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Abstract:

Platina(IV)cyclobutanes were prepared by the reaction of Zeise’s dimer (Ptr) with cyclopropyl methyl
ketal. An insoluble precipitate was formed that could be solubilized by reaction with pyridine or
bipyridine ligands. Hydrolysis of the ketal producing acetyl platma(TV)cyclobutanes were achieved in
excellent yields.

Mechanistic studies on the ring expansion of nofbomyl molecules via Pt(Il) were achieved by the use
of deuterium, carbon-13 and phenyl substituents. From these studies a mechanism was postulated
involving two competitive pathways which incorporated isomerizations and B-hydride abstraction.

Reaction of 1-alkoxybicyclo[X.1.0]systems with catalytic Zeise’s dimer yielded methylated cyclic
ketones in good yields. A mechanism on the formation of the ketones was postulated from labelling
studies that were performed. Platinum(II) olefin complexes were prepared from the reaction of Zeise’s
dimer with I-alkoxybicyclo[4.1.0]hept-3-ene. This lead to the insertion of Pt(II) into a tetra substituted
cyclopropane (7-methyl-I-methoxybicyclo [4.1.0]hept-3-ene).

A platinum(II) complex was also prepared from the reaction of bicyclo[4.1.0]hept-2-ene and Zeise’s
dimer. Reaction with pyridine, PPh, and other ligands produced novel platinum complexes.
Furthermore, organic molecules could be produced in good yields and excellent regio- and
stereoselectivity. This was achieved by the reaction of the initial complex with ROH, AcOH, H20
followed by H2, PPh3 or CO. Bicyclo[3.1.0]hex-2-ene and bicyclo[5.1.0]oct-2-ene produced similar
results on reaction with Pt(II).
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ABSTRACT

Platina(IV)cyclobutanes were prepared by the reaction of Zeise’s dimer (P{) with
cyclopropyl methyl ketal. An insoluble precipitate was formed that could be solubilized by
reaction with pyridine or bipyridine ligands. Hydrolysis of the ketal producing acetyl
platina(TV)cyclobutanes were achieved in excellent yields.

~ Mechanistic studies on the ring expansion of norbornyl molecules via Pt(I) were achieved
by the use of deuterium, carbon-13 and phenyl substituents. From these studies a
mechanism was postulated involving two competitive pathways which incorporated
isomerizations and B-hydride abstraction.

Reaction of 1-alkoxybicyclo[X.1.0]systems with catalytic Zeise’s dimer yielded methylated
cyclic ketones in good yields. A mechanism on the formation of the ketones was postulated
from labelling studies that were performed. Platinum(I) olefin complexes were prepared
from the reaction of Zeise’s dimer with 1-alkoxybicyclo[4.1.0)hept-3-ene. This lead to the
insertion of PIl) into a tetra substituted cyclopropane  (7-methyl-1-
methoxybicyclo[4.1.0]hept-3-ene). ,

A platinum(II) complex was also prepared from the reaction of bicyclo[4.1.0]hept-2-ene
and Zeise’s dimer. Reaction with pyridine, PPh, and other ligands produced novel platinum
complexes. Furthermore, organic molecules could be produced in good yields and excellent
regio- and stereoselectivity. This was achieved by the reaction of the initial complex with
ROH, AcOH, H,0 followed by H, PPh, or CO. Bicyclo[3.1.0]Jhex-2-ene and
bicyclo[S.1.0Joct-2-ene produced similar results on reaction with Pt(II).




o, | A — |

INTRODUCTION

Transition metal organometallic chemistry has been growing immensely since its
ipception in the 1950’s. The chemistry that has developed has led to new methods of organic
synthesis as well as a number of unique organometallic molecules. A number of industrial
processes, such as the Ziegler Natta catalysis, have employed transition metals in catalytic
synthesis. Also the long-sought after molecule, cyclob.utadiene, was formed by stabilization
with metals. Not only have novel complexes been made but surprising mechanisms have
been discovered in the study of transition metal chemistry.

When defining organometallic chemistry it is important to note that a metal-carbon
bond. must exist, by either a 6 or & bond. Metal complexes having ligands such as amines
and halides do not "qualify" as organometallic compounds. Transition metal ions are also
Lewis acids, which means that they can bind to the lone pairs of ligands. Carbon monoxide
is an example of a ligand that bonds with its pair of electrons and produces an
organometallic compound, while water also bonds with a pair of electrons it is not classified
as an organometallic compound. .

The area of organometallic chemistry which this author has undertaken is
organoplatinum chemistry. Starting in the late 1960’s, a number of articles were reported
on highly strained organic molecules rearranging upon exposure to a transition metal.
Platinum is particularly adept at this when the organic molecule is a cyclopropane. Quite
an interest was taken in this chemistry until most felt that it ﬁad run its course and was
finished. P.W. Jennings revived the area in the early 1980’s with the norbomyl system and

has since expanded the platinum cyclopropane area. Platinum also undergoes chemistry
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other than that with cyclopropanes. It has long been used as a hydrogenation catalyst and
is particularly good at complexing with sites of unséturation, especially olefins.

The material in the introduction has been covered to familiarize the reader (and author)
with basic bonding, mechanisms, reactions and history that is needed to help understand the
research presented in the discussion. Usually each section of the introduction will begin with
a very brief history of platinum in that specific area and some basic bonding concepts using
frontier molecular orbitals. This is most often followed by known reactions uéiﬁg either
platinum or another transition metal that will serve as an analogy. Structure determination
of known platinum complexes will also be presented to add precedence to structures

presented in the discussion.

Platinum Carbonyl Complexes

Structure and Bonding

The discovery of the first organotransition-metal compound, K*[(C,H,)PtCL]EtOH was
first reported by Zeise in 1827'. Forty years later Schutzenberger® prepared the first metal
carbonyl, [PtCl,(CO),], and since then a whole host of platinum pi complexes have been
prepared. By virtue of the C-O multiple bond, CO is an unsaturated ligand. Known as a
soft ligand because of its capability of accepting metal d, electrons, CO is called a =«
acceptor or 7 acid. Sigma bonding between platinum and CO consists of the donation of
a lone electron pair on the carbon, shown in Figure 1, to an empty hybrid metal orbital.
The CO ligand having empty #n° orbitals interact and accept electrons from the filled metal
d orbitals. This delocalization of electron density from the metal to the carbonyl liéand,
known as back bonding, compensates for excess electron density donated to the metal. A

composite picture is shown at the bottom of Figure 1.
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4
such as trans-[PtX(CO)L,]BF, (X = H, CH,Cl, CH,Ph, NCS, NO,, ClI, Br or I) 3C
measurements have been made. If X has a high trans influence, the platinum carbon (CO)
coupling is between 960-990 Hz but if X has a low trans influence, the range is between

1660 and 1820 Hz'.

Table 1. C-O Stretching Frequencies (cm™) in some Pt(I) Carbonyls

Cl Br I
cis-[Pt(CO)X,) 2132 2112 2088
[PtX,(CO),] 2152 2130 2112
[Pi(bipy)(CO)X] 2145 2132 2120

cis-[(PEt)PtX,(CO)] 2100 2094 2085

In recent years, extensive chemical studies have been made on platinum(II) carbonyls.
Preparative routes to simple platinum carbonyls are as follows’: (a) Displacement of a
chlorine ligand in a solution containing a counter ion resulting in the formation of cationic
carbonyl complexes, Equation 1. Similar reactions also go in the presence of silver nitrate
which abstracts a chloride. (b) Olefins and acetylenes can also be displaced by carbon
monoxide to form complexes as shown in Equation 2. (c) Chlorine bridged compouhds can
also be cleaved by carbon monoxide, Equation 3. When CO is passed through solutions
of halogen-bridged platinum-olefin complexes in carbon te'trachloride, mixed complexes

containing olefins are formed.

(PEt,),PtCl, + CO + NaClO, ---> [(PEL),P(CO)CI]* CIO, + NaCl , )

trans-[Pt(C,H,)RNH,)CL] + CO -> trans-[P{CO)RNH,)CL] + C,H, @)
[(PR,)PICL], + CO ---> cis-[(PR,)PK(CO)CL,] 3)
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- Table 2. C-C Stretching Frequencies of Pt(II)-Olefins

Compound cm?
H,C=CH, 1623 (Raman)
K[Pt(C,H)CL] 1516
trans[Pt(C,H,)(NH;)Cl,] 1521
trans[Pt(C,H,)(NH,)Br,] 1517
[PUCH)CL], 1516

Table 3. Pt-Olefin Stretching Frequencies.

! Complex cm™
‘ K[Pt(C,H,)CL]'H,0 407
K[Pt(C,D,)CL,1H,0 387
K[Pt(C,H)Br,JH,0 395
K[PY(C,H)CL] 393
K[Pt(trans-C,H,)CL,] 387
KI[Pt(cis-C,H,)CL] 405
trans[Pt(C,H,)(NH,)Cl,] 383

trans[Pt(C,H,)(NH,)Br,] 383

As was mentioned, 'H and ®C NMR spectroscopy can be used to determine the
difference between complexes such as 7 and 8. The vinyl protons and carbons shift
sigxﬁﬁcantly upfield depending on the amount of back donation from the metal. Carbon-
13 resonances of platinum bound olefins will usually appear upfield of free olefins. The
farthest upfield shift has been reported at 7 ppm and a downfield shift at 126 ppm in the **C
NMR. Platinum also has the nice attribute of being 33% spin 1/2 in its 195 isotope. This-
allows the coupling constants to be used as a.l gage of the relative bond strength’®, Ranges

of 40-400 Hz have been reported, with ligands playing a noticeable effect on these values.
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The vinyl protons of free vinyl chloride in Equation 5 resonate at 4.18 and 4.94 ppm. Upon
complexation to platinum they are shifted upfield to 2.82 and 2.18 ppm. In Equation 6, the

same trend is observed. Table S lists the NMR data for the two complexes.

Table 5. NMR Data for Equations 5 and 6 in ppm.

'H (free olefins)  'H (complex) BC (complex)
5) 4.18 2.18(m, Zpy = 62 Hz)
4.94 2.82(m, Upy = 62 Hz)
6) 5.06 222(m, Vpy = 62 HZ) 426

5.15 3.00(m, *J,y = 62 Hz) 64.6

As can be seen in Table 5 there is also a large upfield shift of the vinyl carbon signal
for the complexes in Equation 6 (free alkene resonates at 137 and 117 ppm). As stated by
Stang, the complexes in Equation 5 and 6 would be best represented as plat‘inacyclopropanes
from the NMR data. It should be noted though that *H NMR data and its platinum coupling
constants are not always the best tool or easiest for assigning bond strength. Quite often the

resonances are broadened and no coupling is observed.

Reactions of Pt(IT)-Olefins

The characteristic reaction of platinum-olefin complexes is nucleophilic attack at the
olefin to give a ¢ bonded alkyl platinum complex. Two mechanisms can be postulated for
the attack. The first, and by far most prevalent, is trans attack (anti to the metal) of the
nucleophile on the olefin without prior coordination to the platinum. If the olefin is

substituted the nucleophile will attack at the most substituted position with the platinum

n2l1

"slipping"” to a © bonding position at the least substituted terminus, Equation 7. The second

mechanism involves coordination of the nucleophile to the platinum which then undergoes
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Figure 20. McGinnety Platinacyclobutane Bonding Scheme. (a) and (b) are constructed from
available ¢-orbitals while (c) and (d) are from the metal d-orbital and p-orbitals
of the carbon atoms.

McQuillin® also used the Walsh orbital picture to envision a bonding scheme. Insertion
of Pt can be a process of rehybridization. Electrons from the carbon bonds will overlap
with a hybrid vacant orbital of the platinum. Using a bonding orbital and a non-bonding
orbital, see Figure 18, McQuillan describes his scheme as a ¢-donor component from the
lowest cyclopropane orbital along with © back donation from the metal into the antibonding
cyclopropane orbitals, Figure 21. This can be compared to the ﬁlatinum-ethylene picture and
could rationalize the downfield shift of the methylene protons in the platinacyclobutane.

complexes.




Figure 21. McQuillin Platinacyclobutane Orbital Model

Characterization of Platinacyclic Compound

Insertion of platinum into cyclopropanes usually results in an insoluble precipitate
(initially precipitated complex-IPC).  Three methods have been employed in the
characterization of this solid: mass spectrum, infrared and solid state (CP/MAS) NMR. The
mass spectrum of [(PtCl,C,Hy),], has been taken®, and the observation of a peak at m/e 1232
is believed to be the parent ion which corresponds to the tetramer 13. The IR spectrum of
these solids also displayed the presence of bridging and terminal chlorines. Comparison of
the polymeric [{Pth(CHZCHQCH,)}n] and the proposed tetramer shdw similar stretching
frequencies. IR spectroscopy also identified the C;H, unit as a platinacyclobutane. Table 6%
gives the stretching frequencies of two complexes in compaﬁson to cyclopropane, indicating

opening of the ring.




L I S Ll Li il

28

Table 6. Stretching Frequencies for Platinacyclobutanes.

GH; unit Pu(CH)CLPy, [P(CH)CL], GH,
C-H 2992 3025 3103
2938 2954
2917 2948
CH, wag 1238 1255
1237
CH, deformation 1437 1414 < 1442
CH, twist - 1217 1165
ring deformation 1134 1149
1087 . 1125
CH, rock 1038 1087 1029
' 1022
ring deformation 980 981
CH, rock 976 948 . 869
892 890
663
Pi-C

ring deformation - 563

Solid state NMR has also been used to show platinacyclobutane formation in the IPC.
Because of the broadening of lines in the spectrum, solid state NMR data is most useful
when compared to solution NMR spectra (see section on solution “C NMR spectroséoby).
Waddington®, Figure 22, and Parsons™ have both used solid state *C NMR épectroscopy to
characterize the initially precipitated platinacyclobutanes. The chemical shift difference in the
NMR is a result of a ligand change. It should be remembered that as a solid it is believed
to be a tetramer (see 11, page 25). This would put a chlorine atom trans to a ¢-bound
carbon atom. In the solution NMR spectra, pyridine is trans to the o-bound carbon atoms

(see 12, page 25).
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BC NMR spectroscopy is perhaps a better method fér the identification of platinacycles.
Platina(TV)cyclobutanes exhibit characteristic resonances for the platinum ring carbons. Figure
- 23 shows the range for a substituted and nonsubstituted rings. Platinum-carbon coupling is
also very typical for platinacyclobutanes. This is usually 335-460 Hz for 'J,, '0-25‘ Hz for

Y and 20-65 Hz for T, 5557,

30 0-(-15) . R \ 0-(-20)

L P, PICLL,

Figure 23. PC NMR Resonance Ranges in PPM.

BC NMR spectra are also very useful for the characterization of platinum complexes
other than platinacyclobutanes. Some characteristic chemical shift ranges for various platinum
compounds and ﬁeir 'Jpc are given in Table 7. These values can be extremely indicative
of what type of platinum compound is present.

Given that Platinum-195 is NMR active, it too can be observed and used as an
indicator for the oxidation state of the platinum. Platinum(IV) complexes usually resonate
at a lower field than platinum(II) complexes. Sodium tetracyanoplatinate(II) and [PtCl*
have both been used as standards with [PtCl> being the more common. This standard -
- decomposes with .time and also is very dependent on solvent and temperature”. The
advantage it has, is it is a well known reference in platinum chemistry. Na,Pt(CN), on the
other hand is less sensitive to solvents and temperature’ as well as resonating at a higher
field than most platinum species. - This is a less well known standard in the field however.
Table 8 lists the resonances for various Pt(IV) complexes which can be compared to the

Pt(II)-Ole'ﬁn complexes in Table 9.
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Table 7. C NMR Shifts and 'J Constants for Various Complexes.

COMPLEX in PPM Upc in Hertz Ref.
- 70-110 50 - 200 71,72
ci-p'-Cl
L
Ly 120 94 71
Pt ChL,
Pi'L, 40 - 65 not reported 20
(-20) - 20 335 - 460 65, 66, 69, 70
L _p™oL,
VoL, 15-45 490 - 560 73,74
;
L,PV(Alkyl), (-5)-20 660 - 730 74
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Table 8. Pt(IV) NMR Shifts Relative to 1M Na,Pt(CN), in D,0 at 25° C.

COMPLEX LIGAND SOVENT SOLVENT (ppm)
CPICIZLZ Py cpei 3317
Ph —Cptcxzx,,, Py cDCi3 3308
Lb/p'zchbz Py cDCB3 3350
MCIZIQ THF “THF 3278
Eb/p'tcmq THF THF 3365
| MC@Q Py CDCI3 3368 -
0 | .
;bﬂcblaz Py CDCI3 3390
0
Py cpei3 3333
(o) PCLL, ’
0
PICl,L, Py cpeB 3322
0
\o
CH,OH
M]h Py cpeB 3334
O._1>|1012L2 Py Py-d5 3815
O-_'Ptc121,2 Py Py-ds5 3300




33

Table 9. Pt(Il) NMR Shifts Relative to 1M Na,Pt(CN), in D,0 at 25° C.

COMPLEX SOLVENT SHIFT (ppm)
ﬁb DMSO 1635
\/
PiCl,
2
.’//\
\ Cl— Pt
\ CDCl, 723
/ a
PPh,
\
Cl = Pt
\ CDCl;3 732
/ a
Cl
Phaf’-P,‘—“ CDCl, 687
cl
c
1
CD,CN - Bt _" CDCN 1726
c

A myriad of X-ray crystal structures of platinacyclobutanes have been reported. Most

of these show a substantial puckering of the platinacyclobutane ring, from 12-28°. This

compares well to cyclobutane hydrocarbon derivatives of 20-35°”, The carbon-carbon bond

lengths are also elongated in the platinum complexes presumably due to covalent radii of

platinum™,
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