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The reaction of [IrH(PEt;),] with complexes containing the unit “RhCIL,” (L = PEt, or L, = diphos, Ph,PCH,CH,PPh,) give
compounds [L,Rh(u-H)(u-C)IrH,(PEt;),]. The molecular structure of 8a (L = PEt,;) was determined by X-ray diffraction:

monoclinic, space group P2,/c, Z =4,a=11.507 2) A, b=

15974 4) A, c=19.198 (4) A, 8 =

103.19 (4)°. The structure

was solved by Patterson and Fourier methods using 4946 observed reflections (/ 2 30([)) and refined to a conventional R = 0.059.
The coordination around rhodium is distorted square planar, and that around iridium is distorted octahedral. The Rh-Ir distance
is 2.898 (1) A, and the bridging chlorine atom is asymmetrically bonded to the two metals. The structural features of this complex
are compared with those of a series of related mono- and binuclear complexes. The formation of the dichloro-bridged complex

{(diphos)Rh(u-Cl),IrtH,(P-i-Pr;),] is also reported.

Introduction

Binuclear transition-metal complexes with bridging halide
ligands of the type [L,,M(u-X),M’L’,] (x = 1-3) (A) are easily
formed.2 Numerous complexes of the type [L,, M(u-H),M'L’,]
(y = 1-4) (B) are also known.> Furthermore, in many cases,
it is possible to obtain complexes containing both hydride and
halide bridging llgands of the type [L,M(u-H),(u-X),M'L",] (x
+y=23)(0)’

While the electronic structure of the bridging unit M—X-M’
in compounds of type A can be described as consisting of two
two-electron donor bonds from the halide ion to each of the metal
centers,*S that of the M—H~M’ units in compounds of type B
requires the postulation of three-center—two-electron interactions
for each bridging unit.>7 Such considerations do not take into
account direct M—M’ interactions, which are likely to be more
significant in the hydrido- than in the halido-bridged complexes
because of the shorter M—M separations in the former class of
compounds.

Compounds of type C are of particular interest because they
provide an opportunity to study the factors influencing the relative
stabilities of u-H vs. u-Cl units in bimetallic complexes, e.g.,
between the different structural types
L, M(u-H),M"X,L’, vs.

L, M(u-H)(u-X)M'HXL’, vs. L, M(u-X),M'H,L’,

It is found that, in some cases, the formation of a three-center—
two-electron hydride bridge is preferred over the use of the, at
least potentially, two-center—four-electron halide bridge.

It is noteworthy that within a homologous series [L,M(u-
H),(u-X),ML,,] (x + y = 2, 3) marked reactivity differences are
observed; e.g., the activity toward catalytic hydrogenation in
complexes [(7°-CsMes)Rh(u-H),(u-Cl);_Rh(5’-CsMes)]* de-
creases with increasing x.® Interesting structural differences for
this set of compounds have also been reported.’
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In a previous publication!? some of us reported synthetic and
structural studies of complexes [(diphos)Rh(u-H)(u-C1)IrCl-
(PEt;),]* (1a) and [(diphos)Rh(u-H)(u-C)IrH(PEt;);]* (2). We
report here an extension of this investigation coupled with a general
discussion of the major structural changes in a set of related
compounds containing rhodium(I) and iridium(III), as bridged
hydride ligands are replaced by halides. The factors determining
the preferential formation of hydride vs. chloride bridges will also
be discussed.

Results and Discussion

The reaction of [IrH;(PEt;),]!! (3a) with [(diphos)Rh(u-
Cl),Rh(diphos)]!? (4) (diphos = Ph,PCH,CH,PPh,), or its
precursor [RhCl(C,H,)(diphos)]'? (5) (obtained in situ from
{(C,H,);Rh(u-C1),Rh(C,H,),]'* (6) and diphos), gives [(di-
phos)Rh(u-H)(u-Cl)IrH,(PEt;),] (7a). The related compound
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[(PEt,),Rh(u-H)(u-Cl)IrH,(PEt;),] (8a) is obtained by the direct
reaction of 6, PEt;, and 3a.

It is noteworthy that the reaction of 6, diphos, and IrH(p-i-
Pr;),'* (3b) failed to give the complex corresponding to 8a, i.e.,
[(diphos)(Rh(u-H)(u-Cl)IrH,(p-i-Pr3),] (8b). However, impure
samples of 8b were obtained by bubbling H, through the reaction
mixture. One of the byproducts of this reaction could be isolated
and proved to be [(diphos)Rh(u-Cl),IrH,(p-i-Pr;),] (9).
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Table I.

'H NMR Data of the Hydride Ligands in Compounds 7-9

Albinati, Lehner, and Venanzi

chem shifts, ppm

coupling constants, Hz

compd §(H") 5(HY) 8(H?) J(H!,PY) 2J(H',H?) 2J(H?HY) *J(H*,H?)
7ab -12.2 ~24.2 -12.7 61 2 16 7
7u¢ -13.0 -25.6 —14.4 72 2 16 8
839 -15.1 -23.9 -13.4 64 2 16 7
9¢ -24.8
4 Measured in benzene-d,. ° Measured in toluened,.
Table II. *'P NMR Data of Compounds 7-9
chem shifts, ppm coupling constants, Hz
compd 8(P") 8(P?) 5(P%) 'J(Rh,P?) 'J(Rh,P*) 1J(P2,P%) J(P*.P")
7ab 4.2 80.0 58.8 202.5 172.8 35.3 3.3
7bb 37.8 78.0 56.6 206.0 168.0 35.0 2.9
8a% 4.0 34.9 18.9 198.6 169.1 42.7 2.9
9¢ 334 75.9 194.0
)
|
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Figure 1. 'H NMR spectrum of the compound [(diphos)Rh(u-H)(u-Cl)IrH,(PEt;),] (7a).

Although the reaction mechanism for the formation of this
dichloro-bridged compound is not known, we note that di-
chloro-bridged species are formed preferentially over their mo-
nochloro, monohydrido isomers when (1) the reaction time is
increased, as is the case for the formation of 9, or (2) a bulky
phosphine is coordinated to the iridium atom; e.g., when PMe,Ph
is used, one obtains [(diphos)Rh(u-H)(u-Cl)IrCl(PMe,Ph);]*
(lb),lgvhile PMePh, gives [(diphos)Rh(u-Cl),IrH(PMePh,);]*
(10).

The IR spectra of compounds 7, 8a, and 8b show two bands
at ca. 2200 and 2060 cm™! assignable to the stretching vibrations
of the terminal hydride ligands, H? and H*. For compound 9
absorptions at 2250 (sh) cm™ and at 2220 cm™ were observed.

The presence of the hydride ligands in compounds 7, 8, and
9 is indicated by their 'H NMR spectra (see Table I). Thus
compound 7 shows three sets of signals centered at ~12.2, -12.7,
and -24.2 ppm of relative intensities 1:1:1, assigned to H!, H?,
and H?, respectively. The assignment of the signals due to H!
is based on the magnitude of 2J(P*H)'® while the signals due to
H? and H? were assigned on the basis of the observation that in
related binuclear hydrido-bridged complexes the values of 2J-
(H,H,,) are larger than those of 2J(H,H,,)."® Using these
empirical observations and selective phosphorus decoupling ex-
periments, it was possible to assign all the coupling constants
between the hydride ligands and the phosphorus atoms for com-
pound 7. A simulated spectrum of the hydride region using these
parameters is in good agreement with the experimental spectrum
shown in Figure 1. The hydride ligands of compound 9 give rise
to a triplet at —28.4 ppm.

(15) Pregosin, P. S.; Kunz, R. W. In “NMR Principles and Progress”;
Springer-Verlag: New York: 1979; Vol. 16.

The 3'P{!H} NMR spectra of compounds 7 and 8 (see Table
I1) show three sets of signals: two of them appear at lower fields,
each as a doublet of doublets, assigned to P, and a set of four
triplets, assigned to P4, The assignment of the low-field signals
to P3 and P* was made on the basis of an off-resonance spectrum
(which showed only a broadening of the set of four triplets) and
the assumption that 27(P,H,,,) > 2J(P,H,). The equivalent P!
and P? donor atoms give a doublet at higher field. The long-range
couplings between P!, P?, and P* provide additional support for
the binuclear formulation of compounds 7 and 8. The complex
[(diphos)Rh(u-Cl),IrH,(P-i-Pr;),] (9) showed a doublet at 75.9
ppm for the phosphorus atoms on rhodium, P? and P#, and a singlet
at 33.4 ppm for those on iridium, P! and P2

3P and 'H NMR spectroscopic studies show that compound
8a readily reacts with CO, giving the mononuclear complexes
trans-[RhCI(CO)(PEty),],'S mer-trans-[IrH;(CO)(PEt;),],"” and
other unidentified iridium species.

However, as noted elsewhere,!® the binuclear complex [(di-
phos)Rh(u-H){(u-Cl)IrH(PEt;);)BF, (2) is cleaved by CO, giving
[Rh(CO),(diphos)]BF, and mer-trans-[IrHCl,(PEt3),]. Thus,
in this case, no CO-containing iridium complex is formed.

Compound 7 catalyzes the hydrogen of olefins, e.g. of 1-hexene
to hexane, but the reaction rates are slower than those with the
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intensities 2:1. The first signal is a doublet of triplets (2J(P,H) = 19
Hz and 2J(H,H) = 4.9 Hz). The latter signal, which should appear as
a triplet of triplets, is insufficiently resolved to observe this splitting. The
related compound mer-trans-[IrH,(CO)(PEt,Ph),] has been reported
by: Mann, B. E.; Masters, C.; Shaw, B. L. J. Chem. Soc. D 1970, 846.
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Figure 2. ORTEP drawing of the molecular structure of [(PEt;),Rh(u-
H)(p-C)IrH,(PEt;),] (8a).

cation [Rh(diphos)(solvent),]*,!® and thus these experiments were
not pursued further.

Attempts were made to obtain a trinuclear hydrido-bridged
complex from 8a and [Rh(diphos)(ac),]BF, (ac = acetone):

ng .
Et3P. / N ac P
\Rh /Ir/ + \Rh ——
Egp” [ SH e’ e

PEty
PEt +
AN !/ ot
Et, P/ \CI/ | \H/ e
PEty
However, we obtained compound 7 and a complex containing a
“Rh(PEt,),” moiety as shown by 'H and 3'P NMR spectroscopy.

Probably a short-lived trinuclear species, 11, was formed, which
rearranged to the thermodynamically more stable product 7.

L
H

“ H—Ir—H
e
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\
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X-ray Crystal Structure of [(PEt;),Rh(u-H)(s-C)IrH,(PEt;,),]
(8a). The structure consists of discrete molecules held together
by van der Waals forces with no unusual packing interactions.

Compound 8a may be described as formed by a square-planar
Rh(I) unit having as ligands the two P atoms of PEt; and the
bridging chloride and hydride atoms. The last-two ligands com-
plete an octahedral mer-[IrH,CI(PEt;),] unit. Both coordination
polyhedra are distorted (cf. Table III and Figure 2).

Even though it proved impossible to locate the hydrogen atoms
(both bridging and terminal), their' posmons are unéquivocally
defined by the crystal coordination geometry and the NMR data
(see above).

The geometry of compound 8a is best discussed by comparing
it with the structures of the related complexes, both mono- and
binuclear, given in Table IV.

The metal-metal distance, in this compound (2.899 (1) A), is
shorter than that in [(diphos)Rh(u-H)(u-C)IrH(PEt;),]* 1 (2)

(18) Halpern, J; Riley, D. P.; Chan, A. S. C,; Pluth, J. J. J. Am. Chem. Soc.
1977, 99, 8055.
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Table III. Relevant Interatomic Distances %A), Bond Angles (deg),
and Torsion Angles (deg) for Compound 8a

Bond Distances

Ir-Rh 2.898 (1) P2-C1P2 1.86 (2)
Ir-Cl 2.496 (3) P2-C3P2 1.81 (2)
Ir-P1 2.265 (4) P2-C5P2 1.87 2)
Ir-P2 2.274 4) P3-C1P3 1.84 (2)
Rh-Cl 2.429 (3) P3-C3P3 1.84 (1)
Rh-P3 2.199 4) P3-C5P3 1.86 (2)
Rh-P4 2.245 4) P4-C1P4 1.84 (2)
P1-C1P1 1.86 2) P4-C3P4 1.86 (2)
P1-C3P1 1.82 (2) P4-C5P4 1.85 2)
P1-C5P1 1.85 (2) (C-Crav® 1.54 2)
Bond Angles
Ir-C1-Rh 72.10 9) Ir-P1-C5P1 119.84 (42)
Ir-Rh-P3 116.99 (8) Ir-P2-C1P2 113.27 (55)
Ir-Rh-P4 145.11 (6) Ir-P2-C3P2 123.60 (42)
Rh-Ir-P1 91.74 10) Ir-P2-C5P2 111.44 (52)
Rh-Ir-P2 101.77 (10} Rh-P3-C1P3  117.81 (42)
P1-Ir-P2 166.39 (13) Rh-P3-C3P3 114.55 (43)
P3-Rh-P4 97.90 (14) Rh-P3-C5P3  119.42 (43)
Cl-Ir-P1 97.05 (13) Rh-P4-C1P4  111.86 (49)
Cl-Ir-P2 92.9(13) Rh-P4-C3P4 124,65 (38)
Cl-Rh-P3 171.96 (12) Rh-P4-C5P4  113.80 (44)
Cl-Rh-P4 90.09 (13) (p-c-C)° 114 (2)
Ir-P1-C1P1 115.73 47) «(C-P-C° 101 (2)
Ir-P1-C3P1 112.28 (46)
Torsion Angles
Ir-Cl-Rh-P3 —-179.4 (§) P1-Ir-Rh-P3 83.6 (7)
Ir-Cl-Rh-P4 1.0(5) Pl1-Ir-Rh-P4 -96.4 (5)
P1-Ir~CI-Rh  -102.9 (6) P2-I-Rh-P3  —94.7 (5)
P2-Ir-Cl-Rh 86.8 (6)

a Average values. The esd on averaged distances was obtained
by using the formula d,y, = [Z(d; —d)*/(N —1)]"/? giving the
scatter from the average value. b Esd’s on the last significant
digit are given in parentheses.

(2.969 (1) A) and in [(diphos)Rh(u-H) (u-C)IrCI(PEt,);]* ° (1a)
(2 904 (1) A). However, this separation in 8a is longer than that
in the dihydrido-bridged complex [(diphos)Rh(u-H),IrH,(P-i-
Pry),]"* (10) (2.662 (1) A).

The short Rh~Ir distance in compound 10 must be taken to
imply that there is a significant metal-metal interaction. A
comparable M-M interaction can be assumed also for the isolobal
compound [(PEt,),Pt(u-H),IrH,(PEt;),]* % (11) (Pt-Ir = 2.676
(1) A and the sum of the atomic radii equals 2.744 A).2 On
the other hand, the longer Rh—Ir distance in compound 8a, which
is in the upper range of distances at which such interactions are
postulated,’ is indicative of a weaker metal-metal interaction than
in compound 10.

It should be noted that the replacement of one of the hydrides,
in a dihydrido-bridged unit, by another donor atom is accompanied
by a lengthening of the M—M distance.??

The shorter Rh-Ir separation in compound 8a relative to that
in 2 and 1a may arise from the presence of a positive charge on
compounds 2 and 1a while 8a is uncharged: it is known that
positive charges on transition-metal complexes cause contraction
of electron density.?’

(19) Musco, A.; Naegeli, R.; Venanzi, L. M.; Albinati, A. J. Organomet.
Chem. 1982, 228, C15.
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Crystallographic Association Meeting Abstracts, Columbia, MO, 1983.

(21) Bau, R; Carroll, W.; Hart, D. W.,; Teller, R. G.; Koetzle, T. F.
“Transition Metal Hydrides™; Bau, R., Ed.; American Chemical Society:
Washington, DC, 1978, Adv. Chem. Ser. No. 167, p 73.

(22) Clark, S. R,; Skelton, B. W.; Waters, T. N. Inorg. Chim. Acta 1975,
12, 235,

(23) Robertson, G. B.; Tucker, P. A. J. Am. Chem. Soc. 1982, 104, 317.

(24) Lehner, H,; Matt, D.; Pregosin, P. S.; Venanzi, L. M.; Albinati, A. J.
Am. Chem. Soc. 1983, 104, 1825.

(25) Donhue, J. In “The Structure of the Elements”; Wiley: New York,
1974; pp 215-219.
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1983, 247, C37.

(27) Kauzmann, W, In “Quantum Chemistry”; Academic Press: New York,
1957.
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Table IV. Some Bond Lengths (A) and Angles (deg) for Mono- and Binuclear Iridium-Containing Complexesh

II-P(EQ:
compd Rh-Cl-k  I-P@@x)  transH)  M-(u-C) M-Ci(term) M-(u-H) L-H(term) M-P M-I
PEty
EtsP CH L LM
e ST, T2.1009) 2263 4) 2.494 (3)° 2245 3)%¢  2.899 (1)
» L 2.272 (4) 2.427 (3)° 2.199 (3)°
Ba
l|=’E13 *
~~ ’,,-H\\ ’,,H
N [ e 745 (1)  2.369(6)  2.245(7) 2510 (5)° 2.215 (6)2¢  2.969 (2)
PEy 2.362 (6) 2.394 (5)? 2.213 (6)
2(0
TE», *
P IR PR
CP/R"\cefI'\pa 75.05 (7) 2.390 (3)  2.367(3) 2.386 (3)® 2.366 (3) 1.85(8)° 2.216 (3)°  2.904 (1)
bt 2.384 (3) 2.381 (3)° 1.67 8)° 2.199 (3)
1u'°
P-/-Pry
P\R /H\lr/H
P WY 2.293 (2) 2.197 @) 2.662 (1)
P+/-Prg f
10®
PEt; *
ErgPa M| M 2.300 (2) 1.882 3)° 1.591(3) 2276 (2)¢  2.677 (1)
£ e 1y 2.299 (2) 1.880 3)2 1586 (3)
e, 1.736 (3)
420 1.726 (3)9
H
N2 2.296 (3) (Ur-Pgy)
Me PhP ILMezPh : I=Flav
‘221
T P,Phs
PhyP— T/ —H 2287 (3) 2.347(3)
Phle | 2.285 (3)
1322
i PaxMe,Ph
o—tr—a 2329 2)  2.365 Q) 2.364 (2) 1.616 (7)
MezPhP‘"F‘MezPh 2.402 (2)
1423
H
|/P°,MezPh
MC'—T'*H 2.292(2) 2.331Q) 2.505 (1) 1.603 (8)
e o1 1.557 (9)
1523
& PoMePh
Me,PhP—T7—Cl 2.381 (2) 2.437 (2)%
MegPhe! 2.366 (2) 2.366 (1)
~ el 2.280 2)f
1623
Cl
MePhP | _Cl
r
MegPrP~” | Cl 2.289 (2) 2.463 (2)
PMe,Ph
1723
PaxPh3
|/H
PhaPAU—H—Tf—H 2.334 (6)  2.397 (4) 2.765 )
L. 2.325 (6)
1524

@M=1Ir. ®M=Rh. “PtranstoH. ¢M=Pt. ®HtranstoP. /Ptransto Cl. #CltranstoP. *Key: ax = axial; eq = equatorial;

term = terminal.

As expected from the shorter Rh-Ir distance in 8a than in 2
and 1a, the Rh—Cl-Ir bond angle in 8a (72.10 (9)°) is smaller
than those in 2 and 1a (74.5 (1) and 75.05 (7)°, respectively).
Similarly, in the compounds [(’-CsMes)CIM (u-H)(u-CI)MCI-
(7°-CsMes)] (M = Rh, Ir)® M—-M distances of ca. 2.90 A occur

with M—CI-M angles of ca. 73° (u-H, u-Cl) while M-M distances

of ca. 3.73 A are associated with M—CI-M angles of ca. 99°.
The following structural features are also worthy of note:
(1) It is observed that the Ir—Cl distance in complexes 1la, 2,

8a, and 1018 is long (from 2.49 to 2.51 A) when the trans ligand
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is a hydride and short (from 2.38 to 2.40 A) when the trans ligand
is a chloride. This is a typical trans-influence behavior.?

(2) Replacement of a chloride by a hydride ligand in the
complexes listed in Table IV, in addition to the effect mentioned
under (1), causes a shortening of the Ir—P bonds in cis positions.
Thus the Ir-P distance in compound 14 is 2.329 (2) A while that
in compound 15 is 2.292 (2) A. This effect is observed also in
the binuclear complexes 2 and 1a; e.g., the Ir-P,; and Ir-P
distances in 2 are (2.365 (2)) and 2.245 (7) A, respectively, while
the Ir-P,, and Ir-P,, distances in 1a are (2.387 (3)) and 2.367
(3) A, respectively.

(3) Attaching a second metal center (with its own ligands) to
a hydride with formation of an M—H-M’ bridge results in a
lengthening of the M-P bonds. Thus the Ir-P,, and Ir-P,, dis-
tances in compound 13 are {2.286 (3)) and 2.347 (3) A, re-
spectively, while the corresponding distances in compound 18 are
{2.329 (6)) and 2.397 (4) A, respectively. This effect has been
commented on elsewhere.?*

(4) The Ir-(u-Cl) bond distance is longer in 2 than in 1a
presumably because of the effect (1) mentioned above. As the
Rh—Cl-Ir bond angles in compounds 2 and 1a are almost identical,
the Ir—Cl bond lengthening results in a longer Rh-Ir distance in
the former compound.

(5) The Ir-Cl bond length in 8a is slightly shorter than in 2.
This difference may be a result of a stronger M—M interaction,
which results in a shorter M—M distance and a smaller M—CI-M
bond angle, a sort of compression effect.

(6) While there is an overall lengthening of Ir-P,, bonds on
hydrido-bridge formation, its effect on Ir-P., bonds requires
further comment. If one considers the corresponding bond lengths
in the mononuclear complexes as a reference point, one finds that
in the binuclear complexes the Ir-P,, distance becomes longer
when the ligand in the position cis to Ir—P, is chloride and shorter
when it is hydride. This observation may be related to the op-
eration of a strong cis influence.?”

(7) As expected, the Rh—P distances are equal in the symme-
trical complexes 10 and 11. For the unsymmetrical complexes
8a, 2, and 1a their lengths appear to be related to the extent of
the Rh-Ir interaction: where the interaction is stronger, e.g., in
1a, they differ significantly, the long bond being that in the position
trans to the H ligand, while the two bonds are practically equal
in 2, which shows the longest Rh—Ir bond.

(8) The preference for the formation of a Rh(u-H)(u-Cl)Ir
arrangement over Rh(u-H),Ir is likely to be due to electron
availability for bridge building: in the case of u-H it leads to the
formation of a three-center—two-electron system while a chloride
bridge can result, at least potentially, in a three-center—four-
electron interaction. The preference for (u-Cl), over (u-H)(u-Cl)
has also been observed, i.e., in the formation of compound 9, but
as mentioned earlier, it appears to be associated with steric re-
pulsions.

Experimental Section

All operations were carried out under purified nitrogen. Solvents were
distilled under nitrogen and dried prior to use. Elemental analyses were
performed by the Microanalytical Laboratory of the Swiss Federal In-
stitute of Technology (ETH). Infrared spectra in the region 400-4000
cm™! were recorded on a Beckman IR 4250 spectrophotometer as KBr
pellets or Nujol mulls. The 'H NMR spectra were recorded at 90 and/or
250 MHz, respectively, on an FT Bruker WH-90 or 250 spectrometer.
The *'P{'H} NMR spectra were measured with use of the WH-90 spec-
trometer. 'H and 3'P chemical shifts are given relative to Me,Si and
H;PO,, respectively. A positive sign denotes a shift downfield of the
reference.

A. Syntheses. [Rh,Cl,(C;H,),}!' [RhCI(C;H,)(diphos)),' [Rh,Cl,-
(diphos),],'> [Rh((CH;),CO),(diphos)[BF,),'® [IrHy(PEt;),},'* and
[IrH,(P-i-Pr;),]'S were prepared as described in the appropriate refer-
ences.

(28) Burdett, J. K. In “Molecular Shapes”; Wiley: New York, 1980; Chapter
12

29) Piécock, A. In “Catalytic Aspects of Metal Phosphine Complexes”;
Alyez, E. C., Meck, D. W., Eds.; American Chemical Society: Wash-
ington, DC, 1982; Adv. Chem. Ser. No. 196, p 1, and references quoted
therein.
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Table V. Crystal Data and Data Collection Parameters for
Compound 8a

formula C,.H,,ClIrP,Rh

fw 806.22

a, A 11.507 2)

b, A 15.974 (4)

c, A 19.198 (4)

B, deg 103.19 4)

v, A® 3434.7 (3)

V4 4

Pealeds £ cm™? 1.56

space group P2, /e

cryst dimens, mm 0.25 x0.40 x0.30

radiation Mo K (graphite monochromated,
A=0.71069 &)

u, cm™! 45.97

6 range, deg 25<6<24.0

scan mode wf26

scan speed, deg s™* 0.04

scan width, deg 1.20

total bkgd time, s 20

receiving apertures, deg 1.0 (horiz), 1.0 (vert)
no. of data collected 4946 (zh,+k,+I)

no. of obsd data (/ > 30(J)) 3806
R=ZIAF|ZIF 1 0.059

Ry = (ZIAFYZwIF, 7))t 0.063

¢ For the observed reflections.

[(PEt;),Rh(u-H) (u-C)IrH,(PEt;),] (8a). PEt; (0.118 g, 1 mmol) was
added dropwise to a well-stirred solution of [Rh,Cl,(C3H,),] (0.097 g,
0.25 mmol) in toluene (10 mL). After slow addition of [IrHs(PEt;),]
(0.217 g, 0.5 mmol) dissolved in toluene (10 mL) and heating until the
reaction mixture had become red-brown, the solution was stirred for 2.5
h at room temperature. The solvent was then evaporated under reduced
pressure, and the residue was now dissolved in ca. 10 mL of methanol.
Orange needles of 8a were obtained on cooling the solution (0.31 g, 77%).
Anal. Calcd for Co Hg;ClIrP,Rh: C, 35.75; H, 7.82. Found: C, 35.54;
H, 7.75. IR (Nujol): »(Ir-H) 2180 (m), 2060 (m) em™",

[(diphos)Rh(u-H) (u-C1)IrH,(PEt;),] (7a). [Rh,Cl,;(diphos),] (0.108
g, 9.1 mmol) was suspended in toluene (5 mL) and reacted with [IrH,-
(PEt3),] (0.139 g, 0.3 mmol) in toluene (5 mL). The mixture then was
refluxed for 5 min, filtered, and concentrated. After addition of methanol
and cooling at =20 °C, 7b precipitated as orange crystals (0.080 g, 41%).
Anal. Calcd for C33Hs;ClIrP,Rh: C, 47.13; H, 5.89. Found: C, 46.50;
H, 5.85. IR (Nujol): »(Ir-H) 2210 (m), 2060 (m) cm™.

[(diphos)Rh(x-H) (u-CD)IrH,(P-i-Pry),1 (7b). [Rh,Cl(C,H,),] (0.049
g, 0.126 mmol) was dissolved in benzene (10 mL) and reacted with a
solution of diphos (0.100 g, 0.25 mmol) in benzene (20 mL). Then a
solution of [IrH(p-i-Pr;),] (0.130 g, 0.25 mmol) in benzene (20 mL) was
added under hydrogen and refluxed for 0.5 h. After filtration, addition
of methanol, and cooling at 20 °C, 7b precipitated as orange crystals
(0.040 g, 15%). This product was always contaminated with some 9. IR
(Nuyjol): »(Ir-H) 2210 (m), 2060 (m) cm™.

[(diphos)Rh(u-Cl) IrtH(P-i-Pr;),] (9). [Rh,Lo(C;H,),) (0.049 g,
0.126 mmol) in benzene (10 mL) was reacted with a solution of diphos
(0.100 g, 0.25 mmol) in benzene (20 mL). Then [IrH,(p-i-Pr;),] (0.130
g, 0.25 mmol) dissolved in benzene (5 mL) was added and the reaction
mixture was refluxed for 1 h. After concentration, filtration, and cooling
at —20 °C, dark crystals of 9 were obtained (0.050 g, 18%). Some
crystals of § could also be identified. Anal. Calcd for C4HgCLIrP Rh:
C, 48.61; H, 6.26. Found: C, 48.79; H, 6.30. IR (Nujol): »(Ir-H) 2250
(sh), 2220 (m) cm™.

Reaction of 8a with [(diphos)Rh(ac),]BF,. Complex 8a (0.100 g, 0.10
mmol) in acetone (20 mL) was reacted with an acetone solution of
[(diphos)Rh(ac),] BF, (0.072 g, 0.10 mmol; ac = acetone).. The reaction
mixture turned red-brown immediately. The 3'P NMR spectrum of a
solution obtained by evaporating the solvent and dissolving the residue
in CDCl; unambiguously revealed the presence of a “Rh(PEt;),” moiety
(8 73.5,d, 2J(Rh,P) = 176 Hz). The solid obtained by adding Et,O to
the solution was dried under vacuum. A 'H NMR measurement on the
residual solid confirmed the presence of 7a.

Catalytic Hydrogenation Experiment Using 7a. A solution of 7a
(0.051 g, 0.053 mmol), in CH,Cl, (50 mL), and 1-hexene (2.0 g, 23.8
mmol) were placed in a steel autoclave. The mixture was stirred for 8
h under an H, pressure of 5 atm. The analysis of the reaction mixture
showed a hexane conversion of 25%.

Reaction of 7a with CO. CO was bubbled for a few minutes through
a solution of 7a (0.060 g) in benzene-dg (3 mL). The solution imme-
diately became paler. Its 3P NMR spectrum showed the presence of
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Table VL. Positional Parameters for the Compound
[(PEt,),Rh(u-H)(u-C)IrH, (PEt,), ] (8a)®

x/a yib z/c

Ir 0.17117 (4) 0.13785 (3) 0.26804 (3)
Rh 0.36331 (8) 0.25922 (6) 0.28996 (6)
P1 0.11612 (31) 0.16857 (23)  0.14991 (20)
P2 0.18646 (34) 0.08826 (26)  0.38080 (22)
P3 0.31666 (30) 0.39010 (21) 0.30628 (20)
P4 0.55933 (29) 0.27793 (22) 0.29819 (21)
Cl 0.38623 (29) 0.11006 (20) 0.27265 (20)
C1P1 0.0456 (15) 0.2728 (11) 0.1274 (9)
C2P1 —0.0669 (17) 0.2870 (12) 0.1561 (10)
C3P1 0.0041 (14) 0.0960 (10) 0.1012 9)
C4P1  -0.0453(17) 0.1119 (12) 0.0211 (10)
C5P1 0.2302 (15) 0.1726 (11) 0.0957 (9)
C6P1 0.2866 (17) 0.0880 (13) 0.0873 (11)
C1P2 0.0445 (17) 0.0440 (13) 0.3953 (11)
C2P2  —-0.0497 (21) 0.1153 (15) 0.3956 (13)
C3P2 0.2329 (16) 0.1518 (11) 0.4606 (9)
C4P2 0.3627 (19) 0.1853 (14) 0.4690 (11)
C5P2 0.2842 (16) —0.0064 (12) 0.3983 (9)
C6P2 0.3021 (21) —0.0449 (16) 0.4733 (13)
C1P3 0.1582 (14) 0.4151 (10) 0.3001 (9)
C2P3 0.1062 (17) 0.3729 (12) 0.3592 (10)
C3P3 0.3861 (14) 0.4329 (10) 0.3957 (8)
C4P3 0.3535 (16) 0.5241 (12) 0.4113 (10)
C5P3 0.3508 (15) 0.4727 (11) 0.2455 (9)
C6P3 0.3215 (16) 0.4459 (12) 0.1670 (10)
C1P4 0.6506 (15) 0.2286 (11) 0.3792 9)
C2P4 0.6458 (16) 0.2760 (12) 0.4492 (10)
C3P4 0.6324 (15) 0.3814 (10) 0.2966 (9)
C4P4 0.7674 (16) 0.3813 (12) 0.3085 (10)
C5P4 0.6177 (14) 0.2193 (10) 0.2305 (8)
C6P4 0.5736 (16) 0.2560 (13) 0.1540 (10)

@ Esd’s on the last significant digit are given in parentheses.

trans-[RhCI(CO)(PEt;),] (§ -23.5, d, 2J(Rh,P) = 178 Hz) and mer-
trans-[IrtH;(CO)(PEt;),] (‘H NMR 6 -11.2 (complex m, H trans to
CO), & -8.15 (dt, H trans to H, 2J(P,H) = 19 Hz, ZJ(HH) = 4.9
Hz),»'P{'H} NMR 0.4 ppm (s)). Other unidentified products were also
present. Attempts to fully cliaracterize these wére unsuccessful.

B. Determination and Refinement of the Structure. Orange crystals
of [(PEt,);Rh(u-H)(u-Cl)IrH,(PEt,),] (8a) were obtained by slow
evaporation from methanol and are air stable. A suitable crystal of
irregular prismatic habit was chosen for the data collection and mounted,
at random orientation, on a glass fiber. ]

Crystal data are listed in Table V. The detérmination of the lattice
parameters and space group and the data collection were carried out, at
room temperature, on a Philips PW 1100 automated four-circle dif-
fractometer. The systematic absences (0k0, k = 2n; 40/, ! = 2n) allowed
the unambiguous assignment of the P2,/c space group. The cell param-

Albinati, Lehner, and Venanzi

eters were obtained by least-squares fit of the 26 values of 20 accurately
centered, high-order reflections (16.0 < 26 < 30°).

Three standard réflections, 1,~1,-2, 1,1,-2, and -1,-1,2, were mea-
sured every 2 h to check the stability and the orientation of the crystal.
No significant variations in the diffracted intensities were detected during
data collection. An empirical absorption correction was applied with use
of an azimuthal () scan of three reflections (040, 060, 080) at high x
angles (85.70°); transmission factors were in the range 0.69-0.92.

Data were corrected for Lorentz and polarization factors.’® The
standard deviations on the intensities were calculated in terms of statistics
alone, considering as observed the reflections having I, = 30(D).

The structure was solved by standard Patterson and Fourier methods
and refined by block-diagonal least squares using a Cruickshank®!
weighting scheme; the function minimized was [ w(|F,| ~ (1/k)|F,))2].
Anisotropic temperature factors for Rh, Ir, P, and Cl atoms and isotropic
factors for carbon atoms were used. )

The hydrogens of the carbon atoms were placed in idealized positions,
assuming a C-H bond length of 1.00 &, and were assigned individual
isotropic temperature factors, B = 6.50 A2, Their contribution was taken
into account but not refined. No extinction correction was found to be
necessary.

Scattering factors were taken from ref?2, and the contribution of the
real part of the anomalous dispersion was taken into account for Rh, Ir,
C], and P atoms. Upon convergence (no shifts greater than 0.4¢) the
final conventional agreement factor was 0.059 (see Table V). A final
difference Fourier map showed no anomalous features, and no significant
peaks in the hydride regions were detected.

All the calculations were performed on a Univac 1100 using local
verson of data reduction, structure factor, Fourier, and least-squares
programs.’* The drawing was made with use of the ORTEP** program
with thermal ellipsoids drawn at 50% probability. The final positional
parameters are given in Table VI
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