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Summary

Norbornadiene (NBD) was displaced from PtMe,(NBD) by a range of ligands L
to form cis-PtMe,L, (L = pyridine (py), NH;, dimethylsulfoxide (DMSO); L, =
2,2’-bipyridyl (bipy), ethylenediamine (en), N;N,N’,N’-tetramethylethylenediamine
(tmen) — but not L = acetonitrile, benzonitrile, N, N-dimethylformamide, or water).
These reactions occur more readily than the corresponding displacements of 1,5-
cyclooctadiene (COD) from PtMe,(COD). Cyanide readily displaced the diolefin
from either PtMe,(NBD) or PtMe,(COD) to form cis-PtMe,(CN),%~, but no
reaction occurred with bromide, chloride, and acetylacetonate. Thiocyanate and
iodide slowly reacted, but no methyl-platinum product was obtained.

The reaction of each of the compounds PtMe,L, with Mel was studied in
benzene. PtMe,(NBD) gave [PtMe,I],. With L = py, 3(bipy), or 3(tmen), PtMe;,IL,
was obtained rapidly at room temperature. For the sparingly soluble compounds
with L =NH; or 3(en), heating was necessary for reaction. The product from
PtMe, (en) was PtMe;I(en), but cis-PtMe,(NH,), gave a mixture of [PtMe;(NH,)-
(p-1)), and fac-[PtMe;(NH,);]I. With L = DMSO, heating initially gave
PtMe,I(DMSO),, which slowly lost DMSO to form [PtMe,1],. For L = py, 3(tmen),
treatment with acid readily removed L from PtMe;IL,.

Introduction

Most organometallic compounds of platinum(1l) contain tertiary phosphines or
arsines, or isonitriles as “stabilizing ligands”. Once bound to the metal these ligands
are not easily removed. We wished to make platinum(IV) compounds [PtMe,XY],
and fac-PtMe, X(H,0),* for use as starting materials for preparation of a series of
new dimethylplatinum(IV) compounds. One possible route would involve oxidative
addition of XY to cis-PtMe, L, to form PtMe, XYL ,, with subsequent removal of L.
Suitable ligands for this purpose might be N-donors, which could, in principle, be
removed from PtMe, XYL, by acid (Scheme 1).
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[PtMe,XY] + 2LH*

Ag*/H0

SCHEME 1

PtMe,(bipy) i1s a well-known compound, conveniently prepared from
PtMe,(COD) and bipy [1]. It has been reported that cis-PtMe,py, [2] and
PtMe, (tmen) [3] may be prepared in a similar way.

In this paper, we describe an improved preparative route to compounds cis-
PtMe, L ,where L is a relatively weak ligand. The reactions of these compounds with
iodomethane were then studied, as a convenient test system for oxidative addition by
reagents XY, since many of the expected products, PtMe,IL, are known from
reaction of [PtMe,I], with L.

A preliminary account of some of this work has appeared [4].

Experimental

Instrumentation and general methods

Positive values of NMR shifts denote lower shielding. 100 MHz 'H NMR spectra
were recorded with a JEOL PS-100 spectrometer; in organic solvents, tetramethyl-
silane (TMS) was used as internal reference, and in D,0O, sodium 3-trimethyl-
silylpropanesulfonate (TSS). 25 MHz '3C spectra were recorded on a JEOL FX-100
Fourier Transform instrument with a 10 mm tunable probe, 16K data points, double
precision mode, and internal lock on solvent deuterium; in organic solvents, TMS
was used as internal reference, and shifts for aqueous solutions are relative to
external TMS, with dioxane (8(C) 67.73 ppm) as internal standard.

C, H, and N microanalyses were carried out by J. Kent in this Department.
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Starting materials

PtC1,(COD) and PtCl,(NBD) were prepared by Drew and Doyle’s method [5].
PtMe,(COD) was prepared as described by Clark and Manzer [3], except that
PtCl,(COD), rather than Ptl,(COD), was treated with methyllithium. PtMe, (bipy)
was prepared from PtMe,(COD) and bipy [1].

Preparation of PtMe,(NBD) (1)

Some NMR data have been reported for PtMe,(NBD), without details of its
preparation [6]. The method used was mainly similar to that previously described for
PtMe, (COD) [3].

11.6 ml of a 1.6 M methyllithium solution in ether (18.6 mmol) was added to an
ice-cold solution of 3.0 g of PtCl,(NBD) (8.4 mmol) in 30 ml of distilled ether under
nitrogen. The solution was stirred for 2 h, then treated at 0°C with an ice-cold
solution of ammonium chloride. The ether layer was separated, and the aqueous
layer extracted with three 20 ml portions of ether. The combined ether fractions were
dried over magnesium sulfate, and a small amount of activated charcoal was added.
After filtration, ether was removed under reduced pressure to give colourless
crystals. Yield was 2.5 g (94%).

Preparation of cis-PtMe, py, (2)

0.30 g of 1 (0.95 mmol) was dissolved in 10 ml of dry distilled benzene under
nitrogen. The reaction vessel was protected from light and 0.45 ml of freshly distilled
pyridine (5.6 mmol) was added in three equal aliquots during 1 h. This produced a
solution, containing 2 and free NBD, which could be used directly for some
reactions. If solid was required, it was obtained by removal of the solvent under
reduced pressure. The yield of the pale yellow solid, under optimum conditions, was
0.35 g (97%), but yields were much lower if the reactants contained trace impurities.

The product was readily soluble in all common organic solvents except ether, and
sparingly soluble in water. Solutions were light sensitive, and, even in the dark under
nitrogen, chloroform and benzene solutions decomposed over 24 h. The solid was
stable for several weeks at room temperature, and for months if stored at 0°C in the
dark under nitrogen.

Preparation of PtMe,(tmen)

0.30 g of 1 (0.95 mmol) was dissolved in 10 ml of distilled benzene. 0.15 ml of
distilled N,N,N’,N’-tetramethylethylenediamine (1.0 mmol) was added, and the
solution was heated at 50°C for one hour. The volume of the solution was then
reduced to 1 ml under reduced pressure, and ether was added to precipitate a white
solid, which was filtered off, washed with ether, and air-dried. The yield was 0.31 g
(96%). The product was similar to that described by Clark and Manzer [3], and was
soluble in all common organic solvents except ether. The solid was quite stable.

Preparation of PtMe,(en)

0.10 g of 1 (0.32 mmol) was dissolved in 10 ml of distilled benzene, and 0.22 ml of
distilled ethylenediamine (0.32 mmol) was added through a microsyringe. A white
precipitate formed immediately. Benzene was decanted off, and the solid was
transferred to a sintered glass filter using two 5 ml portions of benzene, dried briefly
in air, then under vacuum. The solid tended to retain small amounts of solvated
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benzene. The yield of PtMe,(en)-0.1C,H, was 0.080 g (88%). The solid decomposed
after several days at room temperature, but was stable for several weeks at 0°C in
the dark under nitrogen. The solid was sparingly soluble in acetone, but insoluble in
other common organic solvents and in water.

Preparation of cis-PtMe,(NH;),

0.10 g of 1 (0.32 mmol) was dissolved in 10 ml of distilled benzene in a Carius
tube. The solution was degassed by standard freeze-thaw techniques. The solution
was cooled with liquid nitrogen, and a 20-fold excess of dry ammonia was condensed
into the tube. The tube was sealed, allowed to warm to room temperature, and
allowed to stand for 2 h. During this time a white precipitate formed. The tube was
opened, benzene was decanted off, and the solid transferred to a sintered glass filter
using two 5 ml portions of benzene. It was dried briefly in air, then under vacuum. It
was insoluble in all common non-coordinating organic solvents. Again, the solid
tended to retain a small amount of solvated benzene. The yield of PtMe,(NH,), -
0.06C,H, was 0.080 g (96%).

Preparation of cis-PtMe,(DMSO),

0.20 g of 1 was dissolved in 10 ml of distilled benzene, and 0.4 ml of dimethyl-
sulfoxide was added. After 2 h, the solvent was removed under reduced pressure
until a colourless solid began to crystallize. The solution was then stored overnight in
a vacuum desiccator under reduced pressure, to give colourless crystals in 3 ml of
solvent. The crystals were collected on a sintered glass filter, washed with ether, and
dried under vacuum. Yield was 0.188 g (78%). The product was soluble in common
organic solvents, but only sparingly in ether. It was also quite soluble in water.

Preparation of cis-K, [PtMe,(CN),]

To a suspension of 0.10 g of 1 (0.32 mmol) in 2 ml of water was added 0.039 g of
solid potassium cyanide (0.64 mmol). The mixture was warmed at 50°C until the
solid dissolved. The solution was filtered, and water was removed under reduced
pressure to yield a hygroscopic colourless solid, which was dried in a vacuum
desiccator over silica gel. The yield of cis-K,{PtMe,(CN),]-2H,0 was 0.09 g (77%).

Reaction of 2 with Mel

0.30 g of 2 (0.78 mmol) was dissolved in 10 ml of benzene and 0.049 ml of
iodomethane (0.79 mmol) was added by microsyringe. The solution was con-
centrated to 1 ml under reduced pressure, and ether was added to precipitate an
off-white solid, which was filtered off, washed with ether, and air-dried. The yield
was 0.39 g (95%). The properties of the solid were similar to those of PtMe;Ipy,
prepared from [PtMe,]I], and pyridine [7-10].

Reaction of PtMe,(tmen) with Mel
A similar procedure to that described above yielded PtMe,I(tmen) in 89% yield.

Reaction of PtMe,(en) with Mel

0.20 g of PtMe,(en) (0.70 mmol) was suspended in 5 ml of benzene and 5 ml! of
Mel was added. The mixture was refluxed for an hour. The solvent was decanted
from the solid, which was transferred to a sintered glass filter using benzene, washed
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with ether, and air-dried. This solid was insoluble in water and common organic
solvents, and its properties corresponded to those reported for PtMe,l(en) prepared
from [PtMe;I], and ethylenediamine [7]. The solid tended to incorporate solvated
benzene.

Reaction of cis-PtMe,(NH;), with Mel

0.20 g of PtMe,(NH;), was suspended in 5 ml benzene, 5 ml of Mel was added,
and the mixture refluxed for 2 h. The solid was filtered off, and the filtrate
evaporated to dryness under reduced pressure to yield 0.13 g (44%) of
[PtMe;(NH,)(p-T)], (4), which retained a small amount of solvated benzene. The
properties of this material corresponded to those reported by Hall and Swile [9]. The
solid that had been filtered off was washed with acetone, then dissolved in 5 ml of
water. The solution was filtered, then water was removed under reduced pressure to
give a white solid, fac-[PtMe;(NH,),]I. After drying in a vacuum desiccator over
phosphorus(V) oxide the yield was 0.13 g (40%). Again, the properties were as
previously described [9].

Reaction of 1 with Mel

0.30 g of 1 (0.95 mmol) was dissolved in 5 ml of benzene, and 0.059 ml of Mel
(0.95 mmol) was added by microsyringe. The solution was evaporated to dryness
under reduced pressure to yield [PtMe,I], as a white solid, which was washed with
ether and air dried. The yield was 0.34 g (97%).

Reactions of PtMe,IL, with acid

0.30 g of PtMe;IL, (L = py, 3(tmen), 3(en)) was suspended in 10 ml of water,
and 0.5 ml of 70% perchloric acid was added. The mixture was refluxed (2 h for
L =py, 3 h for L = }(tmen), 4 h for L = (en)). The mixture was cooled, and the
solid [PtMe;1], was filtered off, washed with acetone, and air-dried. For L = py,
3(tmen), the product thus obtained was pure, and yield was near 90%. For
L = 1(en), the product was less pure; extraction of the solid with benzene, followed
by filtration and removal of solvent yielded [PtMe,]], in 69% vield.

Results and discussion
Analytical data are given in Table 1, and NMR data in Table 2.

Preparation of cis-dimethylplatinum(II) complexes from PtMe,(NBD) (1)

Kistner et al. [2] claimed that PtMe,py, (2) can be obtained in 5% yield by
heating a pyridine solution of PtMe,(COD). In our hands, this method did not yield
any product which could be identified as 2, and since Kistner et al. did not present
any evidence that their product was 2, it is not likely that they did make it.
Reactions of PtMe,(COD) with stoicheometric and excess amounts of pyridine were
studied, using as solvents chloroform, dichloromethane, acetone, methanol, and
benzene (or their deuterated analogues). No reaction occurred in any of these
solvents below 80°C. At this temperature, peaks which can now be assigned to 2
were observed in some NMR spectra, but did not persist. It became evident that,
under the conditions necessary for pyridine to displace COD from PtMe,(COD), 2
rapidly decomposed. We therefore sought a starting compound, PtMe;, (diolefin),
from which the diolefin could be more easily displaced than COD.
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If COD is regarded as a chelating bidentate ligand, its “coordination bite” in a
platinum(II) complex is near 86°C [11,12]. Crystal structure data are not available
for analogous platinum(1I) complexes with norbornadiene (NBD), but in rhodium(I)
complexes the bite is near 66° [13,14]. In a formally square-planar complex, overlap
between the bonding orbitals of the metal and the diolefin will be much further
removed from the optimum for NBD than for COD, which might cause NBD to be
more readily displaced by other ligands.

'"H NMR spectra were used to monitor reactions of pyridine with PtMe,(NBD)
(1) in various solvents. NBD was displaced at ambient temperature in CDCl; and
CD,Cl,, but only in C4Dy was there clean production of a new species, and from 'H
and >C NMR spectra (Table 2) this was characterized as cis-PtMe, py, (2). Peaks
due to free NBD were also observed. The Pt—CH, coupling constant in 2, 85.7 Hz,
may be compared with that in PtMe, (bipy), 85 Hz [15]. Because of the high trans
influence of the methyl ligand [16], 2/(Pt—-CH,) would be expected to be very much
smaller if the complex were frans.

2
C}—{:1/C H
HpC3 C2H N __—Me
—CH Pt
C1/ \
H
\CZH Me
(1)
Me
Me NG Me I L
\Pt/ \Pt/
Me— TN Me/‘ T,
(2) 1
(3)
Me NH3
Me ‘ I l Me
T~ e
Me—" ‘ T~ /‘ T~—Me
NH5 Me
(4)

Removal of the benzene solvent from this solution under reduced pressure gave 2
as a pale yellow solid. This contrasts with the bright red colour of PtMe,(bipy),
which is ascribed to a transition from a platinum d-orbital to the lowest #* orbital
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TABLE 1
ANALYTICAL DATA
Compound Analysis (Found (calcd. X %))

C H N
PtMe, (NBD) (1) 341(34.1) 4.5(4.5) _
PtMe, py; (2) 37.7(37.6) 3.94.2) 7.4(1.3)
PtMe, (tmen) 28.1(28.2) 6.5(6.5) 8.0(8.2)
PtMe, (en)-0.1CgH 18.7(18.9) 5.6(5.0) 9.2(9.6)
cis-(PtMe,(NH,),-0.06C,H 10.9(10.8) 4.3(4.7) 10.2(10.6)
cis-PtMe, (DMSO), 19.0(18.9) 4.5(4.8) -
cis-K ,[PtMe, (CN), ]- 2H,0 12.5(12.3) 2.6(2.6) 7.0(1.2)
PtMe,Ipy, 29.8(29.7) 3.8(3.6) 5.1(5.3)
PtMe, I(tmen) 22.922.4) 5.2(5.2) 5.8(5.8)
PtMe, I(en)-0.25C,H, 17.5(17.5) 4.7(4.2) 6.2(6.3)
[PtMe, (NH, )(p-T)],-0.3C,H, 12.1(11.8) 3.5(3.3) 3.6(3.5)
[PtMe,(NH, ), ]I 8.8(8.6) 4.2(4.3) 10.0(10.1)

of bipy [1]. The solid dissolved in CDCI, to give a solution stable for several hours.
Like other methylplatinum(II) compounds, 2 is not very air-sensitive, but exposure
of a solution to normal laboratory light more than very briefly caused a loss of the
signals due to 2 in NMR spectra, with the appearance of a multitude of new peaks.
The presence of a large excess of pyridine during the preparation of 2 also caused
side reactions: yields were best when the pyridine was added in several smaller
aliquots. »

Following the successful preparation of 2 from 1, we considered the possibility
that other compounds cis-PtMe, L ,, where L is a N-donor ligand, might be conveni-
ently prepared from 1. PtMe,(tmen) has been previously prepared by dissolving
PtMe,(COD) in N,N,N’,N’-tetramethylethylenediamine, then heating to 100°C [3].
In our hands, the yield and quality of this product depended critically on control of
temperature and reaction time. 1 did not react with tmen at room temperature, but
at 50°C in benzene, PiMe,(tmen) was obtained in good yield. Despite a small
discrepancy between our 'H NMR data, and those previously reported [3], the
spectra allow unequivocal assignment of the product as PtMe,(tmen). The lack of
resolved platinum coupling to the ring carbon atoms in the *C spectrum (Table 2)
was not unexpected, as 2J(Pt—-N—C) and *J(Pt—-N-C-C) would be expected to be of
opposite sign [17].

Reaction of 1 with ethylenediamine in benzene immediately produced a precipi-
tate of PtMe,(en), which was sufficiently soluble in (CD,),CO to give a 'H NMR
spectrum consistent with this formulation (Table 1). The low value of *J(Pt-N-CH,),
11.2 Hz, is consistent with the high trans influence of the methyl ligand (cf. values in
the series Pt(en)L,, 52.5 Hz for L = H,0, 32.0 Hz for L = PPh,) [18].

Reaction of 1 with ammonia in benzene caused precipitation of cis-PtMe,(NHs,),.
When the reaction was carried out in C¢D, the filtrate showed '"H NMR peaks from
free NBD. The product was not sufficiently soluble in any solvent to allow NMR
spectra to be obtained.

In these two reactions involving primary amines, there was no indication of any
attack by the amine on the coordinated olefin. Both PtMe,(en) and PtMe,(NH,),
were much less stable as solids than the other PtMe, L, compounds. It is possible
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that the hydrogen atoms attached to nitrogen react with the methyl ligands to cause
methane elimination, which initiates decomposition.

Reaction of 1 with DMSO in benzene gave cis-PtMe,(DMSO),, previously
obtained by Eaborn et al. [19,20] from the reaction of PtCl,(COD) with SnMe, in
DMSO. This compound, as well as dissolving in most organic solvents, is quite
soluble in water to give a solution stable for several hours. Our IR and NMR data
agreed with those previously reported [20], which were interpreted as indicating
coordination of the DMSO through sulfur in a c¢is complex. S-coordination was
likewise postulated for the diaryl analogues [20), and this has been confirmed for
cis-PtPh,(DMSO0), by X-ray crystal structure determination [21].

1 did not react with acetonitrile, benzonitrile, or N, N-dimethylformamide, neat or
in benzene, at 25°C or higher temperature. 1 was insoluble in water. No change
occurred when an aqueous suspension was stirred at room temperature. When the
suspension was heated under reflux for 30 min, the colour of the solid changed from
pale yellow to white. This solid was now soluble in aqueous acids and alkalis. The
'H NMR spectrum of a solution in dilute D,SO,/D,0 was identical to that of
cis-PtMe,(D,0) 2" [22]. The product from reaction of 1 with water was therefore
formulated as [PtMe,(OH),(H,0),], [23], a platinum(IV) product rather than
“PtMe, (H,0),”.

Addition of two molar equivalents of KCN to an aqueous suspension of either
PtMe,(COD) or PtMe,(NBD) gave, with gentle heating, a solution of cis-
K,[PtMe,(CN),]. A salt of PtMe,(CN),”~ has been previously prepared with a
potassium crown ether complex as the counter-cation. Our 'H NMR spectrum in
D,O was similar to those reported in organic solvents [24].

No reaction was observed between 1 and bromide, chloride, or acetylacetonate
anions, under a variety of conditions. Thiocyanate and iodide did slowly react with 1
in acetone, but with loss of the methyl groups.

Displacement of pyridine from cis-PtMe, py, (2)

Addition of excess ethylenediamine to a benzene solution of 2 caused immediate
precipitation of PtMe,(en). Reaction of ammonia gas with a solution of 2 in benzene
caused precipitation of cis-PtMe,(NH,),. Heating a benzene solution of 2 with an
excess of tmen for 2 h at 50°C gave a solution of PtMe,(tmen). When 2 or
PtMe,(NH,), was dissolved in DMSO and the solution gently heated, cis-
PtMe, (DMSO), was formed.

Reactions of complexes cis-PtMe,L, with Mel, and reactions of the platinum(IV)
products with acid

PtMe, (COD) has been previously shown [3] to react with Mel to give [PtMe;I],,
presumably by elimination of COD from an unstable platinum(1V) intermediate,
“PtMe,I(COD)”. As expected, the NBD analogue, 1, also reacted with Mel to give
[PtMe;]],.

PtMe, (bipy) reacts readily with Mel to form PtMe,I(bipy) (3, L, = bipy) [15,25].
Refluxing an aqueous suspension of this. compound with dilute HCIO, did not
remove the bipyridyl ligand.

Cis-PtMe, L, where L = py or 3(tmen) reacted readily Mel to give PtMe,IL, (3).
No reaction occurred at room temperature when excess Mel was added to a benzene
suspension of PtMe,(en), but, under reflux, PtMe;I(en) formed, insoluble in water
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and common organic solvents. Each of these compounds has been previously
prepared from [PtMe,1], and the ligand (L = py [7-10], 3(tmen) [26], (en) [7]). As
previously reported [9], PtMe;Ipy, gave a precipitate of [PtMe,I], when refluxed
with dilute aqueous HCIO,. A similar reaction removed tmen from PitMe,I(tmen).
Reaction of PtMe,(en) did not proceed as cleanly, but some [PtMe,I], was formed.

Cis-PtMe,(NH,), reacted with Mel only when heated. Two products were
obtained: fac-[PtMe,(NH,),]I and [PtMe;(NH,;)(p-1)], (4). Hall and Swile [9] have
reported that all attempts to prepare PtMe;I(NH;), from [PtMe,]], and ammonia
gave the same mixture of compounds.

Cis-PtMe, (DMSO), also reacted with Mel in benzene only upon heating. The 'H
NMR spectrum of the initial product showed two platinum-methyl signals (with
satellites) with intensity ratio 2/1, and a singlet with satellites from coordinated
DMSO (Table 2). From peak integration it was clear that two DMSO ligands were
coordinated per platinum atom, and the compound was formulated as PtMe,l-
(DMSO), (3, L = DMSO). With continued heating, or prolonged standing, peaks
due to [PtMe;I], and free DMSO increased in intensity at the expense of those due
to the DMSO complex.

Conclusions

For the preparation of new complexes, [PtMe,XY],, direct oxidation of

PtMe, (NBD) (1) may sometimes suffice, as demonstrated by the reaction of 1 with
Mel to give [PtMe;]],. Reactions of this type have been previously reported with
PtMe, (COD) [3], but with some reagents a platinum(IV) product is not obtained.
For example, PtMe,(COD) with CF,I gives PY{(CF;),(COD) [3], and 1 reacts
similarly [4,27]. Where this direct route is not available, the most suitable starting
material for preparation of [PtMe,XY], and fac-PtMe,X(H,0),* according to
Scheme 1 is cis-PtMe, py, (2) since it would be expected from the “model” reaction
with Mel that:
(i) 2 would react readily with oxidative addition reagents, XY, under mild condi-
tions; (ii) 2 would be expected to yield a well-defined platinum(IV) product,
PtMe, XYL, and (iii) it should be possible to remove pyridine from the latter
product with acid.

The compounds cis-PtMe,L, with L =NH,, j(en), 3(bipy) DMSO, are all
inferior to 2 in at least one of these respects. From the reaction with Mel
PtMe, (tmen) would appear to have some potential for these syntheses, but, in some
circumstances, the steric hindrance from the N-methyl groups might be expected to
reduce reactivity.

The preparations of new compounds [PtMe, XY], and fac-PtMe, X(H,0)," from
2 will be described in a subsequent publication [28].
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