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The reaction of air-stable [RuCl2(COD)]x with Ph2PNMeNMePPh2 and NaOMe in sec-butyl
alcohol under argon at 85 °C affords the ruthenium dihydride Ru(Ph2PNMeNMePPh2)2H2

(1) in high yield. 1 reacts with CO, O2, S8, and CH2Cl2, affording the complexes Ru(Ph2-
PNMeNMePPh2)2(CO) (2), Ru(Ph2PNMeNMePPh2)2(O2) (3), Ru(Ph2PNMeNMePPh2)2(S2) (4),
and Ru(Ph2PNMeNMePPh2)2(H)(Cl) (5), respectively. 1 also reacts with PhCtCH, EtO2-
CCtCH, and C6H6 by C-H activation, yielding the complexes Ru(Ph2PNMeNMePPh2)2-
(H)(CtCPh) (6), Ru(Ph2PNMeNMePPh2)2(H)(CtCCO2Et) (7), and Ru(Ph2PNMeNMePPh2)2-
(H)(Ph) (8), respectively. The crystal structures of 3, 4 and 5 have been determined.

Introduction

There has been great interest in transition-metal
hydrides because of their broad reactivity patterns and
their potential as homogeneous catalysts for isomeriza-
tion, polymerization, hydrogenation, and other organic
transformations.1-6 In recent years, ruthenium hy-
drides with two coordinated bidentate phosphine ligands
have attracted considerable attention, especially in the
field of C-H activation.7-15 For example, Perutz and
co-workers have studied the photochemistry of Ru(R2-
PCH2CH2PR2)2H2 (R ) C2H5 (depe), C6H5 (dppe), C2F5
(dfepe)).13a,b,e On photolysis, these dihydride complexes
eliminate hydrogen to form the 16-electron intermedi-
ates Ru(R2PCH2CH2PR2)2, which have a square-planar
geometry and are reactive toward H2, CO, C2H4, ben-

zene, and other substrates. Furthermore, the reactivity
of these intermediates is greatly affected by the nature
of the chelating phosphine ligands. On the other hand,
Roddick and co-workers found that the thermal reactiv-
ity of Ru(dfepe)2H2 is quite different from its photo-
chemical reactivity, resulting in the loss of H2 and one
dfepe ligand to give products formally derived from a
12-electron Ru(dfepe) intermediate.14

Recently we have been examining the coordination
chemistry of phosphine ligands, especially those with
π-acceptor character.16 Ph2PNMeNMePPh2 is a repre-
sentative of the bis(phosphanyl hydrazide) family of
chelating ligands, which have chain lengths and bite
angles similar to those of dppe.17 However, given the
possible nitrogen-phosphorus pπ-dπ interaction, Ph2-
PNMeNMePPh2 should be a better π-acceptor ligand
than dppe. As part of our ongoing research program
on the chemistry of ruthenium complexes modified by
π-acceptor phosphine ligands,16a,e we have synthesized
the ruthenium dihydride Ru(Ph2PNMeNMePPh2)2H2

and explored its thermal reactivity.
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Results and Discussion

Synthesis of Ru(Ph2PNMeNMPPh2)2H2 (1). The
preparation of ruthenium dihydrides with bidentate
phosphine chelating ligands has been reported using
Ru(η6-C8H10)(η4-C8H12),12a,14 Ru(PPh3)4H2,15 Ru(PP)2-
(OAc)2,7b Ru(PP)2Cl2,10 and Ru(PP)2(H)(Cl)12 (PP )
chelating phosphine ligands) as starting materials.
Recently, a convenient and straightforward one-pot
synthesis from the air-stable, polymeric ruthenium
complex [RuCl2(COD)]x, the appropriate bidentate phos-
phine, and NaOH in sec-butyl alcohol has been devel-
oped by Nolan et al.9 Complex 1 was prepared by
following a slightly modified version of this procedure
(Scheme 1). Treatment of [RuCl2(COD)]x with 2 equiv
of Ph2PNMeNMePPh2 and excess NaOMe in sec-butyl
alcohol at 85 °C for 20 h affords the ruthenium dihydride
1 as an air-stable off-white solid in 87% yield. This
compound is almost insoluble in pentane, CH2Cl2,
MeOH, and THF but soluble in warm benzene and
toluene. The 31P{1H} NMR spectrum of 1 indicates that
it contains ca. 70% of cis-Ru(Ph2PNMeNMePPh2)2H2
and 30% of trans-Ru(Ph2PNMeNMePPh2)2H2. The two
triplets centered at δ 140.8 and 134.0 ppm with 2JPP )
25.4 Hz and the singlet at δ 140.4 ppm are attributed
to cis and trans isomers, respectively. The 1H NMR
spectrum of 1 also indicates that cis and trans isomers
are present: triplets at δ 2.73 and 2.36 ppm are
consistent with the diastereotopic NMe groups in the
cis isomer, while a singlet at δ 2.74 ppm was attribut-
able to the equivalent NMe groups in the trans isomer.
At high field, the intense XX′ part of an AA′MM′XX′
pattern of the cis isomer overlaps the quintet arising
from the trans isomer.

Reaction of 1 with CO. Thermolysis of 1 in benzene
at 120 °C in the presence of CO results in a dark red
solution, from which the very air-sensitive complex Ru-
(Ph2PNMeNMePPh2)2(CO) (2) was isolated in nearly
quantitative yield. The reaction probably proceeds
through the 16-electron intermediate Ru(Ph2PNMe-
NMePPh2)2. The low value of νCdO in 2 (1839 cm-1) is
consistent with bonding to an electron-rich ruthenium
center. The carbonyl stretching frequency of 2 can be
compared with that of Ru(dppe)2(CO) (1835 cm-1),
indicating that the Ph2PNMeNMePPh2 system is an
overall weaker donor ligand.18 Given that d8 complexes
prefer coordination of π-acceptor ligands in the equato-
rial positions of a trigonal-bipyramidal molecule, 2 is

expected to have the structure indicated in Scheme 2,
similar to the complexes Ru(dmpe)2(CO)19 and Fe-
(depe)2(CO),20 the structures of which have been deter-
mined. However, the 31P{1H} NMR of 2 shows only one
sharp singlet at δ 137.0 ppm. This may be interpreted
by a change to a square-pyramidal geometry or rapid
intramolecular exchange of phosphorus nuclei in solu-
tion.19,20 It is worth noting that the thermal reaction
of 1 with CO is quite different from that of Ru(dfepe)2H2,
where the product is Ru(dfepe)(CO)3, formally derived
from the 12-electron intermediate Ru(dfepe).14

Reaction of 1 with O2 and S8. 1 reacts very slowly
with air in benzene at room temperature, affording a
pale green solution. To accelerate the reaction, 1 was
reacted with oxygen in benzene at 135 °C, which results
in a rapid color change to dark green. After workup,
the dioxygen complex Ru(Ph2PNMeNMePPh2)2(O2) (3)
was isolated as a brown solid in 77% yield. The 31P-
{1H} NMR spectrum of 3 exhibits two triplets centered
at δ 141.7 and 86.6 ppm with 2JPP ) 25.9 Hz, indicating
that this dioxygen complex has a trigonal-bipyramidal
structure. The 1H NMR spectrum of 3 in C6D6 shows
two triplets centered at δ 2.93 and 2.53 ppm, which are
attributable to the diastereotopic NMe groups in the
coordinated Ph2PNMeNMePPh2 ligands. In the IR
spectrum, the O-O stretching frequency is observed at
893 cm-1, corresponding to the values for transition-
metal dioxygen compounds (the O-O stretching vibra-
tion is normally observed at 800-900 cm-1).21 Given
that the intermediate d8 complex Ru(Ph2PNMe-
NMePPh2)2 may be formed from 1 when it is heated and
that some Ru and Os dioxygen complexes can be
obtained by direct reaction of their d8 parent compounds
with dioxygen (for example Ru(O2)Cl(NO)(PPh3)2,22a Ru-
(O2)(CO)(CNp-tolyl)(PPh3)2,22b and Os(O2)(CO)2(PPh3)222c),

(18) Rosete, R. O.; Cole-Hamilton, D. J.; Wilkinson, G. J. Chem. Soc.,
Dalton Trans. 1984, 2067-2069.

(19) Jones, W. D.; Libertini, E. Inorg. Chem. 1986, 1794-1800.
(20) Hirano, M.; Akita, M.; Morikita, T.; Kubo, H.; Fukuoka, A.;

Komiya, S. J. Chem. Soc., Dalton Trans. 1997, 3453-3458.
(21) Valentine, J. S. Chem. Rew. 1973, 73, 235-245.

Scheme 1 Scheme 2a

a Legend: (a) CO, 120 °C; (b) O2, benzene, 135 °C; (c) S8,
benzene, 120 °C; (d) CH2Cl2, CHCl3, or C6Cl6, benzene, 100
°C.
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it is plausible that 3 is formed through the addition of
O2 to the d8 intermediate Ru(Ph2PNMeNMePPh2)2.

The structure of 3 was unequivocally determined by
X-ray crystallography. The structural view of 3 is
depicted in Figure 1, while the inner coordination sphere
and chelate rings are displayed in Figure 2. Selected
bond distances and angles are given in Table 2. As seen
in Figures 1 and 2, the complex Ru(Ph2PNMeNMePPh2)2-
(O2) has a distorted-trigonal-bipyramidal geometry
around the Ru atom. The diphosphines act as bidentate
ligands, spanning axial and equatorial positions (P(1)-
Ru(1)-P(1A) ) 178.94(4)°, P(2)-Ru(1)-P(2A) ) 105.65-
(4)°). The bite angles of the Ph2PNMeNMePPh2 ligands

are both 81.11(4)°. The dioxygen is coordinated to the
Ru on the equatorial plane in a symmetrical manner
with the Ru-O distances of 2.074(2) Å. The O-O
distance of 1.461(5) Å in 3 is almost the same as those
in H2O2 (1.461(3) Å),23 [Ir(O2)(dppm)2]PF6 (1.453(17)
Å),24 [Os(dcpe)2H(O2)]BPh4 (1.45(1) Å),25 and Os(O2)(η2-
CPhdN-P-chlorophenyl)Cl(PPh3)2 (1.452(10) Å),22d con-
sistent with the formulation of 3 as a ruthenium
peroxide complex. However, the O-O bond length in 3
is much longer than those observed in ruthenium(IV)
peroxide complexes: for example [Cp*Ru(dppe)(O2)]PF6
(1.398(5) Å)26 and [Ru(dippe)2H(O2)]BPh4 (1.360(10)

(22) (a) Laing, K. R.; Roper, W. R. J. Chem. Soc., Chem. Commun.
1968, 1568-1569. (b) Christian, D. F.; Roper, W. R. J. Chem. Soc.,
Chem. Commun. 1971, 1271-1272. (c) Cavit, B. E.; Grundy, K. R.;
Roper, W. R. J. Chem. Soc., Chem. Commun. 1972, 60-61. (d)
Maddock, S. M.; Rickard, C. E. F.; Roper, W. R.; Wright, L. J. J.
Organomet. Chem. 1996, 510, 267-279.

(23) Savariault, J.-M.; Lehmann, M. S. J. Am. Chem. Soc. 1980, 102,
1298-1303.

(24) Nolte, M.; Singleton, E.; Laing, M. J. Chem. Soc., Dalton Trans.
1976, 1979-1984.

(25) Mezzetti, A.; Zangrando, E.; Del Zotto, A.; Rigo, P. J. Chem.
Soc., Chem. Commun. 1994, 1597-1598.

Table 1. Crystallographic Data for 3, 4, and 5
empirical formula C52H52N4O2P4Ru‚4C6H6 C52H52N4P4RuS2‚C6H6 C52H53ClN4P4Ru
fw 1302.43 1100.21 994.38
temp, K 108(2) 115(2) 120(2)
wavelength, Å 0.71073 0.71073 0.71073
cryst syst monoclinic monoclinic monoclinic
space group C2/c C2/c Pn
unit cell dimens

a, Å 24.668(5) 17.0639(2) 10.3779(5)
b, Å 10.868(2) 11.8304(2) 18.1979(8)
c, Å 26.884(5) 25.6917(4) 12.7753(6)
R, deg 90 90 90
â, deg 116.27(3) 99.5360(10) 107.573(1)
γ, deg 90 90 90
V, Å3 6463(2) 5114.79(13) 2300.1(2)
Z 4 4 2

D(calcd), g/cm3 1.338 1.429 1.436
abs coeff, mm-1 0.393 0.557 0.580
F(000) 2720 2280 1028
cryst size, mm 0.24 × 0.11 × 0.06 0.38 × 0.36 × 0.20 0.24 × 0.20 × 0.12
θ range for data collcn, deg 1.69-34.71 2.10-37.50 1.12-32.50
index ranges -38 e h e 39 -38 e h e 38 -16 e h e 16

-16 e k e 17 -25 e k e 19 -26 e k e 29
-42 e l e 42 -58 e l e 46 -20 e l e 20

no. of collcd rflns 47 443 59 705 37 332
no. of indep rflns 13 069 13 357 15 926

(Rint ) 0.1001) (Rint ) 0.0692) (Rint ) 0.0670)
refinement method full-matrix least squares on F2 full-matrix least squares on F2 full-matrix least squares on F2

no. of data/restraints/params 13 069/0/393 13 375/0/315 3395/603/563
goodness of fit on F2 1.028 1.091 0.985
final R index (I > 2σ(I)) R1 ) 0.0759, wR2 ) 0.1823 R1 ) 0.0961, wR2 ) 0.2611 R1 ) 0.0846, wR2 ) 0.1183
R indices (all data) R1 ) 0.0907, wR2 ) 0.1920 R1 ) 0.1092, wR2 ) 0.2854 R1 ) 0.2604, wR2 ) 0.5713
largest diff peak and hole, e Å-3 2.258 and -2.001 10.452 and -3.689 6.538 and -2.268

Figure 1. ORTEP drawing of Ru(Ph2PNMeNMePPh2)2-
(O2) (3). Ellipsoids are drawn at the 50% probability level.

Figure 2. Inner coordination sphere and chelate rings of
Ru(Ph2PNMeNMePPh2)2(O2) (3).
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Å).12b Comparisons of the O-O and Ru-O bond lengths
and O-Ru-O angles in 3 and other ruthenium dioxygen
complexes are presented in Table 3. It is worthwhile
to note that equatorial Ru-P distances in 3 (2.2830(9)
Å) are significantly shorter than the axial Ru-P dis-
tances (2.3560(9) Å), suggesting that the equatorial P
donors are more strongly bound. The average P-N
bond length in the coordinated Ph2PNMeNMePPh2
(1.733(3) Å) is shorter than the typical P-N bond (1.75-
1.80 Å).17a,27 This may be due to the pπ-dπ interaction
between the nitrogen and phosphorus atoms.

When 1 was treated with S8 in benzene at 120 °C,
the disulfur complex Ru(Ph2PNMeNMePPh2)2(S2) (4)
was obtained as an orange solid in 70% yield. Charac-
terization of 4 was done by elemental analysis and IR
and 1H and 31P{1H} NMR spectroscopy. The 1H NMR
spectrum of 4 in CD2Cl2 exhibits two triplets centered
at δ 2.66 and 2.26 ppm, attributable to the diaste-
reotopic NMe groups in the coordinated Ph2PNMe-
NMePPh2 ligands. In the 31P{1H} NMR spectrum, the
two Ph2PNMeNMePPh2 ligands give rise to broad peaks
at δ 134.2 and 104.5 ppm, indicative of a trigonal-
bipyramidal structure. The IR spectrum of 4 exhibits
a weak but characteristic S-S absorption at 535 cm-1,
which is typical of a S2

2- ligand.28 The structure of 4
was further confirmed by X-ray crystallography. The
structural view of 4 is depicted in Figure 3. The inner
coordination sphere and chelate rings are displayed in
Figure 4. Selected bond distances and angles are given
in Table 4. As seen in Figures 3 and 4, the overall
structure of 4 is remarkably similar to that of the
dioxygen complex 3. It also has a distorted-trigonal-
bipyramidal geometry around the ruthenium atom with
the disulfur S2 being coordinated to the Ru atom in the

equatorial plane in a symmetrical manner and the two
Ph2PNMeNMePPh2 ligands spanning axial and equato-
rial positions (P(1)-Ru(1)-P(1A) ) 179.20(3)°, P(2)-
Ru(1)-P(2A) ) 103.35(3)°). However, given the longer
Ru-S (2.4462(6) Å) and S-S (2.0518(13) Å) distances
in 4, the coordination sphere around the Ru atom may
also be described as a distorted octahedron. The S-S
bond length in 4 is consistent with a single bond,
corresponding to the distances in S8 (2.060(3) Å)29 and
[Ir(dppe)2(S2)]Cl (2.066(6) Å)30 but somewhat shorter
than that in [Ru2(CO)2(µ-CO)(µ-S)(S2)(µ-dppm)2] (2.13-
(1) Å).31 The average Ru-P distance in 4 (2.3314(6) Å)
is slightly longer than in 3 (2.3195(9) Å). However,
similar to complex 3, the equatorial Ru-P distances
(2.3009(6) Å) are also significantly shorter than the axial
Ru-P distances (2.3619(6) Å).

Reactions of 1 with selenium and tellurium were also
investigated. When 1 was treated with selenium in
benzene at 120 °C, a dark yellow solution was obtained.
Although NMR spectra showed that several new com-
pounds were formed in this reaction, attempts to
characterize them were unsuccessful. The reaction of

(26) Kirchner, K.; Mauthner, K.; Mereiter, K.; Schmid, R. J. Chem.
Soc., Chem. Commun. 1993, 892-894.

(27) (a) Corbridge, D. E. C. Phosphorus, 3rd ed.; Elsevier: Amster-
dam, 1985. (b) Alcock, H. R. Phosphorus Nitrogen Compounds;
Academic Press: New York, 1972. (c) Keat, R. Top. Curr. Chem. 1982,
102, 89-116.

(28) (a) Müller, A.; Jaegermann, W.; Enemark, J. H. Coord. Chem.
Rev. 1982, 46, 245-280. (b) Müller, A.; Diemann, E. Adv. Inorg. Chem.
1987, 31, 89-122. (c) Wachter, J. Angew. Chem., Int. Ed. Engl. 1989,
28, 1613-1626.

(29) Caron, A.; Donohue, J. Acta Crystallogr. 1965, 18, 562-565.
(30) Bonds, W. D.; Ibers, J. A. J. Am. Chem. Soc. 1972, 94, 3413-

3419.
(31) Kuncheria, J.; Mirza, H. A.; Jenkins, H. A.; Vittal, J. J.;

Puddephatt, R. J. J. Chem. Soc., Dalton Trans. 1998, 285-290.

Table 2. Selected Bond Distances (Å) and Bond
Angles (deg) for 3

Bond Lengths
Ru(1)-O(1) 2.074(2) Ru(1)-P(1) 2.2830(9)
Ru(1)-P(2) 2.3560(9) P(2)-N(2) 1.730(3)
P(2)-C(1) 1.834(3) P(2)-C(7) 1.850(3)
N(1)-N(2) 1.443(4) N(1)-C(25) 1.486(4)
N(1)-P(1) 1.735(3) O(1)-O(1A) 1.461(5)
P(1)-C(13) 1.825(3) P(1)-C(19) 1.833(3)
N(2)-C(26) 1.458(4)

Bond Angles
O(1)-Ru(1)-O(1A) 41.25(13) C(13)-P(1)-Ru(1) 125.23(10)
O(1)-Ru(1)-P(2A) 147.78(7) N(1)-P(1)-Ru(1) 106.16(10)
O(1)-Ru(1)-P(2) 106.56(7) C(13)-P(1)-C(19) 98.59(13)
P(2A)-Ru(1)-P(2) 105.65(4) N(1)-P(1)-C(19) 101.36(13)
O(1)-Ru(1)-P(1) 86.08(7) N(1)-P(1)-C(13) 98.63(13)
O(1A)-Ru(1)-P(1) 94.91(7) O(1A)-O(1)-Ru(1) 69.38(7)
P(2A)-Ru(1)-P(1) 98.25(4) C(25)-N(1)-P(1) 113.7(2)
P(1)-Ru(1)-P(2) 81.11(4) N(2)-N(1)-P(1) 106.0(2)
P(1)-Ru(1)-P(1A) 178.94(4) N(2)-N(1)-C(25) 113.3(2)
N(2)-P(2)-C(1) 97.09(13) C(7)-P(2)-Ru(1) 113.71(10)
N(2)-P(2)-C(7) 103.39(14) C(1)-P(2)-Ru(1) 127.43(10)
C(1)-P(2)-C(7) 104.03(13) N(2)-P(2)-Ru(1) 107.70(9)
C(19)-P(1)-Ru(1) 122.28(10) N(1)-N(2)-C(26) 111.8(2)
N(1)-N(2)-P(2) 117.6(2) C(26)-N(2)-P(2) 122.1(2)

Figure 3. ORTEP drawing of Ru(Ph2PNMeNMePPh2)2-
(S2) (4). Ellipsoids are drawn at the 50% probability level.

Figure 4. Inner coordination sphere and chelate rings of
Ru(Ph2PNMeNMePPh2)2(S2) (4).
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1 with tellurium was carried out in C6D6; however, no
reaction was detected after the NMR tube was heated
for 12 h at 120 °C.

Reaction of 1 with CH2Cl2, CHCl3, and C6Cl6.
Despite its poor solubility in CH2Cl2, 1 reacts with CH2-
Cl2 in benzene at 100 °C to give the hydridochlororu-
thenium complex Ru(Ph2PNMeNMePPh2)2(H)(Cl) (5),
and the reaction is very clean after 20 h. Complex 5 is
a pale yellow solid which is slightly soluble in CH2Cl2
and benzene and insoluble in pentane. The 1H NMR
spectrum of 5 shows a quintet at δ -18.71 ppm with
2JHP ) 21.6 Hz. Accordingly, a singlet at δ 124.6 ppm
is observed in the 31P{1H} NMR spectrum, indicating
that the hydride and chloride are in mutually trans
positions. The structure of 5 was further determined
by X-ray crystallography. The structural view of 5 is
depicted in Figure 5, while the inner coordination sphere
and chelate rings are displayed in Figure 6. Selected
bond distances and angles are given in Table 5. As
indicated in Figures 5 and 6, the Ru center is sur-
rounded by one hydride, one chloride and two Ph2-
PNMeNMePPh2 ligands within a distorted octahedron.
The hydride ligand occupies an axial position trans to
the chloride ligand (H(1)-Ru(1)-Cl(1) ) 176.8(2)°), and
the two Ph2PNMeNMePPh2 ligands are bound in equa-
torial positions with bite angles of 79.9(2) and 81.5(10)°.
The Ru-Cl distance of 2.604(6) Å is significantly longer
than the Ru-Cl bonds where the chloride ligand is trans
to Cl: for example, complexes Ru(Ph2PCH2CH2PPh2)2-
Cl2 (2.436(1) Å),32 Ru[(C4H4N)2PCH2CH2P(NC4H4)2]2Cl2
(2.4175(9) Å),33 and Ru(PhMePCH2CH2PMePh)2Cl2 (2.438
Å).34 This is probably due to the strong trans influence

of the hydride. The Ru-H distance is 1.72(3) Å,
comparing well with the values observed in Ru(diop)2-
(H)(Cl) (1.65 Å; diop ) 4,5-bis((diphenylphosphino)-
methyl)-2,2-dimethyl-1,3-dioxolane),35 Ru(PPh3)3(H)(Cl)
(1.70 Å),36 Ru(PPh3)3(H)(O2CCH3) (1.68 Å),37 and Ru-
(dmpe)2(H)(naphthyl) (1.67 Å).38 The average Ru-P
and P-N distances are 2.300(6) and 1.71(2) Å, respec-
tively, similar to those in complexes 3 and 4.

(32) Lobana, T. S.; Singh, R.; Tiekink, E. R. T. J. Coord. Chem. 1990,
21, 225-229.

(33) Shen, J.-Y.; Stevens, E. D.; Nolan, S. P. Submitted for publica-
tion.

(34) Kawada, I. Tetrahedron Lett. 1969, 10, 793-796.
(35) Ball, R. G.; Trotter, J. Inorg. Chem. 1981, 20, 261-265.
(36) Skapski, A. C.; Troughton, P. G. H. Chem. Commun. 1968,

1230-1231.
(37) Skapski, A. C.; Stephens, F. A. J. Chem. Soc., Dalton Trans.

1974, 390-395.
(38) Gregory, U. A.; Ibekwe, S. D.; Kilbourn, B. T.; Russell, D. R. J.

Chem. Soc. A 1971, 1118-1125.

Table 3. Comparison of the O-O and Ru-O Bond Lengths and O-Ru-O Angles in 3 and Other
Ruthenium Dioxygen Complexes

Ru-O (Å)complex O-O (Å) O-Ru-O (deg) ref

[Cp*Ru(dppe)(O2)]PF6 1.398(5) 2.040(3) 2.023(3) 40.3(1) 25
[Cp*Ru(dippe)(O2)]BPh4 1.37(1) 2.028(9) 2.021(9) 39.6(4) 26
[Cp*Ru(P∼O)2(O2)]BPh4

a 1.394(9) 1.970(8) 1.958(7) 41.6(3) 27
[Cp*Ru(dppf)(O2)]BF4 1.381(11) 2.036(8) 2.029(8) 39.7(4) 28
[Ru(dippe)2H(O2)]BPh4 1.360(10) 2.04(1) 2.00(1) 39.4(4) 12b
Ru(Ph2PNMeNMePPh2)(O2) 1.461(5) 2.074(2) 2.074(2) 41.25(13) this work

a P∼O ) η1(P)-((1,3-dioxan-2-ylmethyl)diphenylphosphine.

Table 4. Selected Bond Distances (Å) and Bond
Angles (deg) for 4

Bond Lengths
Ru(1)-S(1) 2.4462(6) Ru(1)-P(1) 2.3619(6)
Ru(1)-P(2) 2.3009(6) P(1)-N(1) 1.740(2)
P(1)-C(1) 1.835(2) P(1)-C(7) 1.843(2)
N(1)-N(2) 1.441(3) N(1)-C(25) 1.477(3)
N(2)-P(2) 1.732(2) S(1)-S(1A) 2.0518(13)
P(2)-C(13) 1.848(2) P(2)-C(19) 1.837(2)
N(2)-C(26) 1.466(3)

Bond Angles
S(1)-Ru(1)-S(1A) 49.59(3) C(13)-P(2)-Ru(1) 117.31(8)
S(1)-Ru(1)-P(2A) 152.62(2) N(1)-P(1)-Ru(1) 106.08(7)
S(1)-Ru(1)-P(2) 103.76(2) C(13)-P(2)-C(19) 100.06(11)
P(2A)-Ru(1)-P(2) 103.35(3) N(2)-P(2)-C(19) 98.78(11)
S(1)-Ru(1)-P(1) 81.07(2) N(2)-P(2)-C(13) 105.31(11)
S(1)-Ru(1)-P(1A) 98.20(2) S(1A)-S(1)-Ru(1) 65.20(2)
P(2A)-Ru(1)-P(1) 99.54(2) C(25)-N(1)-P(1) 117.0(2)
P(1)-Ru(1)-P(2) 80.97(2) N(2)-N(1)-P(1) 106.49(14)
P(1)-Ru(1)-P(1A) 179.20(3) N(2)-N(1)-C(25) 112.7(2)
N(1)-P(1)-C(1) 100.97(11) C(7)-P(1)-Ru(1) 123.01(8)
N(1)-P(1)-C(7) 99.49(11) C(1)-P(1)-Ru(1) 126.23(8)
C(1)-P(1)-C(7) 96.34(11) N(2)-P(2)-Ru(1) 107.79(8)
C(19)-P(2)-Ru(1) 124.80(8) N(1)-N(2)-C(26) 110.6(2)
N(1)-N(2)-P(2) 116.3(2) C(26)-N(2)-P(2) 122.0(2)

Figure 5. ORTEP drawing of Ru(Ph2PNMeNMePPh2)2-
(H)(Cl) (5). Ellipsoids are drawn at the 50% probability
level.

Figure 6. Inner coordination sphere and chelate rings of
Ru(Ph2PNMeNMePPh2)2(H)(Cl) (5).
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Reactions of 1 with CHCl3 and C6Cl6 were also
tested.39 As expected, the reaction of 1 with CHCl3 is
faster than with CH2Cl2. After a solution of 1 was
heated in benzene with excess CHCl3 at 100 °C for 5 h,
complex 5 was formed in 86% yield. However, the
reaction of 1 with C6Cl6 is very slow; only 18% of 1 was
transformed to complex 5 after the reaction mixture was
heated at 100 °C for 20 h. Under the experimental
conditions no dichloride complex was ever observed.

Reaction of 1 with Alkynes. Treatment of 1 with
PhCtCH in benzene at 120 °C affords the acetylidoru-
thenium hydride Ru(Ph2PNMeNMePPh2)2(H)(CtCPh)
(6) as a pale yellow solid in 68% yield (Scheme 3).
Characterization of 6 was done by elemental analysis
and IR and 1H, 13C{1H}, and 31P{1H} NMR spectroscopy.
The 1H NMR spectrum of 6 shows the expected quintet
for the hydride, appearing at δ -9.88 ppm with 2JHP )
19.5 Hz. In the IR spectrum, the CtC absorption was
observed at 2057 cm-1, corresponding to values for other
ruthenium acetylide compounds.40 The trans arrange-
ment of the hydride and acetylide ligands is indicated
by the 31P NMR spectrum, which shows only one sharp
singlet at δ 129.9 ppm. The 13C{1H} NMR spectrum of

6 contains the characteristic RusCtC resonances,
which appear at δ 140.0 ppm as a quintet with 2JPC )
7.5 Hz for CR and δ 117.6 ppm as a singlet for Câ,
respectively. The acetylide complex Ru(Ph2PNMe-
NMePPh2)2(H)(CtCCO2Et) (7) was prepared similarly
from 1 and EtO2CCtCH in benzene and characterized
by elemental analysis and IR and 1H, 13C{1H}, and 31P-
{1H} NMR spectroscopy. The spectroscopic features of
7 are similar to those of 6.

Given the acidity of PhCtCH and EtO2CtCH, the
formation of 6 and 7 could involve the protonation of
Ru(Ph2PNMeNMePPh2)2H2 to give the cationic inter-
mediate Ru(Ph2PNMeNMePPh2)2(H)(H2)+, which would
then react with RCtC- (R ) Ph, EtO2C) to give 6 and
7. A similar mechanism has been suggested in the
reaction of Fe(dmpe)2H2 with terminal acetylenes.41 It
is noteworthy that several similar ruthenium acetylide
hydride complexes have been synthesized by other
methods. For instance, Ru(dmpe)2(H)(CtCR) (R ) Ph,
H)7a and Ru(dippe)2(H)(CtCR) (R ) Ph, CO2Me)42 have
been prepared from Ru(dmpe)2(H)(OH) and Ru(dippe)2-
(H2)(CtCR)+, respectively. It also should be pointed out
that Field and co-workers have recently carried out
reactions of Ru(dmpe)2H2 and Ru(depe)2H2 with termi-
nal acetylenes in methanol solution; however, only bis-
(acetylide)ruthenium complexes were obtained.43

Reaction of 1 with Benzene. To explore the
potential of 1 in the C-H activation of aromatic
molecules, the reaction of 1 with benzene was investi-
gated. Thermolysis of 1 in benzene at 185 °C for 72 h
affords, on workup, Ru(Ph2PNMeNMPPh2)2(H)(Ph) (8),
which results from the C-H activation of a benzene
molecule. Characterization of 8 was done by elemental
analysis and NMR spectroscopy. The trans arrange-
ment of the hydride and Ph ligands is indicated by the
31P{1H} NMR spectrum, which shows only one sharp
singlet at δ 128.6 ppm. In the 1H NMR spectrum, the
singlet at δ 2.53 ppm for the NMe groups and the
quintet at δ -10.61 ppm with 2JHP ) 21.5 Hz for the
hydride are also consistent with a trans geometry. The
reaction of 1 with C6D6 was also tested, where the
deuterated analogue Ru(Ph2PNMeNMPPh2)2(D)(C6D5)
was observed in the 1H and 31P{1H} NMR spectra.
Thus, the formation of complex 8 may involve oxidative
addition of the C-H bond of benzene to the 16e
intermediate Ru(Ph2PNMeNMePPh2)2, which is derived
from 1 by loss of H2 at high temperature.44 The
reactivity of 1 with benzene is also quite different from
that of the Ru(dfepe)2H2, where the product is (η6-C6H6)-
Ru(dfepe), formally derived from the 12-electron inter-
mediate Ru(dfepe).

The utilization of the Ph2PNMeNMPPh2 ancillary
ligation in the present system allows for the isolation
of dioxygen, disulfide, and phenyl hydrido complexes
which display substantial thermal stability. This en-
hanced stability may very well originate from the

(39) Reaction with CCl4 is fast and quantitative. In the course of
our chlorination reactions no Ru(Ph2PNMeNMePPh2)2Cl2 was ob-
served.

(40) (a) Atherton, E.; Faulkner, C. W.; Ingham, S. L.; Kakkar, A.
K.; Khan, M. S.; Lewis, J.; Long, N. J.; Raithby, P. R. J. Organomet,
Chem. 1993, 462, 265-270. (b) Touchard, D.; Haquette, P.; Pirio, N.;
Toupet, L.; Dixneuf, P. H. Organometallics 1993, 12, 3132-3139. (c)
Touchard, D. Pirio, N.; Dixneuf, P. H. Organometallics 1995, 14, 4920-
4928. (d) Santos, A.; López, J.; Galán, A.; González, J. J.; Tinoco, P.;
Echavarren, A. M. Organometallics 1997, 16, 3482-3488.

(41) (a) Field, L. D.; George, A. V.; Malouf, E. Y.; Slip, I. H. M.;
Hambley, T. W.; Organometallics 1991, 3842-3848. (b) Field, L. D.;
George, A. V.; Hambley, T. W.; Malouf, E. Y.; Young, D. J. J. Chem.
Soc., Chem. Commun. 1990, 931-933.

(42) Jiménez Tenorio, M.; Puerta, M. C.; Valerga, P. J. Chem. Soc.,
Chem. Commun. 1993, 1750-1751.

(43) Field, L. D.; George, A. V.; Hockless, D. C. R.; Purches, G. R.;
White, A. H. J. Chem. Soc., Dalton Trans. 1996, 2011-2016.

(44) Tolman, C. A.; Ittel, S. D.; English, A. D.; Jesson, J. P. J. Am.
Chem. Soc. 1979, 101, 1742-1751.

Table 5. Selected Bond Distances (Å) and Bond
Angles (deg) for 5

Bond Lengths
Ru(1)-H(1) 1.72(3) N(1)-N(2) 1.50(2)
Ru(1)-Cl(1) 2.604(6) N(3)-N(4) 1.43(2)
Ru(1)-P(1) 2.314(6) P(1)-N(1) 1.64(2)
Ru(1)-P(2) 2.294(6) P(2)-N(2) 1.73(2)
Ru(1)-P(3) 2.298(6) P(3)-N(3) 1.74(2)
Ru(1)-P(4) 2.311(6) P(4)-N(4) 1.73(2)
P(1)-C(1) 1.83(2) P(1)-C(7) 1.87(2)
P(2)-C(13) 1.92(2) P(2)-C(19) 1.86(2)
P(3)-C(27) 1.78(2) P(3)-C(33) 1.79(2)
P(4)-C(39) 1.85(2) P(4)-C(45) 1.83(2)

Bond Angles
P(2)-Ru(1)-P(3) 179.8(7) Cl(1)-Ru(1)-H(1) 176.8(12)
P(2)-Ru(1)-P(4) 100.0(2) N(1)-P(1)-Ru(1) 110.0(7)
P(3)-Ru(1)-P(4) 80.5(2) N(2)-P(2)-Ru(1) 109.5(6)
P(2)-Ru(1)-P(1) 79.9(2) N(3)-P(3)-Ru(1) 110.5(7)
P(3)-Ru(1)-P(1) 100.1(2) N(4)-P(4)-Ru(1) 107.6(7)
P(4)-Ru(1)-P(1) 179.7(4) C(25)-N(1)-N(2) 108.2(14)
P(2)-Ru(1)-Cl(1) 85.8(2) C(26)-N(2)-N(1) 107(2)
P(3)-Ru(1)-Cl(1) 94.4(2) C(51)-N(3)-N(4) 110(2)
P(4)-Ru(1)-Cl(1) 96.0(2) C(52)-N(4)-N(3) 113(2)
P(1)-Ru(1)-Cl(1) 84.3(2) P(1)-Ru(1)-H(1) 98.1(10)
P(2)-Ru(1)-H(1) 96.7(9) P(3)-Ru(1)-H(1) 83.2(9)
P(4)-Ru(1)-H(1) 81.5(10)

Scheme 3a

a Legend: (a) HCCPh and HCCCO2Et, benzene, 120 °C; (b)
benzene, 185 °C.
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π-accepting character attributed to the ligand. This
unique characteristic of the ancillary ligation could
prove beneficial in a number of applications where a
ligand with sterics similar to those of dppe, but with
increased thermal stability, would be required.

Conclusion

In summary, by using the air-stable polymeric [Ru-
(COD)Cl2]x compound as the starting material, we have
prepared the bis(phosphanyl hydrazide)-modified ru-
thenium dihydride complex Ru(Ph2PNMeNMePPh2)2H2
(1) in high yield. 1 reacts with CO, O2, S8, and C6H6,
affording the complexes Ru(Ph2PNMeNMePPh2)2(CO)
(2), Ru(Ph2PNMeNMePPh2)2(O2) (3), Ru(Ph2PNMe-
NMePPh2)2(S2) (4), and Ru(Ph2PNMeNMePPh2)2(H)(Ph)
(8), respectively. These reactions most probably proceed
through the 16-electron intermediate Ru(Ph2PNMe-
NMePPh2)2. 1 also reacts with CH2Cl2, CHCl3, C6Cl6,
PhCtCH, and EtO2CCtCH, yielding the complexes Ru-
(Ph2PNMeNMePPh2)2(H)(Cl) (5), Ru(Ph2PNMeNMe-
PPh2)2(H)(CtCPh) (6), and Ru(Ph2PNMeNMePPh2)2-
(H)(CtCCO2Et) (7). In comparison to the reactivity of
other ruthenium dihydrides containing phosphine chelat-
ing ligands, e.g. Ru(dfepe)2H2, the thermal chemistry
of 1 is significantly different, largely due to the elec-
tronic properties of the coordinated bis(phosphanyl
hydrazide).

Experimental Section

General Considerations. All manipulations involving
organoruthenium complexes were performed under an inert
atmosphere of argon or nitrogen using standard high-vacuum
or Schlenk tube techniques or in an MBraun glovebox contain-
ing less than 1 ppm of oxygen and water. Benzene was stored
over sodium wire and distilled from sodium benzophenone
ketyl. Infrared spectra were recorded using a Perkin-Elmer
FTIR Model 2000 spectrometer. NMR spectra were recorded
using Varian Gemini 300 MHz or Unity 400 MHz spectrom-
eter. Elemental analyses were performed by Desert Analytics,
Tucson, AZ. Pentane, sec-BuOH, and MeOH (Aldrich anhy-
drous grade) were purged with Ar prior to use. [Ru(COD)-
Cl2]x

45 and Ph2PNMeNMePPh2
17b were prepared according to

literature methods.
Synthesis of Ru(Ph2PNMeNMePPh2)2H2 (1). [Ru(COD)-

Cl2]x (100 mg, 0.36 mmol), Ph2PNMeNMePPh2 (307 mg, 0.72
mmol), and NaOMe (540 mg, 10 mmol) were heated in 30 mL
of sec-butyl alcohol at 80 °C for 20 h in a Schlenk tube. The
mixture turned pale yellow during this time. When the
mixture was cooled to room temperature, 10 mL of deoxygen-
ated water was added. The resulting off-white solid was
collected on a glass frit, washed with 2 × 10 mL of methanol,
and dried under vacuum. Yield: 300 mg (87%). 31P{1H} NMR
(C6D6): cis isomer, δ 140.8 (t), 134.0 (t, 2JPP ) 25.4 Hz); trans
isomer, δ 140.4. 1H NMR (C6D6): cis isomer, δ 9.20-6.20 (m,
40 H, C6H5), 2.73 (t, 6H, NCH3), 2.36 (t, 6H, NCH3), -7.26
(multiplet, XX′ part of an AA′MM′XX′ spin system, 2JHA ) 71.6
Hz, 2JHA′ ) 2JHM ) 2JHM′ ) 21.6 Hz, 2H, RuH2); trans isomer,
δ 9.20-6.20 (m, 40 H, C6H5), 2.74 (t, 12H, NCH3), -7.24 (quin,
2JHP ) 12.6 Hz, 2H, RuH2). Anal. Calcd for C52H54N4P4Ru:
C, 65.06; H, 5.67; N, 5.84. Found: C, 65.37; H, 5.62; N, 5.69.

Reaction of Ru(Ph2PNMeNMePPh2)2H2 (1) with CO.
Carbon monoxide was bubbled through a solution of 1 (200
mg, 0.21 mmol) in 5 mL of benzene at room temperature for
20 min. The reaction vessel was then sealed and heated to

120 °C for 72 h. The resulting deep orange solution was
evaporated to dryness. The residue was washed with 10 mL
of pentane to give an orange precipitate, which was collected
on a glass frit, washed with pentane, and dried in vacuo to
yield 186 mg (90%) of 2. 31P{1H} NMR (C6D6): δ 137.0. 1H
NMR (C6D6): δ 8.45-6.26 (m, 40 H, C6H5), 2.47 (t, 12H, NCH3).
IR (benzene): ν(CO) 1839 cm-1. Anal. Calcd for C53H52N4-
OP4Ru: C, 64.56; H, 5.32, N, 5.68. Found: C, 64.49; H, 5.12;
N, 5.51.

Reaction of Ru(Ph2PNMeNMePPh2)2H2 (1) with O2.
Oxygen was bubbled through a solution of 1 (200 mg, 0.21
mmol) in 5 mL of benzene at room temperature for 20 min.
The reaction vessel was then sealed and heated to 135 °C for
3 h. The resulting green solution was evaporated to dryness.
The residue was washed with 10 mL of pentane to give a brown
precipitate, which was collected on a glass frit, washed with
pentane, and dried in vacuo to yield 160 mg (77%) of 3. 31P-
{1H} NMR (C6D6): δ 141.7 (t), 86.6 (t, 2JPP ) 25.9 Hz). 1H
NMR (CD2Cl2): δ 8.50-6.31 (m, 40 H, C6H5), 2.93 (t, 6H,
NCH3), 2.53 (t, 6H, NCH3). IR (benzene): ν(O-O) 893 cm-1.
EI-MS: M+ calcd for C52H52N4P4O2Ru m/z 989.9755, found m/z
989.9760.

Reaction of Ru(Ph2PNMeNMePPh2)2H2 (1) with S8. A
solution of 1 (200 mg, 0.21 mmol) in 6 mL of benzene was
treated with S8 (54 mg, 0.21 mmol). The mixture was heated
to 120 °C for 2 h. The resulting orange precipitate was
collected on a glass frit, washed with benzene and pentane,
and dried in vacuo to yield 150 mg (70%) of 4. The crude
product was recrystallized from hot benzene to give 4‚C6H6

as orange crystals. 31P{1H} NMR (CD2Cl2): δ 134.2 (br), 104.5
(br). 1H NMR (CD2Cl2): δ 7.43-6.79 (m, 46 H,C6H5 and C6H6),
2.66 (t, 6H, NCH3), 2.26 (t, 6H, NCH3). IR (benzene): ν(S-S)
535 cm-1. Anal. Calcd for C52H52N4P4RuS2‚C6H6: C, 63.32;
H, 5.31; N 5.09. Found: C, 63.14; H, 5.19; N, 5.31.

Reaction of Ru(Ph2PNMeNMePPh2)2H2 (1) with CH2Cl2.
A solution of 1 (200 mg, 0.21 mmol) in 6 mL of benzene was
treated with excess CH2Cl2. The mixture was heated at 100
°C for 20 h. After it was cooled to room temperature, the
solution was filtered and partially evaporated. On addition
of pentane, a pale yellow precipitate was formed, which was
collected on a glass frit, washed with benzene and pentane,
and dried in vacuo to yield 166 mg (79%) of 5. 31P{1H} NMR
(CD2Cl2): δ 124.6. 1H NMR (CD2Cl2): δ 7.55-6.86 (m, 40 H,
C6H5), 2.58 (s, 12H, NCH3), -18.71 (quin, 2JHP ) 21.6 Hz, 1H,
RuH). Anal. Calcd for C52H53ClN4P4Ru: C, 62.81; H, 5.37;
N, 5.63. Found: C, 62.51; H, 5.21; N, 5.47.

Reaction of Ru(Ph2PNMeNMePPh2)2H2 (1) with CHCl3.
This reaction was carried out similarly by using CHCl3 instead
of CH2Cl2. 5 was obtained in a yield of 86%.

Reaction of Ru(Ph2PNMeNMePPh2)2H2 (1) with C6Cl6.
A Wilmad screw-capped NMR tube was charged with a
solution of 1 (15 mg) and excess C6Cl6 in C6D6 (0.6 mL). After
the mixture was heated to 100 °C for 20 h, 1H and 31P{1H}
NMR spectra were recorded, showing that 18% of 1 reacted
with C6Cl6 to afford complex 5.

Reaction of Ru(Ph2PNMeNMePPh2)2H2 (1) with PhCt
CH. A solution of 1 (100 mg, 0.104 mmol) in 6 mL of benzene
was treated with excess PhCtCH. The mixture was heated
to 120 °C for 2 h. After it was cooled to room temperature,
the solution was filtered and partially evaporated. On addition
of pentane, a pale yellow precipitate was formed, which was
collected on a glass frit, washed with benzene and pentane,
and dried in vacuo to yield 76 mg (68%) of 6. 31P{1H} NMR
(CD2Cl2): δ 129.9. 1H NMR (CD2Cl2): δ 7.85-6.65 (m, 45 H,
C6H5), 2.53 (s, 12H, NCH3), -9.88 (quin, 2JHP ) 19.5 Hz, 1H,
RuH). 13C{1H} NMR (CD2Cl2): δ 140.0 (quin, 2JPC ) 7.5 Hz,
RusCtC), 137.0-122.9 (Ph), 117.6 (RusCtC), 37.5 (NMe).
IR (CH2Cl2): ν(CtC) 2057 cm-1. Anal. Calcd for C60H58N4P4-
Ru: C, 67.98; H, 5.51; N, 5.28. Found: C, 67.99; H, 5.57; N,
5.46.

(45) Albers, M. O.; Ashworth, T. V.; Oosthuizen, E.; Singleton, E.
Inorg. Synth. 1989, 26, 68-77.
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ReactionofRu(Ph2PNMeNMePPh2)2H2(1)withEtO2CCt
CH. A solution of 1 (100 mg, 0.104 mmol) in 6 mL of benzene
was treated with excess EtO2CCtCH. The mixture was
heated to 120 °C for 2 h. After it was cooled to room
temperature, the solution was filtered and partially evapo-
rated. On addition of pentane, an off-white precipitate was
formed, which was collected on a glass frit, washed with
benzene and pentane, and dried in vacuo to yield 90 mg (82%)
of 7. 31P{1H} NMR (CD2Cl2): δ 128.7. 1H NMR (CD2Cl2): δ
7.26-6.88 (m, 40 H, C6H5), 3.97 (q, J ) 9.0 Hz, 2H, CH2CH3),
2.54 (s, 12H, NCH3), 1.23 (t, J ) 9.0 Hz, 3H, CH2CH3), -9.69
(quin, 2JHP ) 19.5 Hz, 1H, RuH). 13C{1H} NMR (CD2Cl2): δ
153.2 (CdO), 149.5 (m, RusCtC), 139.1-127.6 (Ph), 111.2
(RusCtC), 59.5 (OCH2CH3), 37.2 (NMe), 15.2 (OCH2CH3). IR
(CH2Cl2): ν(CtC) 2042 cm-1; ν(CdO) 1649 cm-1. Anal. Calcd
for C57H58N4O2P4Ru: C, 64.83; H, 5.54; N, 5.31. Found: C,
64.47; H, 5.67; N, 5.01.

Reaction of Ru(Ph2PNMeNMePPh2)2H2 (1) with C6H6.
A solution of 1 (100 mg, 0.104 mmol) in 6 mL of benzene was
heated to 185 °C for 72 h. The resulting yellow solution was
evaporated to dryness. The residue was redissolved in 1 mL
of benzene and treated with pentane. The resulting yellow
precipitate was collected on a glass frit, washed with pentane,
and dried in vacuo to yield 72 mg (67%) of 8. 31P{1H} NMR
(C6D6): δ 128.6. 1H NMR (CD2Cl2): δ 7.43-6.96 (m, 45 H,
C6H5), 2.53 (s, 12H, NCH3), -10.61 (quin, 2JHP ) 21.5 Hz, 1H,
RuH). Anal. Calcd for C58H58N4P4Ru: C, 67.24; H, 5.64; N,
5.41. Found: C, 67.19; H, 5.30; N, 5.81.

Reaction of Ru(Ph2PNMeNMePPh2)2H2 (1) with C6D6.
A Wilmad screw-capped NMR tube was charged with a
solution of 1 (15 mg) in C6D6 (0.6 mL). After the mixture was
heated at 185 °C for 72 h, 1H and 31P{1H} NMR spectra were
recorded, showing the formation of Ru(Ph2PNMeNMePPh2)2-
(D)(C6D5). 31P{1H} NMR (C6D6): δ 128.6. 1H NMR (C6D6):
8.04-6.90 (m, 40 H, C6H5), 2.75 (s, 12H, NCH3).

Structure Determination of Ru(Ph2PNMeNMePPh2)2-
(O2) (3). Green crystals of 3 were obtained by slow evapora-
tion of a benzene solution of 3. A single crystal having
approximate dimensions 0.24 × 0.11 × 0.06 mm was placed
in a capillary tube and mounted on a Bruker SMART CCD
X-ray diffractometer. Data were collected using Mo KR
radiation at 108 K. Cell dimensions were determined by least-
squares refinement of the measured setting angles of 8192
reflections with 3.2° < 2θ < 69.5°. The structure was solved
using direct methods (SHELXS-86) and refined by full-matrix
least-squares techniques. The crystallographic data are given
in Table 1.

The influence of large numbers of weak high-angle reflec-
tions is evident in the magnitude of the residual peaks in the
final difference Fourier maps. For example, 3 yields maximum
positive and negative peaks at 10.4 and -3.7 e Å-3, while
refinement with a more conventional subset of the data with

F2 > 3σ and 2θ < 60° yield maximum positive and negative
peaks of 2.46 and -1.61 e Å-3. The positive peak is located
1.57 Å above the phenyl ring containing C(21).

Structure Determination of Ru(Ph2PNMeNMePPh2)2-
(S2) (4). Orange crystals of 4 were obtained by slow evapora-
tion of a benzene solution of 4. A single crystal having
approximate dimensions 0.36 × 0.36 × 0.20 mm was placed
in a capillary tube and mounted on a Bruker SMART CCD
X-ray diffractometer. Data were collected using Mo KR
radiation at 115 K. Cell dimensions were determined by least-
squares refinement of the measured setting angles of 8192
reflections with 4.2° < 2θ < 75.0°. The structure was solved
using direct methods (SHELXS-86) and refined by full-matrix
least-squares techniques. The crystallographic data are given
in Table 1.

Structure Determination of Ru(Ph2PNMeNMePPh2)2-
(H)(Cl) (5). Pale yellow crystals of 5 were obtained by slow
evaporation of a benzene solution of 5. A single crystal having
approximate dimensions 0.24 × 0.20 × 0.12 mm was placed
in a capillary tube and mounted on a Bruker SMART CCD
X-ray diffractometer. Data were collected using Mo KR
radiation at 115 K. Cell dimensions were determined by least-
squares refinement of the measured setting angles of 5539
reflections with 2.2° < 2θ < 71.6°. The structure was solved
using direct methods (SHELXS-86) and refined by full-matrix
least-squares techniques. The structure was originally solved
in space group P21/n with an inversion center at the Ru site,
resulting in disorder of the H and Cl atoms. Refinement in
the acentric space group Pn results in R factors which are 30%
lower.

The X-ray scattering from the crystals of 5 is much weaker
than that of 3 or 4. This results in a large fraction of weak
reflections in the data set. The larger average thermal
ellipsoids (even at low temperature) are also indicative of a
rapid falloff of intensity. This results in rather large agree-
ment factors. However, a structure factor calculation from the
final model using only the 3395 observations with I > 6σI
yields more reasonable agreement factors of R1 ) 0.0846 and
wR2 ) 0.1183. The crystallographic data are given in Table
1.
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Supporting Information Available: Tables giving de-
tails of the crystal structure determinations of 3-5 (27 pages).
Ordering information is given on any current masthead page.
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