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Two hydrido ruthenium complexes could be isolated from the reaction betweep(BMSO), (DMSO = dimethyl
sulfoxide) and the chelating 1,2-bis(dicyclohexylphosphino)ethane (dcpe) and{BPfWhese are [RuH-
(dcpe}] T[BPhy] ~ with a five-coordinate, 16 valence electron cation and the neutral zwitterionic 18 valence electron
compound (75-C¢Hs)BPhg} RuH(dcpe). The relative amounts of these products depend on the reaction conditions.
If NaBPh, is replaced by N&EPFs or added after the reaction with the diphosphine has gone to completion, the
16 valence electron species [RuH(dge)s the only product. Reducing the size of the diphosphine chelate to
1,1-bis(dicyclohexylphosphino)methane (dcpm) has a large effect on the reaction course.tr&ithBuHCI-
(dcpmy) or trans-RuCh(dcpmy} is formed, depending on the conditions. X-ray structures of [RuH(elcpBPhy]
(monoclinic,P2/c, a = 24.936(5) A,b = 12.633(3) A,c = 25.801(5) A, = 102.86(3}, V= 7924(3) B, z =
4,R=0.062,R, = 0.1694) and (#75-CsHs)BPhs} RuH(dcpe) (monoclinicP2y/n, a = 14.321(5) Ab = 19.716-

(7) A, c=17.100(5) A3 = 107.60, V = 4602(3) B, Z = 4, R= 0.0648,R, = 0.1873) have been determined.

A nearly planar arrangement of the four P atoms exists around Ru in the five-coordinate cation, implying a
distorted square pyramid. This structural motif has not been observed previously &R gsystem with a

P,X donor set. {(1%-CeHs)BPhs} RuH(dcpe) represents an example for the noninnocent behavior of the
“noncoordinating” [BPhB]~ anion. The coordinated six-membered ring displays a boatlike distortion with the
BPh; “substituent” and thepara-carbon of the coordinated ring displaced away from the metal.

comparable number of examples of [MXJL]* are known,

There has been a long-standing interest in the structures ofwhere Lzlrepre'sentsoit;helatmg diphosphinel aha unidentate
monoanionic ligand’ They possess aR donor set around

five-coordinate complexes and the factors governing the prefer- the metal center and are frequently generated by dissociation

ence of either the trigonal bipyramidal (tbp) or the square f ionic liand Y f dsi di
ramidal (sgp) structure type. While the tbp coordination mode o' an anionic igan rom saturated six-coordinate precursors.
Py ' The readiness with which MXY #), complexes undergo such

e s st Sroms St a2 1gand socialon s found (o depend o Severs) acors
9 9 9 such as the steric bulk and the electronic properties of the

the r_n_etal d electron configuration or the ligand properties may chelating diphosphine and the ligand Xhe ring size of the
stabilize the sqp structure typ@. The balance between these helate f d.th | loved hich of th
isomeric forms is often quite delicate, as exemplified by the chelate formed, the solvent employed, or which of the two
occasional observation of both confi ’urations resent in the possible isomersc{s or trans) of the starting material is

9 P used. To only briefly illustrate some of these poirtans

same solid state materiabr the dependence of the preferred .
) RuCL(PhP(CH,)sPPh), was reported to react with NaBRPar
structure type on the counteribrand even the solvent of NaPF; in ethanol to give [RUCI(PIP(CHb)sPPh),]*, while the

crystallization® ) L
Special attention has been paid to five-coordinate complexesgl)eetzyrll Osl;léEftllﬁult_?l?ev%gévagxg?&ing 5&%332%5%%_

with a & configuration of the metal center, particularly in view hexylphosphino)ethane) spontaneously dissociates a bromide ion

3Lstgtilrrat:](;?1h \/r\(lerﬁlfs“;llljtt)r/]e?]ﬁ::‘?:ogorlgxslseg;rt?\reuc aeng Is;eerc upon dissolution in dichloromethane, whereas the dichloro
: P type Ry derivative requires refluxing of the starting material in ethanol

. o
XY are relatively commofi;® it is only recently that a in the presence of a noncoordinating countefrilhe effect
of the chelate ring size may be inferred from the fact trexts-
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RuCh(PhP(CH,)PPh), reacts with NaP§&in refluxing ethanol

to yield five-coordinate compounds when= 3,1013whereas

no such reaction is observed for= 215 The more reactive
cisisomer of the latter complex, however, dissociates a chloride
anion under the above reaction conditidhs.

Winter and Hornung
of the dissociatively more inert six-coordinate completxass-
RuChk(dcpm) (4) andtrans-RuHCI(dcpm) (3) (dcpm = bis-
(dicyclohexylphosphino)methane).

Experimental Section

As far as their structures in the solid state are concerned, the General Procedures. All manipulations were performed by standard

five-coordinate & ruthenium complexes fall into two distinct
categories. Those with &®Y donor set around the metal adopt
a sqp structure with one P atom at the apical position. The

Schlenk techniques under an atmosphere of dry argon. Dichloro-
methane was dried by disitillation from Catand ethanol was predried
with Mg and freshly distilled from Cakbefore use. All solvents were

basal plane accommodates the two remaining P atoms as welf€gassed by either at least three frequemp-thaw cycles or saturation

as X and Y which are mutually trans to each othgrin the
case of a X donor set the structures were predicted to depend
on the electronic properties of the ligandXFor X = CI- (or

any othero acceptort donor) the antibonding interaction
between the filledr orbital of the ligand and the.gorbital on

the metal renders a tbp structure withr @ the equatorial plane

with argon prior to use. RugiDMSO), (DMSO = dimethylsulfoxide)

was prepared according to a literature metfiod.,2-Bis(dicyclohexy-
Iphosphino)ethane (dcpe) and 1,1-bis(dicyclohexylphosphino)methane
(dcpm) were obtained from Strem Chemicals and the deuterated solvents
from Aldrich. All commercial materials were used as received.
Infrared spectra were obtained on a Perkin-Elmer Paragon 1000 PC
FT-IR instrumentH (250.13 MHz),**C (62.90 MHz), and'P-NMR

and an acute angle between the two remaining equatorial ligandsspectra (101.26 MHz) were recorded on a Bruker AC 250 spectrometer
as the energy minimum. This arrangement was indeed foundat 303 K (unless stated otherwise) in the solvent indicated. The spectra

for all examples hitherto know#!316with the notable exception
of [RUPRCI|* (PR = P(GH4PPh)3), which possesses a sqp
structure with the Ci ligand in a basal positio2 Most

interestingly, the Os analogue of this latter compound is reported
to be isostructural, whereas the corresponding Fe complex is

trigonal bipyramidal with two unpaired electro#@. In ref 13
the authors have communicated the structure of [RuCl-
(PhP(CH,)3sPPh),] as square pyramidal, but a closer inspection

were referenced to the residual protonated solvéy, (the solvent
signal itself {3C), or external HPQ, (3'P). If necessary, the assignement

of ¥C NMR spectra was aided by appropriate DEPT experiments
(DEPT = distortionless enhancement by polarization transfer). The
assignments of the IR bands are based upon comparison of the IR
spectra of complexe®a and2b and a comparison with the IR data of
the respective diphosphine and those of BPalts?* The spectral
changes of the spectrum of complgk in the visible region upon
addition of CHCN were monitored by adding increasing amounts of

and a comparison with the other known structures reveals thatdegassed C#CN to a 0.83 mM solution of compleRb in CH,Cl, in

a distorted trigonal bipyramidal structure is in much better
agreement with the actual data. For=XH™, both the tbp and

a gas-tight UV/vis cuvette under argon and recording the spectra after
each addition. Elemental analyses (C, H, N) were performed at in-

the sqp structures were calculated to be true minima, the latterhouse facilities.

being favored by about 29 kJ/mblAlthough some hydrides

of this type (X= H) were prepareét1518-20 ng X-ray structures
have been available. Their spectroscopic data suggest a sq
structure in solution for [RUH(BINAR)™ (BINAP = R-bis-
(diphenylphosphino)-1;dbinaphthyl}®abut rather a tbp structure
for the corresponding complex with dcpe (dcpéis(dicyclo-
hexylphosphino)ethané$.

The high reactivity of these systems is of considerable interest.
This point is evident from their fast reactions with anionic or
neutral ligands such as CO or kb yield six-coordinate 18
valence electron complexesans{RuX(Lp),L']*,10-12.151819
their propensity for CH activation, and their potential for
synthetic applicatior8 or as hydrogenation catalysts.As to
CH activation processes, the hydrides$XH™) are probably
the most powerful among the [RuX{lz]* derivatives. They
may form strong agostic interactions with the hydrocarbon

Synthesis of{ (7%-CsHs)BPhg} RuH(dcpe) (1) and [RuH(dcpe)]-
[BPhy] (2a). Method 1. RuChL(DMSOQ), (0.484 g, 1.0 mmol), dcpe
0.845 g, 2.0 mmol), and NaBR(8.422 g, 10.0 mmol) were suspended
n 30 mL of ethanol, and the mixture was warmed to a gentle reflux
under stirring.  Within minutes the suspension cleared to a yellow
solution which soon precipitated a pale orange solid. Upon further
heating, this solid slowly turned dark yellow and finally orange. After
90 min, the solid was allowed to settle and the mother liqguor was
removed by cannula filtration. The orange residue was washed three
times with 5 mL portions of ethanol by warming the mixture to a gentle
reflux, allowing the solids to settle, and filtering hot as above. The
resulting orange powder was dried in vacuo and extracted intCGH
(2 x 10 mL). The extracts were filtered by cannula to remove residual
NaBPh and were crystallized by layering the concentrated solution
with ethanol. Several batches were obtained by further concentration
of the respective mother liquors. The initial fractions were enriched
with the white{ (75-C¢Hs)BPhs} RuH(dcpe), whereas the later ones were
found to contain a higher proportion of the orange-red [RuH-

chelate bridges of the diphosphine ligands, provided the chelate(dcpe}] "[BPhj~ salt. The crystals were sorted manually as far as

ring is large enough to allow the alkyl chains to approach the
vacant coordination sit&:??

In this paper we give an account of the synthesis of
[RuH(dcpe)]T[A~] (A~ = BPh~ (2a), PR~ (2b)) and the
identification of the{ (8-CgHs)BPhs} RuH(dcpe) zwitterion and
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possible, and the inseparable mixtures (partly lumps of the two different
compounds baked together) recrystallized again. This procedure was
repeated until further recrystallizations did only yield inseparable
mixtures. Yields:[RuH(dcpe)] F[BPhy] -3CH,Cl,, 0.627g, 41% based

on Ru;{ (175-C¢Hs)BPhs} RuH(dcpe)0.5CHCl,, 0.097 g, 11% based on

Ru.

Method 2. RuCk(DMSQ), (0.096 g, 0.20 mmol), dcpe (0.079 g,
0.187 mmol), and NaBRHK0.638 g, 1.86 mmol) were suspended in 8
mL of ethanol, and the mixture was warmed to a gentle reflux under
stirring.  Within minutes the suspension cleared to a pale orange
solution. Soon an almost white solid precipitated which gradually
turned pale orange. After 60 min, the solid was allowed to settle and
the solvent was removed by filter cannula. The resulting crude product
was washed with another 4 mL portion of hot ethanol, vacuum dried,
and extracted into C¥€l, (5 mL). After drying in vacuo 0.093 g of
a pale orange solid was obtained, which was found to contain
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Square Pyramidal Hydride Cation [RuH(dcge)

[RuH(dcpe)] [BPhy]~ and {(#°-CsHs)BPhs} RuH(dcpe) in an ap-
proximate 2:3 ratio. After two recrystallizations and sorting the crystals
as abovg¢RuH(dcpe)] "[BPhy] -3CH,CI, (0.035 g, 25% based on dcpe)
and { (7°-CsHs)BPhs} RuH(dcpe)0.5CHCI, (0.049 g, 30% based on
dcpe) were obtained.

Spectral and Analytical Data. Complex 1. *H-NMR (CDCL):

0 7.37, (2,6-H (BPH), d, 3J4_p = 7.07 Hz, 6H), 7.08 (3,5-H (BRh
vt, Ny = 7.32 Hz, 6H), 6.95 (4-H, (BR)\, t, 3Ju—n = 7.32 Hz, 3H),
5.83 (2,6-H 5-Ph), d,3J4—1 = 5.47 Hz, 2H), 5.60 (3,5-Hif-Ph), t,
Nu-n = 5.50 Hz, 2H), 5.38 (4-H,16-Ph), t,3J4_4 = 5.50 Hz, 1H),
1.18-1.79 (GH11, m, 44H), 0.88 (PCH m, 2H), 0.64 (PChH m, 2H),
—11.59 (RuH, t2Jp_c = 36.5 Hz, 1H). 33C-NMR (CD,Cl,): ¢ 160.85
(ipso-C, BPh, non-binomial quart)s-c = 60 Hz), 136.1, 125.8, 122.8
(0, m, p-C (BPhy)), 92.9, 91.7, 88.9q, m, pC (5-Ph)), 38.5 ipso-C,
(dcpe), vt,Np—c = 10.3 Hz), 37.0ipso-C, (dcpe), mNp_c = 16.2
Hz), 29.2, 28.0, 27.4 (CHdcpe), all s), 27.3 (Ck(dcpe), Vt,Np-c =
3.2 Hz), 27.1 (CH (dcpe), s), 26.9 (Ck(dcpe), vt,Np—c = 4.2 Hz),
26.3 (CH: (dcpe), vt,Np—c = 1.4 Hz), 26.1 (CH (dcpe), vt,Np_c =
4.4 Hz), 25.3 (CH (dcpe), s), 20.9 (PCH(dcpe), vt,Np—c = 20.0
Hz); the resonance of thpso-C atom of the coordinated phenyl ring
could not be observedP{*H}-NMR (CDCl): 6 97.2 (s). 3*P-NMR
(CDCly): 6 97.2 (d,2Jp—4 = 36 Hz). IR (KBr, cntl): 3057, 3037,
3001, 2984 (arene CH (BRH), 2925, 2851 (Chl CH (dcpe)), 2001
(RuH), 1582, 1562, 1495, 1481 (arene CC (BB) 1445, 1425 (Cki
(dcpe)), 1263 (dcpe), 852, 739, 732, 7088Ph,7)), 661, 532. Anal.
Calcd for GoHesBP,RW-0.5CHCl,: C, 68.43; H, 7.96. Found: C,
68.27; H, 7.94.

Complex 2a. 'H-NMR (CDCl): ¢ 7.43 (3,5-H (BP&), m, 8H),
7.06 (2,6-H (BPH) , vt, Nu_n = 7.32 Hz, 8H), 6.89 (4-H, (BRh), t,
8Ju—n = 7.32 Hz, 4H), 2.15ipso-CH (dcpe), vt,Ny—4 = 2.18 Hz,
4H), 1.19-1.88 (GHa1, m, 84H), 0.88 (PCkK m, 4H), 0.77 (PCkH m,
4H), —32.06 (RuH, quint?Je_c = 19.2 Hz, 1H). 13C-NMR (CD.Cl,):

0 164.5 {pso-C, BPh~, nonbinomial quart)s—c = 50 Hz), 136.3, 125.9
(nonbinomial quart3Js—c = 2.7 Hz), 122.0§, o, m-C (BPh,")), 40.8
(ipso-C, (dcpe), vquintNe—c = 4.5 Hz), 40.3 ipso-C, (dcpe), vquint,
Np-c = 6.0 Hz), 30.4, 30.3, 29.0, 28.7, 28.2, 28.0, 27.6, 26.7, 26.6
(CH; (dcpe), all s), 20.7 (PCH(dcpe), vquint,Np—_c = 10.9 Hz).
31P{H}-NMR (CDCly): 74.2(s), 74.0 (s). IR (KBr, crt): 3054, 3033,
2997 (arene CH, BRh), 2928, 2850 (CH CH (dcpe)), 2236 (RuH),
1579, 1481 (arene CC (BRh)), 1446, 1424 (Chi(dcpe)), 1263 (dcpe),
850, 731, 703 (BPh7)), 613, 533. UV/vis (CHCIy; Amax, NM (Emax
M~tcm™): 411 (2180). Anal. Calcd for fgH11BPsRuU-3CH.Cly: C,
62.37; H, 8.15 Found: C, 62.71; H, 8.20.

Synthesis of [RuH(dcpe)]A~] (A~ = BPh,~ (2a), PRk~ (2b)). The
procedure is given for the synthesis of the {PFsalt2b; the analogous
[BPhy]~ salt is, however, obtained in essentially the same yield by
replacing NHPF; by NaBPh. RuCL(DMSO), (0.175 g, 0.361 mmol)
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Synthesis oftrans-RuHCI(dcpm). (3). Method 1. RuCL(DMSO),
(0.160 g, 0.33 mmol) and bis(dicyclohexylphosphino)methane (dcpm)
(0.271 g, 0.663 mmol) were suspended in 12.5 mL of ethanol, and 1
mL of NEt; was added. The pale yellow suspension was stirred under
warming to a gentle reflux. Within minutes all solids dissolved to give
a yellow-orange, clear solution to which NagkB.521 g, 2.0 mmol)
was added as a solid. This caused an immediate color change to red-
orange, and a purple precipitate appeared. The mixture was then kept
at a gentle reflux fo3 h during which time the precipitate gradually
turned pale orange. The volume of the reaction mixture was reduced
to ca. 4 mL, and the solid collected by filtration. After drying in vacuo,
the solid residue was extracted intx2Z7 mL of CH,Cl,. The combined
extracts were cautiously layered with 3 mL of pentane. An almost
white precipitate formed overnight, which was isolated by filtration
and found to contain predominantly RuHCI(dcpr(3) besides little
trans-RuChk(dcpmy (4). The mother liquor was further concentrated
until new solids formed on the wall of the Schlenk tube and were
allowed to crystallize overnight. After filtration the remaining solution
contained only the product which was isolated by evaporating the
solvents as a pale yellow, microcrystalline solid. The mixture obtained
in the first crystallization step was dissolved in the minimum amount
of hot benzene. Upon cooling, the dichloride precipitated as an orange,
microcrystalline powder which was separated by cautiously syringing
off the mother liquor which was in turn evaporated to yield a further
crop of complex3. Combined yields: 0.194 g (62%) of compl&x
and 0.028g (9%) of comple4.

Method 2. RuChL(DMSO), (0.091 g, 0.19 mmol), dcpm (0.147 g,
0.38 mmol), and NaSkH0.301 g, 1.16 mmol) were suspended in a
solution of Na (0.16 g, 7 mmol) in EtOH (7.5 mL) and heated to a
gentle reflux for 3 h. After the solids were allowed to settle and the
solvent was removed by cannula filtration, the pale orange residue was
washed with 2 portions of warm EtOH (2 mL each) and dried in vacuo.
The resulting pale yellow solid was extracted into L (2 x 5 mL)
and dried. The crude product contained predominantly congxédang
with ca. 12% of a second monohydrido compleXP{*H}-NMR
(CDCls), 6 4.0 (s);3*P, (CDCE), 6 4.0 (d,3Jp—4 = 16.2 Hz)). The
latter was removed by dissolving the residue in the minimum amount
of CH.Cl,, layering the solution with an approximately equal amount
of pentane, and allowing it to stand at ambient temperature overnight.
The remaining solution was separated from the precipitate and put to
dryness to yield 0.088 g of pure compl8x0.092 mmol, 48%).

Spectral and Analytical Data for Complex 3. *H-NMR (C¢Dg):

6 3.33 (PCHP (dcpm), dt2Jy-n = 14.50 Hz,2Jp_ = 2.20 Hz, 2H),
3.05 (PCHP (dcpm), dt2J4-n = 14.50 Hz,2Jp_y = 3.48 Hz, 2H),
2.98 (t, bripso-CH (dcpm),2Jy—n = 10.5 Hz, 4H), 2.50 (m, 4H), 2.33
(m, 4H), 2.08 (m, 8H), 1.261.91 (m, 68H, all CH (dcpm)),—17.44
(RuH, quint,2Jp_y = 18.71 Hz). C-NMR (CsDg): 0 39.1 [pso-CH,

and dcpe (0.305 g, 0.721 mmol) were suspended in 9 mL of ethanol to (dcpm), vquintNe-c = 4.9 Hz), 36.2 ipso-CH, (dcpm), vquintNe—c

which 1 mL of NHPr, had been added. This mixture was warmed to
reflux for 3 h, and a clear orange solution formed. A solution of 0.587
g of NHsPFs (3.6 mmol) in 4 mL of hot ethanol was added, and an
orange precipitate immediately formed. This mixture was allowed to

= 3.4 Hz), 34.0 (PCH (dcpm), vquint,Ne—c = 8.8 Hz), 30.6, 30.0,
29.9, 29.2, 28.1, 28.0, 26.9, 26.4 (all €kticpm), all s). 31P{1H} -
NMR (CeDe): 06.9 (S) 31P-NMR (CﬁDe): 06.9 (d,s\]pr =18 HZ).
IR (KBr, cm™1): 2922, 2843 (Ckl CH (dcpm)), 1947 (RuH), 1445,

stir for 30 min and then filtered via a paper tipped cannula. The residue 1261, 1172, 1094, 1025, 803, 748 (dcpm). UVNis (CH; Amax, NM

was washed with an additional 4 mL portion of hot ethanol, dried in
vacuo, and extracted into 7 mL of GEl,. The orange-red air-sensitive

(emax M~ cm1): 381 (sh), 353 (880), 343 (1060), 315 (1090). Anal.
Calcd for GoHozCIP,Ru-CH.Cl,: C, 58.92; H, 9.21. Found: C, 58.44;

solution was taken to dryness and gave the analytically pure product. H, 9.60.

Large, blocklike crystals were obtained by slow concentration of a
solution in CHCl,. Yield: 0.351 g, 90%.
Spectral and Analytical Data for Complex 2b. The spectral data
of this compound are identical to those of the [BPhsalt 2a (vide
suprg besides the absence of the signals due to the {BRounterion
in the 'H-NMR and IR spectra and the presence of the heptet of the
[PFg]~ ion in the 3P-NMR spectra as well as the two characteristic
bands of PEF at 838 and 557 cnt in the IR. Anal. Calcd for
CsHo7FePsRu: C, 57.18; H, 8.95 Found: C, 57.20; H, 8.97.
Synthesis of [RuD(dcpe)]f[PFe¢]~ (2c). The synthesis was per-
formed as given above, but by replacing ethanol witi4OD and
starting from 0.115 g (0.238 mmol) of RuIDMSO),, 0.200 g of dcpe
(0.475 mmol), 0.6 mL of NHPr,, and 6 mL of GHsOD. Yield: 0.212

Synthesis oftrans-RuCly(dcpm). (4). RuCL(DMSO), (0.085 g,
0.137 mmol) and dcpm (0.143 g, 0.35 mmol) were refluxed in ethanol
for 1 h. A yellow solution and some yellow precipitate formed. The
solvent was evaporated and the tarry residue recrystallized by slowly
cooling a hot, concentrated solution in a 1:1 ethanol/chlorobenzene
mixture. Well-shaped pale orange transparent crystals formed overnight
which were isolated by filtration. Another batch was obtained by further
concentration of the mother liquor. The combined crystal fractions
were washed with cold ethanol and dried in vacuo. Yield: 0.126 g,
94%.

Spectral and Analytical Data for Complex 4. *H-NMR (Cg¢Dg):

0 3.54 (PCH (dcpm), vquint2Jp—y = 3.65 Hz, 4H), 2.70 (vt, biipso-
CH (dcpm),2Jy—n = 10.9 Hz, 8H), 2.51 (m, 8H), 2.05 (d, by =

g, 88%. The spectral data for this compound were identical to those 13.2 Hz, 8H), 1.221.85 (m, 64H, all CH (dcpm)). 3C-NMR

of the pure hydride, but the hydride resonance integrated to only ca.

0.5 H.

(CsDg): 0 36.2 [pso-C (dcpm), vquintNe—c = 4.0 Hz), 33.6 (m, PCHP
(dcpm)), 30.8, 30.2, 30.1, 29.5, 28.4, 27.QHK (dcpm), all s). 31P-
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Table 1. Crystallographic Data and Data Collection Parameters for
Complexesl and2a

1 2a
formula CsoHegBPzRU'O.SCHzClz C75H117BP4RU‘3CH2C|2
fw 886.34 1521.33
temp, K 188(3) 188(3)
cryst syst monoclinic monoclinic
space group  P2;/n(No. 14) P2/c (No. 13)
a,A 14.321(5) 24.936(5)

b, A 19.716(6) 12.633(3)
c A 17.100(5) 25.801(5)
B, deg 107.6 102.86(3)
V, A3 4602(3) 7924(3)
Peale 9 cnts 1.279 1.275
wavelength, A 0.710 73, Mo & 0.710 73, Mo K
VA 4 4
u, mmrt 0.501 0.522
final Rrindices 0.0648 0.0620
[I > 20(1)]
R, indices 0.1873 0.1694
(all data)

AR = (3|IFol — [Fcll)/XIFol. Ry = {J[W(IFol* — [Fc?)?/
YIW(FoHI}2

{1H}-NMR (C¢De): 6 —6.5 (s). IR (KBr, cm?): 2923, 2847 (Chj

CH (dcpm)), 1444, 1262, 1171, 1129, 1101, 1023, 1005, 898, 891,
849, 802, 768, 742, 700 (dcpm). UV/vis (chlorobenzéng;, nm (emax

M=t cm™1): 500 (30), 426 (60), 329 (sh).

Crystallographic Studies. Single crystals of compound were
obtained by slow evaporation of a @El, solution at room temperature,
whereas single crystals of compougd formed upon diffusion of
ethanol into a CELCI; solution at 4°C. Crystal, data collection, and

Winter and Hornung

complex1. The spectroscopic data of compl2asuggested a
rather high cation symmetry. In i#8P-NMR spectrum at 303

K two sharp singlets with almost identical chemical shiftg at

= 74.2 and 74.0 ppm are observed. The presence of the
characteristic [BPJ~ resonances in thé3C- and 'H-NMR
spectra and a quintet hydride signal in & NMR spectrum

at 0 = —32.06 ppm integrating as one proton confirmed the
product identity.

With chelates that are too small to allow for agostic
interactions between the vacant coordination site and thg){CH
bridges of the diphosphine ligands, rather high-field-shifted
hydride resonances are generally fodffd.We also note that
such a high-field shift is not without precedence for five-
coordinate hydride complexes of group 8 me#dlsThe P-H
coupling constant of 19 Hz is in the usual rarffe?! As such,
the3P-NMR data are in much better agreement with a slightly
distorted, square pyramidal (sgp) structure than with a trigonal
bipyramidal (tbp) one. Considerably larger differences between
the chemical shifts of the axial and the equatorial sites (the shift
differenceAd is usually in the range of some $83 ppm) are
to be expected in the latter cak¥é21416 The fact that two
narrowly spaced singlet signals with no apparent coupling rather
than only one singlet are observed in f88-NMR spectra of
complexe2a,b most probably arises from dynamic processes.
The X-ray structure of comple2a (vide infra) indicates that
two of the P atoms are displaced out of the best plane;RuP
toward the hydride, whereas the remaining two point away from
this ligand. This might render the two pairs of P atoms slightly
inequivalent. As the possibility of a fast exchange between the

refinement parameters are given in Table 1. The single crystals weredifferent sites of a tbp structure could not be ruled out, we
taken from the mother liquors, separated under nujol, and sealed in aperformed a low-temperature NMR study. Upon cooling a
glass capillary. The data collection was performed on a Siemens-P4 broadening of the two signals was observed, anfi-at215 K

four-circle diffractometer. The structures bfind2a were solved by
direct methods, using the SHELXTL-Pfapackage. Refinement was
carried out with SHELXL-93¢ employing full-matrix least squares
methods. Anisotropic thermal parameters were refined for all non-

hydrogen atoms. All hydrogen atoms were constrained using a riding

they merged into one broad resonance. (See Note Added in
Proof.) Further cooling to 190 K resulted in the appearance of
two broad peaks of different heights and half-widths that were

located atd = 77.6 Wy, = 168 Hz) andd = 74.6 ppm W2

model with isotropic thermal parameters fixed at 20% greater than that = 99 Hz). Likewise, below 215 K the hydride signal appeqred
of the bonded atom. The crystallographic data have been deposited a®S @ broad resonance at= —32.42 ppm. The electronic
the Cambridge Crystallographic Data Centre. They can be ordered spectrum shows an intense absorption banthat= 411 nm

free of charge from the following: The Director, CCDC, 12 Union
Road, Cambridge CB2 1EZ, GB (telefak44 1223/336-033; e-mail,
teched@chemcrys.cam.ac.uk).

Results

Synthesis of{ (1%-CeHs)BPhs} RuH(dcpe)] (1) and [RuH-
(dcpe}]T[A] - (A~ = BPhy (2a), PR~ (2b)). In 1989 Rigo
and co-workers reported the synthesis of [RuCl(dgpe)
[BPhy]~ (dcpe = bis(dicyclohexylphosphino)ethan®). Our
initial experiments to reproduce their results, however, yielded
a mixture of two different products which were isolated as white
and dark orange crystals, respectively,
acterized as the zwitterionic arene comp{éx®-CsHs)BPhg} -
RuH(dcpe) (1) and the five-coordinate hydride [RuH-
(dcpe}]"[BPhy]~ (24). As one might expect from their different

that can be regarded as characteristic for five-coordinéte d
systems. In accordance with the higher ligand field strength
of the hydride this band exhibits a hypsochromic shift of about
50—80 nm with respect to the corresponding [RuXd™ (X

= halogen).912 To our surprise our spectroscopic data did not
match those reported by Rigo for a compound of identical
compositiont2 the most prominent difference being the shift of
the hydride ligand (see Note Added in Proof). Therefore it
seemed desirable to confirm the identity of compk by
performing an X-ray analysis. This was also of significance in
a different context: [RuH().]* are excellent precursors to
powerful hydrogenation catalysts,and many attempts have

and subsequently Char’been made to characterize one of these five-coordinate mono-

hydrides by crystallography. None of them has been successful
until now. In part this is due to their high reactivity. Thus,
crystallization of [RuH(Me-DuPhog)" (Me-DuPhos= 1,2-bis-

composition, the relative amounts in which these two products ((2R5R)-2,5-dimethylphospholano)benzene) underHds led

are formed depend on the reaction stoichiometry. Thus, if 2

equiv of the chelate ligand is present, the five-coordinate cation

2aconstitutes the major product, whereas the use of only 1 equiv
of the diphosphine leads to a higher proportion of the arene

(25) Sheldrick, G. MSHELXTL-Plus: An Integrated System for Sy,
Refining and Displaying Crystal Structures from Diffraction Data
Siemens Analytical X-Ray Instruments Inc.: Madison, WI, 1989.

(26) Sheldrick, G. MSHELXL-93, Program for Crystal Structure Deter-
minatiornt Universitd Géttingen: Gitingen, Germany, 1993.

to the isolation of the dinitrogen addition prod@&tThe crystal
structure of compleXa (vide infra) confirmed an sgp config-
uration of the cation.

The second product of this reaction is the arene coordinated
{ (n®-CeHs)BPhg} RuH(dcpe) 1). This species is characterized

(27) Esteruelas, M. A.; Werner, H. Organomet. Chen1986 303 221.
(28) Schlaf, M.; Lough, A. J.; Morris, R. HOrganometallics1997, 16,
1253.
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by two distinct sets of phenyl protons and carbons, integrating however, does not compete with the diphosphine chelate, and
to 3:1 in the!H-NMR spectrum. At 303 K, the less intense of complex2b is formed in high yields irrespective of the time at
these two subsets is comprised of two well-resolved triplets at which the anion is added.

0 = 5.60 and 5.38 ppm and a doubletdat= 5.83 ppm with Our initial guess as to why this reaction gave a totally
relative intensities of 2:1:2. As a consequence of the metal different result in our hands.¢.[RuH(dcpe)] ™ and not [RuCl-
coordination these signals are shifted by approximately-1.3 (dcpe)] )2 was the different procedure employed in drying the
1.5 ppm to higher field with respect to the protons of the ethanol solvent. This was, however, found to have no effect
uncoordinated phenyl rings. In the hydride region a triplet signal on the product distribution. More specifically, ethanol itself is
is detected ab = —11.59 ppm with a 36.5 Hz coupling constant the most likely hydride source. We note that Ogasawara and
to two identical P atoms. Likewise, the sharp singlet in the Saburi have already suggested that ethanol is involved in the
31P-NMR spectrum ad = 97.2 ppm splits into a doublet with  slow transformation of the monohydride cations [Rubj§l"

a 36 Hz coupling constant in the proton coupled spectrum. Upon to their respective dihydrides (eq %).

a decrease in the temperature, tHe resonance broadens

considerably and almost vanishes but no decoalescence i§RUH(L,),]" + CH;CH,OH— RuH,(L,), + CH;CHO +

observed down to 190 K. Larger effects are, however, observed H* 1)

in the 1H-NMR spectrum, where at 213 K the two low-field

proton signals of the coordinated phenyl ringdat= 5.78 and While no such complication was encountered in our case,
5.67 ppm (CRClz) merge into one broad resonancéat 5.61 the above reaction suggested to us that the monohydride might

ppm, presumably as a consequence of a hindered rotation ofhe formed by an analogous reaction via a coordinatively
the metal fragment with respect to the bulky arene substituent. ynsaturated intermediate. We do not know whether this
At still lower temperatures down to 200 K this signal sharpens, intermediate is the respective chloro compound [RuCl(d¢pe)

while no coalescence with the remaining proton is found and that we were unable to obtain under our reaction conditions.

all proton couplings within the coordinated ring are lost. Our results with the dcpm ligand (dcpm (CeHi1)oPCHP-

The PPh derivative of complext, {(;°CeHs)BPhs} RuH- (CeH11)2, vide infra), however, make it more likely that the
(PPh)2, has briefly been mentioned in the literature, but no hydride is transferred at an earlier stage of this reaction.
spectroscopic data were provid€adnd the related [#°-CeHs)- Irrespective of the detailed reaction sequence, the net conversion

Ppb} RUH(PPB)2]+[BF4]7 has been obtained by therm0|y5i5 can be formulated as shown in eq 2.
of RUH(CGOMe)(PPh)3 in methanol and its structure determined

by X-ray analysis®® Complex1 may also be compared to the  RuCL(DMSO), + 2dcpe+ NH'Pr, + C,H.OH +

cationic arene complexesjftarene)RuH(PR,]* which were n _ i
first synthesized by Wern®ronly that in the case of complex ~ NaBPh — [RuH(dcpe)] '[BPh)] + NaCl+ NH,Pr,Cl +

1 the anionic nature of the arene substituent renders the molecule CH,CHO (2)
neutral. The isoelectronic and isostructural compound® Cp
RUH(PRy), are also well documenté@33 The formation of We have no direct evidence for the formation of either

complex1 can be rationalized from the competitive attack of a acetaldehyde or the quaternary ammonium salt, but there are
[BPhy]~ nucleophile on the RugIDMSO), starting material several observations which support the above reaction scheme.
or a partially substituted coordinatively unsaturated derivative Thus, the presence of the amine is a necessary prerequisite in
thereof. Compound. represents one more example for the order to achieve good yields of complex@sshb. In its absence
noninnocent behavior of the “noncoordinating” [BPhanion3* the yields of isolated complex@s,b dropped to typically 36

and a growing number of such structures are reported in the 35%, while the replacement of diisopropylamine by triethyl-
literature34 Complex is only formed if the tetraphenylborate ~ amine has no effect. The function of the amine is then to trap
salt is added at the beginning of the reaction. Thus, complex the protons formed upon heterolytic dissociation of flom
2amay be isolated in high yields and without any contamination ethanol, thus preventing a detrimental protonation of the
by complex1 if the tetraphenylborate salt is added after first phosphine ligands. Even stronger evidence comes from the
allowing RUCL(DMSO), to react with 2 equiv of the diphos- ~ observation that the reaction run in,KEOD yields an ap-
phine fa 3 h under reflux. Moreover, complek seems to proximately 1:1 mixture of the deuterated analogue [RuD-
prevail in the early stages of the reaction since the precipitates(dcpe}]* and the corresponding hydride. The roughly 50%
are initially only lightly colored and become more and more incorporation of deuteride into the final product may indicate
intense orange with time. In separate experiments we showedthat the hydride originates statistically from the ethanol OH
that both products, once formed, are stable and do not function and the methylene GHjroup. We can, however, at
interconvert under the reaction conditions employed. We found present not exclude a H/D exchange reaction between the
that complexi does not react to comple2ain the presence of ~ deuterated alcohol and the basic amine and/or D transfer to
excess dcpe and there is no compleformed when complex ~ complex2a,b from any deuterated species present with subse-
2a is refluxed in ethanol with equimolar amounts of RpCl  quent competitive loss of a hydride or deuteride.

(DMSO), NaBPh, and excess Nkt The [PR]~ anion, Description of the Structures. The X-ray crystal structure
. of complex2areveals the presence of two crystallographically
ggg U‘éé%ﬁ'vfa ;-?J_S(':”_Q'Se&ggvsg- i_hg_’_‘bf]ﬁﬁb's C[‘_‘?Q“c-n%‘;mg“f_?&ﬁ%#son independent cations. Both possess a crystallographic 2-fold axis
G. J. Chem. Soc.. Chem. Comma®74 327. B " of symmetry through the metal center. The cations and the
(31) Werner, H.; Werner, RAngew. Chem., Int. Ed. Endl978 17, 683. crystallographically unique anion pack as discrete units within
(32) (&) Chinn, M. S.; Heinekey, D. M. Am. Chem. S02.99Q 112, 5166. the crystal lattice with no short intermolecular contacts. No

(b) Jia, G.; Morris, R. HJ. Am. Chem. S0d.99], 113 875. (c) Jia,

G.: Lough. A. J.; Morris, R. HOTganometallics1992 11, 161, (d) unusual featgres are found for the [BPhanion, which warra_mts _

Lemke, F. R.J. Am. Chem. S0d.994 116 11183. no further discussion. The structure of one of the cations is
(33) (a) Lemke, F. R.; Brammer, IOrganometallics1995 14, 3980. (b)- given in Figure 1. Crystallographic data collection parameters

?éaTgi“ L.; Klooster, W. T.; Lemke, F. Rdrganometallics1996 and selected bond distances and angles for the cations are given
(34) (a) Seppelt, KAngew. Chem., Int. Ed. Engl993 32, 1025. (b) in Tables 1 and 2. Both exhibit a distorted square planar

Strauss, S. HChem. Re. 1993 93, 927. arrangement of the four P atoms around Ru which points to a
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Figure 1. ORTEP diagram of the cation of compl®a at a 50%
probability level. Hydrogen atoms are omitted for clarity. Only one of Figure 2. Perspective drawing of compleix
the two crystallographically unique cations is shown.

Table 2. Selected Bond Lengths (A) and Angles (deg) for
Complexesl and2a (Two Independent Cations)

Complex1

Ru—C(51) 2.374(4)  RuC(54) 2.301(4)

Ru—C(52) 2.288(4)  RuC(55) 2.234(4)

Ru—C(53) 2.272(4)  RuC(56) 2.253(4) c7

C(51)-C(52) 1.418(6)  C(54)C(55) 1.419(7)

C(52)-C(53) 1.411(6)  C(55)C(56) 1.406(6)

C(53)-C(54) 1.400(7)  C(51C(56) 1.419(6)

Ru—P(1) 2.280(1)  RuP(2) 2.286(2)

Ru—H(1) 1.42(5) B-C(51) 1.661(6)

B—C(61) 1.641(6) B-C(71) 1.644(7)

B—C(81) 1.653(7)

P(1-Ru—P(2) 83.95(5) H-Ru—P(1) 79(2)

H—Ru—P(2) 80(2) cenr—Ru—P(1) 134.5 c41

centf—Ru—P(2) 135.1 cent—Ru—H 122.6

Complex2a

Ru(1)-P(11) 2.353(2) Ru(2}P(21) 2.340(2)
Ru(1-P(12) 2.346(2) Ru(2P(22) 2.341(2)
P(11)}»C(11) 1.847(6) P(2BC(21) 1.853(9)
P(11)-C(111) 1.815(13) P(2HC(211) 1.856(6)
P(11)-C(121) 1.867(5) P(2BC(221) 1.743(11)
P(12)-C(12) 1.844(6) P(22)C(22) 1.838(6)
P(12)-C(131) 1.870(5) P(22)C(231) 1.863(6) Figure 3. ORTEP diagram of a side view of compléxat a 50%
gﬁgigﬁl(ily)p(n) 8%2:;%)) ';gzlggsz(gﬁp(zz) g%'gg?é)m) probability level showing the boatlike distortion of the coordinated
P(11)-Ru(1)-P(11a 98.'40(8) PQ1FRu(2)-P(21b¥ 82.52(9) phenyl ring. The cyclohexyl substituents are omitted for clarity.
P(12-Ru(1}-P(12aY 96.94(8 P(22yRu(2)-P(22bY 82.63(8 . .
pglz)):Rugl))nglla; 174_37((5)) P((ﬁz;Ru(_,lZZZ(by ) 172_68((6% sents the only crystallographically characterized example of a

o ) ) square pyramidal five-coordinaté duthenium cation with a
* Midpoint of the coordinated arene ring C(S43(56).° Symmetry PsX donor set besides [RuCI(R}P+,172 where this structural
t_r?(nifolr’rr;:a\tlozni tgzgenerate equivalent atoms: @)y, —z -+ 'z (b) motif is induced by the rigidity of the chelating PRyand (PR
= P(GH4PPh)3). All other representatives belong to the type
square pyramidal structure type. The hydride was not localized RuRXY; the chlorine derivatives [RuCHp" are trigonal
but is expected to reside in an apical position. For each cation bipyramidal'*~18 These observations are in complete agreement
the two independent ReP bond lengths differ only slightly — with theoretical predictions. Moreover, compleais the only
from each other (data for the second cation are given in example within this whole series where the metal is part of the
parantheses). Their average of 2.350 (2.341) A lies at the lowerpyramid base withrans pairs of basal P atoms displaced to
limit of those values found for the basal P atoms in other five- different sides from the best plane. This is most likely due to
coordinate, square pyramidal, 16 valence electron rutheniumthe steric bulk of the cyclohexyl substituents and the small apical
compounds RuCIX(P8s (2.37 A av)®® Owing to crystal- hydride. In fact, any net pyramidalization of the Ru ceniex. (
lographic symmetry, the Ru atom is part of the best plane all P atoms bending away from Ru in tekamedirection) would
through the basal P atoms which in turn exhibit rather large cause unfavorably close contacts between the cyclohexyl rings.
displacements of 0.115 (0.150) A out of the mean plane. Asa The arene complet crystallizes in the monoclinic space
consequence the angle between the equivalent patrarcs P group P2;/n with Z = 4 and 12 molecules of Gi€l; in the
atoms is decreased to 174.37(5) (172.68(6)A further unit cell. The individual molecules are well-separated, and there
distortion of the pyramid base arises from the diphosphine are no intermolecular contacts shorter than the sum of the
chelate bite angles of 82.61(6) (82.52(9) and 82.63(&ging corresponding van der Waals radii. Views of the molecule are
considerably smaller than the remaining angles of 98.4@(&) given in Figures 24, and the most important bond lengths and
96.94(8) (97.90(6Y) between unbridged P atoms. angles are collected in Table 2 (for a listing of the crystal-
It is worth mentioning that the [RuH(dcp#) cation repre- lographic data see Table 1). The most notable feature is the
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C56
Q

Figure 4. Top view of complexl showing the near ecliptic conforma-
tion of the hydride. Only the molecule skeleton is depicted.

boatlike distortion of the coordinated phenyl ring of the [BPh
anion with the BP§r substituted C atom C51 and tipara C

Inorganic Chemistry, Vol. 36, No. 27, 1995203

B—Cs centi— RU—H amounts to 9.2 (Figure 4; G cenrrefers to
the midpoint of the arene ring C(52L(56)). This rotameric
structure also represents a general energy minimum 8¢ [(
arene)Mlg] systems with monosubstituted arene rings if the ring
substituent is an electron don®r.

Synthesis oftrans-RuHCI(dcpm), (3) and trans-RuCl.-
(dcpm), (4). We have already mentioned that the outcome of
the reaction between a chelating diphosphine and a substitution-
ally labile RU' precursor complex critically dependser alia
on the chelate ring size. The relevant literature reveals the trend
of a decreasing aptitude toward chloride dissociation with
decreasing chelate ring size. Here we address this question with

atom C54 being 0.064(6) and 0.049(7) A above the best planethe example of two congeners of the bis(dicyclohexylphosphi-

defined by the remaining four C atoms and being bent away
from the metal. This distortion is evident from a side view in

no)alkane (alkane= (CH,), (dcpe), CH (dcpm)) series. If 2
equiv of the dcpm ligand are allowed to react with

Figure 3 and is quantified by the interplanar angles between RUCRL(DMSO), in the presence of excess Naglahd NHPr,
C51,C52,C56 or C53,C54,C55 and the mean plane through thein refluxing ethanol, the mixed ruthenium hydrido chloride

almost coplanar C52,C53,C55,C56 of 4.8(1) and 3%9(1)
respectively. Out-of-plane deformations are not without pre-
cedence for the coordinated [Bfh anion?® although several
other modes of distortion are knowifi. As a consequence of
the metal coordination, the-&C bond lengths within they®

RuHCI(dcpm) (3) constitutes the major product accompanied
by small amounts of the corresponding dichlordeSeparation

of these products is readily achieved on the basis of their
different solubilities. Due to its dipole moment, the pale yellow,
18 valence electron monohydrideis much more soluble in

bound phenyl ring are somewhat elongated with respect to thoseCH2Cl> and aromatic solvents such as benzene, toluene, or

of the free arene rings. The Ru atom is slightly shifted away
from the ring center. This effect is, however, rather small as is
evident from the 1.7 angle between the axis ring center Ru

chlorobenzene than the almost insoluble dichloritie A
reviewer suggested that a more basic medium such as NaOEt
in EtOH should provide a more complete conversion to the

and the normal to the mean plane C52,C53,C55,C56 andhydride complex. This is indeed the case since essentially no

compares well to the [BRIT salt of the [¢®-toluene)RuH-
(PPh),]T cation3” The Ru-P bond lengths of 2.286(2) and
2.288(2) A are basically identical and somewhat short with
respect to the other crystallographically investigate#-frene)-
RuH(PPR),]* cations (2.31%2.332 AP237but somewhat longer
than those in the isoelectronic CpRuH@pRlerivatives (2.238
2.288 A)33 We were able to localize the hydride ligand at a
distance of 1.42(5) A away from the metal center but note that
terminal M—H bond lengths determined by X-ray diffraction
always fall short of the values determined by neutron diffraction
(compare the RuH distances of 1.36(8) and 1.630(4) A
determined for CpRuH(PMg by X-ray and neutron diffraction,
respectively$3

A feature common to the othersff-arene)RuH(PPR]*

complex4 is found in the crude product obtained under these
conditions. However, another monohydrido species, possibly
the corresponding OEt complex which is difficult to separate
from complex3, is formed as a byproduct, thus lowering the
yield of isolated complex3. In its 3P spectrum comple®8
exhibits a sharp singlet & = 6.9 ppm, indicative of an axial
symmetry. This singlet splits into a doublet with a coupling
constant of about 18 Hz in the proton coupled spectrum. The
corresponding hydride resonance is found as a quintet signal at
0 = —17.44 ppm with a coupling constant of 18.7 Hz. In
addition, a weak band at 1947 chin the IR spectrum of this
compound can be assigned to the-Rustretching vibration.
From the observation of both the hydrido chlori8eand the
dichloride 4 in the reaction mixture, one may assume that

cations is the T-shaped arrangement of the phosphine |igandscomplex4 is the direct precursor of complékand the latter is

with P—Ru—P angles of about 95105°.3%37 This is not the
case fof{ (175-CsHs)BPhs} RuH(dcpe) (PRuP- 83.95(5%) as the

being formed upon sodium assisted chloride dissociation and
the subsequent reaction of the coordinatively unsaturated

five-membered chelate does not allow for such an opening of intérmediate with ethanol as the hydride sourceld supra)

this angle. The bulky cyclohexyl substituents lead to a rather
large 71.8 tilt of the plane P1,Ru,P2 with respect to the best

In order to examine both of these points, we first investigated
the reaction of RUG(DMSQ), with the diphosphine ligand

plane for the cooordinated arene ring. One more feature of this””der conditions identical to those above, except for the shorter

structure deserves some further comment. This is the orientation

of the RUHR unit with respect to the arene substituent. NMR-

reaction times and the absence of the sodium salt and the amine.
Indeed, thdrans-dichloride4 can be isolated in high yields by

spectroscopic and crystallographic studies as well as EHMO crystallization from a hot chlorobenzene/ethanol solution as pale

calculations on such systems have revealed two rotameric
minimum structures separated by only a small energy barrier.

In the solid state complei adopts one of these minimum
structures with the hydride ligand nearly eccliptical to the BPh
i.e. the donor substituted carbon atom. The dihedral angle

(35) (a) Nolte, M. J.; Gafner, G.; Haines, L. M. Chem. Soc., Chem.
Communl1969 1406. (b) Ware, D. C.; Olmstead, M. M.; Wang, R.;
Taube, H.Inorg. Chem.1996 35, 2576.

(36) (a) Substituted angdara C atoms are closer to the metal: Albano,
M.; Aresta, M.; Manassero, Mnorg. Chem198Q 19, 1069. (b) Only
the BPh substituted carbon out of plane: de Carvalho, L. C. A;;
Dartiguenave, M.; Dartiguenave, Y.; Beauchamp, AJLAm. Chem.
Soc.1984 106, 6848. (c) Planar arene ring: Kruger, G. J.; du Preez,
A. L.; Haines, R. JJ. Chem. Soc., Dalton Tran$974 1302.

(37) Siedle, R. R.; Newmark, R. A.; Pignolet, L. H.; Wang, D. X.; Albright,
T. A. Organometallics1986 5, 38.

orange, diamond or hexagonal shaped crystals or as a micro-
crystalline powder. Th&ansstereochemistry is established by
the observation of a singlet in tiféP-NMR spectrum ab) =

—6.5 ppm. In accordance with other M@} derivatives of this
architecture the electronic spectrum of complexxhibits only
weak bands in the visible region. The assumption thatrtres-
dichloride4 is a direct precursor of complé«was investigated

by treating isolated complekwith NaSbk in refluxing ethanol

to which excess NiPr, had been added. Essentially no
conversion of complex to thetranshydrido chloride3 was,
however, observed. This leads us to believe that the incorpora-
tion of the hydride takes event at an earlier stage of this reaction
and that chloride dissociation occurs from an only partially
diphosphine substituted intermediate or the starting material
itself.



6204 Inorganic Chemistry, Vol. 36, No. 27, 1997

0 ; ; ; ¥
250 300 350 400 450 500 550 600
wavelength [nm]

Figure 5. Spectral changes upon consecutive addition of increasing
amounts of CHCN to a solution of complefb in CH,Cl,. The overlay
displays the absorption band of compl2k without added CHCN
(upper trace) and after addition of approximately 150, 260, 370, 520,
730, 1000, 1250, and 2300 equiv of €EN (lower traces).

Reaction of [RuH(dcpe}] T[A] ~ with CH3CN. The five-
coordinate, 16 valence electron cations [RUXRX = halogen,
H), irrespective of their structure, readily add neutral two-
electron donor ligands or halide anions to achieve electronic

Winter and Hornung

Summary

In the present work we have reinvestigated the reaction
between RuG(DMSO), and dcpe in the presence of either NH
PR or NaBPh in refluxing ethanol and have shown that the
coordinatively unsaturated hydride cation [RuH(dgpejs the
major and, upon slight modification of the reaction conditions,
the only product. An X-ray analysis of the [BRh salt 2a
establishes this cation as belonging to the square pyramidal
structure type. Low-temperature NMR studies make it very
likely that this structure is also maintained in solution. In the
case of the [BPA)~ counterion we were able to identify the as
yet unnoticed zwitterioni (7%-C¢Hs)BPhs} RuH(dcpe) as the
second product which was found by X-ray analysis to feature
a boat-shapegl®-coordinated phenyl ring. Further investigations
make it likely that the latter compound is formed by competitive
nucleophilic attack of the [BRj~ anion on a coordinatively
unsaturated reaction intermediate, whereas the hydddself
is inert toward this anion. The coordinatively unsaturated
cations present in complex2a,breadily coordinate acetonitrile.

saturation at the metal center. The stability of these adducts Reducing the size of the dcpe chelate by one Giit renders

varies with the size and the donor ability of the incoming
nucleophile, and frequently equilibria are obtaiAéb:19 Thus,
while CO forms stable six-coordinate cations, all attempts to

six-coordinate species dissociatively stable even in the presence
of a large excess of NaSpk boiling ethanol. Depending on
the exact reaction conditions eithteans-RuHCI(dcpm) (3) or

isolate solid samples of the acetonitrile or nitromethane solvatesrans-RuCk(dcpm} (4) are isolated in good to excellent yields.

have failed so far. [RuH(dcpg)y[A] = (A~ =[P, [BPhy] ")

We have shown that the dichlorideis no direct precursor to

seems to be a remarkable exception in that no reactions withthe hydride3 and that chloride abstraction and hydride addition

CH3CN, CO, or N have been observ&(see, however, Note
Added in Proof). (Other [RuH@®),]" cations are nevertheless

take place at an earlier stage of the reactian;they involve
intermediates that contain less than two chelating diphosphine

reported to be highly reactive toward CO, halogenide, and, most igands.

notably, H and N..)1%26 In our hands, however, rapid reactions
of both the [Pk~ and the [BPK ~ salts with acetonitrile were
found to occur. This process is conveniently monitored by UV/
vis spectroscopy. Addition of increasing amounts of;CN

to a CHCI, solution of complexe&a,bleads to a discoloration

of the orange solution to a very pale orange and a leaching of

the strong visible band of the five-coordinate catiod.afx =
411 nm.
neari = 300 nm. Itincreases in height as more acetonitrile is
added and is consequently attributed to azCN containing

product (Figure 5). Even in the presence of a large excess of

CH3CN there is still some remainder of the original band of
the five-coordinate cation which shows that the equilibrium for
this process lies quite to the left. From the UV/vis changes an
equlibrium constanK. of about 0.0023 mott L~ may be
derived.
of complexes2a,bin CH3CN contain a strong band at 299 nm
(emax = 1800 M1 cm™1) as well as an even stronger band at
230 NM €max = 7000 Mt cm™1) but do not exhibit any
absorption at 411 nm. The addition was found to be reversible
as pumping off the solvent in vacuo under heating t0°60
and redissolving the solid residue in g, regenerated the
original spectrum. This lets us assume that compleab

are generally reactive toward neutral two-electron donor mol-
ecules. At present we are investigating their interaction with
terminal alkynes, and we will report our findings in due course.

In the near UV a new band is observed as a shoulder

In accordance with the above observation solutions

Note Added in Proof. We only recently became aware of
previous work by M. C. Puerta and others describing the
synthesis and reactivity of [RuH(dipp&)BPhy]~ (dippe =
bis(diisopropylphosphino)ethan®)an analogue to the com-
plexes2a,b discussed here. Not only did they establish the high
reactivity of this cation toward various nucleophiles but they
also found, in complete agreement with our results, that the
NMR data reported in ref 12 for the [RuH(dcpE) cation are
erroneous and originate instead from the dioxygen adduct
[RuH(®#2-0)(dcpe}]*. This species is formed upon exposing
[RuH(dcpe)]* to air and was fully characterized. Moreover,
the dioxygen complex is substitutionally inert, which accounts
for the failure of the authors of ref 12 to observe any reactivity
of their samples o2b toward CO and CBCN.
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