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Oxidation of Dimethylplatinum(I1) Complexes with Alcohols:
Synthesis and Characterization of Alkoxoplatinum(IV)
Complexes
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The complexes [PtMe,(N” N)], N N = 2,2"-bipyridyl or 1,10-phenanthroline, react with alcohols (ROH,
R = Me, Et, i-Pr) to give alkoxoplatinum complexes, characterized as [PtMe,(OR)(N™ N)(OH,)]*OH-, while

water gives similar hydroxoplatinum(IV) complexes [PtMe,(OH)(

)(OH,)]*OH". The complexes are

characterized by elemental analysis, by IR and NMR spectroscopy, by conductivity, and by conversion
to derivatives [PtMe,(OR)(N" N)(OH,)]*X", where X = PFy, C10,, or BPh,, and to [PtMe,(OMe)Cl(phen)],

when R = Me and
and dilute perchloric acid.

Introduction

There has been much interest in the activation of al-
cohols and of water in catalysis by interaction with tran-
sition-metal complexes, and several approaches to this
problem have been made.!* One approach has involved
oxidative addition.>13 Alcohols can react with low oxi-
dation state complexes of tungsten, for example, by oxi-
dative addition of the RO-H bond in both mononuclear
and polynuclear compounds.”” In addition, tungstenocene
can apparently insert into a C-H bond of methanol (or
possibly the C-O bond) to give ultimately [W(y-
C:H;);Me(OMe)].® In oxidative addition of water to
platinum(0) complexes, the hydroxide ligand in the
product is weakly bonded to the “soft” metal center and
is easily displaced (eq 1, L. = P-i-Pr;, S = solvent).®

PtL, + H,0 = PtH(OH)L, == [PtH(S)L,]*OH- (1)

With soft metal atoms, water thus protonates the metal
center.®* The first alkoxoplatinum(II) complexes were
prepared by oxidative addition of methanol to a plati-
num(0) alkyne complex (eq 2, PP =
Ph,PCH,CH,PPh,).12!® The PtOMe grouping is reactive,
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= phen. The alkoxoplatinum(IV) bond is inert to solvolysis with alcohols, water,

P 0
( >Pf—@ + MeOH —= C >PT\ (2)
P P

OMe

giving the corresponding hydroxo derivative with water
and the methoxycarbonyl derivative with CO.12 Both
alkoxo and hydroxo derivatives of platinum(II) act as

strong bases, as illustrated by reactions such as that of eq
3.8,15,16

-H,0
trans-[Pt(OH)Ph(PPh;),] + Me,CO ——
trans-[PtPh(CH,COMe)(PPhy),] (3)

Platinum(II) complexes with bridging alkoxo ligands are
apparently less reactive, but 8-hydride eliminations can
lead to formation of platinum hydrides.!”-2

In this article some reactions of the complexes
[PtMey(N N)], where N N = 2,2"-bipyridyl or 1,10-
phenananthroline, with alcohols and with water are re-
ported. The reactions with alcohols are of particular in-
terest because they represent the first examples of oxi-
dation of platinum(II) complexes with alcohols and because
they give the first stable alkoxoplatinum(IV) complexes.
The only simple platinum(IV) alkoxide reported previously
is the complex [PtMe;(OMe)],, which is air-sensitive and
incompletely characterized,?? whereas the new complexes
reported here are remarkably robust. A preliminary ac-
count of parts of this work has been published.®

Results and Discussion
Reactions with Alcohols. The complexes [PtMe,-
(bpy)] (I) and [PtMe,(phen)] (II) are red solids, the color
being due to the presence of a metal to ligand charge-
transfer band in the visible region of the spectrum.2* The
complexes are electron-rich and are among the most re-
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Table I. 'H and *C NMR Data

PtMe PtOR® NN®
complex 8 *J(PtH)/Hz J/Hz 8 J/Hz
A 1.14 86 9.28 (H,)¢ 5.2 (Jg), 1.5 (4,,)
" o)} 7.52 (H.) 7.2 (4,), 1.5 (4 )
S 8.02 (H,) 7.7 (45,
ve Ny 8.06 (H,)
O
[PtMe,(OMe)(bpy)(OH,)]* ¢ 1.7t 173 2.75 41.0 (Jpyg)  9.04 (H,)® 5.0 (J )
7.67 (H,) 8.0 (J,,), 1.3 (J,,)
8.06 (H,) 7.5 (J,,
8.20 (H,)
[PtMe,(OEt)(bpy)(OH,)]* 1.80 725 290 ) - 14 (Jpeu) 9.03 (H,)¥  5(J,), 1.5(J,)
0.74 ) 7 (Jun) 7.67 (H;) 8 (4,5), 1.3 (J35)
8.05 (H,) 34)
8.20 (H,)
[PtMe,(O-i-Pr)(bpy)(OH,)]* 1.82 173 2.84 (CH) 9.04 (H,) 5(Jg)
0.60 (CH,) 6 (Jum) 7.64 (H,) 7 ()
8.05 (H,) 7(J34)
8.19 (H,)
[PtMe,(OH)(bpy)(OH,)]* 1.84 170 9.02 (H,)" 5.5 (J), 1.5 (J,)
7.90 (H,) 8.0 (J,5), 1.3 (J55)
8.34 (H,) 8.1 (J,,)
8.72 (H,)
AL 1.15  86.5 9.51 (H,)! 5.2 (J,.,)
O] 7.82 (H,) 8.0 (4,,.)
Y A 8.63 (H,) 1.3(J,.,)
v Ny 7.92 (H,) '
O
[PtMe,(OMe)(phen)(OH,)]* 1.80 725 265 40 (Jpi) 9.32 (H,) 5.0 (4,.,)
8.03 (H,) 8.0 (J,,)
8.62 (H,) 1.8 (4,.)
8.07 (H,)
[PtMe,(OEt)(phen)(OH,)]* 1.79 173 2.85 (CH,) 21 (Jp) 9.30 (H,)* 5(J,.;)
0.59 (CH,) 7 (Jun) 8.01 (H,) 7(J,.,)
8.60 (H,) 2(d5,4)
8.06 (H,)
[PtMe,(O-i-Pr)(phen)(OH,)]*! 1.84 73 2.89 (CH) 40 (Jpsn) 9.32(H)™  5(d,,)
0.48 (CH,) 6 (Jun) 8.0 (H,) 8 (J.)
8.51 (H,) 1.5 (J,,)
7.98 (H,)
[PtMe,(OH)(phen)(OH ,)]* 1.73 725 9.30 (H,)
8.0 (H,)
8.61 (H,)
8.05 (H,)
[PtMe,(OMe)Cl(phen)] 2.03 71 2.40 58 (Jpeu) 9.40 (H,)" 5 (Ja,)
8.28 (H,) 8(J5,4)
8.99 (H,) 1.5 (J,.,)
8.33 (H,)

o

2 R = H, Me, Et, or i-Pr; solvent CD,Cl,. ® NN = bpy or phen. °¢ J(PtH) = 22 Hz. ¢ *C NMR in CD,Cl,: -2.30 (q,
'J(PtC) = 701 Hz, MePt), 57.32 (g, *J(PtC) = 18 Hz, MeOPt), 155.0 (s, C?), 123.4 (d, C?), 139.1 (d, C*), 126.8 (d, *J(PtC) =
12 Hz, C%), 147.1 (4, 2J(PtC) = 10 Hz, C*). ¢ J(PtH)= 14 Hz. / ®C NMR in CD,Cl,: -2.60 (q, 'J(PtC) = 700 Hz, MePt),
64.0 (t, 2J(PtC) = 15 Hz, CH,0); 19.7 (g, *J(PtC) = 43 Hz, CH,C), 153.3 (s, C?), 124.0 (d, C*), 139.6 (d, C*), 126.8 (d, C*).
¢ J(PtH) = 183 Hz. P J(PtH) =16 Hz. !J(PtH)=21.5Hz. /J(PtH)=12Hz. * J(PtH)=15Hz. !'C NMR in CD,Cl;:
-2.9 (*J(PtC) = 720 Hz, MePt), 68.6 (CH), 27.4 (CH,C, *J(PtC) = 20 Hz), 147.2 (C?), 125.5 (C?), 138.6 (C*), 127.9 (C%),

147.1 (C*), 127.9 (C*). ™ J(PtH) = 16 Hz. " J(PtH) = 12 Hz.

active of noble-metal complexes in oxidative addition re-
actions.?28 A solution of [PtMe,(bpy)] in methanol was
initially yellow-orange in color, but the color slowly faded
to very pale yellow. Evaporation of the solution gave a pale
yellow oil, from which a tan solid could be obtained, with
difficulty, by precipitation from CH,Cl, solution with
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pentane. The complex was hygroscopic, and we have been
unable to grow crystals, despite many attempts. Similar
compounds were formed in ethanol and 2-propanol as
solvents, and [PtMe,(phen)] reacted in the same way. The
complexes were not easy to characterize, and the evidence
for the structure proposed, [PtMe,(OR)(N” N)(OH,)]*OH-,
is summarized below.

1. Elemental analysis (Experimental Section) was con-
sistent with this formula. In some cases, a better agree-
ment was obtained by including extra water of crystalli-
zation. Formulas giving the best fit with experimental
analyses are given in the Experimental Section, but the
number of water molecules present is difficult to determine
unambiguously, given the hygroscopic nature of the com-
pounds.3!



446 Organometallics, Vol. 3, No. 3, 1984

MeOPt

2
M

$ 8 3 PR
Figure 1. 'H NMR spectrum (100 MHz) of [PtMey(OMe)-
(bpy)(OH,)][OH] in CD3OD. For labeling of bpy protons see
Table L.

2. The stereochemistry at platinum (except the presence
of the OH, ligand) was established by NMR spectroscopy.
For example, the 'H NMR spectrum of IIIa (Table I,

CR
Mel L N
Pt > X
M /| Y
OHz
v, NN = phen
IVa, R = Me, X = OH

b, R = Et, X = OH
¢, R=i-Pr, X=0H

III, N N = bpy

Iila, R = Me, X = OH
b, R = Et, X = OH
¢, R =i{Pr, X=0H
d, R =Me, X =PF,
e, R = Me, X = BPh,
f, R =Me, X =CIlO,

Figure 1) gave resonances due to MePt, MeO, and bpy
protons in the ratio 6:3:8 as expected. The coupling con-
stant 2J(PtH) for the MePt groups decreased from 86 Hz
in I to 73 Hz in ITla, as expected on oxidation from Pt(II)
to Pt(IV).26 The spectra show that the two MePt groups
and the two aromatic rings of the bpy ligand are equivalent
and hence that the cis-[PtMe,N,] structure is retained in
Illa. The assignments of bpy protons (Table I) were
straightforward, using literature precedents on similar
compounds,®>?” and were confirmed by homonuclear de-
coupling experiments.
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Figure 2. UV-visible spectra of [PtMe,(bpy)] (10 M) in eth-
hanol at 21 °C: (a) t =0, (b) ¢t = 23 min, (¢) ¢t = 48 min, (d) ¢
= 78 min, (e) t = 119 min, (f) ¢ = 280 min.
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Figure 3. Molar conductivity (Ay, cm? ©7! mol™) of a solution
of [PtMe,(bpy)] (10 M) in methanol as a function of time.

The presence of the methoxo ligand in IIla was dem-
onstrated by the observation of %Pt coupling in both the
'H and ¥*C{'H} NMR spectra [6(CH;0Pt) 2.75 (3J(PtH)
= 41 Hz), 6(CH,0Pt) 57.3 3J(PtC) = 18 Hz)]. No ex-
change was observed when the complex was dissolved in
CD,OD or in D,0, since the methoxo signal with %Pt
coupling was still observed in the 'H NMR spectrum.
Remarkably, the D,O solution could be made 0.1 M in
HCIO,, and the MeOPt group was still present as evi-
denced by an unchanged 'H NMR spectrum.

!H NMR data for complexes III and IV are given in
Table I, which also contains *C{'H} NMR data for com-
plexes IIla, IIlb, and IVc. The assignments are straight-
forward and confirm the structural conclusions discussed
above for the particular case of Illa.

The presence of OH groups in the products was indi-
cated by broad resonances of varying chemical shift in the
'H NMR spectra of solutions in CDCl; or CD,Cl,, but these
gave no structural information. In CD;0D or D,0 solu-
tions, the presence of OH groups was demonstrated by
increased intensity of the solvent OH resonances, indi-
cating H for D exchange with solvent.

A simple oxidative addition of alcohol RO-H groups
should lead to formation of Pt—-H groups, but no high-field
resonances were seen in the 'H NMR spectra (or the 2H
NMR spectra on the product of reaction of I with CH;OD).
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The absence of Pt-H groups was also indicated by the IR
spectra that contained no peaks-in the 2000 cm™! region.

3. The UV-visible spectra (see Figure 2) of III and IV
contain no MLCT band in the region 350-500 nm, con-
firming that oxidation of Pt(II) to Pt(IV) has occurred.*

4. The ionic nature of the products was first demon-
strated by conductivity measurements. The conductivity

of a 103 M solution of I in methanol increased as reaction -

occurred (Figure 3) to a limiting value of Ay = 76.5 cm?
Q! mol™, in the range (though toward the low end) ex-
pected for a 1:1 electrolyte.®® For example, LiCl (103 M)
gave Ay = 88 cm? Q7! mol? in methanol.

Confirmation of the ionic nature was obtained by iso-
lation of the complexes ITId—f with noncoordinating anions.
The 'H NMR spectra of these complexes were identical
with those of IIla, indicating that the cation was the same.

An equilibrium of the form shown in eq 4 might be
expected, but the isomeric form IIla must be favored.

OMe ' (l)Me H(IDMe
Me | N “HO M Ny Ho |Me N

>Pt/ > OH™ === 5PT< = >Pr< OH™

| ~Sn Me l N Me | N

OH

Me
OH» OH

Ila or IVa v VI
(4)

If VI were formed, exchange of coordinated MeOH with
CD3;0D or D,0 would be expected in IIla but was not

observed. However, the equilibrium ITTA = V may explain -

why the conductivity is somewhat lower than a typical 1:1
electrolyte. It follows from the proposed equilibrium III
or IV = V that complexes IIIa-c or IVa—c should act as
bases. This was confirmed. A 1072 M solution of IVb in
ethanol had a pH of 10.3, indicating that it is a somewhat
stronger base than sodium acetate (pH 9.3 at 102 M). The
solution of IVb could be titrated in a 1:1 molar ratio with
dilute HCI solution.

5. The chief problem in characterization at this stage
was to confirm the presence of the H,O or HO™ ligand on
platinum. This is difficult to do directly, as already shown
by others.%!? The most direct evidence came from a re-
action of IVa in methanol with an equimolar amount of
anhydrous HCI, giving the reaction of eq 5.

oMe T OMe
ME\J-"T/N> b oHO —— Me\LT/N> VI (5)
M| me” | N

O, ol

The product VII was sufficiently volatile to give a parent
ion in the electron-impact mass spectrum (see Experi-
mental Section for details), whereas the ionic complexes
1T and IV failed to give platinum-containing species in
their mass spectra. The 'H NMR spectrum of VII (Table
1) was very similar to that of IVa except that the coupling
constant 3J(PtH) = 58 Hz associated with the MeOPt
group was higher than that for IVa, with 3J(PtH) = 41 Hz,
due to the lower trans influence of chloride.'®

Treatment of IIla or IVa with lithium chloride in
methanol or with aqueous HCI solution gave mixtures of
complexes that could not be separated.

Since the chloride ligand in VII is definitely present, it
follows that there must be a ligand, OH; or OH", trans to
the methoxo group in complexes IIT and IV.

6. The stoichiometry of the reaction requires that hy-
drogen should be formed, and this was confirmed for the

(38) Geary, W. J. Colord. Chem. Rev. 1971, 7, 81.
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Table II. Observed First-Order Rate Constants for
Reaction of I or II with Alcohols at 21 °C?

complex alcohol anm® 10%gpe /s €
I MeOH 430 3.3
I EtOH 430 1.6
I i PrOH 430 0.45
I MeOH 416 3.85
I EtOH 423 1.8

¢ Using alcohols as solvent. b Wavelength used to
monitor reactions. ¢ Observed first-order rate constants.

reaction of I with methanol by GC analysis. Thus the
initial reactions are described by eq 6.

[PtMe, (N N)] +
3MeOH —= [PtMe,(0Me)(K N)(MeOH)][MeO] (6)

'H NMR spectra of products, obtained by removing
solvent from crude reaction mixtures, show additional
methoxy resonances that are not present after purification
by repeated precipitations. We suggest that the coordi-
nated MeOH and free methoxide undergo rapid exchange
with adventitious water to give complexes IIla or IVa,
during the workup procedure.

Rates of Reaction with Alcohols. Rates of reaction
of I or II with alcohols were easily determined, using the
pure alcohols as solvent, by monitoring the decay of the
MLCT band in the UV-visible spectra due to I or II as the
reactions progressed (Figure 2). Results are given in Table
II. It can be seen that complexes I and Il are very similar
in reactivity and that the reactivity of the alcohols follows
the series MeOH > EtOH > {-PrOH. This is the same as
the series of acidities, pK,, of the alcohols.*® The rate of
reaction of [PtMe,(bpy)]} with methanol was not affected
by the presence of Nal (4 X 10-2 M) or LiCl (2 X 102 M).

Reactions with Water. When a solution of I or II in
acetone was treated with water, the color of the solution
became pale yellow and pale yellow products were obtained
by evaporation of the solvents. The complexes analyzed
;Is‘%l;tMez(OH)(NﬁN)(OHz)][OH], (VIII, NN = bpy; IX,

= phen] and, by analogy with the alcohol reactions
described above, they are formulated in this way. The 'H
NMR spectra (Table I) and UV-visible spectra were very
similar to those of III or IV except for the absence of
alkoxide resonances in the NMR, and a derivative,
[PtMe,(OH)(N N)(OH,)][PF} (X), was prepared when

= phen. This indicates that the platinum is largely
present in the form of a monocationic complex, as for the
alkoxo derivatives. The 'H NMR spectrum of IV in
CD.Cl; contained a broad resonance due to OH groups at
4 1.0, and the analogous product formed from II and D,0
gave a broad resonance in the 2H NMR spectrum at é 1.1.
In neither case was coupling to %Pt observed, and we
assume that rapid exchange of protons occurs.

Conclusions

The reactions of alcohols with I or II to give III or IV
have several unusual features. They differ remarkably
from oxidative addition to platinum(0) complexes, in which
protonation of the metal occurs and the alkoxide is either
weakly bonded or remains as a counterion.®*® It is possible
that the reactions are mechanistically related, since oxi-
dative addition of RO-H to I or II could occur to give
[PtMe,(OR)H(N N)] followed by rapid reaction of the
Pt-H group with protic solvent.#* However, there is an

(39) Lowry, T. H,; Richardson, K. S., “Mechanism and Theory in
Organic Chemistry”; Harper and Row: New York, 1981; pp 262-267.
Hine, J.; Hine, M. J. Am. Chem. Soc. 1952, 74, 5266.
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obvious parallel with the reactions of alkali- and alka-
line-earth metals with alcohols (e.g., eq 7), and it is also
possible that a similar electron-transfer mechanism op-
erates.*!

Ca + 2ROH — Ca(OR), + H, (M

Perhaps most remarkable is the inertness of the Pt—-OR
bond in the products III and IV. This group fails to un-
dergo exchange with free alcohol and is also inert to hy-
drolysis by water or by dilute perchloric acid. These
properties are extremely unusual in metal alkoxides and
must be attributed to the general kinetic inertness of
platinum(IV) complexes.*243

Experimental Section

1H and *C{'H} NMR spectra were recorded by using a Varian
XL 100 spectrometer, using CDCl; or CD,Cl, as solvent, unless
otherwise stated. IR spectra and UV-visible spectra were recorded
by using Beckman 4250 and Cary 118 spectrophotometers.

Alcohols were purified by heating under reflux with magnesium
and then distilling from the resulting magnesium alkoxide solution
under nitrogen. Precautions were taken to exclude moisture from
reactions, but the starting materials and products were stable to
oxygen and so rigorous inert-atmosphere techniques were not used.

Elemental analyses for C, H, and N were performed by Guelph
Chemical Laboratories and for 0 by Canadian Microanalytical
Service, Vancouver. Samples were dried under high vacuum prior
to analysis.

[PtMe,(bpy)]. To a solution of [Pt;Me,(u-SMe,),]* (0.46 g)
in dry benzene (20 mL) was added 2,2’-bipyridine (0.56 g) in dry
ether (15 mL). An immediate red coloration was observed. The
solution was cooled to 5 °C for 16 h, The red crystals that formed
were filtered off, washed with ether, and dried under vacuum;
yield 80%.

[PtMey(phen)] was prepared by the same method, and the
complexes were characterized by comparison with authentic
samples.?# This synthesis is considerably easier than the initial
method.?

[PtMe,;(OMe)(bpy)(OH,)][OH]. An orange-red solution of
[PtMey(bpy)] (0.10 g) in dry methanol (20 mL) was stirred at room
temperature until the color became yellow (5 h). The solvent was
removed under vacuum to leave an oily solid. This was dissolved
in CH,Cl, (3 mL), pentane (10 mL) was added, and the mixture
was left at 0 °C for 16 h. The product precipitated as a pale
yellow-brown solid: yield 73%; mp 160 °C dec; IR »(OH) 3450.
Anal. Caled for C;3HyN,O;Pt: C, 34.9; H, 4.5; N, 6.3. Found:
C, 35.1; H, 4.3; N, 5.7. Adducts with CD;OD [IR »(CD;) 2025,
2160] and CH3OD were prepared similarly. The following similarly
were prepared [PtMe,(OEt)(bpy) (OH,)][OH]H,0 (IR »(OH) 3400.
Anal. Caled for C H,N,OPt: C, 35.1; H, 5.0; N, 5.9. Found:
C, 34.7; H, 4.6; N, 5.9]; [PtMe,(0-i-Pr)(bpy)(OH,)]1[OH] [Anal.
Caled for C;;Ho N,O4Pt: C, 37.9; H, 5.1; N, 5.9. Found: C, 37.5;
H, 5.1; N, 5.4.]; [PtMe,(OMe)(phen)(OH,)][OH] [mp 140 °C dec.
Anal. Caled for C;sHy0N,O3Pt: C, 38.2; H, 4.2; N, 5.9. Found:
C, 38.0; H, 4.3; N, 5.65.]; [PtMe,(OEt)(phen)(OH,)][OH]H,0 [mp
110 °C dec. Anal. Caled for 016H24N204Pt: C, 38.2; H, 4.8, N,
5.6, 0, 11.3. Found: C, 38.0; H, 5.1; N, 5.8; 0, 11.3.]; [PtMe,(O-
i-Pr)(OH)(phen)] [decomp pt 70 °C. Anal. Caled for

(40) Note that treatment of [PtMe,(N N)] with acids leads to for-
mation of methane from an intermediate thought to be formed by oxi-
dative addition,® [PtMe,H(N N)J*. In the alcohol reactions very little
or no methane is detected.

(41) Hughes, G.; Lobb, C. R., “Comprehensive Chemical Kinetics”;
Bamford, C. H., Tipper, C. F. H., Eds.; Elsevier: Amsterdam, 1976; Vol.
18, Chapter 7.

(42) We considered the possibility that alcohol attack at the NN
ligand, rather than at the metal, might have occurred as suggested by
Gillard,* but challenged by others,®% in related systems. However, the
NMR data in particular (Table I) are not consistent with this formulation.
The presence of a direct Pt~OR bond is definitely established. In reac-
tions with CD,0D, no H-D exchange between the bpy or phen ligand and
alcohol was observed. Constable, E.C.; Seddon, K. R. J. Chem. Soc.,
Chem. Commun. 1982, 34.

(43) Alkylperoxoplatinum(IV) complexes have been reported recently
and they are also inert.?®

(44) Scott, J. D.; Puddephatt, R. J. Organometallics 1983, 2, 1643.

Monaghan and Puddephatt
Ci7HzoN,O,Pt: C, 39.9; H, 4.6; N, 5.8. Found: C, 40.0; H, 4.6;
N, 5.7.].

(PtMe,(OH)(phen)(OH,)J{OH]. To a solution of [PtMe,-
(phen)] (0.03 g) in acetone (15 mL) was added distilled water (15
mL). The mixture was allowed to stand at room temperature for
5 h, and then the solvents were removed under vacuum. The
residue was dissolved in the minimum volume of CH,Cl, and was
then precipitated by addition of pentane: yield 82%. Anal. Caled
for CquaNzogpt: C, 36-8; H, 3.9; N, 61; 0, 10.5. Found: C, 37.8;
H, 3.7; N, 5.6; O, 10.8.

[PtMe,(OH)(bpy)(OH,)][OH]. similarly was prepared. Anal.
Caled for C,,H;sN,O4Pt: C, 33.3; H, 4.2; N, 6.5. Found: C, 32.9;
H, 4.3; N, 6.2.

[PtMe,(OMe)(bpy)(OH,)I[PF¢]. A solution of [PtMe,(bpy)]
(0.10 g) in methanol (20 mL) was allowed to react for 5 h at room
temperature. The volume was reduced to ~3 mL, and a solution
of [NH,][PF,] (0.08 g) in MeOH (5 mL) was added. The product
precipitated as a pale yellow solid. It was filtered off and dried
under vacuum: yield 53%; mp 180 °C dec; IR »(OH) 3450, »(PF)
845, 555 Cm_l. Anal. Caled for C13H19F6N202PPt: C, 271; H,
3.3; N, 4.9; F, 19.8. Found: C, 26.5; H, 3.4; N, 4.7; F, 18.5.

[PtMe,(OMe)(bpy) (OHy)1[BPh,]-H,0 similarly was prepared
(from NaBPh,); mp 153 °C dec. Anal. Caled for C4;H,BN,Pt:
C, 57.9; H, 5.3; N, 3.65. Found, C, 58.0; H, 4.9; N, 3.8. These
materials were purified by precipitation from CH,Cl, solution
using n-pentane. Attempts to grow single crystals were unsuc-
cessful by using several techniques.

[PtMe,(OMe)(bpy)(OH,)][C10,]-2H,0. A solution of
[PtMe,(bpy)] (0.12 g) in methanol (20 mL) was allowed to react
for 16 h at room temperature. A solution of HCIO, (0.1 mL) in
methanol (2 mL) was added, and the solution was evaporated
under vacuum. The residue was washed with ether, dissolved in
CH,Cl,, and precipitated with pentane: yield 0.07 g; decomp pt
206 °C; IR »(OH) 3450, »(C10,) 1070~1130 cm™!. Anal. Caled for
CsHyCIN,OgPt: C, 27.7; H, 3.55; N, 5.0. Found: C, 26.8; H, 3.5;
N, 5.1.

[PtMe,(OH)(bpy)(OH,)J[PF¢]. A solution of [PtMey(bpy)]
(0.17 g, 0.4 mmol) in acetone (25 mL) and water (25 mL) was
allowed to react at room temperature for 16 h. [NH,][PF¢] (0.4
mmol) in the minimum volume of water was added to precipitate
the product as a pale yellow solid: mp 195 °C dec; IR »(OH) 3550,
V(PFs) 848, 560. Anal. Calcd for CmHnFsNzOth: C, 25.7, H,
3.0; N, 5.0; P, 5.5. Found: C, 26.4; H, 3.3; N, 5.0; P, 5.35.

[PtMe,(OMe)Cl(phen)]. A solution of [PtMe,(phen)] (0.081
g) in methanol (35 mL) was allowed to react for 16 h at room
temperature. Next, a solution of HCl in ether (0.32 mL, 0.63 M,
1:1 mol ratio) was added. After 30 min, the solvent was evaporated
and the residue was recrystallised from CH,Cl,/pentane to give
the product: mp 180200 °C dec; mass spectrum (reporting only
m/e values for 195Pt, 35Cl isotopomers): m/e 471 (P), 456 (P -
Me), 440 (P - MeO), 425 (P ~ Me - MeO), 420 (P — Me - Cl), 410
(P - 2Me - MeO). The peaks at m/e 471, 456, 440, 425, and 410
all gave the expected isotope pattern, thus proving the presence
of the PtCl group [¥CL¥C] = 3:1] e.g., m/e, intensity found (calcd):
468, 0.02 (0.02); 470, 0.82 (0.78); 471, 0.94 (0.94); 472, 1.00 (1.00);
473, 0.41 (0.42); 474, 0.42 (0.42); 475, 0.07 (0.07); 476, 0.06 (0.06);
471,0.01 (0.01). Anal. Caled for C;;H,,CIN,OPt: C, 38.2; H, 3.6;
N, 5.9. Found: C, 37.7; H, 3.9; N, 5.7.

Kinetic Studies. A solution of [PtMe,(phen)] in methanol
(10~ M) was prepared, and part of the solution was immediately
transferred to a 1-cm quartz cuvette held in the cell compartment
of a Cary 118 spectrophotometer at 21 °C. The decay of the
absorption at 416 nm was measured with time. A graph of In
(A, - A.) vs. time gave a good straight line plot, from which the
observed rate constant, k. (Table II), was calculated. The same
method was used to obtain the results given in Table II.

Detection of Hydrogen. Methanol (5 mL) was added to
[PtMe,(phen)] (0.01 g) in a reaction vessel (10 mL) fitted with
a stopcock. The mixture was frozen in liquid nitrogen, and the
flask was evacuated, allowed to warm to room temperature and
left for 1 day. Gaseous samples were withdrawn through a septum
by using a gas-tight syringe and analyzed by GC using a 6 ft X
1/g in. column of molecular sieve 5A on a Varian Aerograph 1400
GC. Hydrogen was detected by comparison of the retention time
and from the negative response using a thermal conductivity
detector with helium carrier gas.
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Mechanism of the Photochemical Oxidation of Fe(CO), and
CpW(CO0),Cl (Cp = 1°-C;sH;) by Chlorocarbons

Alan S. Goldman and David R. Tyler*
Department of Chemistry, Columbia University, New York, New York 10027
Received August 10, 1983

The photochemical oxidation of CpW(CO);Cl (Cp = #°-CsH;) by carbon tetrachloride and other poly-
chlorocarbons affords CpW(CO),Cl;. The sole photoprocess is dissociation of CO from the complex to
give CpW(CO),Cl. The major pathway of the oxidation involves the net transfer of two halogen atoms
from one halocarbon molecule to the unsaturated metal complex. Pathways involving the formation of
trichloromethyl radical were shown to be unimportant. In a related reaction, the photooxidation of Fe(CO);
in carbon tetrachloride gives FeCl,, tetrachloroethylene, tar, and minor amounts of hexachloroethane. As
in the CpW(CQ);4Cl system, trichloromethyl radical is produced in, at most, only minor amounts. The
reaction proceeds through an iron dichlorocarbene intermediate. Evidence for such an intermediate includes
formation of isocyanides, phosgene, and thiophosgene when the oxidation is carried out in the presence
of primary amines, dioxygen, and sulfur, respectively. In addition, tetrachloroethylene forms in neat carbon
tetrachloride. Various alternative explanations for the above phenomena are considered and found un-
satisfactory. The iron carbene species is proposed to arise via oxidative addition of carbon tetrachloride
to photolytically generated Fe(CO),, followed by a-chlorine elimination. Degradation of the complex can
then result in either dimerization or telomerization of the dichlorocarbene moiety. The CpW(CO)3Cl system

is believed to follow an analogous pathway.

Introduction

We recently reported that CpW(CO);Cl reacts photo-
chemically with CCl, to give CpW(CO),Cl; (eq 1).! Be-

CpW(CO),Cl CL%» CpW(CO),Cl; (1)

cause of our interest in the synthesis of high oxidation state
organometallic complexes, we investigated the mechanism
of this reaction. Mechanistic studies of halocarbon oxi-
dations of organometallic complexes have been reported
by several research groups.? Broadly speaking, three
different fundamental mechanisms have been proposed.

In the first type of mechanism, the initiating step is
coordination of the halocarbon to the metal complex.> An
example is the oxidation of ReCl;(RCN)(PPhg), reported
by Wilkinson* (eq 2). He suggested the mechanism shown

ReCl;(RCN)(PPh;), + CCl, —
ReCl,(PPhy), + RCN + 1/,C,Clg (2)

ReCl3(RCN)(PPhy), + CCly —
ReCl3(CCly)(PPh;); + RCN (3)

ReCl3(CCly)(PPhy), — ReCl(PPhy), + CCl; (4)
2CCl; — C,Clg (5)

(1) Tyler, D. R. Inorg. Chem. 1981, 20, 2257-2261.

(2) A good general introduction to this topic is: Kochi, J. K.
“Organometallic Mechanisms and Catalysis”; Academic Press: New York,
1978; pp 139-212.

(8) Chatt, J.; Head, R. A,; Leigh, G. J.; Pickett, C. J. J. Chem. Soc.,
Dalton Trans. 1978, 1638-1647.
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in eq 3-5. The essence of this and related mechanisms is
the coordination of RX to a vacant coordination site fol-
lowed by R-X bond cleavage:

M«<X-R—-M-X+R ()

A second type of pathway proposed in halocarbon oxi-
dation mechanisms is the electron-transfer mechanism?®
invoked, for example, in the oxidation of Mo(CO),(dmpe),
(dmpe = Me,PCH,CH,PMe,) by CCl,. Connor® has pro-
posed that this reaction proceeds as shown in eq 7-10. The
key feature of this and related reactions is the initial step
in which the metal complex is oxidized by the alkyl halide.

MO(CO)z(dmpe)z + CCI4 -
[Mo(CO),(dmpe),]* + CCl,~ (7)

CCl— CI" + CCl4 8
[Mo(CO),(dmpe),]* + CI" — [Mo(CO)y(dmpe),]Cl  (9)

[Mo(CO);(dmpe),]Cl + CCl, —
[MoCl(CO),(dmpe),]Cl + CCl; (10)

The third type of mechanism proposed in halocarbon
oxidation reactions is the radical pathway, exemplified by
the photochemical oxidation of Mny(CO),, in CCl, to form

(4) Rouschias, G.; Wilkinson, G. J. Chem. Soc. A 1967, 993-1000.

(5) Bellachioma, G.; Cardaci, G.; Reichenbach, G. J. Organomet.
Chem. 1981, 291-299.

(6) (a) Connor, J. A,; Riley, P. L. J. Chem. Soc., Chem. Commun. 1976,
634-635. (b) Connor, J. A,; Riley, P. I. Ibid. 1976, 149-150.
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