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Co-ordination Chemistry of Higher Oxidation States. Part 18.? Bidentate
Selenoether Complexes of the Tetravalent Platinum Metals. Crystal and
Molecular Structure of [Pt{o-C,H (SeMe) }Cl, ]t

Eric G. Hope, William Levason,” and Michael Webster
Department of Chemistry, The University, Southampton SO9 5NH

Stephen G. Murray

Department of Chemistry, Royal Military College of Science, Shrivenham, Wiltshire SN6 8LA

Osmium(iv) complexes [Os(L-L)Cl,] [L-L = e.g. MeSe(CH,),SeMe (n = 2 or 3) or PhSeCH,CH,-
SePh] have been prepared from [OsCI ]?>~ and L-L in 2-methoxyethanol. The same ligands and iridium
trichloride produce polymeric [{Ir(L-L)Cl,},]. which are converted into [NMe,][Ir(L-L)Cl,] by excess
[NMe,]CI. These Ir'" anions are oxidised by chlorine in CCl, to red-brown Ir'¥ complexes [Ir(L-L)Cl,].
Halogen (X,) oxidation of [Pt(L-L)X.] (X = Cl or Br) produces stable [Pt(L-L)X,]. Complexes trans-
{M(Me,Se).Cl,] (M = Pt, Ir, or Os) are also described. Ruthenium (i) complexes, [AsPh,][Ru-
(MeSeCH,CH,SeMe)Cl,], [{Ru(MeSeCH,CH,SeMe)Cl,},], and [{Ru,(MeSeCH,CH,SeMe),Cl.},]
have been prepared, but these, the Rh" analogues, and [Pd(L-L)Cl,] cannot be oxidised to the
tetravalent state. The complexes have been characterised by analysis, i.r., u.v.—visible, 'H, 7’Se, and
%Pt n.m.r. spectroscopy and magnetic measurements as appropriate. The 77Se n.m.r. spectra of the
[Ir(L-L)CI,] ~, [Pt(L-L)X,], [Pt(Me,Se)Xs] ~ and (prepared in situ) [Pd(Me,Se)Xs]~ (:{ = Cl or Br)
complexes have been recorded and the values of §(Se) and 'J(PtSe) discussed. The structure of
[Pt{o-C¢H,(SeMe),}Cl,] has been determined by a single-crystal X-ray study and shown to be mono-
clinic, space group P2,/n, with a = 7.926(5), b = 14.545(3), ¢ = 12.307(4) A, B = 99.88(4)", and

Z = 4. The structure was refined to B = 0.052 from 1 927 reflections. The structure contains discrete
six-co-ordinate Pt and the selenium ligand adopts the meso conformation, Pt-Cl 2.299(4)—2.344(4),

Pt-Se 2.432(2) and 2.441(1) A.

Extensive studies comparing the co-ordinating ability of phos-
phorus and arsenic donor ligands have been reported, but little
detailed work has been performed with Group 6B analogues.?
Some time ago we showed that dithioether complexes of
osmium(1v), iridium(tv), and platinum(iv) were readily
obtained,’ and the present study was initiated with the aim of
preparing diselenoether complexes of the higher-valent Group
8 metals. Furthermore we have shown*® that 7’Se n.m.r.
chemical shifts and coupling constants vary systematically in
diselenoether complexes of Pt", Pd", and Rh™, and we wished to
examine the effects of varying the metal oxidation state. The
only reported complexes of selenoethers with high-valent
platinum metals are [PtMe,;X{MeSe(CH,),SeMe}] (X = C],
Br, or I; n =2 or 3),° [Pt(Me,Se)X5;]~ (X = Cl or Br),’
[0sO,X,;L,] (X=Cl or Br; L= Me,Se or iMe-
SeCH,CH,SeMe),® and [Pd(Me,Se)Xs]™ (X = Clor Br).?

Results

Platinum.—OQOxidation of a suspension of [Pt(L-L)X,] [X =
Cl or Br, L-L = RSeCH,CH,SeR (R = Me or Ph),
MeSe(CH,);SeMe, cis-PhSeCHCHSePh, or o-CcH, (SeMe),;
X = Cl, L-L = cis-MeSeCHCHSeMe] * with a small excess of
the appropriate halogen in CCl, gave high yields of
[Pt(L-L)X,] (Table 1). The yellow chlorides and orange
bromides are air-stable solids, which decompose on strong
heating; the weight losses as followed by t.g.a. appear to result

+ meso-[ 1,2-Bis(methylseleno)benzene]tetrachloroplatinum(iv).
Supplementary data available (No. SUP 56467, 3 pp.): thermal
parameters. See Instructions for Authors, J. Chem. Soc., Dalton Trans.,

1986, Issue 1, pp. xvii—xx. Structure factor tables are available from the
editorial office.

from both reductive elimination of X, and Se-dealkylation (cf.
ref. 3). The complexes are poorly soluble in most organic
solvents, but dissolve fairly well in dimethyl sulphoxide (dmso)
although decomposition occurs on standing for some
complexes. Comparison of the far-i.r. spectra (Table 1) with
those of the corresponding [Pt(L-L)X,]* allowed assignment
of three or four v(PtX) modes (theory 2a, + b, + b,) expected
for cis octahedral complexes, and this structure was confirmed
for [Pt{o-C¢H,(SeMe),}Cl,] by an X-ray diffraction study
(see later). The treatment of [Pt(L-L)I,] [L-L = MeSe-
(CH,),SeMe, n = 2 or 3] with a small excess of di-iodine in
CCl, gave good yields of black [Pt(L-L)I,]. The electronic
spectra are dominated by charge-transfer absorptions
n(Se),m(X) — Pt(e,) but in some cases weaker bands or
shoulders at low energy were seen, presumably corresponding
to '4,,— 3T\, *T,, d-d transitions (O, symmetry).!°

The 'H, 7’Se, and !'°*Pt n.m.r. spectra are given in Table 2 for
complexes of MeSeCH,CH,SeMe, MeSe(CH,);SeMe, and
PhSeCH,CH ,SePh, but the Pt'¥ complexes of 0-C¢H (SeMe),,
cis-MeSeCHCHSeMe, and cis-PhSeCHCHSePh decomposed
in dmso too rapidly for spectra to be obtained. Comparison
with the data for [Pt(L-L)X,]* reveals that 3/(PtH) is reduced
in the Pt"Y complexes as expected.®> The oxidation of
[PH(L-L)X,] to [Pt(L-L)X,] results in shifts to higher
frequency in 8(Pt) and 8(Se). The other notable trend in 5(Se) is
with the frans ligand, where there is a low frequency shift,
Cl > Br, as also observed in [Pt(Me,Se)X]”, and in
[PtMe,X(L-L)].'*!2 In [Pt(L-L)X,]* this order is present in
the MeSe(CH,);SeMe complexes, but is reversed with five-
membered chelate rings. The 'J(PtSe) coupling constants
decrease with halogen, Cl > Br,} as found in the Pt"

t The [Pt(L-L)I,J complexes decomposed in dmso to [Pt(L-L)I,] and
I,.
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Table 2. 7’Se and '?*Pt n.m.r. spectra data

[Pt(MeSeCH ,CH,SeMe)Cl,]
[Pt(MeSeCH ,CH,SeMe)Br,]
[Pt{MeSe(CH,);SeMe}Cl,]
[Pt{MeSe(CH,);SeMe}Br,]
[Pt(PhSeCH,CH,SePh)Cl,]
[Pt(PhSeCH,CH ,SePh)Br,]
[NBu",][Pt(Me,Se)Cl;]
[NBu", ][ Pt(Me,Se)Br.]
[NBu",J{Pd(Me,Se)Cl,]
NBu",]{Pd(Me,Se)Br]
trans-[Pt(Me,Se),Cl,]°¢
cis-[Pt(Me,Se),Cl,]*

[NMe,][Ir(MeSeCH,CH,SeMe)Cl,]
[NMe,][Ir{MeSe(CH,);SeMe}Cl,]
[NMe,]{Ir(PhSeCH,CH,SePh)Cl,]

trans-[ NMe,][1r(Me,Se),Cl,]

5(7"Se)/p.p-m. ['J(PtSe)]® ASe(av.)®

507.4 (249), 512.4 (222)
487.4 (110), 494.2 (116)
335.6 (201), 340.0 (189)
304.1 (128), 301.0 (103)
575.3 (174), 585.2 (154)
559.4 (85), 572.0 (90)
305.6 (201)7

253.8 (123)/

24807

192.07

304.5 (72)

3300

329.2, 326.3

189.6, 183.2

4427, 4398

1412

395.2
3778
271.5
236.3
249.6
2350
305.6
253.8
2480
192.0
304.5
3300
213.1
120.1
110.6
141.2

5('H)/p.p.m.

3('’Pt)/p.p.m°  A'Pt(av.)? A'Se(av.)? [*J(PtH)]*
-2070, -2078 1341.5 159.5 2.53 (26), 2.57 27)
—2902, —2908 917 123.8 2.54 (30), 2.58 (30)
— 1816, —1 848 1 398 167.1 2.41 (27), 2.48 (27)
—2970, —3013 646 1354 2.50 (31), 2.59 (31)
—2217, —2221 1 249 84.1 —
—3004, —3012 901 54.5 —

— — 158.7 —

— — 109.1 —

— — 929 —

— — 79.7 —
—-1638 1959 1714 —
—1787 1 653 2115 —

— — — 1.80, 1.92

— — — 1.80, 1.90

— — — 1.96

“ dmso solution relative to external Me,Se. Coupling constants in Hz. * Co-ordination shift, i.e. 8(S€ ompics) — 8(S€(rcc 1igana)- Average value for two
invertomers quoted. * dmso solution relative to external 1 mol dm™ Na,[PtCl,] in D,0 (8 = 0). ¢ Oxidation shift 8(Pt" ,01c.) — (P orpten)-
Average values. * [?H,]dmso solution relative to internal SiMe,. Coupling constant in Hz. / CD,Cl, solution. ¢ Individual isomers not separated.

Figure. The [Pt{o-C,H (SeMe),}Cl,] molecule showing the atom-
numbering scheme and atoms drawn with 40%, probability ellipsoids

complexes,* and in [Pt(Me,Se)Xs]~,'* but it should be noted
that in [PtMe;X(L-L)]'"!2 the 'J(PtSe) constants increase in
the order Cl < Br < I. The magnitude of 'J(PtSe) is smaller in
the Pt"Y complexes than in the Pt", a general trend also found for
1J(PtP) in tertiary phosphine complexes.!*

A mixture of cis- and trans-[Pt(Me,Se),Cl,], prepared from
Me,Se and [Pt(MeCN),Cl,] (¢f. ref. 4), was oxidised to
[Pt(Me,Se),Cl,] in a similar manner to the diselenoether
complexes. Two signals in both the "’Se and '?*Pt n.m.r. spectra
of [Pt(Me,Se),Cl,] confirm the presence of two isomers in an
approximate ratio of 1:10. A comparison of the '**Pt n.m.r.
data with those for cis- and trans-[Pt(Me,S),Cl,]'* suggests
that the more abundant species is the trans form, and the spectra
in Table 2 were assigned on this basis.

Structure of [Pt{0-C¢H,(SeMe),}Cl,].—The structure con-
tains discrete molecules with approximate C,; symmetry and is
shown in the Figure. Selected bond lengths and angles are given
in Table 3. The co-ordination about the Pt atom is
approximately octahedral (max. angular deviation 3.3°). The
benzene ring and the Se atoms are to a good approximation
coplanar, with the two methyl groups on the same side of the
ligand indicating that the meso invertomer is present. The plane

Table 3. Selected bond lengths (A) and angles () for [Pt{o-

C,H,(SeMe),}Cl,]

Pt-Se(1) 2.432(2) Se(1)-C(1) 1.98(2)

Pt-Se(2) 2.441(1) Se(1)}-C(2) 1.92(1)

Pt-CI(1) 2.341(4) Se(2)-C(7) 1.93(1)

Pt-Cl(2) 2.344(4) Se(2)-C(8) 1.94(2)

Pt-Cl(3) 2.299(4)

Pt-Cl(4) 2.328(3) Se(1) - - - Se(2) 3.374

Cl - -+ Cl(min.) 3.26

C(2y-C(3) 1.42(2) Cl - -+ Se(min.) 3.31

C(3)yC#4) 1.37(2)

C4)C(5) 1.38(2)

C(5)-C(6) 1.40(2)

C(6)»-C(7) 1.39(2)

C(T-CQ) 1.42(2)

Se(1)-Pt-Cl(2) 87.9(1) Se(1)-Pt-Se(2) 87.6(1)

Se(1)-Pt—ClI(3) 92.3(1) CI(1)-Pt—Cl(2) 93.3(1)

Se(1)-Pt-Cl(4) 88.1(1) CI(1)-Pt-Cl1(3) 90.6(2)

Se(2)-Pt-CI(1) 90.9(1) Cl(1)-Pt-Cl(4) 89.0(1)

Se(2)-Pt-Cl(3) 93.3(1) CI(2)}-Pt-ClI(3) 91.4(1)

Se(2)-Pt-Cl(4) 86.7(1) Cl(2)-Pt-Cl(4) 88.6(1)

Pt-Se(1)-C(1) 105.7(6) Se(1)-C(2)-C(3) 120(1)

Pt-Se(1)-C(2) 98.5(4) Se(1)-C(2)-C(7) 121(1)

Pt-Se(2)-C(7) 98.6(4) Se(2)-C(7)-C(2) 120(1)

Pt-Se(2)-C(8) 105.0(5) Se(2)-C(7)-C(6) 119(1)

C(1)-Se(1)-C(2) 98.2(7)

C(7)-Se(2)-C(8) 99.6(7) C-C-C(min.) 118(1)
(max.) 122(1)

of the benzene ring makes an angle of 33.6° with PtSe(1)Se(2),
with the benzene ring lying on the same side of the PtSe, plane
as the methyl groups. This dihedral angle is in marked contrast
to the essentially coplanar metal atom—donor atom-aromatic
ring groups found in trans-[Pd{o-CsH,(AsMe,),},Cl,]-
[ClO,],"° which is typical of the geometry found with Group
5B donors. The angles at selenium are very distorted from the
tetrahedral values in accord with the Gillespie-Nyholm theory
and the predicted effect of the non-bonded lone pair of electrons.
Itis noteworthy that in [PtMe,X(cis-MeSeCHCHSeMe)] (X =
Cl or I)'? the meso invertomer is found and the (planar)
SeCCSe group forms dihedral angles of 20.8° (X = C!) and 1.5°
(X = I) with the PtSe, plane. The bond lengths and angles
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within the diselenoether are unexceptional. The Pt—-Se bonds
(2436 A (av.)] are similar to those in [Pt"(Se,CNBui,),]'®
[2.426(3) A] and some 0.1 A shorter than the average value in
[PtMe;X(MeSeCHCHSeMe)] ! as expected from the relative
trans influence of Me and Cl. The Pt-Cl(trans Se) distances
[2.342 A (av.)] are some ~ 76 longer than Pt—Cl(trans Cl)
[2.314 A (av.)]. The measurements when added to the data
on cis-[Pt(PEt;),Cl,]'7 place the trans influence of neutral
selenium on Pt" in the order Cl < Se < P < Me.

Iridium.—In marked contrast to the failure of dithioethers
to give neutral iridium(i) complexes,®'® diselenoethers
readily react with IrCly-nH,O in alcohols to give insoluble
yellow [{Ir(L-L)Cl,},] [L-L = RSe(CH,),SeR, n = 2 or 3,
R = Me or Ph], which are probably halide-bridged polymers.
Even a large excess of MeSeCH,CH ,SeMe fails to produce
[Ir(MeSeCH,CH,SeMe),Cl,]JCl (¢/. rhodium which easily
affords cis- and trans-[Rh(MeSeCH,CH,SeMe),Cl,]Cl in
addition to [{Rh(MeSeCH ,CH,SeMe)Cl, },]).* Initial attempts
to prepare [Z][Ir(MeSeCH,CH,SeMe)Cl,] (Z = NMe, or
PPh,) by combination of [Z]Cl, IrClynH,O, and 2,5-
diselenahexane in a 1:1:1 molar ratio in ethanol failed, and the
major product was [{Ir(MeSeCH,CH,SeMe)Cl,},]. However
buff-coloured [NMe, ][ Ir(L-L)Cl,] were obtained by refluxing
[{Ir(L-L)Cl,},] with excess [NMe,]Cl in 2-methoxyethanol.
Spectroscopic data for the various types of 2,5-diselenahexane
complexes are given in Table 1 as representative examples;
analytical data on the other complexes needed for the
preparation of the iridium(iv) complexes are given in the
Experimental section. Light brown [NMe,][Ir(Me,Se),Cl,]
was obtained by combination of [NMe,]Cl, Me,Se, and
IrCl;-nH,O in a mixture of 2-MeOC,H,OH-concentrated
HCL. In contrast to dimethyl sulphide,® only one isomer*
appears to be obtained with Me,Se. The identification of the
isomer present is unclear from the spectroscopic data, although
both the 'H and 7’Se n.m.r. spectra (Table 2), confirm only a
single form is present. However the X-ray powder diffraction
pattern of [NMe,][Ir(Me,Se),Cl,] is very similar to that of the
major isomer3!° of [NMe,][Ir(Me,S),Cl,], and hence it is
almost certainly the frans form. The Ir'! complexes allow the
extension of our "’Se n.m.r. studies*® to a new metal.

The [{Ir(L-L)Cl,},] complexes dissolve slowly in dmso,
but the "’Se n.m.r. spectra reveal several species are present,
and these were not studied further. The complex [NMe,][Ir-
(Me,Se),Cl,] has a single resonance at 141.2 p.p.m. and hence a
co-ordination shift of 141.2 p.p.m., which can be compared with
304 p.p.m. observed for the isoelectronic [ Pt(Me,Se),Cl,]. The
7Se n.m.r. spectra of [NMe,][Ir(L-L)Cl,] [L-L =
RSeCH,CH,SeR (R = Me or Ph) or MeSe(CH,;);SeMe]
show the two resonances expected for meso and DL forms of the
co-ordinated ligands.* The co-ordination shift for the 2,5-
diselenahexanecomplexis213.1 p.p.m.(av.),considerablysmaller
than that in [NMe,]J[Rh(MeSeCH,CH,SeMe)Cl,] [285
p-p-m. (av.)] and reminiscent of the trends in chemical shift
between Pd" and Pt".* Although cis-[NMe,][Ir(Me,Se),Cl,]
has not been obtained, it is unlikely that 8(Se) would differ by
more than + 30 p.p.m. from the trans isomer,} and comparison
of the latter’s co-ordination shift with those in [Ir(L-L)Cl,]"~
(Table 2) provides further support for the presence of a ring
contribution* to the observed shifts in the chelated
diselenoethers.

t The cis—trans isomer assignment of [Ir(Me,S),Cl, ]~ in ref. 3 is in
error. A subsequent X-ray crystallographic study of ‘cis’ [NMe,J[Ir-
(Me,S),Cl,] revealed it to be the trans form.'® Thus the assignments of
the isomers of the If'" and Ir'Y dimethyl sulphide complexes in ref. 3
should be reversed.

+ Compare cis- and trans-[Pt(Me,Se),Cl,], 8 = 120, 132 p.p.m.,2% and
cis- and trans-[ Pt(Me,Se),Cl,], 8 = 330, 304 p.p.m. respectively.
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Oxidation of [NMe,][Ir(L-L)Cl,] with Cl,~CCl, gave the
red-brown [Ir(L-L)Cl,], which were much more soluble in
organic solvents than the dithioether analogues. The [NMe,]ClI
by-product was removed by extracting the products with water
or nitromethane. In general the physical and spectroscopic data
(Table 1) are similar to the dithioether analogues and lead to
assignment of cisstructuresto [Ir(L-L)Cl,][L-L = RSe(CH,),-
SeR,n = 2 or 3, R = Me or Ph] and trans to [Ir(Me,Se),Cl,].
Comparison of the far-ir. spectra of corresponding
[Ir(L-L)C1,]" and [Ir(L-L)CIl,] reveal a high frequency shift in
v(IrCl) of 10—20 cm™! on oxidation. The electronic spectra of
the Ir'Y complexes contain three main bands at ca. 17 000,
20 000, and 23 000 cm™' provisionally assigned as n(Se),t(Cl)
— Ir(z,,) charge transfer. Poor yields of [NEt,][Ir(MeSe-
CH,CH ,SeMe)Br,] were obtained in an analogous manner to
the chloro complex, but attempts to oxidise it to iridium(iv)
have failed.

Osmium—The green complex [Os(MeSCH,CH,SMe)Cl,]
was prepared by refluxing Na,[OsCl,] and MeSCH,CH,SMe
in 2-methoxyethanol for 2—3 h,® but a similar method gave
black uncharacterised materials with MeSeCH,CH,SeMe.
However if the mixture was heated to reflux, then immediately
cooled and concentrated in vacuo, the green [Os(MeSeCH,-
CH,SeMe)Cl,] could be precipitated with diethyl ether. The
[Os(L-L)Cl,] complexes [L-L = MeSe(CH,),SeMe, PhSe-
CH,CH,SePh, or MeSeCHCHSeMe] were obtained similarly
in ca. 60%, yields, the much shorter reaction times required being
due to the stronger reducing power of free diselenoethers
compared with dithioethers. We have not specifically attempted
to isolate Os™ complexes from the reduction products (cf. ref.
21), although Os™ complexes of tris(selenoethers) have been
prepared.® The red [Os(MeSeCH ,CH ,SeMe)Br,] was obtained
using Na,[OsBry], and interestingly rrans-[Os(Me,Se),Cl,]
was easily prepared, whereas repeated attempts to prepare
[Os(Me,S),Cl,] failed.*?! The spectroscopic and magnetic
properties of cis-[Os(L-L)Cl,] (Table 1) are comparable with
those of the corresponding dithioethers® and with
[Os(PR,),Cl,].2? Despite their paramagnetism, Randall and
Shaw ?? found that trans-[Os(PR;),Cl,] gave *'P n.m.r.
spectra although the resonances were shifted (ca. 1 000 p.p.m.)
from the positions observed in diamagnetic complexes. We have
been unable to observe 7’Se n.m.r. spectra from [Os(L-L)Cl,],
despite their good solubility in dmso; either the shifts are very
large, or the relaxation times are unfavourable.

Palladium, Rhodium, and Ruthenium—Treatment of
[Pd(MeSeCH,CH,SeMe)X,] (X = Cl or Br)* with the
appropriate halogen in CCl, or CH,Cl, failed to bring about
oxidation to Pd'Y; under mild conditions the starting materials
were recovered unchanged. However a large excess of Cl, in this
reaction produced dark brown materials of variable composi-
tion, and spectroscopic examination (i.r., 'H and ?’Se n.m.r.)
suggested that these were still mainly [Pd(MeSeCH,CH,-
SeMe)Cl,], containing some [PdClg]?>~ produced by de-
composition. Numerous attempts failed to provide any evidence
for [Pd(L-L)Cl,], but the oxidation® of [Pd(Me,Se)X;]”
could be followed by 77Se n.m.r. spectroscopy. Addition of a
deficit of the appropriate halogen to CH,Cl, solutions of
[NMe,][Pd(Me,Se)X;] (X = Cl or Br), where 8(Se) = 155.0
(Cl) and 112.3 p.p.m. (Br), results in a decrease in intensity of
these resonances, and the appearance of new signals at & 248
(Cl) and 192 p.p.m. (Br) which are assigned to the
corresponding [Pd(Me,Se)X]~. Further addition of Cl,
resulted in the disappearance of the Se resonances, and
production of a single signal at § = 441 p.p.m. due to Me,SeCl,
(lit. 448 p.p.m.).2° Excess bromine produced a red oily
precipitate from [Pd(Me,Se)Br;]™—CH,Cl, and no selenium
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n.m.r. signal could be resolved. The assignment of the
intermediate resonances to the [Pd(Me,Se)X;]~ anions
nonetheless seems reasonable in the light of the properties of
these materials.® It is also notable that the "’Se co-ordination
shifts in [Pd(Me,Se)X ]~ are significantly smaller than those in
[Pt(Me,Se)X,]~ (Table 2), consistent with weaker co-
ordination of the Me,Se to the harder Pd"Y (cf. ref. 17).

The Rh™ complexes [NMe,J[Rh(MeSeCH ,CH ,SeMe)Cl,]
and trans-[Rh(MeSeCH ,CH,SeMe),Cl,]CIO, were unaffected
by Cl1,—CCl,. Three types of ruthenium(inn) complex, [AsPh,]-
(Ru(MeSeCH,CH,SeMe)Cl,], [{Ru(MeSeCH,CH ,SeMe)-
Cl,},), and [{Ru,(MeSeCH,CH,SeMe);Cl¢},], were isolated
(Experimental section), their properties (Table 1) indicating
that they are analogous to the dithioether complexes of similar
formulae.3-2% Again attempts to oxidise these with chlorine were
unsuccessful.

3d Metals.—Green, moisture-sensitive, pseudo-octahedral
[Ni(MeSeCH,CH,SeMe),X,] (X = Cl or Br) can be made by
combination of NiX, and the ligand in Bu"OH, and very
unstable [Co(MeSeCH,CH,SeMe),X,] are made similarly
although the latter are difficult to obtain pure. Attempts to
oxidise these with halogen resulted in decomposition.

Discussion

The results described show that selenoethers form stable
complexes with the three 54 platinum metals in the 4+
oxidation state, but fail to stabilise similar complexes of the 44
analogues {the only exceptions to this generalisation are the
highly unstable [Pd(Me,Se)Xs] ™ }.° These results are generally
comparable with those found with thioethers, in particular in
the importance of the [M(L-L)X,] stoicheiometry and the
absence of [M(L-L),X,]"*, showing that the metal prefers to
co-ordinate halide ligands to neutralise the formal charge. It is
clear that selenoethers are less effective in stabilising high
oxidation states of the platinum metals than are phosphines,
arsines, or amines; for example this latter group have given
numerous palladium(iv) complexes,”'® and also iridium(v)
bromo complexes.?> A less expected observation is that
qualitatively selenoethers appear to give more stable complexes
with osmium, iridium, and platinum than do thioethers, as
evidenced for example by the ease with which [Os(Me,Se),Cl,]
and the [{Ir(L-L)Cl;},] complexes are obtained. Selenoethers
are expected to be rather better donors towards heavy metals
due to the lower electronegativity (Pauling electronegativities
are 2.5 for S and 2.4 for Se),’® and the increased size of the
donor orbital is unlikely to produce significant mismatch with
large 5d acceptors. The 7’Se n.m.r. data on the Pt'"¥ complexes
compared with the Pt" analogues* show that increasing the
oxidation state of the metal results in a substantial high
frequency shift in 3(Se), the effect being relatively more marked
for the chloro- than for the bromo-complexes, probably
reflecting the more electron-withdrawing nature of the
chlorines, and hence increased Se — Pt donation. A similar
effect is present in the ‘oxidation shifts’ observed in the '**Pt
nm.r. spectra (Table 2). The complexes [Pt(PhSeCH,CH,-
SePh)X,] (X = Cl or Br) show a markedly smaller ‘oxidation
shift' in 8(Se) compared with [Pt{MeSe(CH,),SeMe}X,],
which indicates that the Ph groups can partially offset the
effects of increased Se — Pt donation, but the instability of
other Pt'Y phenyldiselenoether complexes in suitable solvents
prevents a more detailed comparison. Nonetheless, in addition
to the various trends discussed elsewhere,* we see that the 7’Se
chemical shifts also respond characteristically to changes in the
metal oxidation state.
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Experimental

Conventional physical measurements were recorded as
described previously.!® 'H N.m.r. spectra were recorded for
saturated solutions in [?Hg]dmso, relative to internal SiMe,,
with Perkin-Elmer R24, Varian XL-100, and Bruker AM-360
spectrometers. "’Se N.m.r. spectra were recorded with a Bruker
AM-360 spectrometer (at 68.68 MHz) using external Me,Se as
zero reference. 125Pt Num.r. spectra were also recorded with a
Bruker AM-360 spectrometer (at 76.64 MHz) using external
aqueous Na,[PtClg] (1 mol dm™) as zero reference. In all cases,
the high field-positive convention was employed. Ligands were
prepared as described previously.?’

Preparations.— Tetrachloro(2,5-diselenahe xane) platinum(1v),
[Pt(MeSeCH,CH,SeMe)Cl,]. Finely powdered [Pt(MeSe-
CH,CH ,SeMe)Cl,]* (0.96 g, 2 mmol) was suspended in dry
carbon tetrachloride (10 cm?) and C1,—CCl, (~4 mmol) added.
The mixture was stirred vigorously for 1 h and the resulting
yellow solid filtered off, washed with dichloromethane, and
dried in vacuo; yield 0.94 g (80%).

The other tetrachloroplatinum(iv) complexes [Pt-
(L-L)Cl,] [L-L = PhSeCH,CH,SePh, MeSe(CH,);SeMe,
0-C¢H (SeMe),, or RSeCHCHSeR (R = Me or Ph)] were
prepared similarly. The tetrabromo- and tetraiodo-platinum(iv)
complexes [Pt(L-L)X,] [X = Br, L-L = RSeCH,CH,SeR
(R = Me or Ph), MeSe(CH,);ScMe, o0-C¢H,(SeMe),, or
PhSeCHCHSePh; X = I, L-L = MeSe(CH,),SeMe (n = 2 or
3)] were prepared from the corresponding [Pt(L-L)X,]
complexes and X,-CCl, (X = Br or I); yields 70-—90%.

cis- and trans-Tetrachlorobis(dimethyl selenide)platinum(1v),
[Pt(Me,Se),Cl,]. A mixture of cis- and trans-[Pt(Me,Se),-
Cl1,]%° (096 g, 2 mmol) was suspended in dry carbon
tetrachloride (10 cm?) and Cl1,-CCl, (~4 mmol) added. The
mixture was stirred vigorously for 1 h, concentrated in vacuo,
and diethyl ether (50 cm®) added. The yellow precipitate was
filtered off, washed with diethyl ether, and dried in vacuo; yield
0.97 g (82%,).

Trichloro(2,5-diselenahexane)iridium(i), [{Ir(MeSeCH -
CH,SeMe)Cl,},]. Iridium trichloride hydrate (0.35 g, I mmol)
and 2,5-diselenahexane (0.22 g, 1 mmol) were mixed in ethanol
and heated to reflux with stirring for 16 h. The resulting yellow
solid was filtered off, washed thoroughly with ethanol followed
by diethyl ether, and dried in vacuo; yield 0.37 g (72%).

The following iridium(u1) 1:1 complexes were prepared
similarly. Trichloro(2,6-diselenaheptane)iridium(in), [ {Ir(MeSe-
CH,CH,CH,SeMe)Cl,},] (Found: C, 11.0; H, 2.2. C;H,,-
Cl,IrSe, requires C, 11.3; H, 2.3%); v(M~Cl) at 319s and 300(sh)
cml. [1,2-Bis(phenylseleno)ethane]trichioroiridium(in),
[{Ir(PhSeCH,CH,SePh)Cl;},] (Found: C, 27.0; H, 23.
C,4H . Cl;IrSe, requires C, 26.3; H, 2.2%); v(M-Cl) at 307s
and 278m cm-!. [1,3-Bis(phenylseleno)propane]trichloroirid-
ium(mr), [{Ir(PhSeCH,CH,CH,SePh)Cl,},] (Found: C, 27.7,
H, 2.5. C,sH,¢Cl,IrSe, requires C, 27.6; H, 2.5%); vM-Cl) at
306s and 279m cm™.

The complex tribromo(2,5-diselenahexane)iridium(), [{Ir-
(MeSeCH,CH ,SeMe)Br,},] was prepared similarly from
iridium tribromide and 2,5-diselenahexane in refluxing ethanol
(Found: C, 7.2; H, 1.4. C,H,,Br;IrSe, requires C, 74; H, 1.5%);
v(M-Br) at 240(sh) and 223s,br cm™'.

Tetramethylammonium trans-tetrachlorobis(dimethyl selen-
ide)iridate(ui), [NMe, ][ Ir(Me,Se),Cl,].

Iridium trichloride hydrate (0.35 g, 1 mmol), concentrated
hydrochloric acid (2 cm?), dimethyl selenide (0.22 g, 2 mmol),
and [NMe,JCI-H,O (049 g, 5 mmol) were mixed in 2-
methoxyethanol (70 ¢cm?) and refluxed with stirring for 16 h.
The product was evaporated to dryness, treated with ethanol
and the light brown powder produced filtered off, washed with
diethyl ether, and dried in vacuo; yield 0.42 g (67%,).
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Tetramethylammonium  tetrachloro(2,5-diselenahexane)irid-
ate(m), [NMe, J[Ir(MeSeCH,CH ,SeMe)Cl,].Trichloro(2,5-di-
selenahexane)iridium(in) (0.5 g, 1 mmol) and [NMe,]JCI-H,O
(0.49 g, 5 mmol) were mixed in 2-methoxyethanol (50 cm?) and
heated to reflux with stirring for 16 h. The solution was allowed
to cool, filtered, and the solvent removed in vacuo. The residue
was treated with a small volume of ethanol (10 cm?®) and the buff
precipitate filtered off, washed with ethanol followed by diethyl
ether, and dried in vacuo; yield 0.4 g (65%).

The following iridium(1i) anionic complexes were prepared
similarly. Tetramethylammonium tetrachloro(2,6-diselenahep-
tane)iridate(in), [NMe,][Ir{MeSe(CH,);SeMe}Cl,] (Found:
C,16.7; H, 3.9; N, 2.3. C4H,,Cl,IrNSe, requires C, 16.9; H, 3.8;
N, 2.2%); v(M-Cl) at 307s, 292s, and 275(sh) cm™!. Tetra-
methylammonium [1,2-bis(phenylseleno)ethane]tetrachloro-
iridate(i1), [NMe,][Ir(PhSeCH,CH,SePh)Cl,] (Found: C,
28.7;H,34,N, 1.8. C,gH,Cl,IrNSe, requires C, 28.9; H, 3.5; N,
1.9%); v(M-Cl) at 300s, 291m, 280s, and 269(sh) cm™'.
Tetramethylammonium [1,3-bis(phenylseleno)propane]tetra-
chloroiridate(in), [NMe,][Ir{PhSe(CH,),SePh}Cl,] (Found:
C,29.7;H,3.6,N, 1.7. C, 4H,3Cl,IrNSe, requires C, 29.8; H, 3.7;
N, 1.8%); v(M-Cl) at 303s, 283vs, and 269(sh) cm™!.

The complex tetraecthylammonium tetrabromo(2,5-diselena-
hexane)iridate(mn), [NEt,J[Ir(MeSeCH,CH,SeMe)Br,] was
prepared similarly from tribromo(2,5-diselenahexane)irid-
ium(m) and [NEt,]Br-H,O in refluxing 2-methoxyethanol.
Yield 0.8 g (32%).

Tetrachloro(2,5-diselenahexane)iridium(iv), [Ir(MeSeCH,-
CH,SeMe)Cl,]. Finely powdered [NMe,][Ir(MeSeCH,CH ,-
SeMe)Cl,] (0.6 g, 1 mmol) was suspended in dry carbon
tetrachloride (20 cm?) and C1,—CCl, (~2 mmol) added. The
mixture was stirred vigorously for 24 h when the solid slowly
turned dark red. The solid was filtered off, washed with CCl,,
and dried briefly in vacuo. This product was powdered, stirred
under dry nitromethane (20 cm?) for 16 h, filtered off and the
Cl,-CCl, oxidation repeated. The final product was then
filtered off, washed with CCl,, and dried in vacuo; yield 0.28 g
(51%).

The other tetrachloroiridium(iv) species [Ir(L-L)Cl,]
[L-L = RSe(CH,);SeR (R = Ph or Me) or PhSeCH,CH,-
SePh] and [Ir(Me,Se),Cl,] were made similarly in 30—60%,
yields.

Trichloro(2,5-diselenahexane)ruthenium(m), [{ Ru(MeSeCH ,-
CH,SeMe)Cl;},]. Ruthenium trichloride hydrate (048 g, 2
mmol) and 2,5-diselenahexane (1.2 g, 6 mmol) were mixed in
ethanol (50 cm?) with stirring. After 1 h, a brown precipitate of
the product was filtered off, washed with ethanol and diethyl
ether, and dried in vacuo; yield 0.42 g (50%,). The filtrate was
stirred for a further 20 h when the solvent was reduced to a small
volume (~5 cm?®) in vacuo. On standing at 0°C, a further
precipitate of hexachlorotris(2,5-diselenahexane)diruthenium-
(1), [{Ru,(MeSeCH,CH,SeMe);Cl,},] was obtained, filtered
off, washed with diethyl ether, and dried in vacuo; yield 0.37 g
(35%)

Tetraphenylarsonium tetrachloro(2,5-diselenahexane)ruthen-
ate(111), [AsPh J[Ru(MeSeCH,CH,SeMe)Cl,]. Ruthenium tri-
chloride hydrate (0.24 g, 1 mmol) and [AsPh,]Cl (045 g, 1
mmol) were separately dissolved in hot acetone, filtered, and
combined. 2,5-Diselenahexane (0.2 g, 1 mmol) in acetone (10
cm?) was added, and the mixture stirred under reflux for 16 h.
The solvent was reduced in vacuo and on standing at 0 °C, an
orange brown solid was obtained, yield 0.44 g (53%).

Tetrachloro(2,5-diselenahexane)osmium(iv), [Os(MeSeCH ,-
CH,SeMe)Cl,]. Sodium hexachloro-osmate(iv) (045 g, 1
mmol) and 2,5-diselenahexane (0.2 g, | mmol) were mixed in 2-
methoxyethanol (50 cm?). The mixture was stirred and heated
briefly to reflux. The solvent was then reduced in vacuo (~ 10
cm?) and treated with diethyl ether. The green precipitate was
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Table 4. Final atomic co-ordinates (x 10*) for [Pt{o-C¢H(Se-
Me),}Cl,]

Atom X y z

Pt —1906.2(7) 3 548.0(4) 6 027.2(4)
Se(1) 1 166(2) 3701(1) 6 640(1)
Se(2) —2165(2) 5165(1) 6 500(1)
CK1) ~—4852(5) 3460(3) 5363(4)
CK2) —1404(6) 2044(2) 5479(3)
Cl(3) — 2 324(6) 3046(3) 7 733(3)
Cl(4) —1502(5) 4 055(2) 4 296(3)
C(1) 1 847(25) 2 631(10) 7 608(14)
C(2) 1 129(19) 4610(9) 7 766(11)
C(3) 2535(19) 4 701(10) 8 640(11)
C(4) 2523(21) 5 389(10) 9 399(12)
C(S) 1 171(25) 5995(11) 9 343(13)
C(6) —249(20) 5927(11) 8 498(13)
C(7) —260(17) 5239(9) 7 711(10)
C(8) —4049(21) 5209(12) 7 318(14)

filtered off, washed with diethyl ether, and dried in vacuo; yield
0.35 g (64%).

The other osmium selenoether complexes [Os(L-L)Cl,]}-
[L-L = MeSe(CH,),SeMe, PhSeCH,CH,SePh, or MeSeCH-
CHSeMe] and [Os(Me,Se),Cl,] were prepared similarly.

Tetrabromo(2,5-diselenahexane)osmium(1v), [Os(MeSeCH,-
CH,SeMe)Br,]. Sodium hexabromo-osmate(iv) (0.72 g, 1
mmol) and 2,5-diselenahexane (0.2 g, 1 mmol) were stirred in 2-
methoxyethanol and heated to reflux. On cooling, diethyl ether
was added and the resulting dark red precipitate filtered off,
washed with diethyl ether, and dried in vacuo; yield 0.28 g (38%,).

Crystal Structure Determination—Air-stable pale yellow
nzedle crystals were grown by slow diffusion of chlorine gas into
a saturated solution of [Pt{o-CcH,(SeMe),}Cl,]* in dichloro-
methane over a period of several days. Preliminary
photographic X-ray examination established the crystal system
and approximate cell dimensions.

Crystal data. CgH | ,C1,PtSe,, M = 600.97, monoclinic, a =
7.926(5), b = 14.545(3), ¢ = 12.307(4) A, B = 99.88(4)°, U =
1397.75 A3, D, = 2.855 g cm™, Z = 4, F(000) = 1088, A =
0.7107 A, w(Mo-K,) = 159.7 cm™'. Space group P2,/n (no. 14).

Intensity data were recorded on an Enraf-Nonius CAD-4
diffractometer using graphite monochromated Mo-K, radia-
tion. The intensities of 2747 reflections were recorded
(1.5 <0 <25 on a room temperature  crystal
(0.35 x 0.10 x 0.10 mm) sealed in a thin-walled glass capillary.
Three check reflections showed no deterioration during the
experiment and removal of systematically absent reflections and
averaging (R,,, = 0.036) gave 2 450 unique reflections. A -
scan empirical absorption correction was applied to the data
[transmission: 99.8(max.), 58.8(min.)%;]. Those reflections
(523) where F < 2.50(F) were omitted leaving 1 927 reflections
which were used for the structure determination and refinement.

Solution and refinement of the structure. A Patterson synthesis
was used to locate the Pt atom and repeated structure factor and
electron-density synthesis located Se, Cl, and the six C atoms of
the benzene ring. Least-squares refinement (isotropic atoms, R
0.12) and electron-density synthesis showed the two remaining
C atoms of the structure. Full-matrix least squares with
anisotropic atoms reduced R to 0.058 with the difference
electron-density synthesis showing little evidence for H atoms
and with the largest peak (4 ¢ A-3) close to the Pt atom. The
large linear absorption coefficient of the crystal was a possible
factor and the empirical absorption correction DIFABS 28 was
applied to the data. The data were not felt to be of a quality to
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warrant inclusion of H atoms and full-matrix least-squares
refinement converged to R = 0.052 (R’ = 0.061) {136 para-
meters, anisotropic atoms, w = 1/[¢%(F) + 0.0005F%], max.
shift-to-error ratio 0.2, reflections-to-parameters ratio 14.2}.
The final difference electron-density synthesis showed peaks in
the range 1.2 to — 1.9 ¢ A-3 apart from three peaks (max. 3.9 ¢
A=) close to Pt, Se(1), and Se(2). The final atomic co-ordinates
are given in Table 4.

Scattering factors for neutral atoms and anomalous
dispersion corrections were taken from International Tables 2°
(Pt, Se) and the SHELX package *® (Cl, C). Calculations were
performed using the programs SHELX,*® XANADU,3!
ORTEP,*? and DIFABS?® on an ICL 2976 computer at
Southampton University.
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