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A. INTRODUCTION

In spite of extensive work published on the alkoxy derivatives of main
group and transition (including inner transition) metals during the last three
decades, the chemistry of alkoxo derivatives of the later transition elements
does not appear to have received much attention except for a number of
publications from the authors’ laboratories in recent years [1-12]. The above
situation is also reflected in the review literature. Although there are a
number of review articles [13—-22] and recent books on the chemistry of
alkoxy derivatives of metals in general [23] and lanthanide metals in particu-
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lar [24], there appears to be no review at all on alkoxy derivatives of
platinum metals.

B. ALKOXO DERIVATIVES OF RUTHENIUM AND OSMIUM

The chemistry of ruthenium and osmium bears little resemblance to that
of iron except 1in compounds such as sulphides or phosphides and complexes
with ligands, such as CO, PR,, #-C,;H;, etc. This general difference in the
chemistry of ruthenium and osmium is to some extent reflected in the
chemistry of their alkoxo derivatives. Iron forms simple alkoxo derivatives
with the general formula [Fe(OR), .. ], [25-30] which are associated
through alkoxy bridges only; no such compound for ruthenium or osmium
has so far been reported.

Although the product could not be isolated, the formation of mono-
nuclear ethoxo—hydrido species of ruthenium was proposed by Bendetti et
al. [31] by the interaction of [Ru(CQ),Cl,], with ethanol.

All the isolabie alkoxy denvatives of ruthenium and osmium are either
binuclear (wath rather close resemblance to each other) or polynuclear (with
marked differences among themselves). Besides the complexes in which the
phenoxide moiety is bonded or bridged to the metal atom through its
oxygen, a few complexes of ruthenium are also known in which the pheno-
xide ion is f-bonded [32] to ruthemium metal as illustrated (1). In this
derivative, the CO group becomes more like a keto group and the bonding is
delocalised similar to that in %-1,5-cyclohexadienyls; such compounds are
regarded as n-1,5-oxocyclohexadienyls rather than as n-arenes.

PR
/0
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o’\
\H\
OPh

,'Ru 1
gl

3PPh
(i} Binuclear derivatives
Binuclear alkoxo derivatives of ruthentum and osmium were prepared first
by Stephenson et al. [33,34]. The work on ruthenium derivatives has been

extended considerably, but only one compound of osmium [(7-C,H,),
Os,(OMe),]" has so far been prepared and characierised.

(a) Methods of preparation _
The binuclear triple alkoxo-bridged derivatives were prepared [33,34] by
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refluxing the complex [(#-arene), Ru,(OH);][BPh,] in an alcohol ROH

[(n-arene);Ru, (OH);] [BPh,] + 3ROH — [(5-arene);Ru,(OR});]| [BPh,]
+3H,0

(R = Me, Et, Ph; arene = 7-C;Hy)

An acetone adduct, [(n-arene); Ru,(OH);][BPh,] - Me,CO can be used in
place of [(n-arene),Ru,{OH),;][BPh,] as the starting material in the above
reaction [34]. '

The mechanism of the above reactions presumably involves protonation
of the OH bridges by the weak acid, ROH to form the cation
[Ru(H,0),(C¢H,)]** which then reacts rapidly with alkoxide anions giving
monomeric alkoxide intermediates such as [Ru{H,0),(C,H)OR)]" and
[Ru{ H,OXC,H){(OR),] the facile coupling reactions of which could give
rise to the product cations [Ru,(C,H),(OR),;]". The alkoxy derivatives of
ruthenium and osmium have also been synthesised by reaction of the
complexes [M{arene)Cl,], with freshly prepared NaOR (R = Me, Et) in
alcoholic solvents in the presence of NaBPh, {34]

NaOR /NaBPh,

[M(arene)Cl, |, il [M, (arene),(OR);][BPh,]

(M = Ru; R = Me, Et, Ph; arene = C(H,: M = Ru; R = Me;
arene = C(H;Me,, C,Meg,: M = Os; R = Me; arene = C;Hy)

However, attempts to prepare branched /longer chain alkoxides, such as
isopropoxides or n-butoxides using either of these routes led to extensive
decomposition [34]; this has been ascribed to a facile S8-elimunation process
with ruthenium hydride formation although the same should also have
applied to ethoxy derivatives. The corresponding isopropoxide and n-butox-
ide derivatives have actually been isolated from the reaction of [Ru,(n-
C,H;),(OH),(H,O)fBPh,] with the parent alcohol under mild conditions
[35]

[Ru,(n-C¢Hy),(OH);H,0] [BPh,]| + 3ROH — [Ru,(7-C¢H ),{OR);]| [BPh,
+4H,0
(R - i'C3H7 alld H-C4H9)

(b) Properties

All the compounds containing the cation [M,(n-arene),(OR);]" are col-
oured crystalline solids, which behave as a 1:1 electrolyte in nitromethane.
In contrast to other metal alkoxides in general, a striking feature of these
alkoxides is their stability towards hydrolysis as water is often present in the
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synthetic routes adopted for these derivatives. The chemical reactions [35] of
the triple-bridged alkoxo complexes, [(n-arene), Ru,(OR),][PF,] have been
investigated with the help of '"H NMR spectroscopy. These do not react with
nitrogen donor ligands such as pyridine, 2,2’-bipyndyl and 1,10-phenanthro-
line under reflux. There is no reaction with PPh;, but they do react with
PPh,Et to give a low yield (~5%) of [Ru(n-CiH)(PPh,Et),][PK],.
[Ru,(1-C,Hg),(OMe),; | BPh,] reacts with anhydrous HCl to give both
[Ru,(n-C¢H,),Cl;1[BPh,] and [Ru(-C,H,)Cl,], while reaction with HX
(X = Br, I) gives only [Ru(n-C,H /)X, ],.

Exchange reactions between *OR’ groups as well as between metal atoms
also take place to give heterobridged (a) and heterometallic (b) compounds

(a) [Ru,(n-C4Hg),(OMe);] Tt [Ru z(W'CﬁHs)z(OEt)s] "

— [Ru, (1-CgHy),(OMe),{ OED)}  + [Ru, (7-CoHy ),(OEL),(OMe)]
(b) [Ru,(1-CoHg)(OMe)s] *+ [Os,(1n-CeHg),(OMe);] ™

— 2[(n-C¢Hg )Ru(OMe);0s(n-CsHg)] *

{c) Spectroscopic studies

The IR speclra of these complexes {34,35] show a strong broad band at
~ 1050 cm™ due to the alkoxide group (»C-0) as well as characteristic
bands for the various other groups present.

The 'H NMR spectra of these complexes [34,35] are summarised in Table
1 and show the characteristic signals for [BPh,] (a multiplet centred at §
6.90 and 7.30 ppm), p-arene and alkoxy protons.

The *C NMR spectrum of one derivative, [Ru,(arene),(OR),][BPh]
(arene = C;H, and R = Pr'), in CD,;NO, has been reported [35]. It shows
three signals (in addition to the [BPh,] signal at 120-140 ppm) at § 78.8,
33.8 and 19.7 ppm. The resonance at 78.8 ppm is readily assigned to
1-CsHg, while the proton-coupled spectrum indicates that the signal at§ 33.8
ppm is for OCH(CH,), and the signal at § 19.7 ppm is for OCH(CH,),
carbon atoms. T

(d} X-ray structural analysis

X-ray structural analysis of one compound only has been reported [35].
The compound [Ru,(n-C,H,),(OMe);|[BPh,] crystallises in the monoclinic
space group P2, with a=11.725(4), »=15.573, ¢=18.739(2) A B=
103.29(2)°. The Ru—Ru distance of 3.005(2) A is of similar magnitude to
that found m the hydroxo bridged compound. The Ru-O distance lies
between 2.044 and 2.080 A and depicts an average value of 2.060(8) A. The
Ru-C distances for the two rings are 2.155(14) and 2.158(13) A. The
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Fig. 1. Crystal structure of [Ru,(5-CgH¢);(OMe),;|[BPh,].

distances from the metal to the ring centroids are 1.643 and 1.646 A
respectively. The Ru—O-Ru angles are approximately 92.6° and the O-Ru-0O
angles lie between 71.4 and 74.9°. The two benzene rings are partially
disordered over two positions. In the major site (80% occupancy) they are
twisted (26°) with respect to one another giving an almost staggered confor-
mation (Fig. 1).

(ii) Polynuclear derivatives

These derivatives have generally been obtained during recrystallisation of
Ru,;(CO},, [36] or Os4(CO),, [37] from the mother liquor obtained by the
carbonylation of RuCl, - xH,QO (in methanol /ethanol) or OsQ, (in methanol)
and a number of interesting products have been isolated by chromatographic
techniques. However, while the ruthemium products are generally tetra-
nuclear, those of osmium are trinuclear. A brief account of spectroscopic
datia is presented below together with a X-ray crystallographic study of one
compound.

(a) Spectroscopic studies

The TR spectra of tetranuclear and trinuclear alkoxo derivatives of
ruthenium {36] and osmium [37] respectively show characteristic bands due
to terminal »C—-O (carbonyl groups) together with various bands due to
methoxy groups (Table 2).

Mass spectral data for [Ru ,(CO},,C1,{(OMe)OH], [Ru ,(CO),,Cl,(OMe),],
[Ru,(CO),,CI{OMe),], [Ru,(CO),,Cl,(OENOH)] [36] and [Osy(CO),
(OCH,;),] [37] have been reported. All the compounds show molecular ion
peaks. The mass spectra of methoxy ruthenium derivatives do not show
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Fig. 2. Proposed structures for the tetranuclear [Ru ,{CO),,X ] clusters,

stepwise loss of CO; for example, the mass spectrum of
[Ru ,(CO),,C1,{OMe),] shows the ejection of 12 CO groups together with
six hydrogen atoms, whereas the osmium compound [37] shows stepwise loss
of carbon monoxide. No mononuclear or binuclear fragments are observed
in the mass spectrum of [Os,(CO),,(OCH,),]; the appearance of trinuclear
fragments only therefore suggests a cyclic structure.

The '"H NMR spectra [36] of these compounds have been recorded but
dae to the presence of solvent impurities, the assignment of CH,{(OCH,) in
[Ru,(CO),,C1,(OMe),] and of CH,{OC,H;) in [Ru ,(CO),,Cl,{OEt)}(OH)]
only could be made. The 'H NMR spectrum of Os,(CO),,(OMe), [37]
showed a singlet at § 4.0 (in C;H) or § 4.73 ppm (in CCl,) for the methoxy
protons.

In the complexes, [Ru {CO),,Cl,(OMe),] and {Ru ,(CO),,Cl, (OEt)}(OH)]
[36], the absence of a bridging CO group indicates that the three ligands Cl,
OH or OR (R = Me or Et) act as one electron (terminal) or three electron
(bridging) ligands. Two distinct structural possibilities have been proposed
(Fig. 2) for these compounds, but the final choice awaits X-ray crystal data.

On the basis of the effective atomic number rule as well as mass, IR and
NMR spectroscopic data, two plausible structures have been proposed for
derivatives [HOs,(CO),,{(OCH )} and [Os,(CO},,(OCH,),] (Fig. 3) [37]. A
terminal configuration (Fig. 3(a)) is favoured by mass spectroscopic and

co CD
co

co 05/ x CO x ——Os
OC\J}A \\co /\< \
oc/ |

oc co ' co

CO co
(a) (b)
Fig. 3. Possible structures for the compounds [Os;(C0),,XY].
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Fig. 4. Crystal structure of [(OCH,),0s:(CO),,].

vibrational data [38] since two force constants are different from the re-
mainder. An X-ray crystal structure determination of [Os;(CO),,(OMe),],
however, reveals the existence of a bridging structure (Fig. 3(b)) [39].

The »C NMR spectral data [40] show that in the compound
[Os,(CO),,(OFEL), ], two pseudo-equatorial carbonyl ligands exchange their
positions, whereas the remainming carbonyls are unaffected. The photoelec-
tron spectrum of [HOs,(CQ),,(OMe)] has also been reported [41].

(b} X-ray structural analysis

An X-ray structure determination (Fig. 4) of [(OCH,),0s,(CO),,] [39]
shows that the two methoxy groups bridge two osmium metal atoms sep-
arated by 3.07 A. The formal metal-metal bond order, as calculated by the
18 electron rule [42], is zero whereas in the analogous compounds,
[H,0s,(CO)},,] and [H(SC,H,)Os,(CO),,], the formal bond orders are two
and one respectively [39].

C. ALKOXO DERIVATIVES OF RHODIUM AND IRIDIUM

In contrast to Co', reduction of Rh" and Ir'"" complexes does not in
general give rise to divalent complexes. The alkoxy chemistry of the last two
metals has been studied mainly for their +1 oxidation state, obtained
initially by the reduction of their salts in + 3 states and stabilised by ligation
with 7-acceptor ligands such as cyanide, carbon monoxide, phosphine, olefin
and diolefin. Of the two, iridium does not appear to exist in the +2 state
and triply-bridged phenoxy derivatives of Rh' only have been described.

The first alkoxy derivative of rhodium(I), i.e. [(cod)Rh(OMe)], (cod = 1,5-
cyclooctadiene) was synthesised as early as 1957 [43], but its true nature was
established only in 1965 [44]; this work has been followed by a few
publications, summarised below:
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(1) Methods of preparation

In 1965, Robinson and Shaw [44] prepared the methoxy derivatives of
these metals by extending the method of Chatt et al. [43], (2-d). {(cod)Rh(l,
[43] and [(cod}THCI,], [44] were obtained by treating RhCl; - xH,0 and
H,;IrClg - xH,0 respectively with ethanol in the presence of 1,5-
cyclooctadiene (cod). However, the iridium analogue of [(cod)RhCl], was
prepared [45] by the reduction of IrCl,;-3H,0 with isopropanol in the
presence of cod. This compound [(cod)IrCl}, has successfully been used for
the synthesis of not only the methoxy but a series of higher alkoxy and even
phenoxy dernivatives [46]

Cl (M =Rh or Ir)

[{cod)IrCl], = [(cod)lr OR)],

(R = CH,, C,H,, n-C,H,, i-C,H,, n-C,H,, i-C,H,, C¢H,, and C,H,)

A more reactive starting material [{cod)Rh),O,, obtained by the anion
exchange reaction of [(cod)RhCl], with KO,, has also been used for the
synthesis of alkoxo derivatives of rhodium (5§ — 6) [47].

o -~

" TIRh | + ROH — - Rh::‘ + 0,
0
5

{R = CHy or CyHg)

The chemistry of phenoxo denvatives of rhodium in both the +1 and +2
states has been investigated further. A reddish-brown compound,
phenoxy(triphenylphosphine)rhodium(I) (Ph;P),Rh(OPh), was obtained [48]
from the reaction of PhOH and (PPh,),;RhR (R = Me, Ph) by liberating the
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corresponding hydrocarbon in 65 and 95% yields respectively
(Ph,P),RhR + PhOH — (Ph,P),RhOPh + RH
(R = Me, Ph})

The product (Ph,P),RhOPh on being stirred under petroleum appears to
lose a molecule of PPh; yielding (Ph,P)},Rh(OPh) which is presumably
dimeric and analogous to Rh,(CO),Cl;.

The tri-p-phenoxo dirhodium complexes, [{ Rh(CsMe;)},(OPh},][PF;] and
[{ Rh(CsMe;)(OPh),(PhOH), },] have been synthesised by the reaction of
[{Rh(CsMe;)},(OH),][PF;] and [{Rh(CsMej)},(OH),]IX] (X = CI or OH)
with phenol. On the basis of “C NMR spectra, the complex
[{ Rh(C;Me, Y(OPh),(PhOH), },] can be formulated as the tri-p-phenox-
odirhodium complex, [{ Rh(CsMes)} ,(OPh),;][(OPh) - 4PhOH] [49], (7 — 8.9).

oH en
. H s}
C Me RN < o hn CMeg | [x] —2 | M RNZO RNC,Me, | | PR,
~_ 7 %P N
OH e -
7

Fh

PhOH
(X =ClorOH)

G,
CaMe Rh‘iO}RhC ke (CPh)*"4PhCH
L L] \PD/ 3 5
Q

Fn

9

{ii) Structure and properties

The structural features of [(cod)M{OR)], (M =Rh or Ir} have been
elucidated by IR and NMR spectroscopy and the crystal structure of the
rhodium derivatives has been deterrmined.

The infrared spectroscopic data [44,46] for alkoxo derivatives of rhodium
and iridium have been reported. A sharp band in the region 1470 cm ™’ may
be due to the »C=C mode (of the cod moiety); a characteristic band at
~ 1050 cm ™! for the »C—O mode has also been observed, as well as other
absorbances {Table 3 for iridium complexes only).

The 'H NMR spectra [44,46] of the complexes [{cod)Rh(OR)], (R = Me,
Et) and [(cod)Ir{(OR)], (R = Me, Et, Pr', Bu') have been reported (Table 4).
The signals for cyclooctadiene protons are complex but the total number of
olefinic protons and protons on the saturated carbon atom could be esti-
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TABLE 3

IR spectral data of some alkoxo iridium complexes

Methoxy Ethoxy Propoxy Butoxy Octoxy Phenoxy
3070
3050
3030
3015
2975
2968 2970 2965 2970 2970 2970
2950 2950 2940 2950 2965
2930 2930 2930 2935
2920 2920
2918
2910 2910 2910
2878 2875 2875 2875 2880
2870 2864 2870
2858 2858
2828 2830 2830 2830 2830 2835
2810
2100
1580
1482
1472
1468 1468 1467 1469 1468
1449 1457 1450 1446
1443 1437 1442 1437 1442
1422 1425 1425
1372 1372 1375 1372 1370
1360
1352 1342 1352 1350 1350
: 1333 1335 1322
1320 1317 1318 1318 1318
1295 1293 1294 1295 1292 1295
1290
1267
1252 1250
1228 1224 1225 1227 1225 1222
1201 1200 1200 1203 1200
1173
1168 1167 1167 1168
1157
1152 1148 1150 115G 1152
1087 1092 1088 1088
1073
1051 1048 1063 1048 1068 1066
1050
1030
1010 1018
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TABLE 3 (continued)

Methoxy Ethoxy Propoxy Butoxy Octoxy Phenoxy
1000 1000 1000 1002 1004
9938
975 978
966 968 964 968 71
917 922
905 900 904 900 905 900
801 890 RS0 890 BB9 894
868 868 870 870 870 870
845
830
820 B20 820 822 825
806 802 805 804 806
T8 775 788 177 778 773
721 752
_ 721
718 694
598
580
562 560
548 540 535 542 535
522 515 515 518 517
501 498 498 498 498 496
485
463 460 472 462
422 420 422 420 422 420
%2 392
358 368 370
326 320 324 320

mated readily by integration and were found in the ratio of 4 : 8. Resonances
due to other protons were observed as sharp signals.

Powder diffraction X-ray patterns for four iridium complexes [{cod)-
IT(OR)]; (R =CH,;, C,H;, 1-C,H, and Ph) have been reported [46].

Single crystal X-ray studies of one complex only of the series,
[(cod)Rh(OMe)], have been carried out (Fig. 5) [50]. The compound crystal-
lises in triclinic form with space group PI and cell dimensions a = 7.347(4),
b=6.471(3), c = 9.554(6) A, a=87.06(4), 8=8250(5), and y = 77.48(4)°.
The geometry of the rhodium atom is square planar. The two Rh-O bond
lengths, 2.051(5) and 2.063(5) A are similar to the values found in
(cod)Rh(acac) (2.054(5) and 2.066(5) A) [51} and [Rh(acac)(CQO),] (2.06 and
2.05 A) [52).

The reaction of the iridium derivative [(cod)Ir(OMe}], (10) [44] with HCl
in methanol has been shown to yield the [(cod)IrHCI, ], derivative (11). It
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cuy

Fig. 5. X-ray crystal structure of [(cod)Rh{OMe}],.

has also been shown that the derivatives [(cod)Ir{OR)], (12) (R = i-Bu and
Oct) are converted into methoxides (10) on treatment with methanol [46].

' H
OMme- ct
l s V- :“_:1::~<
\\/2 all ]

10 11
OR
I:_;Ir/ +MeOH —= 10  + ROH
72
12

(R = i~CyHgi CgHyy !

Further [(cod)In({OMe)], (10) reacts with acetylacetone [44] and Schiff
bases [53] vielding the corresponding derivatives (13) which are monomeric,
the metal attaining 4-coordination through chelation of the ligands.

Me
M
/0_\ | /OT‘C” ©
10+ H — e >
L — \ _‘-"J
Fe 0—C
Me
13
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A large variety of rhodium complexes (15) have also been synthesised
recently by reaction of [(cod)Rh(OMe)], (14) with S-diketones [54].

R' R
|z A e + H{O:\§ —_— j - Rn/o}
. \/2 = g N .
14 15

{R'= Ma,R°= Me;R" = Ph,R¥= Me;R' = Ph,R®= Fn)

(iii) Applications

Rhodium and iridium alkoxe complexes have been used as catalysts for
various reactions. The rhodium complex [(cod)Rh(OMe)], in the presence of
Schiff base 16 or 17 catalyses the hydrogen transfer from isopropanol to
cyclohexane or acetophenone [55].

/HCMe3
OH '
6. 17

The complex [(cod)Ir(OMze)], has been used as a catalyst for the carbony-
lation of methanol to acetic acid [56]

CH,OH + CO - CH,COOH

D. ALKOXO DERIVATIVES OF PALLADIUM AND PLATINUM

Only a limited number of palladium(Il) and platinum({Il) complexes
contaimng metal-oxygen bonds have been isoclated. Nevertheless these are
presumed to play an important role as intermediates in diverse synthetic/
catalytic reactions, e.g. hydration of nitriles [57] and oxidation of ethylene
[58] and alcohols [59]. In addition, interest in platinum(1l) complexes in
general has been renewed recently due to their anti-cancer properties [60].

Only two alkoxy derivatives of these soft metals, trans{(PEt,),Pd
(OCH,)YCN] [61] and [Pt{C H( }(OMe) PPh ,CH ,CH,PPh, )} [62] were known
before 1976. The complex P1(GePh,)(OR}PEt,),, which was reported in
1965 [63] has now been shown, by a single X-ray crystal study to be
PYPh)[Ge(OR)(Ph), [(PEt;), [64].

(i) Methods of preparation

A general method of synthesis for mononuclear alkoxo derivatives of these
metals consists of the rrans replacement of the halogen in the derivatives
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M(R)(C])(PPh;), with alkoxy groups by the metathesis reaction [65,66]
M(R)(C1)(PPh,), + NaOMe — M(R}{OMe)(PPh,), + NaCl

(M =Pdor Pt; R =C.F, CCl=CCl,, CH=CCl, or Ph)

M(R)(CHL, + NaOMe — M(R){OMe)L, + NaCl

(M =Pt; R =CH,CN, CF, or CH,CF;; L, = 2PPh; or diphosphine)
Success In prepararing these mononuclear methoxo complexes depends on
the nature of the alkyl ligand R; a more electronegative R increases the
effective positive charge on the metal and consequently, lowering the density
on the OCH; group should increase the covalent character of the M—OCH,
bond. The stability of the M-OR bond thus appears to be in the order:
Pt > Pd; C,F; > CCl=CCl, > CH=CCl, > Ph.

The reaction of trans-[Pd(R)(Cl}(PPh;),] (R=Ph or CH=CCIl,) with
NaOMe in toluene did not yield the expected methoxo complex; instead
[Pd(PPh,),], was obtained, which produces “Pd(PPh,),” on addition of 2
mol. of PPh,. The species “Pd(PPh,},” could also be obtained directly from
trans-[Pd(Ph)(OMec)(PPh,),] together with the coupling product anisole (18
— 21). The formation of [Pd(PPh,},], may be accounted for by 8-hydrogen

NaDMe
trans- [Pd(R)(CL}(PPha)z] — Y T = [Pd(R}(OMe)(Pth)ZJ
18 19
—-HCHO (R = Ph)
~PhOMe
[PdtR)(H)(FPh Pd(PPh )
20 21

elimination from the methoxo group in the initial product
Pd(R)(OMe)}(PPh,), giving HCHO and Pd(R)}H)(PPh,),, which subse-
quently undergoes reductive elimination of RH. In contrast to mononuclear
palladium(Il) and platinum(I1} complexes, the analogous nickel derivatives,
Ni(R)(CI)(PPh,}, (22) yield binuclear bridged methoxo nickel derivatives
[67] (23).

Me

N PPRy
Ni(R)(CI) (FPh g, %}Ff_‘ ‘/ e
3
22 PhyP \ / NS
e
23

(R = C4Fy . CCl=CCL,}

A thermally stable, diamagnetic colourless mononuclear methoxy
platinum(1l) complex (27) PHOCH,;}{C,H,)(dppe) (dppe = Ph,PCH,CH,
PPh,) has been synthesised [68] in 50% yield by the reaction of methanol
with a cyclic alkylplatinum(0) complex (26) Pt(C,H;)(dppe), which can be
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prepared as shown. The reaction of methanol with the complex 25, on the
other hand, gives a colourless hydrido complex of formula PtH(C H, }(PPh,),
in 69% yield, By contrast, the complex 27 shows no tendency to decompose
to a hydrido complex. The thermal stability of this alkoxo complex is rather
surprising because the thermal decomposition of intermediate alkoxides by
S-elimination is thought to be responsible for the ready formation of
hydrido complexes of these metals in basic alcoholic media.

Hg Ha

c c
- -

H,c” cBr Na(HgITHF H,C “‘Cl ~FFPhy
' I YT ] LRt
HZC‘“-\C/CEF 13’2 H2C\C/C PPh,

Hy Hz
24 o5

'(':‘z
H,C” T CH H
[ 1l Ph P Phg
HaC, € l H,OH SR P
2 C/ AN S ™CH, CHy 2| e | 2
H .
z v \P/CHZ HaC e \g*‘ CH,
CHLC Ph, Hg h2
27 26

The interaction of the 3',%’-octadienediylpalladium compounds {28) with
methanol has been reported [69] to yield mononuclear methoxo complexes
(29) at — 80° which change to 30 at —35°C.

el

M

Ak MeQH “ a5°c \

Fd “eoro MeOZH - /
L/ 7 g L—Pa

~

y

28 29 20
(L = Me, P, tricyclohexylphosphine)

The reaction of 2,2,6,6-tetramethylheptane-3,5-dione with disodium
hexachlorodipalladate in 1:1 molar ratio in methanol yields the dimeric
methoxy complex 31 [70] almost quantitatively. However, increasing yields
of the bis(2,2,6,6-tetramethylheptane-3,5-dionato)palladium compiex,
PA(Bu'COCHCOBu'), along with 31 were obtained as the molar ratio of
B-diketone in the reaction mixture was increased. It has, therefore, been
conjectured that the reaction of pentane-2,4-dione with disodium
hexachlorodipalladate also proceeds via an analogue of complex 31 although

the product in the latter case (in all molar ratios) i1s mainly the bis-complex,
Pd(CH,COCHCOCH,),.
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et But
> c=0 MeOH c—o OMe
2 HC + Mo,PdCl, — e HC? Pd 4+ 2NaCl + 4HC
Ne—on = sl N
— — 2
au'/ aut””

N

Recently, the synthesis of another binuclear palladium complex, Pd,(u-
OCH,),(F;acac), by the reaction of Pd(F,acac), with methanol at room
temperature has been reported [71]. Similarly Pd,(u-CD;0),(F;acac), was
also prepared by using CD,OD. Efforts to prepare higher homologues of
Pd,(p-OCH,),(F;acac), failed, which might again be ascribed to the pres-
ence of an abstractable hydrogen in these alkoxy groups.

Thermal decomposition of the complex Pd,(p-OCH,),(F;acac), was
found to be a disproportionation reaction and yielded palladium metal,
Pd(F;acac),, methanol, methylformate and a small amount of dimethoxy-
methane,

The binuclear alkoxo-bridged palladium products 34 have been obtained
[72,73] by the reaction of methanol with dioxygen-bridged complexes 33,
which in turn were synthesised by reaction of the corresponding dichloro-
bridged palladium(Il) complexes 32 with potassium superoxide in dichloro-
methane.

/ \ 2KO, /\ R'OH / \

32 33 34
OR OR
G = G.‘ B
(L= Q(R= Me},R = Me; QR = Mel,R° = Et .0 (R = MeJ,
R'= Et;Q (R = E1) ,R' = MeJ}

Treatment of p-peroxo complex 35 with t-butyl alcohol at 60°C caused
decomposition into the free ligand and metallic palladium(0). It has been
suggested that steric repulsion between the Me-DiCp ligand and the bulky
alkoxo groups forces the $-elimination of Pd—H forming a coordinatively-
unsaturated intermediate 36 which decomposes further.
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HMeO MeQ WD
—_ + PO + £-BuOh
t-BuOH
/pa so°C Pf_m——-‘
0)2‘ t- B
2
35 36

Similarly, the methoxo palladium complexes 39 have been prepared from
the peroxo complexes 38 which can be obtained by anion exchange of the
corresponding p-chloro complexes [74] 37.

o, B2

ﬂ e LA
37 2 38

lHeOH

e Ra
N

3
{ ‘Pd/ \Pd'/
N N\ ,’

Rz e

3]

The most convenient methods [75,76] for preparation of a stable binuclear
platipum(1l) complex 41 containing brdging methoxy groups Pt,(u-
OCH,},(cod-OCH,), are the treatment of (cod) - PtCl, 40 with two equiv-

<Pt

MeOH | Ag™

- 2+
2 AgCL + _.IzPt (MeoH),
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alents of sodium hydroxide in aqueous methanol or with sodium carbonate
in methanol in the presence of silver nitrate.

A closely-related and possibly identical compound was reported in 1957
by Chatt et al. [77] without characterisation and was referred to as “a-di-
methoxide”. Attempts to prepare the dicyclopentadiene anologue failed and
led to complex mixtures of products and /or extensive decomposition.

The methoxy bridges of 41 can be cleaved by tertiary phosphines (L) to
give mononuclear methoxy complexes 42.

OMe
COkde
N
47 +o2 Saleoo P,
42

(L = PhyP, i-PryP. Cy4P. (P-OLY},P)

The stable mixed methoxy- and chloro-bridged binuclear palladium(II)
and platinum(II) complexes 44 are formed when the corresponding chloro-
bridged binuclear complexes 43 suspended in methanol are allowed to react
with an equimolar amount of sodium hydroxide [78,79]. The reaction of
tertiary phosphines (L = Ph;P, (PhO),P, t-Bu,PhP or i-Pr,P) with 44 gives
mononuclear chloro and methoxo complexes 45 and 46.

au\F /su‘ Bu? /Bu' Bul Bt Bul But
M\/\ Cl\/\ Me NGGH \/\/\/\,Me
M e SN
orC NS CI/ \/ Me MeOH — me” \C/ S / N MM
Me
N Ny u’ \ e \
43 44
(M = Pd or Pt)
2L
Bu! Byt But But
3 N No
E\C/ \_\M'/CL . Me,\c/ \M,L
ME/ \C/ \L_ Me/ \C/ \OMO
o \H e \H
45 46

Some interesting binuclear platinum(ll) complexes of the type 48 have
been synthesised by the reaction of Pt,Cl,(PEt,), 47 with pyrazole and
sodium hydroxide in methanol [80].
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i i PEL, “ \“Pt/o \:\Pt/ Fels
\Pt/ \H/ PzH + 2 NaOH SN 7
/ . /, N '—Mm—l' PEt, N—N Cl
PEL] ci cl
X/Q)\ x
47 ¥
48

(where X aH. Y = H3 X =CHg. Y = H or X =CHys Y « Br)

(ii) Properties

All mononuclear methoxo complexes of these metals are susceptible to
hydrolysis [65,66] readily producing hydroxo complexes in contrast to bi-
nuclear methoxo complexes which are fairly stable towards water. The
hydrolvsis was accelerated by the addition of a small amount of potassium
hydroxide or triethylamine.

The platinum—oxygen bonds undergo facile insertion with CNR’, CO,
COS, CS; and SO,. The insertion reaction of isocyanides (CNR")
with methoxy-alkyl mononuclear platinum(1l) complexes, [Pt{OCH,)}R)
(Ph,PCH=CHPPh)|(R = CF;, CH,CN) (49) affords insertion products
[PtC(OCH ;)=NR'(R)(Ph,PCH=CHPPh,)] (50) [81].

QCH /OCHB
P B, £
| N S + CNR' AW
b = . |L P
N P R
49 20
(R =CFy» CHCNG P ‘P = cis—PhaPCH=CHPPh,;

R'= methy!l., p~methoxyphenyl or 2,6-dimethylphenyl}

The preparation of PtCOOCH,){C,H,)(Ph,PCH,CH,PPh,) (52) via CO
insertion into the Pt—OCH, bond of 51 has been reported [68].

H, Ha

c
H(i /C\CH.‘, H?i’ \?Hz
2h, Phz
Pl S co e Py e M
2 l \Pt E : | ‘\:t Hz
2
H,C "“'P/ OCH, HzchF’/ \COECHa
Ph., Phz
51 52

In order to gain more information on the nature of the Pt—0O bond in the
methoxy alkyl mononuclear platinum complexes Pt{OCH,}R)L, (R = CF,,
CH,CN; L, = 2PPh,, diphosphine), their insertion reactions {66] with CO,
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6&3 |
(y @ K
&8
| | O
—Pt—OH ~—Pt—C
| | OR
(b) Co A (c}
| /O x\\
47 a0
—Pt—C
| OH

Scheme 1

COS, €S, and SO, have been studied. These reactions are summarised in
schemes 1 and 2.

Schemes 1 and 2 indicate two possible routes for the ROH /NEt, basic
solution, i.e. formation of the alkoxo derivative {a) by the equilibrium
(b) = (a), and/or esterification of the carboxylato, thiocarbonato, dithio-
carbonato or sulphinato intermediate complex (d).

(iii) Spectroscopic studies

In the infrared spectra of most of the complexes, a sharp band in the
region 1050-1100 cm™' has been assigned to the »(C—Q) mode of the
methoxo group. In platinum complexes a sharp band at ~ 530 cm™! has
been attributed to »(Pt—0).

The 'H, *'P and "F NMR spectra of palladium(II) and platinum(I])

- Fl’t —OCH,
(a)
g‘-’!’
9‘;\‘\ ‘ S=CxY X
> [o]
9 | ¥
o —pt—s— c?
OCH, ]
(Y=0,7=5) —Pt—S—OCH,
() i
S
CH,OH/NE?,

| //Y I
—Fl"t—S‘-C !?'(0
(c) \OH dll\

(o) ]
LT &
—Pt—S§—0H
i
O

Scheme 2
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TABLE 6

F and *'P NMR spectral data for alkoxo derivatives of pailadium and platinum

S. Compound F and **NMR data Reference

No. 5(ppm)

1.  PyOMe)XCE)}Ph,PCH=CHPPh,) —27.9(ddXCF,). 603-0] 2J(PtCF)] 66
(’F) 9.0 cis }, 58-0(trans ) *J(PPtCF)]

2. Pd,(p-OMe),(F acac), 750s) 71
(i‘)F}

3. Pt,{p-ClYp-OMe)t-Bu, PCMe,CH,), —22.42(s)(metalated t-Bu,P), 79
C'P) 3306- 0] J{PtP)}

4. Pt,Cio(PEty),{(p-OMeNC,;H3N,) 0.67 {trans PEt,), 3501-0[V(PtP)] 80
(3! P) .

5. Pt,Cl(PEt,),(p-OMeNC;H,;N,) 1.01 (zrans PEt;), 3477-0['/(PtP)] 80
(3!P)

6. Pt,Cl,(PEL,),(p-OMeXCsHN,Br)  1.07 (trans PEt,), 3537-0{ J(PP)] 80
(3] P)

Abbreviations as in Tabie §.

complexes have been studied and the results surnmarised in Tables 5 and 6
respectively.

(iv) X-ray structural analysis

The crystal struciure of the complex, Pd,{p-OCH;),(F,acac), has been
determined [71]. The crystal was monoclinic with the space group 2/,; the

Fig. 6. The crystat structure of Pd,(u-OCH,),(F,acac),.
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Fig. 7. The crystal structure of Pt,(p-OCH;);(CgH,;0CH3)5.

values of unit cell dimension§ are a = 8.945(4), b = 7.149(6), ¢ = 29.36(1) 13;,
B =93.89(3)° and ¥ = 1873 A’ The calculated density is 2.443 g cm ™’ with
the assumption of Z = 4 (Fig. 6).

TABLE 7

Crystallographic data for Pt,{OMe),(CzH,;,0Me),

Mol. formula C,oH.z0: P, CioH, 30, P,
Mol.wt. 730.6 730.6
Crystal group monoclinic monoclinic
Spaﬁoe group P2y, P2, .

a (A) £.67(1) 6.648(2)
b (A) 14.26(2) 14.186(5)
¢ (A) 12.53(2) 14.237(4)
B(degrees) 113.0(1) 126.30(2)
vV (A% ’ 1097 -

A 2 2

d caled. (g cm™3) 221 ~

d exptl. (gcm™?) 2,19 —

F(000) 688 -
(M,K,)cm™' 134 -

Reference 76 75
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The crystal structure of the platinum(IT) complex Pt,(u-OCH,),(C H,,
OCH,), has been determined by Goel et al. [75] and Vitagliano et al., [76] in
1981 (Fig. 7) and results are summarised in Table 7.
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