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Reactions of cis- or grans [RuCl,L,1 (L = PMe,Ph, PMePh,, or PEt;) with o-MeCgH,CH,MgBr

produce [Ru(CH CB 4CH2)L3] as the only isolable product at temperatures down to —30 °C,
presumably by 5-hydrogen-abstraction reactions. For L = PMej no reaction is observed but

[Ru(CH CeH 4CH2)(PMe3)3] may be synthesised from [RuCl,(PMe3)4] and 0-MeCgH,CH,Li‘tmen
(tmen = Me,NCH,CH,NMe,) in toluene. The yellow colour of the complexes, as well as thelr H

and 3P n.m.r. spectra and their reaction with CO to give substitution products rather than adducts,
suggest a diene like (n2:n2) binding of the xylylene ligand. This is fully confirmed by an X-ray study of

[Ru(CH CeH 4CH2)(PMe2Ph)3] which is monoclinic, space group P2,/c, with a = 156.919(2),

b =11.643(2), ¢ = 16.674(3)A, p = 104.60(30)°, and Z = 4. The structure was determined with

3 098 observed intensities measured on an automatic diffractometer and refined to an R value of
0.029. The co-ordination geometry can be considered as distorted square pyramidal with the diene
molecule occupying two basal sites and bound through its exocyclic double bonds. The C-C distances
suggest localisation of bonding in the xylylene ring and the angle between the plane containing
Ru,C(1).C(4) and the extension of that of C(1),C(2),C(3).C(4) is 93°, confirming the n?:n? binding

of the xylylene ligand.

We have recently reported ! that decomposition of bis(o-
methylbenzyl) complexes of platinum occurs via hydrogen
abstraction from the 8-carbon atom of one alkyl group to give
2,3-benzoplatinacyclopentene complexes, although forcing
conditions (refluxing in xylene for 16 h) are required. This
§-hydrogen abstraction from a carton donor ligand, although
known,?>* is considerably less usual than abstraction from «,°
B,” or v &° carbon atoms.

We now report that such 8-hydrogen abstraction reactions
on ruthenium are so facile that dialkyl complexes cannot be
isolated even at low temperature. Similar marked differences
in reactivity between platinum ° and ruthenium ® have been
observed in the formation of 2,3-dimethylmetallacyclobutane
complexes via y-hydrogen abstraction reactions in bis-
(neopentyl) complexes. A preliminary communication of our
results has appeared.’

Results and Discussion

Preparation of o-Xylylene Complexes of Ruthenium.—
Reactions of cis- or trans-[RuCl,L,] (L = PMe,Ph, PMePh,,
or PEt;) with two or more mol equivalents of o-MeCgH,CH,-
MgBr in diethy! ether at temperatures down to —30 °C lead
to orange solutions from which compounds analysing (Table

1) as [Ru(CH2C6H4CH2)L3] may be isolated in high yield,
although for L = PEt; we have not obtained the pure com-
plex. Below —30 °C no reaction occurs and we have been

+ Tris(dimethylphenylphosphine)(1—a-n : 2—a’-n-o-phenylene-
dimethylene)ruthenium.

Supplementary data available (No. SUP 23361, 16 pp.): thermal
parameters, H-atom co-ordinates, structure factors. See Notices to
Authors No. 7, J. Chem. Soc., Dalton Trans., 1981, Index issue.

Non-S.I. unit employed: atm = 101 325 Pa.

unable to isolate any intermediates in the reactions. We
believe that the reactions proceed via [Ru(CH,C¢HsMe),L,]
(n = 3 or 4) followed by loss of o-xylene rather than via loss of
HCI from [RuCI(CH,CsH,CH3)L,] since reaction of [RuCl,-
(PMezPh)A] with 1 mol equivalent of o-MeCsH,CH,MgBr

leads to [Ru(CH CeH 4CH2)(PMe2Ph)3] and unreacted [RuCl,-
(PMe;Ph),].

Somewhat surprisingly, [RuCl,(PMe;),] does not react with
0-MeCsH,CH,MgBr even on warming but the complex

1
[Ru(CH,CsH,CH,)(PMe;);] can be prepared from [RuCl,-
(PMe;);] and o-MeC4¢H,CH,Li‘tmen [tmen = 1,2-bis(di-
methylamino)ethane] in toluene solution. This difference in
reactivity suggests that, for the Grignard reaction, prior dis-
sociation of a phosphine molecule, which is facile for L =
PMe,Ph, PMePh,, or PEts,'" but not for PMe;, may be re-
quired. One of us *? has previously isolated a complex contain-
ing a Ru(MeMgCl) unit which lends support to the view that
Grignard alkylations may occur via a four-centred transition

1
state such as [Ru{RMg(Br)Cl}].

Table 1. Analytical data (%) for new ruthenium complexes

Analysis *

Complex C H P
trans-[RuCl,(PMe,Ph),} ® 53.3(53.0) 6.2(6.1) 16.9(17.1)

[Ru(CH,C,H,CH,)(PMe,Ph);]  62.4 (62.0) 6.8 (6.6)
1
[Ru(CH,C,H,CH,)(PMePh,),]  69.0 (70.1) 5.9 (5.8)

1
[Ru(CH,CsH,CH,)(PMe,);] 47.2(47.1) 8.0(8.1)
 Calculated values are given in parentheses. ® Cl 10.4 (9.8)%.

11.0(11.5)
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Table 2. Proton n.m.r data ° for new ruthenium compounds measured in CgDs using CsDsH (8 7.27) as internal standard

PZMC + PGMG P IMC CH(xu CHendo

Compound ) J(PH) +J(PH) & JPH) & JPH) & J(PH) J(HH)
-
[Ru(CH,C¢H,CH,)(PMe,Ph)s]® 121 (d)° 5 1.73 (@) 7 190(@d) 6 -0.15(dd) 8 4

1.29 (d) 5

1
[Ru(CH,CH,CH,)(PMePh,);]* 1.7 (d) ¢ 5 2.22 (d) 6  1.99(dd) 6 063(dd) 8 4
1
[Ru(CH;C H.CH,)(PMe3);] 0.98 (d)© 6 1.37 (d) 8 189(dd) 6 —013(dd) 8
1
[Ru(CH;CoHCH,)(PEt,);] d d d d —004(dd) 8 4

“ J values in Hz. ® Phenyl resonances near § 7.5. ¢ Virtual doublet with intensity between outer lines. ¢ Not analysed.

Figure. Solid-state structure and atomic numbering scheme for
- 7T
[Ru(CH,CsH,CH:)}(PMe,Ph);]

During the course of this work, Bennett and co-workers 1314

have prepared very similar complexes by deprotonation of
[Ru(n-CsMee)L;] [L = P(OMe;), PMe,Ph, or P(OCH,),-
CMel. : —

Mass spectroscopic studies on {Ru(CH,C¢H,CH,)(PMe,-
Ph),;] show a parent ion at m/e 620 (**?Ru) and a fragment-
ation pattern arising from loss of phosphines and the o-
xylylene unit, confirming the monomeric nature of the com-
plex. If the xylylene group were bound as a two-electron donor
in these molecules, they would be five-co-ordinate 16-electron
complexes of ruthenium(i). However, their spectroscopic and
chemical properties (see below and Table 2) suggest that they
are 18-electron complexes and that the xylylene moiety is
bound as a diene (n?: n? co-ordination). This conclusion is

1
confirmed by X-ray diffraction studies on [Ru(CH,C¢H,CH,)-
(P Me;Ph);].

—

The Solid-state Structure of [Ru(CH,CsH,CH,)}PMe,Ph);].
—A diagram of the molecule is shown in the Figure, whilst
selected bond lengths and angles are given in Table 3. The
representation of the ligand binding as a four-electron, diene
system is confirmed in a number of ways. First of all it is quite
symmetrically bonded, with the molecule possessing an

Table 3. Selected bond lengths and angles

(a) Bond lengths (A)

Ru-P(1) 2.242(1) Ru-P(2) 2.323(1)
Ru-P(3) 2.316(1) Ru-C(1) 2.168(4)
Ru-C(2) 2.290(4) Ru-C(3) 2.305(4)
Ru-C(4) 2.179(5) Ru-C(1.2)*  2.115(4)
Ru-C(3.4)*  2.122(4)

P()-C(11)  1.835(5) P(1)-C(12)  1.835(5)
P(1)-C(111)  1.834(4) PQ2)-C(21)  1.821(5)
PQ2)-C(22)  1.830(8) P(2)-C(211)  1.859(4)
P(3)-C(31)  1.831(8) P(3)-C(32)  1.844(9)
P(3)-C(311)  1.843(4)

cC()-C(2) 1.415(7) C(4)-C(3) 1.456(6)
C(2)-C(3) 1.440(5) C(3)-C(5) 1.414(7)
C(5)-C(6) 1.362(7) C(6)-C(7) 1.394(7)
C(7)-C(8) 1.352(8) C(8)-C(2) 1.426(6)
(b) Bond angles ()

P(1)-Ru-P(2) 96.7(0) P(1)-Ru-P(3) 102.0(0)
P(1)-Ru-C(1) 87.6(1) P(1)-Ru-C(4) 96.1(1)
P(2)-Ru-P(3) 94.6(0) P(2)-Ru-C(1) 94.8(1)
P(2)-Ru-C(4) 164.2(1) P(3)-Ru-C(1) 165.6(1)
P(3)-Ru-C(4) 91.7(1) C(1)-Ru-C(4) 76.5(2)
P(1)-Ru-C(1.2) 106.0(1) P(2)-Ru-C(1.2) 97.2(1)
P(3)-Ru—C(1.2) 148.0(1) P(1)-Ru-C(3.4) 113.4(1)
P(2)-Ru-C(3.4) 144.9(1) P(3)-Ru-C(3.4) 96.3(1)
C(1.2)-Ru-C(3.4)  58.4(1)

Ru-P(1)-C(11) 124.12) Ru-P(2)-C(21) 116.8(2)
Ru-P(1)-C(12) 116.4Q2) Ru-P(2)-C(22) 120.002)
Ru-P(1)-C(111)  113.9(1) Ru-P(2)-C(211)  117.8(1)
COD-P(1)-C(12)  97.3(3) C(21-P(2)-C(22)  98.2(3)
COD-P(1)-C(111)  100.1(2) CQRD-P(2)-C211)  99.02)
C(12)-P(1)-C(111) 101.3(2) C(22)-P(2)-C(211) 101.2(3)
Ru-P(3)-C(31) 120.6(2)

Ru-P(3)-C(32) 116.1(2)

Ru-P(3)-C(311)  118.9(1)

CG1)-P(3)-C(32)  98.8(3)

C(31)~-P3)-C(311)  99.5(2)

C(32)-P(3)-C(311)  98.8(3)

C(1)-C(2)-C(3) 116.4(3) C(1)-C(2)-C(8) 126.3(4)
C4)-C(3)-C() 115.3(4) C(4)~-C(3)-C(5) 125.7(4)
C(2)-C(3)-C(5) 118.8(4) C(3)-C(5)-C(6) 121.1(4)
C(5)-C(6)-C(7) 120.5(5) C(6)-C(7)-C(8) 120.5(5)
C(7)-C(8)-C(2) 121.9(4) C(8)-C(2)-C(3) 117.2(4)

* C(1.2) and C(3.4) refer to the centres of the bonds C(1)-C(2)
and C(3)-C(4) respectively.

approximate mirror plane bisecting the CH,C¢H,CH, ligand
and containing Ru and P(1). This is well demonstrated by the
similarity in bond angles from P(1)~Ru to atoms on each side
of this approximate plane. In fact, if the midpoints of the
exocyclic double bonds are taken as co-ordination points, the
co-ordination geometry can be regarded as square pyramidal,
with P(1) axial and P(2),P(3) and the two centre points form-
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ing the base, see Table 3. This representation correlates with
the differences in Ru—P distances, where Ru—P(1) is distinctly
different from Ru—P(2) and Ru—P(3). A second confirmation
of the diene bonding mode is given by the orientation of the
plane of the ligand relative to the RuP; unit. The angle of
fold at C(1),C(4), that is the dihedral angle between the plane
containing Ru,C(1),C(4), and the extension of that of C(1),-
C(2),C(3),C(4), is 93°, much larger than the value of 40° found
in complexes where the xylylene ligands are acting as two-elec-
tron donors '3+'¢ or even in complexes where some degree of nt
interaction is suggested (53.1,!" 66° '¢). Only for the complex

[} |
[W(CH,C,H,CH,);] has an angle near 90° been observed.'®

Additionally, the Ru—C(2) and Ru—C(3) distances are only
slightly larger than Ru—C(1) and Ru—C(4), a difference which
could be due to steric crowding.

The geometry of the CH,CsH,CH. ligand is final confirm-
ation of the proposed electronic structure, with strong indic-
ations of n-bond localisation. The C(5)—C(6) and C(7)~-C(8)
lengths are considerably shorter than the others and show that
the aromaticity of the six-membered ring has been removed.
Broadly similar bond lengths and angles have been observed *°
in the CgHg ring of [Fe(CgHg)(CO),(PPh;)], the only other
example of a truly n?: n? xylylene complex whose structure
has been crystallographically determined. Similarly, the C(3)—
C(4) and C(1)-C(2) distances of 1.456 and 1.415 A are similar
to those found ' in the iron complex and are significantly

N e |
shorter than those observed '7 in [Zr(CH,CsH,CH.)(CsH5),],
where only a small amount of r interaction between the metal
and the xylylene group is suggested.

e -1
In {[W(CH,C,H,CH.);], where the ligands are significantly
distorted '® so that substantial interaction between the metal
and the phenyl rings probably occurs, the C—C distances are

r |
much more like those found in [Ru(CH,CsH,CH,)PMe,-
Ph),).

pr 1

The phosphine ligands of [Ru(CH,CsH,CH,)(PMe,Ph);]
are unexceptional, being similar to those in other dimethyl-
phenylphosphine complexes of ruthenium, except that the
same deviations from tetrahedral geometry at phosphorus,
leading to one Ru—P—C(methyl) angle of ca. 120° for each
phosphine, that has been observed for [Ru,Cly(PMe,Ph);]* 2°
and [RuH(C;Hg¢)(PMe,Ph);]1*,2! are also observed in

T T

[Ru(CH,CsH,CH,)(PMe,Ph);]. The origin of these deviations
has been discussed 2* and attributed to steric interaction
between the phosphine ligands. Overall, the structure of

i 1
[Ru(CH,C¢H,CH,)(PMe,Ph);] is very similar 2! to that of
[RuH(CHg)(PMe,Ph);]*, with bond distances and angles
about the ruthenium atom, as well as in the co-ordinated C,
fragment, being almost-identical, despite the presence of an
hydrido-ligand in the butadiene complex. The ruthenium atom

| T
of [Ru(CH,CsH,CH,)(PMe,Ph),] thus has 18 electrons, con-
sistent with the yellow colour of the complex, red being a more
usual colour for 16-¢lectron ruthenium complexes.?

A
Spectroscopic Properties of [Ru(CH,C¢H,CH,)L;].—The

n.m.r. spectroscopic properties of [Ru(CH,CsH,CH,)L,]
are entirely consistent with the compounds retaining their
solid-state structure in solution. Thus, in the proton n.m.r.
spectrum two signals are observed from the phosphine methyl
groups (relative intensity 2:1). The methyl groups on the
unique phosphorus atom resonate as a doublet [J(PH) = 7
Hz] whilst those on the other phosphorus atoms give a doublet
with some intensity between the outer lines, a signal typical 24

1869

Table 4. Atom co-ordinates (x 10%)

Atom X y z

Ru * 2 196(*) 1.592(%) 2 065(*)
P(1) 3001(1) 3 008(1) 1732(1)
P(2) 1911(1) 645(1) 800(1)
P3) 3 246(1) 299(1) 2 734(1)
C) 1 088(3) 27334) 1711(3)
C(2) 797(2) 1 848(4) 2 158(3)
C(3) 1 325(2) 1 622(4) 2 980(2)
C4) 2 100(3) 2 331(4) 3240(3)
C(5) 1 099(3) 696(4) 3432(3)
C(6) 384(3) 41(5) 3111(3)
) —134(3) 258(5) 2 318(3)
C(8) 63(3) 1 125(5) 1 856(3)
C(11) 4071(3) 2 794(5) 1 529(4)
C(12) 2 510(4) 3 821(5) 788(3)
C(111) 3259(3) 4 161(3) 2 505(3)
C(112) 2 743(4) 5121(4) 2 463(4)
C(113) 2 940(5) 5 969(5) 3052(5)
C(114) 3 639(6) 5 865(6) 3 701(5)
C(115) 4162(4) 4 907(6) 3773(3)
C(116) 3969(3) 4 057(5) 3182(3)
C@21) 990(4) 1 157(5) —6(3)
C(22) 2722(4) 641(6) 193(4)
C(211) 1 623(3) —904(4) 780(3)
C(212) 1 706(4) —1674(5) 186(4)
C(213) 1437(4) —2 794(5) 192(5)
C(214) 1 060(4) —3 165(5) 792(5)
C(215) 975(3) —2417(5) 1391(4)
C(216) 1 256(3) —1303(4) 1.393(3)
CcQ@3l1) 3 692(4) —760(6) 2 141(5)
C@32) 2931(5) —681(6) 3 476(5)
C@311 4 265(3) 855(3) 3409(3)
C(312) 5025(3) 933(4) 3 151(3)
C(313) 5 765(3) 1 420(4) 3 648(3)
C(314) 5771(3) 1 816(5) 4 415(3)
C(315) 5045(3) 1 725(5) 4 693(3)
C(316) 4 299(3) 1263(5) 4 201(3)

* Estimated standard deviations of x, y, and z co-ordinates are 0.2,
0.3, and 0.2 referred to the last significant figures.

of an H,PP'H’, spin system with J(PP) being small but non-
zero and J(PH) + J(PH") = § Hz. For L = PMe,Ph, the lack
of a plane of symmetry through the phosphorus atoms of the
two chemically equivalent phosphines renders the two methyl
groups on each phosphorus atom diastereotopic and hence two
second-order doublets of equal intensity are observed in this
case.

The resonances from the xylylene group are also more con-
sistent with n?:n? binding than simple metallocyclic co-
ordination since, although the two methylene groups are
equivalent, the two hydrogens on each are substantially
different, resonating as doublets of doublets at near & 0 and 2.
Homonuclear decoupling experiments show that the two
protons of each methylene group are coupled to one another
[J(HH) = 4 Hz] and that the other coupling is to phosphorus
[J(PH) = 6 Hz for the low-field signal and 8 Hz for the
high-field signal]. Apart from the coupling to phosphorus,
spectra are extremely similar to those reported 25-? for [Fe-
(CsHg)(CO)3] which can be prepared from [Fe,(CO)s] or
[Fe(CO),)*~ and «,«’-dibromoxylene, and for the recently
prepared ¥’ [Co(CsHg)(CsHs)], both of which contain an n*-
xylylene ligand. The very high-field shift of one of the protons
of each methylene group is also similar to those found in diene
complexes,?® but complexes in which the xylylene ligand is
bound as a dialkyl do not show this high-field shift.!-15-18

— 1
The 3C n.m.r. spectrum of [Ru(CH.C<H,CH.)(PMe,Ph),]
(see Experimental section) is unexceptional, with the methyl-
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ene carbon atom resonating as a doublet of triplets. However,
the *'P n.m.r. spectra of the complexes with L = PMe,Ph or
PMePh, both show two singlet resonances of intensity ratio
1:2. These clearly must be assigned to the unique and
symmetry-related phosphorus atoms respectively but the
lack of coupling between the two sets of atoms is surprising,
usual values for J(PP).; being >20 Hz for five-co-ordinate
complexes of ruthenium-(0) ? or -(11).!*

Very low P—P couplings have been observed for other diene
complexes of ruthenium and iron '*? and zero couplings
occur ¥ in [Ru(C,HsR)(PPh;),L’] (L" = styrene, R = H or
Et). Although the two singlet resonances in the 3'P n.m.r.
spectra of these complexes were originally assigned *° to their
existing in two different isomeric forms of equal population,
we now believe that only one isomer is present and that J(PP)
=0.

These very low couplings presumably reflect the P-Ru-P

1
angles which for [Ru(CH,C¢H,CH,)(PMe,Ph);] will be close
to their solid-state values of ca. 100° and probably similar to
those found 3! in tetrahedral complexes of nickel(0), for which
J(PP) is also zero. In other five- and six-co-ordinate complexes
of ruthenium-(0) or -(11), angles of ca. 90° (octahedral, tri-
gonal bipyramidal, square pyramidal) or 120° (trigonal bipy-
ramidal) would be expected and would give rise to the ob-
served higher values of the coupling constants.

B “
Reaction of [Ru(CH;CsHsCH,)(PMePh,),] with Carbon

I -
Monoxide.—Were [Ru(CH,C,H,CH,)L;] simple five-co-
ordinate complexes containing the xylylene ligand bound as
a dialkyl, they should readily add small donor molecules such

1
as carbon monoxide to give [Ru(CH,CsH,CH,)L;(CO)]. The
fact that no reaction is observed under mild conditions is
further evidence in favour of the n?: n? mode of bonding.
Under more forcing conditions (80 atm, 80 °C, 16 h), mass
spectral studies show a range of products to be produced,
which we have been unable to separate. These include

T T
[Ru(CH,CsH,CH,)CO),(PMePh;)] and [Ru(CO);(PMePh,),]
but no simple addition product. The fate of the displaced
xylylene molecule has not been established.
Under u.v. irradiation, carbonylation occurs at 1 atm and
room temperature but we have again been unable to isolate a
pure product. Mass spectroscopic studies show that the main

1
product is [Ru(CH,CsH,CH,)(CO)(PMePh,),].

Experimental

Microanalyses were by Berhardt Analytische Laboratories
and Elemental Microanalyses Ltd. N.m.r. spectra were
recorded on Perkin-Elmer R12B and R34 (‘H) or JEOL
FX90Q (*C and 3'P) spectrometers. Melting points were
obtained in an electrothermal melting-point apparatus in
sealed capillaries in vacuo and are uncorrected.

All solvents were thoroughly dried by distillation from
sodium-benzophenone ketyl and degassed before use. The
light petroleum had a boiling range of 60—380 °C. All manipul-
ations were carried out under dry oxygen-free nitrogen using
standard Schlenk-line and catheter-tubing techniques. The
Compounds [RuClz(PPh3)3],” cis-[RuC]z(PMezPh)d,”
[Ru.z(:l:g(PMez[’h)s]cl,33 t"a’ls-[l{u(:lz(PMe3)4],34 0‘MCC6H4-
CH;MgBr,* and 0-MeCgH,CH,Li‘tmen % were prepared by
standard literature methods.

trans-Dichlorotetrakis(dimethylphenylphosphine)ruthenium-
(11).—The compounds [RuCl,(PPh;);] (1.0 g) and PMe,Ph

J. CHEM. SOC. DALTON TRANS. 1982

(1.0 cm®) were stirred in light petroleum (75 cm?) for 16 h.
The resulting mustard yellow solid was collected, washed with
light petroleum, and dried ir vacuo. Yield ca. 90%. The
compound is considerably more stable than the cis isomer,!!
being recovered unchanged as orange crystals on recrystallis-
ation from toluene-light petroleum. Lr.: v(Ru—Cl) 302 cm™!.
N.m.r.:¥P*§ —7.7(s); 'H, 5 1.8 (s, br).
Dichlorotetrakis(triethylphosphine)ruthenium(ir) was simi-
larly prepared as pale yellow crystals from the reaction of
[RuCl,(PPh;);] (1.0 g) and PEt; (1.0 cm?) for 96 h.

Tris(dimethylphenylphosphine)(1—o-n : 2—a’-0-phenylene-
dimethylene)ruthenium(0).—(i) The compound cis-[RuCl,-
(PMe,Ph),] (0.5 g) was stirred with o-MeC¢H,CH,MgBr (1.5
cm?, 1.0 mol dm™3) in diethyl ether (20 cm?) for 1 h. The clear
orange solution was evaporated to dryness and the resulting
orange oil extracted into toluene (15 cm®) before filtration,
evaporation to 4 cm?®, and addition of light petroleum (10
cm?®). The solution was filtered to remove precipitated
Grignard reagent and magnesium halides (this often required
more than one filtration) and cooled to —30 °C for 16 h to
give yellow-orange crystals which were collected and dried in
vacuo. M.p. 180—182 °C (decomp.).

(if) As above but using trans-[RuCl,(PMe,Ph),] (0.5 g).

(iii) As above but using [Ru,Cl;(PMe,Ph)s]Cl (0.6 g). Yield
ca. 60%,.

(iv) As (ii) above but at —30 °C; below this temperature no
reaction was observed.

(v) As (ii) above but using 0-MeC¢H,CH,MgBr (0.7 cm?,
1.0 mol dm™) gave an orange solution with a yellow solid.
These were separated by filtration and the solid identified as
unreacted trans-[RuCl;(PMe,Ph),]. Treatment of the orange
solution, as described above, afforded the complex as yellow-
orange crystals. Yield ca. 30%.

N.m.r.: 3P, 25.71 (s, rel. int. 1), 5.05 (s, 2); "C (alkyl
region), § 35.40 [d, J(P'C) = 4, of t, J(P*C) 4 J(P*C) = 15
(CH,)], 26.02 [d, J(PC) = 24 (CHaJ)], 24.71 [t, J(PC) + J(PC")
= 22 (CHs)], 23.63 [t, J(PC) + J(PC’) = 22 Hz (CHy)}.

The following compounds were similarly prepared.

Tris(methyldiphenylphosphine)(1—o-n : 2—a'-n-0-phenylene
dimethylene)ruthenium(0) from [RuCl,(PMePh,),] (0.6 g) and
0-MeC H,CH,MgBr (1.3 cm?, 1.0 mol dm™). 3P N.m.r.:
35.71 (s, 1), 19.71 (s, 2). M.p. 200—203 °C (decomp.).

(1—o-n : 2—a’-n-0-Phenylenedimethylene)tris(triethyl-
phosphine)ruthenium(0) from [RuClxPEt;),] (0.5 g) and o-
MeCsH,CH,MgBr (1.6 cm? 1.0 mol dm™3). The orange
ethereal solution was evaporated to dryness and extracted
with light petroleum. Attempts to obtain crystals from this
solution were unsuccessful, but evaporation to dryness
afforded an orange oil which was identified as containing the
product by its high-field 'H resonance (see Table 1).

(1—o-n : 2—a'-n-0-Phenylenedimethylene)tris(trimethyl-
phosphine)ruthenium(0),—The compound [RuCl,(PMe;).]
(0.4 g) in toluene (75 cm?) was stirred with 0-MeC¢H,CH,Li-
tmen (1.7 cm?, 1.0 mol dm™ in diethyl ether) for 16 h. The
resulting orange-red solution was evaporated to dryness and
the oil so formed extracted with light petroleum. After filtra-
tion and evaporation to dryness, the yellow-orange solid was
obtained analytically pure after heating at 120 °C in vacuo for
16 h to remove solvent, tmen, and 2,2’-dimethylbibenzyl.

( |
Reaction of [Ru(CH,C¢H,CH,)(PMePh,);] with Carbon
T T
Monoxide.—(i) Thermal. The compound [Ru(CH,C.H,CH,)-

* Chemical shifts in p.p.m. to high frequency of external 859
H;PO,.
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(PMePh,);] (0.25 g) in benzene (5 cm®) was heated to 80 °C for
16 h under carbon monoxide (80 atm). The resulting orange
solution was evaporated to dryness and mass spectral studies

| S |
showed a mixture of mainly [Ru(CH,CsH,CH;)(CO),-
(PMePh,)] (m/e = 462, '2Ru) and a little [Ru(CO);(PMe-
Ph,),] (m/e = 586, 1°2Ru). Attempts to separate these products
were unsuccessful. At 100 °C the products were the same but
[Ru(CO);(PMePh,),} was the major product.

— -1
(it) Photochemical. The compound [Ru(CH,CsH,CH,)-
(PMePh,);] (0.3 cm®) was photolysed in benzene in a silica re-
action vessel under carbon monoxide with light from a medium-
pressure mercury lamp for 96 h. Evaporation of the result-
ing solution to dryness followed by mass spectral analysis

)
showed that the major product was [Ru(CH,C.H,CH,)}(CO)-
(PMePh,),] (mfe == 634, '2Ru).

Crystallography.—Crystal data. C3;HyP3Ru, M = 619.70,
Monoclinic, @ = 15.9192), b = 11.643(2), ¢ = 16.674(3) A,
B = 104.60(30)°, U = 2990.6 A? space group P2,/c, Dy not
measured, Z = 4, D, = 1.38 g cm™3, p(Mo-K,) = 6.23 cm™,
F(000) = 1 288.

Data collection.®” CAD4 diffractometer, ©—20 scan mode,
o scan width = 0.8 -+ 0.35 tan, » scan speed = 1.27—6.77°
min~', Mo-K, radiation (A = 0.710 69 A), 1.5 < 0 < 25.0°.
4 163 Unique measured data, 3 098 of which were considered
observed [/ > 1.5¢(])].

Structure solution and refinement3” Standard heavy-atom
method, full-matrix least-squares refinement; non-hydrogen
atoms anisotropic, hydrogen atoms given individual isotropic
thermal parameters; weighting scheme w = 1/[¢*(F,) + 0.0003
F,?] with o(/) from counting statistics. Final R(= Z|AF|/
Z|F,)) and R(= IwAF?*ZwF,?) were 0.029 and 0.028. Final
atomic co-ordinates are listed in Table 4.
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