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Chemistry of Ruthenium Hydridonitrosyl Complexes Containing
Chelating Triphosphines II-Structures of [RuH;(NO)P3]*
(P3 : Chelating Triphosphines)
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The protonation of RuHNOXCyttp) resulted in the formation of [RuHNO)Cyttp)]* which is characterized as a
classical cis-dihydried complex, This complex is fluxional and the intramelecular process involving a molecular hydrogen
complex is proposed. This mechanism was further supported by the reactivity of this complex toward neutral 2-electron
ligands, On the other hand, it failed to detect the existence of [RuHANOXetp)]* probably due to instability of the
complex but the crystal structure of [Ru(PMe;XNO)Xetp)]* formed by the protonation of RuH(NOXetp) followed by
the addition of PMe; was determined to have a trigonal bipyramidal structure with a linear NO in the equatorial
plane and a facial etp ligand. The crystals are monoclinic, space group P2,/n, with unit cell dimensions ¢=14.130
(), b=21026 (3), c=14.760 (1) &, $=97.88 (1)° V=434 R, Z=4, R=0046 and R, =0.056 for the 4779 intensities

with F,2>3 o (F,2} and the 440 variables.

Introduction

Introduction of hydride ligands by protonation has been
recognized as one of the important preparation methods of
hydride complexes.! From the electron counting view point,
proton does not contribute the electron to the metal center
and this method can be used to introduce hydride ligand
to the coordinatively saturated complexes as well as coordi-
natively unsaturated ones. A classical example of this reac-
tion can be found in the Vaska complexes? Recently, mole-
cutar hydrogen complexes have attracted much interest as
a model of H. activation which, in turn, is important in the
various hydrogenation processes catalyzed by the various
metal complexes. Since the first discovery of this kind of
complex by Kubas?® two recent reviews's have been publi-
shed and many articles® have been followed. Up to date,
various characterization methods of the molecular hydrogen
complexes such as NMR (7 and Jup measurement), IR, neu-
tron or X-ray diffraction*® and electroochemical redox me-

thod” have been established. However, NMR techniques, es-
pecially 7, measurement in the various temperature devel-
oped by mainly Crabtree and Morris, have been widely used
because of their convenience and clarity, Since many report-
ed molecular hydrogen complexes are prepared by protona-
tion of the hydride complexes® ' and cationic 4° complexes
containing strong frans influence ligands such as H and COM?
favor molecular hydrogen complexes, the possibilities of mo-
lecular hydrogen complexes of the title complexes were in-
vestigated in this paper. Moreover, bonding modes of NO
ligands and structures of these complexes were examined
to find the clue of the relationship between bonding modes
of NO ligands and structures of complexes, especially in the
5-coordinated nitrosyl complexes.

Experimental Section

All manupulations were performed under an argon atmos-
phere using standard Schlenk techniques unless stated other-
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wise. Solvents were all reagents gri de and were distilled
over argon from appropriate drying agents prior to use. Rea-
gent grade chemicals were purchased from Aldrich Chemical
Company, Inc. and used without further purification unless
stated otherwise. Ruthenium trichloride hydrate was leaned
from Johnson Matthey Inc. and RuHMNOXCyttp), RuH(NQ)
(etp), RuD(NO)etp) and RuD(NO)Cyttp) was prepared by
the literature method.® The *P{H}, 'H and “C{*H} NMR
spectra were recorded by using 5 mm tubes on a Bruker
AM-250 FT NMR spectrometer operating at 101.256 MHz,
250.133 MHz and 62.896 MHz, respectively. These spectra
were referenced to 85% H;PO, and residual deuterium sol-
vent peaks. Infrared spectra were recorded on a Perkin-El-
mer 283B grating spectrometer. Elemental analyses were
performed by M-H-W Laboratories, Phoenix, Az., USA.

[RuH(NO)(Cyttp)]BF; .RuH(NO)Cyttp) (350 mg, 049
mmole) was suspended in 10 m/ of ether under hydrogen
atmosphere and the solution was freezed by liquid nitrogen
and excess HBF,-Et,0 was added. The solution was warmed
up slowly while stirring. The color changed from dark brown
to light brown. After stirring the solution for 15 min, the
sticky solid was collected by filtration and dried by passing
hydrogen gas through the frit for 2 days. Yield: 230 mg (43%
based on the following formula of the product; [RuH(NO)
(Cyttp)Y)BF.- 1.8HBF,;-Et,0) *P{'H} NMR(CD.Cl,) 6 835 (1),
& 3865 (d), J,»,=250 Hz 'H-NMR(CD.Cl;, 303K) 8§ —6.73
(broad) IR(CH:Cl2} vror: 1940, 1850 cm™!, vwo: 1760 cm™L
Anal. Calcd. for CypHgoaBsF11 NO2PsRu: C, 47.25; H, 7.60;
N, 1.28. Found: C, 47.15; H, 7.12; N, 149.

[RuD4(NO)(Cyitp)]BF,. This reaction was monitored
by the *P, 'H and 2H-NMR spectra. The sample was pre-
pared by dissolving 20 mg of [RuH,(NOXCyttp)]BF, in 0.5
mi of CD;Cl, and then bubbling of D. through the solution
for 3 min.

[Ru{PMe:)(NO)Cyttp)]BF;. [RuH(NOXCyttp)IBF,-1.
8HBF,-Et;,0 (150 mg, 0.14 mmole) was dissolved in 5 mi
of CH:Cl; and 0.15 m! of trimethyl phosphine solution (1.00
M in THF, 0.15 mmole) was added quickly. Bubbling was
observed upon addition of PMe; and the solution was stirred
for 5 min. No more bubbling was observed and after remov-
ing solvent under reduced pressure, 10 m/ of ether was ad-
ded to precipitate the pale yellow solid out. The solid was
collected by filtration and washed with 3 m/ of ether three
times and dried under vacuum overnight. Yield: 110 mg (70
% based on the following formula of the product; [Ru(PMes)
(NOXCyttp)]BF,- 1.5HBF,-Et,0) *P{*H} NMR (Acetone-ds} &
1162 (dd, P} 8§ 150 (td, P) & —14.79 (td, P) (P, wing
phosphine of Cyttp, P.: central phosphine of Cyttp, P;: PMey),
J»=>518, 289 and 235 Hz IR (Nujol Mull) vxo: 1650 cm™".
Anal. Calcd. for CysHussBosFioNOy2PRu: C, 48.10; H, 7.62;
N, 1.25. Found: C, 47.22; H, 7.59; N, 117

[Ru{PMe3)(NO)etp)]BF,. RuH(NO)etp) (140 mg, 0.21
mmole) was suspended in 10 mi of ether under hydrogen
atmosphere and the solution was freezed by liquid nitrogen
and excess HBF,Et,0 was added. The solution was warmed
up slowly while stirring. When the color of the solution turns
to purple, 0.50 m/ of trimethyl phosphine solution (1.00 M
in THF, 0.50 mmole) was added quickly. When the tempera-
ture of the solution goes up to room temperature, red brown
solid was precipitated out. The solid was collected by filtra-
tion and washed 'with 3 m/ of ether three times and dried
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under vacuum overnight. Yield: 140 mg (80% based on the
title formula) *P{'H} NMR (Acetone-ds) & 97.34 {td, P.) &
71.85 (dd, P.) & —4.57 (td, P.) (same notation as Cyttp analo-
gue), J,,=185.5, 334, 209 Hz.

Crystal Structure of [Ru(PMey}(NO)(etp)]Cl-CeH;-
2H:0. Crystals of this compound which is grown from the
reaction mixture between RuH(NO)etp) and PMe; in ben-
zene in the presence of trace HCI are dark brown and their
clarity is poor. The crystal used for data collection was cut
from a larger crystal and coated with epoxy as a precaution
against possible decomposition in ait. Preliminary examina-
tion of the diffraction pattern with a Rigaku AFC5 diffracto-
meter indicated a monoclinic crystal system with systematic
absences oko, k=2n+1 and hol, h+1=2n+1. So the space
group is uniquely determined as P2)/n. The cell constants,
a=14130 () A 5=21026 3 A ¢=14760 (1) A and
3=97.88 (1)°, were determined at room temperature by a
least squares fit of the diffractometer setting angles for 25
reflections in the 20 range 29 to 30° and with MoKa radia-
tion. Data was collected by # scan method. Six standard
reflections were measured after every 150 reflections and
indicated that the crystal was stable during the course of
data collection. The data were corrected for Lorentz and
polarization effects but no absorption correction was applied
because of the smali value of the absorption coefficient. Stru-
cture solution and refinement was done with the TEXSAN
package™ of crystallographic programs. The structure was
solved by locating the ruthenium atom on a Patterson map.
This atom was then used as a phasing model in the DIRDIF
procedure®” and the remainder of the ruthenium complex
was located on the electron density map. After several cycles
of full-matrix least-squares refinement, it became evident
that ' there were solvent molecules and ions present, One
benzene molecule of solvation appeared in a difference elec-
tron density map along with one large peak (9 e.&3) which
was not bonded to any of the other atoms in the structure.
This lone peak was assumed to be a CI™ ion in order to
balance the positively charged ruthenium complex. After a
cycle of anisotropic refinement of the ruthenium complex,
the hydrogen atoms were included in the model at their
calculated positions with C—H=0.98 & and were held fixed
during least-squares refinement. The hydrogen atoms on the
methyl carbon atoms were idealized to tetrahedral geometry
based on their positions in a difference electron density map.
At this point there was still some unaccounted for electron
density appearing in the difference maps at 1.8 and 14 e/R
and neither of these were bonded to any other atoms in
the model. These were assumed to be oxygen atoms of two
water molecules. They were included in the model at the
isotropic level and their occupancy factors were allowed to
refine, The final refinement cycle {on F) resulted in agree-
ment indices of R=0.046 and R,=0.056 for the 4779 reflec-
tions with £,2 > 3o (F,) and 440 variables (The non-hydro-
gen atoms of the ruthenium complex are anisotropic as is
the Cl ion, benzene carbon atoms and two water oxygen
atoms are isotropic, all the hydrogen atoms are fixed). The
occupancy factors for the two water oxygen atoms refined
to final values of 0.80 (2) for 02 and 048 (2} for O3. The
largest peak in the final differnce electron density map is
0.88 efﬁs and is located in the vicinity of the benzene ring.
Scattering factors for neutral atoms were used and are from
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Figure 1. Variable temperature 3P{*H} NMR spectra of {RuH,
(NOXCyttp))BF, in CD.Cl, at 101252 MHz.

the usual sources.!® Terms for anomalous scattering were
included.

Results and Discussion

For [RuHNOXCyttp)IBF: (Cyttp: Bis(dicyclohexylphos-
phinopropyl)phenylphosphine), T, measurement by the inver-
sion recovery method and attempts to measure the fu» in
the [Ru(HDXNOXCyttp)]JBF, were made to clarify the nature
of H, ligand but in the etp complexes (etp: Bis(diphenyl-
phosphinoethyl)phenylphosphine), several attempts to isolate
and even confirm the existence of the title complex in situ
by NMR have failed, presumably owing to the extremely
unstable nature of this compound. Ty .. of [(RuH;(NOXCy-
ttp)]* was recorded as 147 msec at 220 K. This value is
relatively high for a molecular hydrogen complex (in most
cases, Ty values are less than 80 msec for a molecular hydro-
gen complex), but as Kubas' pointed out, this value might
be in the “gray area”. An attempt {0 measure fup in the
complex of [Ru(HDYNOXCyttp)]* was failed due to fast ex-
change between two hydride ligands. Selective decoupling
of resonance frequencies of the phosphorus peaks does not
help identify this value, Hydride peaks which are broad at
room temperature begin to resolve into two peaks as the

Te-Mo Lee et al
303K

J\ 353 msec

270K

AN
260K

266 msec

237 msec

250K 222 msec

et A e T et
240K

160 msec 230K 155 msec

162msec 220K 147 msec
[N e —
171 msecJ\,\ 200K A\ 163 msec
180 msec 190K 174 msec
e\ N
O O O OO i OO M M T S L O

Figure 2. Variable temperature 'H-NMR spectra and T of [RuH;
(NO)Cyttp)]BF, in CD.Ci; at 250.133 MHz.

temperature is lowered. However, limiting, well-resolved
spectra could not be obtained, Therefore, it is concluded
that this complex has two classical hydride ligands, not a
molecular hydride ligand. However, there is a recent report
that a classical hydride complex ([ReHg(PPh3);]*)* deter-
mined by the conventional NMR method shows nonclassical
behavior by other criteria’ and the exact nature of this com-
plex remains uncertain. In the variable temperature NMR
experiments, *P-NMR spectra do not change throughout the
whole temperature range (190-303 K) (Figure 1) but 'H-NMR
spectra (Figure 2) show that the hydride at —537 ppm is
trans to central phosphine (Jpy=62 H,) and the hydride at
—~8.95 ppm is frans to NO and these hydride ligands excha-
nge their positions esch other. The classical hydridic charac-
ter is also confirmed by the IR spectrum where vg,n appears
at 1950 and 1850 cm™ .. NO seems (o be linear because vyo
appears at 1750 cm™). Based on these data, the following
two mechanisms are proposed to explain the fluxional be-
havior of this complex (Eq. 1 and 2). The intensity of the

P * P e Ve 2 B
f“‘ﬁ{m — Ao — f“'ﬂg' P @
e S—— H q'

) ] HaJ ] Sib
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hydride peak of Ru(HD)NOXCyttp) was monitored in the
presence of a large excess of HBF-Et;O for a fairly long
time by NMR to see whether this fluxional process is intra-
molecular (Eqg. 1) or not. Since the intensity of the hydride
peak did not change, intramolecular process is more favored.
In this mechanism, an equilibrium between hydrides and
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Figure 3. *P{'H} NMR spectrum of [Ru(PMe)(NOXCytitp)]BF,
in acetone-ds at 101252 MHz.
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Figure 4. ¥P{'"H} NMR spectrum of [Ru(PMe;XNOXetp)]BF,
in acetoneds at 101.252 MHz.

molecular hydrogen*® and rotation about M-H, bond are as-
sumed and these phenomena have been reported recently.'%®
Even though there is no spectroscopic evidence except a
very weak peak at 2650 cm™’' in the IR spectrum for the
presence of molecular hydrogen complexes, reactivity of this
complex toward neutral ligands strongly indicates the prese-
nce of molecular hydrogen ligand. Generally, neutral ligands
such as PMe;, D, CO and CH,CN replace the H, easily.
For the D, exchage, it is worth mentioning that molecular
hydrogen complexes can be utilized to catalyze H* /D, excha-
nge reactions in the recent paper.? In the PMe; and CH.CN
cases, H; bubbling was observed. Reactions with acetylenes
will be discussed elsewhere. Moreover, application of vacuum
appears to induce loss of H; followed by the solvent activa-
tion by the reactive 16-electron, 4-coordinate complex proba-
bly formed in situ; when the reaction was run in CH.Cl,
evaporation of the solvent followed by addition of diethyl
ether produced RuCKNOXCyttp} in high yield. The reaction
in ether under the argon atmosphere yielded a uncharacteri-
zed complex, presumably [Ru(NO)Cyttp)IBF, or [Ru(NO)
(Cyttp}Et20)]BF,. Even though some hydride complexes co-
ntaining cis-dihydride ligands undergo elimination of mole-
cular hydrogen easily, these reactions usually require some
external assistance such as heating, irradiation or application
of vacuum' but, to date, it is very hard to find examples
where ether eliminates these hydrides and some molecular
hydrogen complexes such as [CpRu(COXPPhy)(H,)JX*? are
unstable even in the presence of ether to decompose into
free H, and bridging-hydride dimers of the type {{CpRuw(CO)
{PPhy) 1{(u-H)}X. However, under the N, atmosphere, the ex-
pected dinitrogen complexes could not be detected. Instead,
very complicated products were obtained with no title comp-
lexes left. This might be due to further reactions of unstable
dinitrogen complexes and activation of solvents by the reac-
tive 16-elctron, 4-coordinate complexes. Replacement of H,
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Figure 5. X-ray crystal structure of [Ru(PMe)(NOXetp)ICl-

CsHs-2H;0.
P—-—.

'[—\
1

Hy
Figure 6. Proposed structure of [RuH(NO)etp)l*.

BE:

by PMe; shows that the incoming PMe; ligand occupies the
position where the molecular hydrogen left, the equatorial
site in the TBP structure. The 3P-NMR spectrum of this
product (Figure 3) supports this assignment {Only ¢is cou-
pling constants are recorded). However, more bulky PPhg
cannot coordinate to the metal center probably due to steric
hindrance imposed by the Cyttp rings and 4-coordinate (or
solvent adduct) complexes are produced. Meanwhile, succes-
sive addition of HBF,;-Et,0 and PMe; to RuM{(NO){etp) pro-
duced the PMe; adduct where PMe; occupies the apical site
trans to the central phosphine. The ¥P-NMR spectrum of
this complex is shown in Figure 4 and the existence of an
trans coupling constant is clearly shown. The sturcture of
this product was determined by X-ray crystallography (Fi-
gure 5). These data indicate that a molecular hydrogen (or
cis-dihydride) ligand, if present in (Ru(H,)(NO)etp)]BF,, oc-
cupies the apical site in the TBP structure (Figure 6). In
the [Ru(PMe;)(NOXetp)]* complex, NO is linear (175.1 (6)°)
and Ru-N distance (1.771 (5) A) is comparable with that of
RuH(NO)Cyttp) (1783 (4) A) or RuH(NO)PPhy); (1.792 (11)
A) but NO distance (1.160 (6) ﬁ) is considerably shorter than
those of RuH(NO)XCyttp) (1.186 (5) A) and RuH(NOXPPhe)
(1183 (11) A) which indicates less n-back bonding to the
NO group as expected from the positive charge of this comp-
lex. In Table 1, selected bond lengths and bond angles are
listed and crystaliographic details are summarized in Table
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Table 1. Selected Bond Distances and Angles of [Ru(PMes)
NO)(etp)]CI

h-Mo Lee et al.

Table 3. Positional Parameters and B (eq) for [Ru(PMe:}(NO)
(etp)]Ci-CsHe- 2HO

Atoms Distances, 4 Atoms Angle, deg Atom x ¥ z B {eg)
Ru-N 1771 (5) N-Ru-P, 1270 (2) RU 034061 (3) 040597 (2) 027900 (3) 34 (2
Ru-P, 2333 (2 N-Ru-P, 1232 (2) CL 03750 (2) 0.1222 (1) 04849 () 105 (2)
Ru-P; 2.335 (2) N-Ru-P, 958 (2) P1 03301 (1) 037022 (8 01283 (1) 413 (D
Ru-P; 2341 () N-Ru-P. 906 (2) P2 03387 (1) 050499 (79 02062 (1} 404 (O
Ru-P, 2.375 (2) P,-Ru-P; 108.79 (6) P3 01899 (1) 044038 (7) 03060 (1) 3.86 (6)
N-O 1.160 (6) Pi-Ru-P; 81.59 (6) P4 0.3283 (1) 0.39220 (D) 0.3398 (1) 411 (7)
P;-Ru-P, 93.77 (6) 01 05142 (4) 04337 @) 04052 (5) 121 (4)
PxRu-P, 81.35 (5) N 04463 (4) 04199 (3 03558 4) 53 (3)
PsRu-P, 96.00 (5) C1 02812 (5) 0.4341 (3) 00503 4) 50 (3)
P-Ru-P, 17353 () C2 0.3288 (5) 04965 (3) 00812 4) 52 (3
O-N-Ru 175.1 (6) C3 02341 (5) 05510 (3) 02263 (4) 52 (3)
'Standard deviation is shown in the parenthesis. *P,, Py, P; and g 2'1502 g) 350305810 (? 302;7; (i) 50 )
P, represent wing, central and wing phosphines of etp and PMe;, ) § @) . @ 480
respectively. *More iformation is available on request. 0.3058 (6) 02426 (3 00740 5) 62 ()
C7 0.2498 (8) 0.1888 (4) 00467 6) 8.1 (5)
C8 0.1514 (9} 0.1947 (5 00302 6) 87 6)
Table 2. Crystallographic Details for [Ru(PMe;)(NO)etp)ICl- C9 0.1085 (7) 02520 (5) 00407 (5} 79 (5)
CsHs- 2H0O [0} [¢] 0.1634 (5) 03052 (4) 0.0679 (4) 59 @)
Ci1 04469 (6) 03576 (3) 0.0895 (5) 50 (3)
Formula [RuNOP,CyH,:1Cl- CeHs- 2H,0
o e i R oumE me amo 8
P X ) , ,
::’m Group ) 4‘;:0 @ Cld 06224 (7) 03508 ) 00274 (& 88 (6)
b' i 21.026 @) C15 05415 (8 03415 (4) —00316 6) 7.9 (5)
c’ i 14760 (1) Cl6 04535 (6) 03453 (3) —0.0023 (5) 64 ()
B’ deg 97.88 (1) C17 04410 (4) 05566 (3) 02338 4) 46 (3}
V’I % 4344 Cis 04373 (5) 06136 3 02779 (5) 56 (3)
olume,
7 s Cl9 05182 () 06503 (4) 02998 (5) 75 (5)
Density (Calc), g/em?® 136 Eir Ogg (;) 0;32? (g) 2.2753 6 83 ")
Crystal size 031 mmX035 mmX054 mm o 0'5273 (5J 0 (3’ o 298 6) 77 (i’
Radiation MoKa with graphite monochroma- 0. G) 05366 (3) 209 (5) 62 (4)
tor, A=0.70926 t; C23 0.1932 (4) 0.4805 (3) 04164 (4 43 @)
Li -1 C24 01129 (5) 05120 (3) 04379 (5 6.1 (4)
inear abs. coeff., cm 6.00
T . C25 0.1145 (6) 0.5438 (4) 05193 (O 81 (5
emperature ambient
29 limits 4° < 2 < 50° C26 0.1942 (7> 05427 (4) 0.5821 (6) 7.8 (5
. . Cc27 02743 (6) 05108 (4) 0.5641 (5) 73 @)
Secan speed 8 deg/min in w with a total of
8 scans/reflection C28 02726 (5) 04799 (3) 0.4810 (5) 56 (3)
Ba . . C29 0.0846 (4) 03902 (3) 03056 (4) 4.0 (B
ckground time/scan time 0.3 C30 0.0687 (4 0.3593 (3 03841 (4 49 (3
Scan range (150+(0.35) tan 61° in w o (5) G o1 @ 490
Data Collected +h, +h +1 —0 ) 03180 (3) 0.3850 (5) 58 (@
Unique data 5835 C32 —00701 (5) 03094 (4) 0.3075 (N 69 (4)
Unique data, with F,2<30 (F.204779 C33 —-00572 (5) 0.3405 (4) 02289 6y 74 (4)
Final ber of iabl. 440 C34 00206 (5) 03812 (3) 0.2277 (5) 58 (3)
inal number of variables
R (Fy 0.046 C35 03334 (5) 03027 (3 04632 (4) 57 (3)
R. 0.056 C36 04299 (5) 02534 (3) 0.3234 (5) 59 3)
y ’ C37 02295 (5 02501 (3) 03024 (4 50 (3

Error in observation of unitl.69

weight, e

‘R U;):E' IF.,|—|F‘—!|E|FJ. bR’ (ﬂz[zn(lF;v'_lFrl)ZIZwIFelst

Wlth w= ]Jazu;‘a)-

2. In Table 3, positional parameters and B{eq) for [Ru(PMe;)
MNO)etp)]Cl are listed. In this complex, etp adopts facial
geometry and overall geometry is TBP, with two wing phos-

phines and NO ligands comprising the equatorial plane and
the central phosphine and PMe; ligands occupying the axial
positions. The products of the reactions between RuH(NO)
(etp) and HBF,-Et,0 were monitored in situ by *P-NMR
in various solvents. The results are shown in Table 4 and
these data clearly show that 16-elctron, 4-coordinate [Ru(NQ)
(etp)]BF, formed with the loss of motecular hydrogen might
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Table 4. ¥P{*H} NMR Parameters for the Products of Reactions
between RuH(NO)(etp) and HBF, in Different Solvents

Sovents 8 Pume O Pumg 2Py NMR Solvent Comment
CHLCN 9665 59.79 179  CDCN
Ether  109.97 62.69 9.7 CD,Cl
CHCl, 11072 62.65 9.6 CD:Cl,
10747 (b) 7517 (b) 243 CD.Cly
Acetone 10124 (b) 7006 (b) 217 Acetoneds initial
100.34 7354 182  Acetone-ds initial

10124 (b) 7006 (b) 21.7 Acetone-ds after 30 min

1Chemicat shift is shown in ppm relative to 85% HiPO,. Positive
value represents downfield shift from external standard. ®b
means broad. *Coupling constants are given in Hz

react further with various solvents, Further study is under-
going to identify these complexes but difficulty in purification
prevents from complete characterization.

Conclusions

[RuHANOXCyttp)JBF, was obtained by protonation of
RuH(NOXCyttp) and characterized as a classical cis-dihy-
dride complex by NMR techniques. This complex is fluxional
and the process where two hydride ligands exchange their
positions vig a molecular hydrogen complex intermediate is
proposed. Reactivity of this complex toward neutral 2-elec-
tron donor ligands reflects this property. However, the exist-
ence of [RuHxANO)etp)IBF, was not confirmed maybe due
to instability of this complex. The structure of this complex
is proposed on the basis of the crystal structure of [Ru
(PMeg)(NOXetp)y]* which is TBP overall.
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