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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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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"
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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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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:
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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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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




30

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
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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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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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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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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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