop 32 within three hours,
while 79 released ethylehe within t&ﬁ days. Bis(carbonyl) -
platinum dichloride is prdposed as the final platinum
species formed, but was not actually identified. Resonances
for 78 and 79 appeared in ‘the t93pg NMR spectrum at 61107

and 6778, respectively, and were identified by comparison to

standards.

Thermal Rearrangement of IPCs 22 and 29

Thermal platinacyclobutane rearrangement occurred with

the IPCs as well as with the monoheric-speciesw The IPC
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rearrangements were carried out in chloroform or diethyl-
ether, after which the products were treated with potassium
cyanide to release the hydrocarbons from their platinum
complexes. The products were generally olefins, although
cyclopropanes were obtained from any unreacted starting
material. Examination of the products from the decomposition
of 22, previous to treatment with KCN, showed them to be the
platinum-olefin complexes 63, 64, and 80, shown 1In Figure
46. These were identified by comparison to standards, except
in the case of 63, and their NMR data is compiled in
Appendix A.

The rearrangement of 22 proceeded slowly in refluxing
chloroform, and was only 42% complete after 46 hours, as

shown in Table 19. The disappearance of 22 was linear with

Figure 46. Thermal Decomposition of 22 Followed by Treatment

with KCN.
ONEM O - 40 - Ca_
22 63 64 80 P
KCN

49 50 5l
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Table 19. Product Yields From the Decomposition of 22 With
Ti me.

Absolute Yields

Time (hrs)
1 100
10 93. 4 3.6 2.4 0. 6
34 72. 8 14. 9 11.2 1.1
46 58. 4 16. 0 20. 6 4. 9

Relative Yields

Time (hrs)
10 5.5 36. 3 9.1
34 5.9 4 .1 4.0

46 38. 5 49. 6 11.9
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time, but the relative yields of the olefin products were
unpredictable. These variations may have been the result of
integration errors, however, as signal-to-noise limited the
proton integration accuracies below about 5%. Therefore, the
only conclusion which could be drawn from this data was that
50 appeared to increase relative to 49 with time. 1In light
of the previous olefin 1isomerizaton studies, this trend
suggested that 50 was formed by isomerization of 49, and
that this rearrangement occurred faster that the formation
of 49 by decomposition of 22.

The interrelationships of the olefin yields, shown in
Table 20, were examined without any platinacyclobutane
decomposition contribution by 1isolating the products from
the partial reaction of 22 in refluxing diethylether. These
complexes were then refluxed in chloroform and aliquots were

Table 20. Variation in Relative Concentrations of Olefins
49-51 Upon Heating With Platinum.

49 50 51
Time (hrs)
0 45 4 27. 1 27. 4
6 56. 4 24_ 3 19. 3

12 67. 0 21. 0 12.0
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removed after 0, 6, and 12 hours. The aliquots were treated
with KCN1l and the relative olefin yields were determined by
proton NMR spectroscopy. In previous experiments, complexes
64 and 80 produced only olefins 50 and 51, respectively,
after being refluxed 1in chloroform and decomposed with
pyridine (equations 52 and 53). The present experiment,
however, suggested that 64 and 80 were rearranging to
produce olefin 49. This may have been due to the influence
of cyanide ligand on the isomerization of the platinum-
olefin complexes, and will be discussed 1in more detail for

the analagous reaction of a different substrate.

80 51
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Although neither experiment was continued to equilib-
rium, the trends suggested that complex isomerization
processes were occurring between the platinum-olefin
species. At the very least the situation was probably
similar to that depicted iIn Figure 47.
Figure 47. Possible Relationships Affecting the Relative

Product Yields in the Thermal Decomposition of
22.

The production of olefin 51 was of synthetic interest,
as it represented ring homologation with respect to cyclo-
octene, from which 21 was made (equation 54). Although
formation of 51 was not unique to the thermal decomposition
of 22, it was this process which provided 51 in the highest
relative yields. The highest yield observed was 33% relative
to 50 and 49, and was obtained from the room temperature
decomposition of 22 in diethylether (equation 55). Since the
application of heat to the platinum-olefin complexes

appeared to decrease the relative yield of B51, it was
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hypothesized that Jlowering the reaction temperature might

have the opposite effect.

1) Et201RT  KCN

. ) (55)
PtClata 2) isolation

The decomposition of 22 in diethylether was therefore
attempted at -5°C. After six months, the reaction had barely
progressed, but the products consisted of a plethora of
olefinic species. This suggested that the low temperature
greatly decreased the rate of IPC decomposition, while the
long reaction time permitted isomerization of any olefin
products formed. Therefore, if the vyield of 51 is to be
maximized at low temperatures, a means of simultaneously
decreasing the reaction time must be employed.

The decomposition of IPC 29 was much more rapid, and
was complete after one hour in refluxing ether (equation
56). Treatment of the products with KCN yielded a mixture of
olefins, which included 78, 79, and 80 (the three analogues
of 49, 50, and 51) and the two other methylolefin isomers,
8l and 82. Most surprising, however, was the formation of

three dienes, 83, 84, and 85. All the olefins, with the
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. KCN
orange solid
Pt(DI2)4 Et201A Ihr

26 98% 27 13-6% 28 2.8%

10.0% g2 4.3% 25 17.8%

83 18.4% g+ 10.8% 85 12.4%

exception of 85, were i1dentified by comparison to stan-
dards. The NMR and GC-MS data for these olefins can be found
in Appendix A. Relative yields were determined by capillary
GC with mass spectral detection, and are reported as
averages of several experiments. Olefins 81 and 82 appeared
as one GC peak, so their relative yields were determined by
1H NMR spectroscopy. Some polymeric material was also
obtained, but was not examined.

Olefin 85 was identified by comparing its 1H NMR and MS
data, which 1is compiled in Appendix A, to those reported in
the literaturell2. However, 85 was isolated as a mixture
with 84, and its 1H NMR data was accordingly imprecise.
Further confirmation of the 1identity of 85 was therefore
obtained by reacting the entire product mixture with maleic
anhydride. After refluxing in chloroform for 5 minutes, a

dramatic decrease in the GC-MS total ion current peaks
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assigned to 84 and 85 was observed. Therefore, 84 and 85
were shown to be dienes capable of forming Diels Alder
products with maleic anhydride (equations 57 and 58), while

none of the other olefins were.

The solubilities of the intermediate complexes were
such that removal of the initially precipitated orange solid
(see equation 56) yielded mostly 84 and 85, after treatment
with KCN. Slow evaporation of the Ffiltrate yielded more
precipitate which, upon KCN treatment, produced increasing
amounts of 85 relative to 84. Finally upon complete solvent
removal, the entire olefin mixture was obtained. For this
reason all the solid product was normally collected and
examined at once.

Several reactions were undertaken in an attempt to
determine the origins of the various olefin products. The
presence of platinum was shown to be crucial, as a blank run

with only cyclopropane 25 also produced 25 (equation 59).
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Isomerization processes could produce some of the olefins,
however, as has been previously reported and discussed for
the reaction of platinacycle 22. To explore this possibil-
ity, standards of the olefins with the exception of 85 and
82 were individually reacted with platinum under conditions
similar to those used 1iIn the decomposition reaction. Only
trends were observed, as the isomerizations were not
continued to equilibrium.

Cycloheptene did not isomerize, except possibly to
other cycloheptenes, which were indistinguishable without a
marker in the molecule (equation 60). Olefins 78 amd 79
appeared interconvertible, while 48 also partially rear-
ranged to another methyl olefin isomer, 52 (equations 61 and
62). A similar isomerization of 1-methylcycloalkene to
n-methylcycloalkenes was proposed to account for the product
mixture obtained from the reaction of IPC 22 with CO. Inter-
estingly, in similar experiments where the products were
treated with pyridine instead of KCH, 79 was not oberved to
rearrange at all, and the isomerization of 78 was curtailed
(equations 63 and 64). This suggested that the ligand
properties of “CN, which is softer and a better trans

director than pyridine, caused it to promote platinum
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induced olefin rearrangements. This possibility was also
observed for the analagous decomposition of 22. The isomer-
ization of 81 (equation 65) illustrated the complexity of
the rearrangement contribution to the relative olefin

yields.

Dienes 83 and 84 were reacted in a similar manner,
and were expected to yield the more thermodynamically stable
83. However, 84 did not appear to isomerize (equation 66),
while 83 rearranged almost completely to 84 and 85 (equation
67). This suggested that the products were controlled by the
stability of their bonds to platinum, with cis-dienes
bonding more strongly than trans-dienes, and not by the
inherent stability of the dienes. Furthermore, it indicated
that of the diolefins in equation 56, only diene 83 needed
to be Tformed initially, while its subsequent isomerization

could have produced the other dienes, 84 and 85.

R@ KCN 66,

CHCU
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One possible mechanism to explain the formation of 83
is illustrated in Figure 48, and involves a ir-allyl type
intermediate which could arise from either the IPC 29 or the
olefin complex 86. The IPC could proceed by a B-hydrogen
abstraction mechanism to form a ir-allyl, from which loss of
HCI would produce a piatinum(ll) species. The same complex
could also arise by abstraction of a hydrogen @« to the
olefin in complex 86, again followed by loss of HCI. A
second hydrogen abstraction and HCI loss from the platinum-
(11) species could then produce 83 complexed to a plati-
num™ 0). Further isomerization might be 1induced by plati-
num™ 0), or reaction with HCI could regenerate platinum(ll).
Although purely speculation, this mechanism illustrates that
rationalization of the diene products observed from decom-
position of IPC 29 is possible.

Although the decomposition of IPC 29 led to the
described olefin mixture, McQuilline6 previously reported
that the reaction of cyclopropane 25 with platinum under
identical conditions produced only 26, 27 and 28 in 2:2:1
relative yields. Therefore, McQuillin® s reaction was
repeated to determine if it did in Tfact vyield different

product ratios. In our hands the two reactions were



124

Figure 48. A Possible Mechanism for the Formation of
Diolefin 83 by Thermal Decomposition of 29.

a-H
abstraction

abstraction
abstraction

Pt

identical, with no change other than a decrease 1iIn rate on
going from 34°C to -100C. There is still the possibility
that McQuillin®s actual reaction conditions were suffi-
ciently different from ours as to give different results.
However, McQuillin®s product analysis was done by GC, and
the products may have been missassigned. The capillary GC
used iIn our analysis resolved all the products except 81 and
82, but the peaks were clustered in three groups. This
pattern is displayed in Figure 49. Each group contained one
of McQuillin®s reported products as well as one or two other
products. Assuming that McQuillin was only able to resolve
the clusters, and not their individual constituents, only

three peaks would have been detected. The relative yields of



Figure 49. GC Peaks for Compounds 25-28, and 81-85.
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4the clusters cérresponded to 1.2 (78) ;: 1.9 (79) : 1 (80V,
while McQuillin repérted 2 (78) 2 (79 .: 1 (80). This
difference may reflect . the rgsponse 'variétion between a

mass specirometer detector and a conventional GC detector.

Reaction of 23 and 37 with CH2N-=.

The reactions of platinacyclobutanes thus far discussed
have involved isomerization of the basic hydrocarbon
skeletons, Qi@h no overall change in - atoms or functional
groupé. The next two sections will- thergfore present
reactions of this latter type. |

Diézomethane is a reagent which, when reacted with
rlatinacyclobutanes, results in the addition or remova1 of a
CH2 unit, as shown in Figure 50. The mechanism may involve
fragmentation! of an intermediate piatiﬂacyclopentane, gnd
could produce olefins 87 - 91 from complexes 22 and 37, as
iilustrated in .Figure 51. Although the symme;ric platina-
cyclopentane has been previously proposed as the intermedi-
ate, an assymefric ~isomer, also ‘shown in Figure 51, 1is
possible??. ! |

The reaction of 22. with 'diazomethaneh produced a 21%
relative yielded - éf 86 (equation 58), possibly yié tﬁe
assymetfic plétinacyclopentane. Other_préducts included the

reductively eliminated cyclopropane 21, and olefins 49 and
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Figure 50. Precedence for Possible Products from the
Reactions of 22 and 37 with CH2N2.

Figure 51. Possible Products and Mechanisms for the Reac-
tions of 22 and 37 with CH2N2.

< l RCi2Py2

+

CH2=CH?2
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50. The olefins presumedly arose from pathways previously
discussed: that 1is, decomposition of the platinacyclobutane
to form a complex of olefin 49, followed by isomerization of
this complex to ultimately Tform olefin 50. Either pyridine
or CHa could be the active ligand on platinum. Heating was
essential to the formation of 88, while at room temperature
only 21, 49, and 50 were observed. Regardless of the

temperature, some eyelopropanation of the olefin products 49

and 50 occurred.

Complex 37 did not produce any of the predicted olefin
products upon reaction with diazomethane (equation 69).
Instead, only 32 and its cyclopropanation product, 92, were

observed. Since CO and CH2 are potentially very similar
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ligands, as indicated 1iIn Figure 52, the same mechanistic
arguments presented for the reaction of 37 with CO may be

applicable to the reaction of 37 with CHz Ni.

Figure 52. Illustration of the Similarity of CO and CHz as
Ligands.

Reaction of 37 with nucleophiles.

Complex 37 contained the only reported platinum( IV)-
olefin moiety, and therefore provided a unique opportunity
to examine the chemistry of such a system. The susceptibil-
ity of the olefin to nucleophilic attack was studied, as the
platinum(lV) was expected to withdraw electron density from
the olefin. This reactivity has been previously observed
with platinum;l11)-bound olefinsl4"25.

Complex 37 was reacted with the simplest of nucleo-
philes, the hydride ion. from lithium aluminum hydride in

THF  (equation 70). It produced cyclopropane 21 which



130

(70)

Cl
37 32 42% overall

suggested that the olefin was reduced followed by reductive
elimination of the cyclopropane. Platinum(ll) olefins
undergo trans nucleophilic attack, however cis-attack could
also occur by migration of a platinum-bound nucleophile to
the olefin. Therefore, the stereochemistry of the plati-
num™ IV) reaction was studied by replacing the hydride ion
with deuteride ion from lithium aluminum deuteride (equation
71). This reaction produced the deuterated analogue of 21,
as expected, along with tetradeuterated cyclononane.
Although the deuterium positions in the cyclononane were
never determined, the product probably arose from hydrogena-
tion of both the olefin and the platinacyclobutane car-

bons88.

(1)
cl

37 93 94
>95% <5%

The deuterium positions in 93, however, were analyzed

by 1H and 2H NMR spectroscopy. Many peaks in the proton NMR
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spectrum were obscured due to overlap, but a comparison of
the integrations and multiplicities to those of 21 indicated
an absence of one proton at 61.3 and one at 61.65. This was
confirmed by deuterium NMR resonances at 61. 68 and 61. 34
which were assigned to 93. A peak at 61.49 was assigned to
94. The peak at 61. 49 might have been due to a water
impurity, but persisted when the sample was carefully dried
and when the shift reagent Resolv-al was added. The assign-
ment of the proton resonances to their respective protons is
shown iIn Figure 53 and was accomplished by proton-proton
decoupling experiments performed on nondeuterated 21. These
assignments therefore suggested that the deuteriums in 93
were trans to each other on adjacent carbons. |If so, one
hydride ion probably attacked the olefin trans to the
platinum, while the other hydride was platinum bound and
reductively eliminated with the resulting co-bound carbon.

This possibility is illustrated in Figure 54.

Figure 53. Proton NMR Resonance Assignments for 21 and 93.
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Figure 54. Proposed Mechanism for the Reaction of 37 With
H" .

37

ca 21

Other nucleophiles were also expected to attack the
platinum(lV)-olefin, however most simply caused reductive
elimination of the cyclopropane, as shown in Figure 55. Many
nucleophiles attack platinum as well as platinum bound
olefins, and may have caused reductive elimination in 37
by splitting the dichlorodiplatinum ring. This mechanism
has been proposed for the reaction of other ligands with

complex 37, as well.

Figure 55. Reaction of 37 with Nucleophiles.

Na+CH(CO2Et)2

Et2NH

MeOH1Na2CO3
cl
37 32
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Evidence of a nucloephilie addition was observed when
37 was reacted with sodium ethoxide (equation 72). Cyclo-
propane 32 was the major product, but a small amount of the
addition product 95 was identified by GC-MS. An additional
proton was required to form this product, and probably came

from the ethanol solvent.

Na+ OEt @
EtOH

cl
37 32 95

major minor
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EXPERIMENTAL
~ General
Instrumentation. Proton, '3C, and '7?Pt NMR spectra

were c¢collected on a Bruker WM 250 sbectrometer. MAS/CP
spectra ‘weré obtained atl 37.7‘MHz for lsC."Mass sbectfal'-
data were collected on: a VG-16 épectrometer.'lnfrared
spgctra were obtained on a.Nicolet-SDX FT-IR spectrometer.
X-ray data was .collegted 6p' a Nicolet R3ME automated
diffractometer and structure determinaﬁions and refinement:
calculaﬁions were carried out with SHELXTL software on a
Nicolet R3mE crystallographic‘ . system. Preparative. GLC
collectiong were made with an Aerograph Autoprep chromato-
graph series 2700 equipped with a 10"2 378" column packed
with SE 30 on Chromsorb W. Analyses were done by Galbraith
Laborafories., High pres;ure feactions were run in a Parr

Instrumental bomb no. 4501 with glass insert.

Chemicals. Pyridine-ds, DMS0O-ds, THF-ds, benzene-ds.,
Cb:Cl:2, and CDClz. were obtained from Stohlér/KOR Stable
Iéotopes and Norell, Inc. Diethylether was disﬁillqa'ffom
CaH2 prior to use. Diazbmgthane was prepared from Aldrich

Diazald, and Zeise's dimer was prepared from K2PtCls on loan
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from Johnson-Matthey Corp. Olefins 26-28, 81 and 82 were
purchased from Aldrich and were. distilled prior to use as

standards.

Synthesis of Substrates and Standards

| ' Mefh&lenecyclooetane 49 and 3-Methylenecyclohexene 83.
Olefips 49 and 83 were ﬁreﬁared by the method of Wittig and
Schoellkopf'*®?:

(a) 49: 'H NMR (CDCls) 64.74 (s,2H), 62.18 (dd,4H,
61.63 (m,4H), 61.49 (m, 6H);
13p NMR““;
.Msii5.

(b) 83: 'H NMR'1'%,

MS“b.

1-Methyl-1,3-cyclohexadiene 84. Olefin 84 was prepared

by the method of Birch and Subba Rao!!7:

iH NMRIIB,

Msii'?.
Mefhilcxclooctene 50, Olefin 50 was prepared by

addition of methyl Grignard to cyclooctanone with strong
acid work-up:
'H NMR (CbCls) §5.32 (dd,1H), 62.11 (dd,2H), 62.04 (ddd,2H),

§1.66 (s,3H), &1.44 (m, 8H);
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t3C NMR (CDCl3) 6137.0 (s), 6124.1 (d); 630.3 (t), 630.2
(t), 628.0"(t), 656.6 (t), 626.5 (t), 626.2 (t), 623.5
(q);
‘MS, m/e. (%) 124 (M',41.5), 109 (15.9), 96 (90.7), 81

(100), 67 (86.85, 55 (52,2), 42 (69.4).

Cxclpnonene 51. Olefin 51 was prepared by LAH reduction
of cyclononanoné followed by P20s dehydration:
’H NMR (CDCla) 65.50 (m, 2H), 62.52 (m, 4H), 61.46 (m, 8H);
t3c NMR (CDC1ls) 6130.1 (d), 625.9 (t), 625.7 (t), 625.3 (t),
625.2 (t); | |
MsiZO. .

_ .

3-Methylcyclooctene 70. Olefin 701 was prepared by the
method of Cope and Hoot!?2!:
'H NMR (CDClas) 65.56 (ddd,1H), 65.24 (dd,1H), 62.57 (m/1H),
62.24 (m1H), 62.02 (m1H), 61.64 (m,2H), 61.52 (m, 4H),
61. 37 (m,‘IH),‘ §1.14 (m,1H), 61.00 (d, 3H);
13Cc NMR (CDCla) 6136.6 (d), 6128.2 (d), 638.5 (f), 650.4
(d), 629.5 (t), 626.6 (t), 626.4 (t), 626.0 (t), 622.0 (@)
MS, m/e (% 124 (M*',21.2), 109 (15.9), 96 (42.7), 81

(82.1), 67 (100), 55 (60.3), 41 (78.8).

Cyeclopropanes 21, 25 and 32, Cyclopropanes 2i, 25, and

32 were prepared from cyclooctene, cyclohéxene, and
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1, 5-cyclooctadiene, respectiﬁely, by the method of'Raﬁson
and Hafriéon‘zz.
(a)  21: 'H NMR'23;
t3¢c NMR (CDCl3) 630.0 (t), 627.3 (t), 626.7
(t); 615.5 (d), 69.82 (t);
Msl20. ‘
(b) 25: "'H NMR‘A;
. 130 NMR‘z“;
MS"ZS.
() 16: 'H NMR!Z¢;
'3C NMR (CDC1ls3) 6130.3 (d), 629.8 (t), 627.2
(t), 616.5 (d), 612.2 (t);
MS, m/e (%) 122 (M*,3.6), 107 (8.0), 93 (26.3),

80 (100), 67 (68.2), 54 (60.2), 41 (32.8).

Cyclopropane 57..Cyclooctene was reacted with CDzNz in
dry ether in the ©presence of a catalytic amount of Rhz-
(OAc)s. The CﬁzNz was generated by addition éf Al&pich
Diazald to 30% N%OD in D20 with,2-(2-ethoxyethoxy)éthan—
(ol;d) as a solvent. Cyclopropane 57 showed 87% deuterium
'ﬁer proton at C(1): ’
fH NMR‘ (CDC13) 61 94 (2H), 61.65 (2H), 61.52‘(2H), 61. 30
(4H), 61.86 (2H), 60.52 (1H); |
2H NMR (CCls) 60.5, 60. 3;

'3c NMR (CDCls) deuterium coupling to the resonance at

69.82 was evident.
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Formation of Platinacxclobutaﬁes

Reaction of 21 and 57 with ét(II). In a 5 dram vial
was placed 483 ul of 21 or 57 (0.422g, 3.40mmole) and 3 ml
of dry ether. Zeise's dimer (0.100g, 0.54mmole) was added
and the reaction was stirred a£ room temperature until the.
ether turned yellow. The. mixture was then further diluted
ﬁith 10 ml of dry ether, and stirring was coptinued until
all the ether had evaporated. The light ofangé residue was
washed with chloroform until the washings .were colorless,
then ﬁas washed once with 10 ml of pentane. The resulting
vellow solid waé dried undef vacuum, and yielded 0.120g of
the IPC in 90% yield.
22: mp-1367139_°C dec. ; .
MAS/CP NMR‘ 651.019, 630.625; 630.352,l629.563,

626. 052, 66.940.

Reaction of 25 with Pt(II), 'Forty-five ul of 25

(0.033g, 0.34mmole) and 2 ml Qf.dry ether were placed in a 5
dram vial. The‘suspensipn . was cooled fo -10°C and Zeise's
dimer (0.050gq, '0.17mmoie) was added. The mixture‘ was
ﬁaintaiﬁed at -10°C with stirring for 36 hours then was
rapidly evaporated to'dryness at 0°C. The solid IPC was not

stabie and was immediately reacted with pyridine.
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Reaction of 22, 73 and 25 with Pyridine. The pyridine

gdducts of the 1IPCs were obtained by adding 2 equiv: of
. pyridine to a stirred suspension of the‘platinhm compound in
CHCls. In chlorofofm the adducts were unstable and decompos-
ed with time. As solids the pyridine adducts decomposed
rapidly. Alternatively, the pyridine adgucts could ' be
obtained by-placing the IPC directly in pyridine, and were
stable if kept in pyridine solution.
(a) 23: mp 245 °C dec.;
'H NMR (py-ds)  63.93 (dd,1H,Jde:¢,nu95), 63.00
(m 1H), 63.00 (dd,1H Jre,w88), 62.78 (dd,1H),
62.50 (m,1H), 62.33 (m,1H), 61.33-0.99 (m, 10H);
t3Cc NMR (py-d;) 649.2 (d,Jdee,c100);, 631.9 (t),
631.5 (¢), 630.8 (t), 630.0 (t), 626.3 (t),
626.0 (t), 612.9 (d,Jde¢,c354), 6-7.6 (t,-
Jet,c357);
1?3pt NMR (py-ds) 63300;
'H NMR (CDClz) 63.59 (dd,1H,Jdet¢,u96), 62.72
(m,1H), 62,65 (dd,1H), ¢62.47 (dd,1H),‘62.15
(m, 2H), 61.36 (m,9H), 60.74 (d,1H;
t3C NMR (CDCla) 648.6 (d,dp:,c85), 831.2 (e,
630.8 (¢t), 630.0 «(t),  629.5 (t)y, 625.9 (t),
625.6 (t), 614.2 (a,JPt.c348); 6-7.2 (¢,
JPt.c35A); ”

193pg NMR (CDCls) 63263.
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(b) §5. 'H NMR (CDCls) 63.59 (1H), 62.72 (1H), 62.15
(2H), 61.36 (9H), 60.74 (1H);
2H NMR (CCls) 62.85, 62.63;
13C‘NMR (CDC1l3) déuterium' coupling appeared to
the resonance at 6-7. 2. ’
(ec) 30: The adduct was ~unstable, and could not be
isolated. |
‘H NMR (py-ds) 63.66 (ddd,1H, Je¢,n93), 63.04
(m, 1H), 63. 01 (dd,1H), 6?.76' (dd;1H),-62.14
(m, 2H), 61.5-1.0 (m, 6H);
13Cc NMR (py-ds) 644.6‘ (d,Jde¢,c98), 627.2 (t),
625.7 (t), 620.4 (t), 619.9 '(t), 65.8 (d,
Jdrt,c369), 6-8.6 (t,Jdet,c354);

193pt NMR (py-ds) 63315.

Complex 36, To a stirred solution of 32 (0.1514q,

1. 24mmole) in 10 ml of ether was added Zeise's dimer
(0.366mg, 1.é4 mmole). The reaction was al;owed to stir for
1 hour, during which time a yellow precipitate formed.
Filtration yielded 0.202g of 36 (41.6% yield):

1“H NMR (CDCli) 65.57 (dd,2H,Jdee,u66), 62.44 (dd,4H5, 61.94
(m, 2H), 61.05 (m,2H), 60.78 (m,3H), 60.02 (dd,1H);

t3Cc NMR (CDCla) 689;9 (d,Jere,c162), 630.3 - (d), 628.5 (¢t),
619.9 (t), 616.33 (£);

'73pt NMR (CDCls) 62338.
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Platinacycldbutane 37. A mixture of 36 (0.047g,
0.12mm§1e) and Zeise}s dimer (0.035g, 0.12mmole) in 1.5 ml
of chloroform was 'ﬁurged with N2 for 20-30 minutes. The
mixture was then subjected to three freeze-thaw cycles and
flame sealed in a thick‘walled tuﬁe under vacuum. The seaie&
fube wa§ heated to 9550 for 15 minutes, with frequent
agitation. Extraction with chloroform followed by centri-
fugation and removal of thei solvent by roﬁoeﬁaporation
yielded 0.124g of 13 as an orange solid:
mp 168-172°C dec;
'H NMR (CDC1las) 67.40 (dd,2H,de:,u60), 64.70 (s,4H,qpt.u69),
63.73 (d&d,ZH, ipe,u82), 62.97 -¢(ddd, 1H, det,u92), 62.6-2.2
(m, 7H), 61.26 ¢d, 2H,de+,n108);
t3¢ NMR (CDCl3) 6120.4 (d,dee¢,c94), 671.0 (t,&pr,cZOS),
644.4 (t), 636.8 (t,Jdee,c100), 629.6 (d,dee,c338), 622.7
(t);

1935pt NMR (CDCls) 62184, 62796.

Foémation of 43 from 37. Platinacyclobutane 37 rapidly
formed 43 ﬁhen placed in pyridiﬁe solution. As a sélid com-
plex 43 was unstable and could not be isolated.

’3C'NMR‘ (p&—ds) 674.5 (d), 637.6 (¢t), 635. 7 (t,Jdert,c116),
634.1 (d,Jdet¢,c797?), 632.8 (t); " 625.4 (%), 610.4 (d,
Jdrt,c494), 6‘9.7.(d,JPt{c473); |

1935pg NMR (py-ds) 62891,
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Reaction of 22, 30 and 37 Qith 2,2' -Bipyridine. Three
£o~£our equivalen£s of biﬁy were added to a- stirred suspen;
sion of 22 in chloroform, while 30 and 37 were reacted in
pyridine. Rotoevaporation of the solution yielded a pink or
vellow solid which was chromatograﬁhed on Si0Oz with CHCls
solvenf.to give the bipy adduct (87% average yield):

(a) 24: ﬁp >300 °C dec.; '

Anal. Calcd for CisHeeN2ClzPt: C 41.76; H 4.43;
Found: C 41.63; H 4.42;
*H NMR  (CDCls) 63.5 (dd,1H,Je¢,u98), 62.9
(dddd,1H), 62.6 (dd,1H,JPt,n911,‘62.4 (dd,1H),
62.2 (m, 1H), 62.0 (m 1H), 61.7-1.5 (m, 9H), 61.3
(d,1H); ’
t3Cc NMR (CDC;;) 647. 4 (d,Jdert,c84), 631.6
(t,dere,cx38), 630.8 (t), 630.5 (t), 629.8
(t), 626.1 (¢t), 626. 0 ‘(t), 6%3.3 (d,dre¢,c341),
§-6.6 (t,dpt,c364);
173pt NMR (CDCla) 63076,
(b) 31: mp 213 °C dec.;
Anal. Calcd. for Ci7Hz20N2Cl2Pt: C 39.39; H
3.89; Found:.C 38.80; H 3.84;
'H NMR (CDCls) &3.28 (dda,1H,th,u92), 63.06
(m, 1H) , 62.68 (da,1H,Jpc,u84), 62.46 (dd, 1H,
Jet,u80), 62.05 (my,1H), 61.8-1.3 (m, 7H);
'*c NMR (CDCla) 642.8  (d,Jet,c91), 627.4

(t,dpre,c24), 624.6 (t,dpt,c15), 620.3 (¢,
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Jre.c42), 619.4 (t,Jre.c48) 65.2 (d, Jre,c366),
6-7.7 (t,Jp;;c34{);
193pt NMR (CDCls) 63095.

(c) 48: mp 243 °C dec.;

'H NMR (CDCls) 65.73 (m,2H), 63.57 (dddd, 1H,
Jee.w95), 63.15 (m, 1H), 62.59 (dd, 1H, Jee,n91),
'62.54-1.82 (m, 8H), 61.56 (m, 1H);
t3¢ NMR (CDCl3) 6131.8 (d), 6130.4 (d), 647.8
(d,Je¢,c82), 634.1 (t), 632.2 (t); §25.3 (t),
624.9  (t),  612.5 (d,Jee,c385), 6-6.1 (¢,
Jee,c361); |

1935pt NMR (CDClsz) 63072.

X-ray Diffractometry on Platinacyclobutane 37

Suitable.yellbw-orange crystéls of 37 were grown by slowly
allowing heptane to diffuse into a chloroform solution. A
crystal, 0.16 x 0.22 x 0.33 mm, suitable fof X-ray analysis
was mounted oﬂ a glass fiber, and data collection was

carried out using 6/286 scans and graphite monochromated Mo

K« radiation ¢ A = 0.71069 X). Absorption corrections were
hade by the Gaussian integration method using cpystal
dimensions between indexed crystal faces. Carbon:positions

were refined with isotropic thermal parameters.
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Space group pbca

a = 10.963 (3)
b = 13.606 (3)
c = 21.170 (7)

Dcar1c = 2.88 g/cm3
R = 0.080
20 range = 3-50°

reflectione with I230(I) = 1174

Reactions of Platinacyclobutanes

Reaction of 22 and 29 with KCN. IPCs 22 and 29 (0.025g,

0.08 and 0.07mmole, respectiveiy) were each added to stirred
solutions of KCN (0. 021gq, 0. 32mmole) in 2 ml Hz20. (IPC 29
,hae to be reacted immediately-uﬁon its.isolation, as it was
extremely unstable.) Once the IPCs were solubalizee, the
solutions we;e extracted with chloroferm. These extracts

contained only 21 and 25, respectively.

Reaction of 23 and 30‘with Ppa. To a stirred solution-
of 23 or 30 (0.0509,l0.09 and 0.10mm01e, respectivel&) in
pyridine was added P¢3'(0.116g;‘0“46mm01e). After 2 hours a
white preciﬁitate dropped out of solution. The volatiles

were then collected by rapid vacuum distiliation .and

contaiﬁed only 21 or 25, respectively.
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. 'Reaction of 22 with -DMSO. IPC 22 (0.100§, 0. 26mmole)
was placed in 2 ml of _DMSO at 23°C and at 1§BC. Green
solutions were forﬁed which were left standing for 12 hours 
After this time, the only hydrocarbon species in the 23°q
solution was 21. The 19°C solution contained a mixture of
hydrocarbons iq relative yields qf >§5% 21 and <5% 49, 50
and 51 combined. The reaction was also run at -10°C in a 2:1
CHCla: DMSO mi#ture, and produced >>95% 21 and <<5% - 49, 50

and 51 (relative yields).

Reaction of 48 with DMSO. Bipyridine complex 48

(0.100g, 0.18mmole) was placed in 2 ‘'ml of -DMSO at 23°C.
After one week the IPC was completely consumed, at which
time the only hydrocarbon spgcies in solution was cyclopro-

pane 32,

Thermal Decomposition of 48 in CHCls. Platinacyclo-

butane 48 (0.021g, 0.05mmole)'in 5 ml CHCls was refluxed
with stirring for 3‘ weeks. The volatiles were collected by
rapid vacuum distillation and contained >99% cyclopropane
32. |

N

Decomposition of 23 and 55 . in CHClshipiatinacyclo*

butanes 23 and 55 (0.050g, 0.09mmole) were placed in 2 ml
chloroform, and after six hours had decomposed to a mixture

of PtCl:py2 and 49 or 56, respectively. The reaction of 35
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was also attempted in CCls, but had not visibly progressed
éfter one week. Cémplex 23 -reacted“ similafly in ‘both
chloroform and benzene, however. Decomposition of 23 waé
also carried out at temperatures ranging from -40°C to 37°C
~and was ﬁonitored by . 'H and '?®C NMR spectroscopies. At the
higher temperatures, intermediate 54 was observed. When 23
was refluxed with stirring in chloroform for 24 hours
followed by rapid distillation wunder vacuum, the volatiles
contained 87% 49 and 13% 50, ﬁhile the solids again con-
tained PtCl:zpy=z.
(a) 56: *H NMR (CDCla) 64.74 (s,1H), 62.18 (m, 3H),
| 61.63 (m, 4H), 61.49 (m, 6H);
24 NMR (CClas) 64.77, 62.17.
(b) 54: 'H NMR (CDCLQ) 64.93 (s,2H,Jdee,u64), 62.6
(m4H), 62.1 (m,4H5,-61.6 (m, 6H) ;
'3Cc NMR (CDCl3) 6146.7 (s,dee,c131), 667.2
(t,ka.c15§), ‘638.2 (t,dee,c23), 627;2 (t),
§27.1 (t), 625.5 (t);

193pt NMR (CDClsz) 62107,

Décomposition of 23 in MeOH. Platinaqyclobutané 23

(0.050g, 0.09mmole) was placed in 2 ml methanol and after 8.
hours ﬁad decomposed to-a mixture containing isomers 66 and .
67 in 60% yield, alopg with'40% 49 and PtCl2py2. Although 66

and 67 could not be sepgrated from each other, they were

isolated from thé other products on a SiOz column with CHCls
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solvent. However this treatment partially convertéd the
isomeric complexes to 65.
(a) 66 and 67: mp 147°C (dec);
'H NMR  (CDClz) 63.4 (s,1H,Je:,n22), 63.3 .
(s,1H,Jet,u36), 62.8 (m,2H),  62.6 (m,2H),
§2.3-1.9 (m, 4H), 61.9-1.3 (m, 20H);
*3C NMR (CDCl3) 6116.3 (s,apt.51o7},_6115.5
(s,Jdet,c110), 661.6 (d, Je¢,c264), §57. 5
(d,Jet,c218), 644.3 (t,Jdee,c304), §38. 6
(t,Jee,c250), 631.3 (&), 631.0 (¢t), 6#8.5_(t),
628.2 (), 627.5 (), 626.2 (t), 625.9 (£);
193pt NMR (CDCls) 62977, 62818.
(b) 65: mp 176°C (dec);
‘H NMR (00013) 63.44 (s,1H,Jdr¢,u38), 62.63
(s,zﬁ,apg.HQO), 62.08 (m,1H), 61.9-1.2 (m,11H);
t3¢ NMR (CDClz) 6111.0 (s,Jet,c182), 663.1
(d,th.czés), 642. 2 (£,th.c250), §30.7 (t),
630.6 (t), 629. 6 (t), 628.3 (&), 628.1 (t),

626.2 (t), 625.9 (t).

Reaction of 22 with one Equivalent of Pyridine. IPC 22

Qas placed in chloroform and one equivalént of pyridine was
added. After 6 hours the solution was obsgrved by t30 NMR
spectroscopy to contain 54; After an additional three days
the solutioﬁ was againyexamined by '3C NMR speetroscqpy and

contained a mixture of 12.5% 49, 25% 50, 25% 62 and 37.5%




148
PtClzpy2. No further monitoring was undertaken to determine

the equilibrium composition.

Reaction of 22 and 37 in THF. IPCs 22 and 37 (0.100g,

0.26 and 0. 15mmole, respectively) were placed 1in " THF
. solution and left in the dark for several days. Examination
of the solutions by 'H NMR spectroscopy showed ciclopropanes
21 and 32 were the only free hydrocarbons produced in the
respective reactions. The reaction of 22 also produced
Platinum- olefin 68, but a relative yield was .not obtained.
IPC 22 was then placed in CHCls and one equivalent of THF
was addgd. After several days >on1y the platinuﬁ—olefin

complex 69 wgs'observed in the solution.

Reaction of 22 and 73 with CO. A'suspénsion of the IPC
22 or 73 (0.100g, 0.26mmole) in‘,5 ml chloroform was placed
in a préssure reaction bomb under 80 psi of CO. After 36
hours the~reaction mixture was removed from the bomb and the
volatiles were céllected by rapid vacuum distillation. The
volatiles from 22 contained 19% 25, 64% 50, 8% 51, and 9% of
a mixture of 70, 71 and 72, while the volatiles from 73

contained 82% 57 and 18% 74.

Reaction of 37 with CO. IPC 37 was placed in chloroform

and a stream of CO was bubbled through until the solution

turned clear. This solution.was then promptly analyzed. The
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reaction was repeatgd Wwith Zeise's dimer and blatinum-olefin
36 to obtain_staﬁdards for comparison to tﬁe. products from
37. Three main products, 76, 78 and 79, were obtained but
decompqsed within one week, ‘two days, and three hours,
respectively. These could not be isolated as solids due to
their ingtability.
(a) 76: IR Voax (CDCls) 2810, 2070, 1755, 1615, 1450,
1363, 1085 cm ';
'H NMR (CDCl3) 67.40 tdd,ZH,th.u57),'63.76
(ddd, 2H, dr+,u80), : §2.95 (ddd, 1H, Jet,u95),
62.7-2.2 (m, 7H), 61.26 (d,2H, Jo¢,u111);
t3c NMR (CDCls) 6151.6 (s,ﬁpt,c1557) 6120. 2
(d,drt,c96), 644.3. (t), 636.4 (t,Jdet,c98),
631.4 (bd,Jder+,c338), 622.7 (t);
193pt NMR (CDCls) "61276.
(b)) 78: partial data only
IR Vaax (CDCls) 2120 cm™*;
t93pt NMR (CDCls) 61107. |
(e) 79: partial data oniy
IR Vaax (CDCla) 2185, 2145 cm™*;

193pt NMR (CDCl3z) 6778.

Thermal Decomposition of 22 in Etzg; IPC 22 (0.100g,

0.26mmole) in 10 ml diethylether was refluxed with stirring
for 46 hours. Aliquots were removed at 10 and 34 hours. The

solid prdducts'were rotoevaporated, then were each added to
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stirred solutions of KCN (0.064q, 1,60mmole) in 2 ml
H20. Stirring was continued until thé solids dissolved, then
" the solutioné' were éxtracted with chloroform. The extracts
contained 21, 49, 50, and 51 in tﬁe following_ratioés:

10 hrs: 93.4% 21, 2.4% 49, 3.6% 50, and 0.6% 51;

34 hrs: 72.8% 21, 11.2% 49, 14.9% 50, and 1.1% 51{

46 hrs: 58.4% 21, 20.6% 49, 16.0% 50, and 4.9% 51.

In é separate experiment, 22 was refluxed fof one hour in,'
diethyletﬁer, and after KCN workup yielded 21 in éssentially,
quantitafiye yield.

IPC 22 was also stirred in diethylether at room
 temperature until it went into solution and the solﬁtion
turned orange. An orange éolid was isolated wupon filtering
off_any remaining IPC and evaporating the filtrate. By_‘“C
NMR spectroscopy this solid was shown to be a mixture of the
platinum—bound olefins 63, 64, and éD. Treatmgnt of these
olefing with KCN produced 20% 49, 47% 50, ahd 33% 51.

(a) 63:‘unstab1e, observed only briefiy in the product

mixture. Partial '3C NMR (CDCls) 6145.0, 665.2,
643. 8. \

(b) 64: ‘ﬁ NMR (CDCl?) 65.51 (dd,1H,Jdert,ub69), 62;43
(m,1H), 62.21 (m1H), 62.00 (m2H, 61.74
(overlapping é and m, 6Hi, 61.38 (m,3H), 61.21
(m, 2H), -all peaks very broad;
13¢ NMR (CDCls) 6115.8 (s), 688.8 (d), 634.4

(ty, 630.1 (&), 629.9 (t)y, 628.1 (t), 626.3
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(t,q), 625.4 (ts;
£93pt NMR (CDCls) 2410. =~
(c) 80: 'H-NMR (CDCla) 65.48 (dd,2H), 62.19 (bm), 61.66
(bm); 61.35 (bs);
f’C NMR (CDCls) 691.0 (d,Jdet,c=209), 627.4 (t),
624.4 (t), 623.6 (t), 622.7 (t);
t73pt NMR (CDCls) 62351,

The complexesb 63, 64, aﬁd 80 from a room temperature
experiment identical to the one aboée, were ©placed in
chloroform - and refluxed for 12 hours. Aliqﬁots ﬁere with-
drawn 1initially and ~after 6 hours. Treatment of these
samples with KCN yiélded:

0 hrs: 45.4% 489, 27.1% 50, and 27.3% 51;
6 hrg: 56.4% 49, 24.3% 50, and 19. 3% 51;
12 hrs: 67.0% 49, 21.0% 50, and 12.0% 51.

IPC 22  was placéd in diethylether and stored at -5°C
for six months. A light orange solid was then isolated by
fotoévaporation of the mixture at 0°C, followed by treatment
with kCN, also at 0°C. Analysis of the chloroform extract by
tH NMR spectrospopy-showed »90% 21 and a plethora of minor
blefin—bearing compounds which were not further character-

ized.

Thermal,DecoﬁDosition of 30 in Et20. IPC 30 (estimated
0.0204q, 0. 06mmole) was isolated and immediately placed

in diethylether and refluxed for 1 -hour. The solid products
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were obtained by fotoevaporation of the product mixture,
then were added to stirred solutions of KCN (0.0214q,
0. 32mmole) in HzOt The solids dissolved very rapidly, aftgr
which éhe solution was extracted with chloroform. The
e#tract was examined by 'H NMR spectroscopy‘and GC-MS and
contained cyclopropané 25 and olefins 26-28, 81-85. All
products were identified by comparison fo standards expebt
for 85, which was identified by comparison to literature
data. |

85: 'H NMR''2%; Ms''Z,

Reaction of 25hwith Pt in Et20. Zeise's dimer (0.038g,
0. 13mmole) and 25 (0.049gq, 0. 51mmole) were placed in
diethylether and stirred until an orange éolid began to drop
out of solution. The reaction was run at ;10°C, 0eC, 23°C,
and 34°C and the reaction rate was proportional fo the
tempepature. For example, at -10°C the reaction required 3
days, while at 34°C it was complete in 1 hour. The oranée
solid from each reaction was isolated by.rotoevaporating off
the solvent and any unreacted 25 at low temperature. These
solids were then plaééd in stirred solutions of KCN (0.17g,
0. 052mmole) in 2ml H20. Upon solvation of the solid the
"mixture was extr;cted with-_chloroform. Analysis of the
extracts showed tﬁey were identical in composition to the’
product mixture_ obtained from the decomposition of 29 in

Et20. Relative yields of the products' were obtained by
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integrating thé_ capillary CG peaks from GC-MS analysés of
three randoﬁly chosen reactions. The ’integrations wer;
accomplishgd by weighing cutputs of the peaks. 01efins 81
an& 82 appéared as one GC peak, so their relative yields
were obtained by integratihg thgir 'H NMR olefin resonances
relative to each otﬂer. For this reason their total relative
yield is fairl& certain, but their individual‘yields may be
inaccurate..
" reaction 1: 12.2% 81a82, 13.7% 26, 14.0% 85, 10.1% 84,
16.2% 27, 16.2% 83, 2.7% 28, 14.9% 25;
reaction 2: 10.9% 81&82; 11.8% 26, 15.6% 85, 15.0% 84,
7.0% 27, 34.8% 83, 2.3% 28, 2.6% 25;
reaction 3: 20.0% 81&82; 5.8% 26, '7.6% 85, 7.4% 84,
447.6% 27, 4.3% 83, 3.5% 28, 36.0% 25; |
average: 14.4% 84&82, 9.8% 26, 12. 4% 85, 10.8% 84,
13.6% 27, 18.4% 83, 2.8% 28, 17.8% 25;
81882: by 'H NMR: 69.6% 81 vs. 30.4% 82;
average relative yiélds: 10.0% 81, 4.3% 82.
Whep the orange solids were 1left in &iethylether
solution, an “initial prqcipitate- dropped out and could be
collected. Treatment of this solid with KCN produced
diolefins 34 and 85. Slow evaporation of the remaining
diethylether solution yielded a second precipitate, which in
turn produced a decreased amount of 84 and an increased

amount of 85. Finally evaporating the solution to dryness




154
vielded a third solid which contained the complete product
mixture seen previously.

The complete'product mixture (25-28, 81-85) in chloro-
form was sealed in a 1ml screw cap vial aloné with excess
maleic anﬁydride. This was dropped in a boiling H20 bath for
15 minutes. Reanalysis of the mixture by GC-MS showed a
decrease in thg intensity of the TIC peaks attribut;d to 84

and 85.

Reaction of 22 and 37 with CHz2N2. A .large excess of
CH:N2 was added to a solution of 22 or 37 in chloroform, via
a st;eam of dry Na2. Following completion of the reaction,
the mixturg was distilled wunder full vacuum to obfain an&
volatile products. GC/MS and NMR analyses of these~product§
revealed only 32 and its cyclopropaﬁation product, 92 from
the reactisn with 37. The reaction of 22 yielded 15% 21, 75%
49, and 10% 50, along with the cyclopropanes of the product
olefins. When the reaction with 22 was preformed at ~40°C
the product mixture contained 21% 88, 20% 21{ 36% 49, and
23% 50. Some polyméric material was also obtained from éach

of the reactions.

‘Reaction of 37 with LiAlHs_ and LilAlDas. Plétinacyclo—

bﬁtane 37 (0.05049, 0. 08mmole) was placed in 1.5 ml dry
THF at 0°C and LiAlHs or LiAlDs (0.003g, O.07mmmole) was

added with stirring. A black ©precipitate dropped out of
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solution, after which the volatiles were obtained by rapid
vacuum distillation. The VLiAlHs reaction yielded 25 in 42%
overall yield. No other significant hydrocérbons were
obtained. The LiAlDas reaction produced »>95% 93 relative to
<5% 94, . | : -

(a) 93: 'H NMR (THF) 61.94 (dd,2H), 61.65 ém,1H,over—
laps with THF), 61.52 (m,2H), 6&1. 36 (m,3ﬁ,shows
loss of coupling relati?e to'21), 80. 86 (m, 2H,
shows loss of coupling relative to 21), §0.52
(m, 3H), 6-0.33 (dd,1H).
2H NMR (THF) 61.68, 61.34.

(b) 94: 'H and %H NMR (THF) 61.49.

Reaction of 37 with Na®' CH(CO2Et)>. Sodium (0.004g,

0.17mmolei was added slowly to 4ml ethanol at 0°C with stir-
ripg. The‘miiture was refluxed wuntil all the Na dissolved,
then CHQ(COzﬁt)z (1. 055gq, 6. 59mmole) was added over a 10
minute period. Finally'37 (0.100qg, 0. 15mmole) was added, and
the mixture was stirred at refluk for 2 hours. The volatile
products, obtained by rapid vacuum distillation, were
analyzed by GC-MS and showedqmostly 32 with a minor amount

of 95.

Reaction of 37 with Et2 NH. Platinacyclobutane 37_

(0.050g, 0.08mmole) was placed ~in 1.1 ml dry THF in a dry-

ice/chloroform‘ bath. Diethylamine (0.027gqg, 0. 37mmole) was
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added dropwise after ﬁhich the réaction was stirred for 40
minutes, ;nd LiAlHs (0.003q, 0. 08mmole) was added. The
reacfion was warmed @o room temperature and the volatile
Products were isolated by rapid vacuum distillafion. Anal-
ysis by 'H NMR spectroscopy showed these contained 32 and

unreacted amine.

Reaction of 37 with MeOH. The reaction of 37 with

methanol was catalyzed by Naz2C0z, following the method of
Chatt??2. The_ only . volatile product observed after rapid,
vacuum distillation of the product mixture, besides

.unreacted MeOH, ﬁas 32.

Reaction of 37 with Na'” OEt. This reaction was run

.identically to the reaction of 35 with Na* " CH(CO:z2Et) 2,
except that no CHz2(COz2Et) 2 was added. Analysis of the
volatile products by GC-MS showed 32 was the major product,

along with a minor amount of 94.
Kinetic Measurements

General Kinetic Method. All reactions were measured.by
'H NMR spectroscopy. In a typical expepiment, 10-20mg IPC 22
or 73 ﬁas added to 0.5ml CDCls: in an NMR tube, and .the tube
was brqught to thermai eqﬁilibriﬁm in a thermostated_watef

bath. Two equivalents‘of pyridine were then added to the
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tube which was shaken until all the sélid IPf went into
solution. The tube was then returned to the .bath for 15
seconds to return to temperature, after which it was wiped
dry and 1lowered into the ©probe on a string. This was
nécéssary to £educe temperature vacillations in the probe,
whicﬁ was thermostated ¢to the 'game temperature as the
bath. The sample was then quickly locked on and the first
data poiﬁt acquired. All spectra were obtained withéut
spinning. The decomposition of 23 and 55 ﬁere monitored by
integrating the platinacyclobutane peak at 63. 6. Data pqints
were obtained every 1-10 minutes for five half lives, and
each point was obtﬁined in one pulse. E;éh spectrum contain-
ed 8K of data and was line broadened_by 3 Hé of Loréntzian
broaﬁening before Fourier transférming.

All slopes from the acquired data wene-deté;mined by
the method of 1least squarés, and showed good correla-
tion (coefficients »0.99, except for three experiments with
coefficients >0.98). All‘ experiments appeared to obey first
order kinetics, and each rate constant wasrdetefmined‘as the
average of three e#ﬁeriments.

Kinetic isotope effects were determined by_ direqt
comparison of the rate constants from the reactipns of 23
and 55. The KIE at 23°C was obtained by extrapolating the
rates to this tempefatube, then comparing those rates.
Activation parameters were obtained frém piots of 1n k

vé. T"!', where the slope = -E./R "and the intercept = 1n A
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vs. T",'where, thé'élope = ~E./R and the inﬁercept = 1n A
according to the equation In k = 1n A - E.)RT, where R
=1,987 cal K™ ! mol™!. Again, the method of least squares was

used, and correlation coefficients of >0.99 were obtained.

Kinetics of the Decomposition of 23. The kinetics of 23

were determined for concentrations of 20, 30, and 40 mg/ml
at 37¢C, and 30 mg/ml for 47°, anq. 57°C. Varying the
concentration 1led to no significant ra@e differences, and
all rates increased witﬁ increasing temperaturé. Ali pates
are listed in Table 15. Errors of 5-16% were observed in the
various rgte constants.

Activation parameﬁers of AH* =19.4 = 0.02 kcal mol-!

and AS¥ = -6.2 = 0.06 cal K~! mol-! were obtained.

Kinetics of the Decompositon of 55. The kinetics of 55

were determined for concentrations of 30 mg/ml at 37°, 479,
and 57°C. All rates increased at increasing temperature and
are listed in Table 16. Errors of 2-9% were observed in the

various rate constants.

Olefin Isomerizations Catalyzed by Platinum

Isomerigations of 26-28, 81, 83 and 84 Followed by

Treatmeht with KCN. Each of the olefins 26—28, 81, 83 and 84

(0.003g, 0.03mmole) was placed in 1ml chloroform containing




159
at reflux for 2 hours, then at room temperature overniéht.
The product mixthrés were each added to 1ml H20 containing
KCN and were stirred until any solids went into solution,
The chloroform ;ayers were then removed and analyéed by 'H
NMR spectroscopy. .
(a) The reaction of 28 produced only 28.
(b) The reaction of 26 yielded 64% 26 and 36% 27.
(¢) The reaction of 27 yielded 96% 26, 2% 27, ‘and 2%
81. |
(d) The reaction of 81 produced 68% 81,'30% 82, 1% 27,
and 1% 26.
(e) The reaction.of 83 yielded 3% 83, 34% 84 ;nd 63%
85, \ |
(f) The reaction éf 84 produced only 84.

Isomerizations of 26, 27, 50 and 51 Followed by

Treatment with pyridine. Olefins 26, 27, 50 and 51 (0.040g,
0. 42mmole 26 and 27;'6.044g; 0. 35mmole 50 and 51) were each
placed in cﬂlorofofm ahd Zeise's dimer (0.103g, 0.55mmole
'ana 0.123g, 0. 42mmole, respectively) was added. These
solutioﬁs were stirred with gentle heating for 1-2 hours,
then 1 equivalent of pyriﬁine— was added.‘Olefin 27 was not
observed to form a platinum complex, and yielded only 27
with time. 'Olefin:26 formed a platinum-olefin complex which
after 5 days degomposed to 85.9% 26 and 16.1% 27.'01efins 50~

and 51 each Tormed platinum-olefin complexes. The complex
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from 51 decomposed very rapidly and reproduced only 51. Dec-
omposition of the complex of 50 was slower, but also

produced only 50.

Isomerizations of 49 and 50. Isomerizations . of oiefins

49 and .50 were attempted by heating-chloroform solutions of
the olefins coﬁtaining either excess p&ridine, 1 equivalent
of -PtCizpyz, or ho additionai catalyst. These produced no
reaction. A chloroform solution of 49 was also heated with 1
equivalent of‘Pﬁ(CzH4)Clzpy, but again-prodﬁced no reaction
after 45 hours. Olefin 49 (0.016g, 0.13mmole) was added to
Zeise's dimer (0.0359; 0. 12mmole) in chloroform, however a
small amount of the Zeise's dimer appeared not to react.
Analysis of the product by NMR spectroscopies sﬁowed
a species which did not appear to contain -an oléfin. The
reaction was rerun in methylenechloride, with the sameé
result. Olefin 50 (0. 088q, 0. 71mmole) was also added to
Zeise's dimer (0.200g, 0. 68mmole) in chloroform, and again
only part of ghe Zeise's dimer appe;red to react. Analysis
of the wunreacted platinum showed that one platinum reacted
withltwo olefin molecules. The ﬁroduct was the same as
oﬁserved-frqﬁ the reaction of 49. Excess 50 was removeq from
the product through repeated cryétallizations, and left
platinum-olefin complex 64. Addition of 1 equivalent of.50
to‘64 regenefated the observéd reaction product. At room

temperature the solution was a dark orange, while at -60°C
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it 1lightened ©perceptibly. Carbon-13 NMR analysis of the_

producf at -60°C showed olefin 50 and platinum-olefin

complex 64. From this data it appears that the product from

both the reactions of 49 and 50 is an equilibrium mixture of

two molecules of 50 bound to platinum in equilibrium with 50

and 64.

equilibrium miktqrév (room temperature): 'H NMR (CDCla)
65.38 (dd,1H), 62.1 (m,4H), 61.6 (s,3H), 6?.5
(m, 4H), 61.37 (m, 4H), all peaks very broad;
13C NMR (CDCla) 630;1 (t)y, 627.9 (t), 625.4

T(t)y, 625.8 (t).
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APPENDIX A

NMR and Mass Spectral Data for Cyclopropanes,
Olefins, and Platinum-0lefin Complexes ’




Table 21.
'H NMR**
Hi i1a

1b

2

3a

3b

da

4b

5a

5b
13Cc NMR**
Cit 1

2

3

4

5
MS***

M+

* not rigorously determined

Hb

Ha
2‘
1 Ha
25
~-0.03 dd -0.
0.50 m 0
0.82 m 0
1.55 m * 0
1.85 m % 1
1.18 m * 1
1.18 m * 1
1
1
10.0 t
9.2 d 15.
23.8 t % 30.
21.3 t * 27.
26.
96 (46.9) 124
81 (71.7) 109
67 (100) - 96
54 (79.5) 81
42 (35.9) 67
54
42
€CDCls solvent

**x ghifts in ppm,

xkXx m/e

173

.52
.52
. 86
.94
.52
. 36
. 36
. 65

21"

33

=)
=)

3333333
. o

Nwo oo
ot ot ot Q
* %

(18.7)
(5.7)
(70. 4)
(76. 8)
(100)
(82.2)
(79.8)

NMR and MS Data for Cyclopropanes 21, 25 and 32.

4Hb Ha

\
5 Hb

1Ha

32

.19 dd
.64 ddd
.81 m

. 24
.19
.08
.08
.62

VGt N=D00O0
a3 333
b A ]

12.
16.
27.
29.
130.

wooNOEN
Qo ot Q ot
* %

122 (3.6)
107 (8.0)
93 (26.3)
80 (100)
67 (68.2)
54 (60.2)
41 (32.8)
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NMR and MS Data for.OIefins 28, 51, 88, 91 and

Table 22. '
96. :
2 3.2 32 4 2 2
301 O 401 CB:} O .
1 ! ,
96 28 88 51 o1 -
YH NMRA*
HE 1 5.64 s 5.77 dd 5.60 m 5.48 m 5.58 bs
2 1.99 bs  2.10 m 2.12 bm  2.10 bm 2. 36 bs
'3 1.61 bs  1.49 m 1.47 bs 1.44 bs
4 1.70 m 1.47 bs 1.44 bs
5 1.44 bs
13¢ NMR**
C# 1 127.3 d 132.3 d 129.9 d 130.1 d 128.6 d
2 24.5t * 20.4¢t* 29.4t* 259t *  28.5¢
3 22,1 t* 27.7 t*  26.4t % 257t *
4 . 32.6 t 25.6 t *  25.2 t *
5 - o 25.3 t *
MS*x%xx%x
M* 82(37.5) 96(53.4)  110(41.4)  124(32.4) 108(6.9)
© 67(100)  81(71.2) 95(20.3)  109(11.1)  93(11.9)
54(87.2) .67(100) 82(73.5) 96(70.0)  80(34.5)
39(50.0) 54(91.6) 67(100) 81(65.0)  79(30.2)
42(33.7) 54(84. 4) 67(100) 67(84. 5)
42(74. 2) 54(93.0)  54(100)
L 42(81.3)  41(19.3)

* not rigorously determined
** ghifts in ppm, CDC1ls solvent
xkk m/e (%) '
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Table 23. NMR and MS Data for Olefins 26, 27, 841 and 82.

6 ‘ 6 7 . 7
5 1 27 5 1 1 3
4 2 4 2 6 4
26 27 . . 81 82
TH NMR**
HE 1 , : 5.63 ddd 5.64 d
2 2.10 bs * 5.36 dd 5.50 dd 5.64 d
3 1.51 bs * . 1.91 m * 2.15 m 1.63 m *
4a 1.51 bs * 1.56 m * 1.50 m * 1.19 m *
4b 1. 51 bs * '1.56 m * 1.15 m * 1.19 m *
5. 1.51 bs * 1.56 m * 1.73 m * 1.63 m *
6 2.10 bs * 1.91 m * 1.94 m * 2.03 m *
7 4.55 s 1.61 bs 0.94 d 0.94 d
MS***
M* 96 (46.6) (35.4) (24.4) (34.1)
81 (100) o (100) (1000 . (100)
67 (81.5) a2, (38.2) (32.5)
55 (43.5) (29.7) (33.0) (69.2).

42 (28.0) (18.2) = (25.9) - (22.2)

* not rigorously determined_l
** ghifts in ppm, CDCls solvent
xx%x m/e (%) :
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?able 24. NMR and MS Data for Dienés‘83, 84 and 85.

2 6 7 1 7 7
1 3 o/ 5 1 6 2 6 2
6 4 4 2 5 3 5 3
83 84 85 85
observed literature
YH NMR**
1 5.82 ddd 5.46 dd * 5.45 m
2 6.13 ddd 5.63 m o . :
3 5.83 m 5.79 m * 5.78 m
4 2.10 bdd 5.63 m 5.46 m * 5.45 m
5 1.70 ddd 2.14 m 2.1 m * 2.08 m
6 2. 33 ddd 2.07 bd 2.1 m %~ 2.08 m
7 4.73 2bs 1.76 bs 1.7 bs 1.7 bs
MS*xxx%x
M 94 (34.0) 94 (41.8) 94 (37.8) 94 (42)
93 (12.3) 93 (16.6) 93 (14.5) 93 (16)
91 (16.2) 92 (31.1) 92 (8.4) .91 (30
79 (100) 91 (58.2) 91 (28.0) 80 (8)
77 (33.7) 79 (100) 79 (100) .79 (100)
66 (14.5) 77 (45.0) 77 (44.9) 77 (49)
" 65 (10. 8) . 65 (14.1) 65 (12.1)
53 (12.7) 51 (13.9) - 48 (14.7)
51 (10.4) .

* not rigorously determined
**%x ghifts in ppm, CDCli solvent
kk*x m/e (%) . .
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Table 25. NMR and MS Data for 0Olefins 49, 50 and 70.

3333

7 8 9 1 2 ¢}
3
6 D/ 8
5 2 7 4
49 B0 ‘ 70
'} NMR**
HE 1 5.24 dd
2 2.18 dd 5.32 dd 5.56 ddd
3 1.63 m 2.04 bm 2.57 m *
4 1.49 m 1.44 bs 1.8-1.1
5 1.49 m 1.44 bs 1.8-1.1
6 1.49 m 1.44 bs 1.8-1.1
7 1.63 m 1.44 bs 1.8-1.1
8a 2.18 dd 2.11 dd. 2.02 m *
8b 2.18 dd 2.11 dd 2.24 m *
9 4.74 s 1.66 s 1.00 d
130 NMRA*
c# 1 152.3 s 137.0 & 136.6 d
2 35.2 t * 124.1 4 128.2 d
3 27.4 £ * 30.2 t * 30.4 d
4 26.7 t * 26.5 t * 26.6 t *
5 25.8 t 26.2 t * 26.0 t *
6 26.7 t % 26.6 t * 26.4 t *
7 27.4 t * 28.0 t * 29.5 t *
8 35.2 t * 30.3 t * 38.5 t *
9 110.7 t 23.5 g 22.0 g
MS***
M* 124 (9. 0) . (41.5) _ (21.2)
109 (10.3) , (15.9) . (15.9)
96 (76.8) (90.7) , (42.7)
81 - (100 (100) . (82.1)
67 - (57.7) - (86. 8) (100)
55 Coan (52.2) . (60.3)
42 (65.7) (69.4) (78. 8) .

* not rigorously determined
** shifts in ppm, CDCls solvent"
x*x*x m/e (%)

¥ X ¥ ¥
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NMR Data for Platihum—Olefih Complexes 64, 80 and -

Table 26.
86.
.7 Sy 7 8. 9
6 8 5 .
1 PiCly), PICly),
5 PiCh), 4 72 5 2
4 2 "
80 86 64
'H NMR*x
Hi 1 5.48 dd
2 5. 48 dd -2.25 m % 5.51 m (269) *x*x
3 2.19 m * 1.92-1.38 m * 2.00 m *
4 1.66 m * 1.92-1.38 m * 1.74 m *
5 1.35 m * 1.92-1.38 m * 1.38 m *
6 1.35 m * 2.25 m * 1.29 m =
7a 1.35 m * 4.74 s (82) 1.74 m *
7b 1.35 m * 4.74 s (82) 1.38 m *
8a 1.66 m * 2.43 m *
8b 1.66 m * 2.21T m *
9 2.19 . m * 1.74 s
13C NMR**
Ci 1 91.0 d 131.0 s (216) 115.8 s
2 91.0 d 39.0 t * 88.8 d
3 27.4 £t * 27.9 t * 34.4 ¢t *
4 24.4 t * 25.6 t 29.9 t *
5 23.6 ¢t * 27.9 t * 26,3 t *
6 22.6 t 39.0 t * 25.4 t *
7 23.6 t * 63.6 t (211) 28.1 t %
8 24.4 t * T 30.1 t *
9 27.4 ¢t * 26.3 q
195pt NMR***x%
2351 %2390 2410
* not rigorously determined
** ghifts in ppm, CDClz solvent

**%* platinum coupling in Hz
*xx*x pelative to 1.0M Na2Pt(CN),

in D20 at 25°C
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Table 27. NMR Data for Platinum-Olefin Complexes 54, 62

and 97.
6 7 8. ,9
5 1 5 1
PtCl, py ‘PtCl, py
4 2 S 2
97 54
'H NMR*x*
Hit 1
2a 2.66 m * 2.63 *
2b 2.20 m * 2.63 *
3a 1.97 m * 2.1 %
3b 1.57 m * 2.1 %
4 1.73 m * 1.6 %
5a 1.97 m * 1.6 *
5b 1.57 m * 1.6 *
6a 2.66 m * 1.6 *
6b 2.20 0 m * 1.6 *
7a 4.76 8 (64) 2.1 *
7b 4.76 8 (64) 2.1 %
8a 2.6 *
8b 2.6 *
9 4.93 s (64)
3¢ NMR*x*
c# 1 138.0 s (143) 146.7 8 (131)
2 38.6 t. (21) * 38.2 t (23)
3 28.4 £t (25) = 27.2 £t *
4 25.8 t 27.1 £t *
5. 28.4 £ (25) % 25.5 t
6 38.6 t (21) * 27.1 t *
7 64.5 t (159) 27.2 t *
8 38.2 t (23)
9 67.2 t (159)
193pt NMR***x%
1999 2107
* not rigorously determined
** ghifts in ppm, CDCls solvent
*** platinum coupling in Hgz
in D20 at

*xx* relative to 1.0M Na:Pt(CN) 4

62

.63
.63
. 34
.41
.70
44
.44
. 25
. 25
70
.44
98
.46
. 06

MNRON= == aaaapNbOGLG

120.
90.
34.
30.
25.
26.
28.
30.
26.

O B3 -

2036

25°C

w33 33333333

dd (66) *x*x
dd (66)
m

R OE R R X N X X X X

(138)
(158)
(=210)
(42)

x
x

x
x

(36
(=10)

n.dérnrfwc*n.m
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Table 28. NMR Data for Platinum-0Olefin Complexes 96 and

99.
4 3
5
2
GOZ—-PICIgp¥
7]
98

tH NMR**

Hi 1 5.86 dd (71) *xxx* 5.49 bdd (69)
2 5.86 dd (71) 5.49 bdd (69)
3a 2.80 ddd * 2.12 bm
3b 2.34 m * 2.12 bm
4 1.93 m * 1.45 bs
5a 1.68 m * 1. 45 bs
5b 1.28 dd * 1.45 bs
6a 1.68 m * 1. 45 bs
6b 1.28 dd * 1.45 bs
7a 2.80 ddd * -1.45 bs
7b 2.34 m * 1.45 bs
8 1.45 bs
9 2.12 bm

13¢Cc NMR**

Ci 1 95.9 d (162) . 94.0 d (161)
2 95.9 d (162) 94.0 d (161)
3 28.1.t * .. 27.5 t *

4 24.4 t (39) * 24.8 t *

5 .32.8 t (=24) 23.7 t %

6 24.4 t (39) * 22.6 t

7 28.1 t * ' 23.7 t %

8 24.8 t *

9 27.5 t *
193pg NMRAX*%

1869 1924

* not rigorously determined

** gshifts in ppm, CDCls solvent

***% platinum coupling in Hz .

**xx* prelative to 1.0M Na2Pt(CN)s in D20 at 25°C
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APPENDIX B

X-ray Data for Complex 37




Table 29.

PEC1)
Pt(2)
€l¢1)
Cl(2)

Cl1¢ 3)

Cl(4)
cC1)
c(2)
C(3)
Cc(4)
C(5)
cce)
Cc(7)
c(8)
c(9)
c(10)
cC11)

Atomic Coordinates (x10%)

182

Parameters (A2x10%).

X

1152( 2)
-1270(2)
-1246(12)

786(11)
768(15)

-1243(14)

1071¢35)
1994(27)
3377(29)
3851(40)
2910(37)
2802(35)

1407(35)-

858(59)
1101(68)
-3092(47)

. —2822(44)

y

5311(1)
6910(1)

5330(9) .
6701(9)

6457(12)
8436(10)
3994(26)
4501(32)
4441(29)
5211( 36)
5252(28)
4394(33)
4324(32)
3337(35)
3058(30)
6932(30)
7337(32)

4

6446(1)
5847(1)
6259(6)
5622(7)
7217(8)
'5407(8)
5860(19)
5604(23)
5694(19)
6136(20)
6623(18)
7094(23)
7168(23)
6954(24)
6261(21)
5849(18)
6409(18)

and Isotropic Thermal

U

42(1) %
44013 %
63(4) %
57(4) %
85(6)*
80(5)*
44(11)
54(13)
44¢12)
74016)
40(11)
66(16)
62(13)
94(21)
96(20)
50(8)

50(8)

* Equivalent isotropic U defined as one third of the trace
of the orthogonalised Ui; tensor.

Table 30. Bond lengths (4).

Pt(1)-C1(1) 2.659(16) PEC1)-C1(2) 2.604015)
Pt(1)~-C1(3) 2.296(18) P£(1)-CC1) 2.180(38)
Pt(1)-C(2) 2.290(45) Pt(1)-C(5) 1.965(41)
PE(1) ~C(6) 2.592(43) PE(1)-C(7) 2.054(047)
Pt(2)-Cl(1) 2.321014) Pt(2)-C1(2) 2.321(14)
Pt(2)-Cl(4) 2.276(16) Pt(2)-C(10) 1.997(51).
P£(2)-C(11) 2.155(45) C(1)-C(2) 1.340(53)
Ct1)-C(M 1.530(56) €(2)-C(3) 1.530045)
C(3)-C(4) 1.540(60) C(4)-C(5) 1.5406(59)
C(5)-C(6) 1.540(60) C(6)-C(7) 1. 540(54)
C(7)-C(8) 1.540(67) c(8)-C(9) 1.540(68)
c(10)-CC11) 1.340(55)
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Table 31. Bond Angles (°),

Cl(1)-Pt(1)-C1(2) 75. 0( 4) C1(1)-Pt(1)-C1l(3) 85. 3(5)

Cl(2)-Pt(1)-C1l(3)  87.4(5) Cl(1)-Pt(1)-C(1) . 83.3(10)
Cl(2)-Pt(1)-C(1) "102.1(11) Cl{(3)-Pt(1)-C(1) 162.6(11)
Cl(1)-Pt(1)-€C(2) 106. 7(9) €1(2)-Pt(1)-C(2) .83.7(11)
C1l(3)-Pt(1)-C(2) 162.6(10) = C(1)-Pt(1)-C(2) 34.8(14)
Cl(1)-Pt(1)-C(5) 176.9(12) . C1l(2)-Pt(1)-C(5) 108. 0¢12)
Cl(3)-Pt(1)-€C(5) 94.1(12) CC1)-Pt(1) -C(5) 96.6(15)
C(2)-Pt(1) -C(5) 74.6(14) Cil(1)-Pt(1)-C(6) 140. 7¢10)
Cl(2)-Pt(1)-C(6) 144. 3¢(10) Cl(3)-Pt(1)-C(6) 94.5(11)
C(1)-Pt(1)-C(6) 86.2(14) C(2)-Pt(1)-C(6) 84.2(14)
C(5)-Pt(1)-C(6)" 36. 3(15) Cl(1)-Pt(1)-C(7) 104.6011)
Cl(2)-Pt(1)-C(7) 173.9(14) C1(3)-PE(1)-C(7) 86.5(14)
C(1)-Pt(1)-C(7) 83.8(16) C(2)-Pt(1)-C(7) 1102.1(17)
C(5)-Pt(1)-C(7) 72.4016) C(6)-Pt(1)-C(7) 36.4(14)
Cl(1)-Pt(2)-€C1(2) 87.3(5) C1(1)-Pt(2)-Cl(4) 177.5(05)
Cl(2)-Pt(2)-C1(4) 90. 9(5) Cl(1)-Pt(2)-C(10) 91.4(12)
Ci(2)-Pt(2)-C(10) 166. 7(12) Cl(4)-Pt(2)-C(10) 90.0(12)
Cl(1)-Pt(2)-C(11) 92.9(12) Cl(2)-Pt(2)-C(11) 155.9(12)
Cl(4)-Pt(2)-C(11) 89.5(12) C(10)-PE(2)-C(11) 37.4(16)
Pt(1)-C1{1)-Pt(2) 94. 4(5) P£E(1)-C1(2) -Pt(2) 95. 8(5)
Pt(1)-C(1)-C(2) 77.1(25) Pt(1)-€C(1)-C(9). 111.6(27)
C(2)-C(1)-C(9) 129.5(42) Pt(1)-€(2)-C(1) 68.1(24)
Pt(1)-€(2)-C(3) 109. 2028) Ct1)-C(2)-C(3) 132.1(39) -
€(2)-C(3)-C(4) 116.-4(34) C(3)-C(4)-C(5) 97.4(32)
Pt(1)-€C(5)-C(4) 126.9(28) PE(1)-€C(5)-C(6) © 94.6(24) -
€(4) -C(5)-€C(6) 117.6(35) " Pt(1)-H(5b) -C(5) 143.7(19)
Pt(1)-C(6)-C(5) 49.1(19) PtE(1)-€C(6)-C(7) 52.4(22)
C(5) -C(6)-C(7) 100. 9(33) CPE(T)Y-C(7)-C(6) 91.1(28)
Pt(1)-C(7)-C(8) 107.4(32) C(6)-C(7)~-C(8) 114.-4(39)
Pt(1)-H(7a)-C(7) 143.7(19) C(7)-C(8)Y~-C(9) 115.3(44)
C(1)-C(9) -C(8) 108.6(34) . Pt(2)-C(10)-C(11) 77.70(30)°

PE(2Y-H(10a)-C{10) 111.0016) P£(2)-C(11)-C(10) 64.9(27)
Pt(2)-H(11a)-C(11) . 98.8(15) . ’

Table 32. Anisotropic Thermal Parameters (42x10%).
Uy e Uz22 Uaa . - Uzs Uz Us 2

Pt(1) 45(01) 32(1) . 48(1) -6(1) =-501) 6(1)
PEC2) 35(1) 48(1) 47(1) 6(1) -20(1) 3(1)
cl1¢(1) - 45(7) 56(7) - 88(9) . 25(6) 12(8) -6(8)
Cl(2) 37(7) 51(7) 84(9) 23(7) 4(6) 4(6)
Cl( 3) 88(11) . 86(11) 80(10) -46(9) -16(9) 22(10)
Cl(4) 49( 8) 61(8) 128(12) 36(8) -18(10) 5(9)

The anisotropic temperature factor - -exponent takes the form:
-27%(h%a*?Uyy + ... + 2hka*b*Uq2)
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Figure 56. Computer-Generated View of the Non-Hydrogen
Atoms For Complex 37.
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Figure 57. Computer-Generated View of the Platinacyclobutane

Ring and Dichlorodiplatinum Ring System with
Corresponding Bond Lengths for Complex 37.

v gy 720C )75®
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APPENDIX C

Structures
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Complex 37 in pyridine,
structure not known
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