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Abstract

The reaction of [RhCI(C,H,),}, (1) with P'Bu,Me yields the square-planar complex trans-[RhCI(C;H,)(P*Bu,Me),] (2) which
upon treatment with H, gives the dihydride [RhH,CI(P*Bu,Me),] (3) and ethane. The alkynerhodium(I) compounds trans-
[RhCI(HC=CR)(P'Bu,Me),] (4-6) which have been prepared from 3 and HC=CR (R=H, Me, Ph), thermally rearrange to
the isomeric vinylidene derivatives trans-{[RhCl(=C=CHR)(P'Bu,Me),] (7-9). The synthesis of the =-allyl complexes [Rh(7>-
2-RC;H,)(P'Bu,Me),] (11, 12) has been achieved by the stepwise reaction of 1 or [RhCl{(CgH,4),), (10) with 2-RC,H,MgX
and the phosphine. From 11 or 12 and acetic or trifluoracetic acid the monomeric carboxylate compounds {Rh(7*-O,CR)(P‘Bu,Me).]
(13, 14) have been obtained. Further reaction of 13 and 14 with CO gives the carbonyl derivatives trans-[Rh(n'-
0,CR)(CO)(P'Bu,Me),] (16, 17) while on treatment of 14 with ethylene at —20 °C the corresponding 1:1 adduct trans-[Rh(n'-
O,CCF;}(CH,)(P*'Bu,Me),] (18) is formed. Both 13 and 14 react with H, to yield the dihydrido complexes [RhH,(n*
O,CR)(P'Bu,Me),] (19, 20) and with O, to afford the dioxygen adducts [Rh(7#*-O,)(7*-O,CR)(P'Bu,Me),] (21, 22). The O,
ligand in 21 and 22 is rather weakly coordinated and can be easily displaced by H, to give 19 and 20, respectively.
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1. Introduction

We have been interested for a number of years in
the chemistry of vinylidene transition-metal complexes
and, if the metal is rhodium, the vinylidene is best
stabilized by using triisopropylphosphine as the sup-
porting ligand [2]. With [RhCIl(P'Pr,).], [3] as the starting , L A L R

; ; . / /
material, we succeeded not only in the preparation of Cl—Rh=C=C R Cl—Rh=C=C=C
the complete series of isomeric alkyne-, al- L/ ‘e=c L/ kY
kynyl(hydrido)- and vinylidenerhodium compounds A, D 4 R’ £
B and C [4] but we were also able to generate the
corresponding vinylvinylidene- and allenylidenemetal
derivatives D and E (see Fig. 1) by a straightforward
route [5]. Since we failed to use compounds of the
type C, D or E as metal carbene analogues, for instance
in olefin metathesis or carbene transfer reactions, we

Fig. 1. Rhodium complexes obtained from [RhCI(PPr;),], as the
starting material (L=PPr,).

attempted to replace the rather bulky triisopropyl-

phosphine in these complexes by smaller or less sym-
* Dedicated to the late Professor Ugo Croatto in recognition of metrical phqs phine hgands. These attempts were u.n-

his scientific work and his outstanding service to inorganic chemistry. successful with PMe, and PPh3 but successful WI?h

For Part XXXV see Ref. [1]. P'Bu,Me, a ligand which we have already used in
* Corresponding author. ruthenium, osmium and iridium chemistry [6].
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The present article describes the synthesis of a series
of ethene-, alkyne-, vinylidene-, allyl-, carboxylate- and
hydridorhodium compounds which all contain
[Rh(P‘Bu,Me),] as a molecular unit [7].

2. Results and discussion
2.1. Hydrido, alkyne and vinylidene complexes

Whereas the dimeric bis(cyclooctene) complex
[RhCH(CgH,4),), reacts with excess triisopropylphos-
phine to give [RhCI(P'Prs),], [3], the corresponding
reaction with P'Bu,Me yields a mixture of products.
If, however, the bis(ethene)rhodium(I) derivative
[RhCI(C,H,),], (1) is treated with 4 equiv. of P'Bu,Me,
the mononuclear olefinbis(phosphine) complex 2 is
formed almost quantitatively (Scheme 1). The yellow
microcrystalline solid is only slightly air-sensitive and
soluble in most common organic solvents. The 'H and
3P NMR spectroscopic data leave no doubt that the
phosphine ligands are frans disposed.

Since recent studies have shown that in some cases
(depending on the substituent R) rhodium vinylidenes
of composition frans-[RhCl(=C=CHR)(P'Pr,),] are
preferentially obtained from [RhH,CI(P'Pr,),] instead
of [RhCI(P'Pr;),], as the starting material [8], the di-
hydridorhodium(IIT) compound 3 has also been pre-
pared. Upon stirring a solution of 2 in benzene for 24
h under an H, atmosphere it is formed in 96% isolated
yield. The 'H NMR spectrum of the yellow solid, which
in contrast to 2 is quite air-sensitive, displays a high-
field signal at § —22.4 which due to Rh-H and P-H
coupling appears as a doublet-of-triplets. Since the
spectroscopic data reveal that the two phosphines are
equivalent, the five-coordinate rhodium(III) species
could have either a trigonal-bipyramidal or a square-
pyramidal geometry, in the latter case with the chloride
in the apical position. There is good evidence that both
[RhH,CI(PCy;).] [9] and [IrH,Cl(P‘Bu,Me),] [6g] pos-
sess a trigonal-bipyramidal configuration and thus the
same could also be true for 3.

L
4L /
[RhCI(CyHy),] 2 Cl—Rh—
(CoHelaly ——5 o 5 I
1 L
2
[RhH,CIL,] Mz
IL
2CIL; e
3

(L = P'BugMe)
Scheme 1.

The synthesis of the alkyne complexes 4-6 (Scheme
2) has been achieved from the dihydrido compound 3
and the corresponding terminal alkyne. If instead of
3 the ethene derivative 2 is treated with HC=CH,
HC=CMe or HC=CPh (benzene, 2540 °C), a mixture
of products is formed. Although it contains 4, 5 or 6
as the main component, it could not be completely
separated by column chromatography or fractional crys-
tallization. Especially for acetylene and propyne, poly-
mers are also formed in addition to the rhodium-
containing species which make the work-up procedure
even more difficult. With 3 as the starting material,
the yield of the alkyne complexes 4-6, isolated as
red-brown air-sensitive solids, is 70-85%. The corre-
sponding olefin CH,=CHR (R =H, Me, Ph) has been
detected as a by-product by NMR measurements. As
far as the spectroscopic data of 4-6 are concerned, the
most characteristic features are the intense C=Cstretch-
ing frequency in the IR spectra in the 1700-1800 cm ™!
region and, for 5 and 6, the appearance of two virtual
triplets for the protons of the t-butyl groups which due
to the absence of a mirror plane passing through the
phosphorus atoms are diastereotopic.

While compounds 4-6 arc stable as solids, they
rearrange in solution to the isomeric vinylidenerhod-
ium(I) complexes 7-9. The rate of this rearrangement,
which is accompanied by a characteristic change of
color from red-brown to deep violet, is significantly
slower than in the case of the corresponding
bis(triisopropylphosphine) derivatives [4b]. Since var-
ious attempts to isolate an intermediate such as B (see
Fig. 1) in these reactions have failed [7], we believe
that in contrast to similar transformations of square-
planar 1-alkyne to vinylidene complexes [2] the iso-
merization does not proceed stepwise but follows a
‘slippage’ process [10]. Support for this assumption

L
/ =
cr—gh—][ S
/ - CZH4 R
L /LCI
2 ————  CI—Rh—I]|
/ C
- R L h
[RhH,CIL,] HE=CR |
- RCH'CHz 4 - 6
3
R L /R
/
47 | H Cl—RA=C=C
5.8 | Me / \H
6.9 | Ph L
7 -9
(L = P'BusMe)
Scheme 2.
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arises from the observation that the rearrangement of
4-6 to 7-9 occurs even in neat pyridine and under
these conditions does not lead to octahedral pyridine
adducts [RhH(C=CR)Cl(py)(P'Bu,Me),] (for compar-
ison see Ref. [4]). Regarding the NMR spectroscopic
data of the vinylidene complexes 7-9, which are only
moderately air-sensitive, the low field signal in the *C
NMR spectra at & 293-305 is most noteworthy and
indicative of the metal-bound carbon atom of the
Rh=C=CHR moiety. We note that this signal appears
in the same region as for compounds C and D (Fig.
1) and as that of a coordinated carbene C atom [11].

2.2, Allyl and carboxylate complexes

In order to broaden the scope of reactive compounds
containing the [Rh(P‘Bu,Me),] unit, the #-allyl com-
plexes 11 and 12 (Scheme 3) have been prepared. Since
a starting material of general composition [RhCIL,],
with L=P'Bu,Me is not available, on treatment of 1
with C;H;MgBr we first generated the very labile in-
termediate [Rh(n?-C;Hs)(C,H,),] and reacted this in
situ with excess phosphine. Compound 11 was thus
obtained in 76% yield. To prepare the 2-methallyl
complex 12, the reverse sequence of reaction steps was
applied, i.e. the bis(olefin)rhodium(I) derivative 10 was
treated in ether solution at —20 °C first with P'Bu,Me
and then with the Grignard reagent C,H,MgCl. In this
case the yield was 64%. It should be noted that the
synthetic procedure for 12 is analogous to that which
was already used for the preparation of the iridium
complexes [Ir(n’-2-RC,H,)(P'Pr;),] (R=H, Me) [12]
and which had recently also been applied for [Rh(n>-

1) C;H_.,MgBr
2) L
[RRCI(CaHy)2ly —————— R
1 L
=~ |~Rn7
1)L L
2) C.H;MgCl
[RACI(CaH1a)ala 2) CyHrMoCl 11, 12
10
R'COzH |- CH3C(R)=CH,
R
11 |H
12 | Me
o._ ~L
R Rh
R’ _<0’ SN
13 | CHs 13, 14
14 | cF;
o. L
F,C—<O/Rh\ +  CF3COuH s====== [RhH(0,CCF3),L,]
L
14 16

(L = P'BupMe)
Scheme 3.

2-MeC,H,)(P'Pr;)(PMe;)] [13]. Although the m-allyl
compounds 11 and 12 are very air-sensitive solids, which
slowly decompose even under argon at low temperatures,
they both have been characterized by elemental analyses
and spectroscopic means. The 'H NMR spectra of 11
and 12 reveal only one resonance for the syrn and one
for the anti protons of the CH, units and therefore
indicate that symmetrical m-allyl ligands are present.

Treatment of the sr-allyl complexes 11 and 12 with
CH,CO,H and CF;CO,H affords the carboxylate de-
rivatives 13 and 14 in moderate to good yields. Both
compounds are dark red crystalline solids which are
rather air-sensitive but can be stored under argon at
~20 °C for weeks. Although X-ray structural inves-
tigations of several rhodium(I) carboxylates have shown
that at least in the solid state they are dimers [14],
the IR spectroscopic data of 13 and 14 with »(OCO)
at 1525 and 1440 cm~' (for 13) and 1610 and 1460
cm ™! (for 14) suggest that these compounds like [Rh(n?-
0,CCH,)(P'Pr3),] (M(OCO) 1535 and 1440 cm™?) [13]
are monomeric species. It has been pointed out [15]
that the positions of the symmetric and asymmetric
OCO stretching frequencies as well as their energy
difference are distinctly different for monodentate, bi-
dentate and bridging (chelating) carboxylate ligands,
and the reference data for compounds of general com-
position [M(n*O,CR)L,] support our structural pro-
posal. With regard to the mechanism of the reaction
of 11 and 12 with RCO,H, we assume that initially an
oxidative addition of the carboxylic acid to the metal
center takes place (for comparison see Ref. [13]) which
is followed by a reductive elimination of propene or
isobutene, respectively. That compounds structurally
related to 11 and 12 are able to react with RCO,H
by addition to give hydrido(carboxylate)metal species
is illustrated by the formation of
[RhH(O,CCF,),(P'Bu,Me),] (15) (Scheme 3). The yel-
low crystalline substance which is stable as a solid
readily dissociates in solution to reform the starting
materials 14 and CF;CO,H.

The pronounced ability of chelating carboxylate metal
complexes to open the metal-chelate bond is equally
found for 13 and 14. If a slow stream of CO is passed
through a solution of 13 or 14 in pentane, a rapid
change of color from deep red to yellow occurs and
the carbonylrhodium(I) compounds 16 and 17 are
formed almost quantitatively (Scheme 4). Since the
signal pattern in the 'H NMR spectra for both the
PCH; and PCCH, protons of the phosphine ligands
corresponds to a virtual triplet [16], there is no doubt
that 16 and 17 have a square-planar frans-configuration.

Whereas compound 13 is rather inert toward ethylene
at room temperature, the trifluoracetate complex 14
reacts with C,H, in pentane at —20 °C slowly to give
the 1:1 adduct 18 in about 60% yield. In analogy to
15, the ethylene complex 18 is quite labile and even
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if it is stored under argon at 0 °C it loses the olefinic
ligand to regenerate the starting material. Despite the
lability of 18, the "H and *'P NMR spectra could be
measured and are in good agreement with the structural
proposal shown in Scheme 4.

The carboxylate compounds 13 and 14 not only react
with CO and C,H, but also with H, and O, to yield
the corresponding dihydrido and n*-dioxygen complexes
19, 20 and 21, 22, respectively (Scheme 5). All these
compounds are crystalline, quite air-stable solids which
are easily soluble in most organic solvents. Due to the
striking similarities in both the IR and NMR spectro-
scopic data of 19, 20 and 21, 22, it is clear that the
dihydrido as well as the n*-dioxygen rhodium derivatives
possess an octahedral geometry. In each case the trans-
position of the phosphine ligands is evident from the

appearance of only one signal in the *'P NMR spectra
and from the virtual coupling observed for the reso-
nances of the PCH; and PCCH, protons in the 'H
NMR spectra. The latter display only one resonance
at high fields (for 19 at § —22.96 and for 20 at &
—23.60) which confirms that the two hydride ligands
are also equivalent.

Although in contrast to [Rh(n*-O,)(n*-O,CR)-
(P'Pr;),] [17] the dioxygen complexes 21 and 22 are
stable in solution (benzene or CH,Cl,) for days, they
nevertheless smoothly react with H, to give the dihydrido
compounds 19 and 20 almost quantitatively. The reverse
reaction from 19 and 20 with oxygen to yield 21 and
22 does not occur, at least not at room temperature
and 1 atm of O,. We failed to detect H,O or H,O,
as by-products in the reaction of 21 and 22 with H,
and therefore we have to assume that it is a simple
ligand displacement process.

3. Conclusions

The work described here has confirmed that starting
from the bis(olefin)metal compounds 1 and 10 a series
of rhodium(I) and rhodium(III) complexes with
[Rh(P'Bu,Me),] as a molecular building block is ac-
cessible. Particularly promising for further studies are
both the dihydridometal derivatives 3, 19 and 20 as
well as the 7-allyl complexes 11 and 12 which according
to recent findings with Dbis(triisopropylphosphine)-
rhodium counterparts [RhH,X(P'Pr,),] and [Rh(7n’-2-
RGC,H,)(P'Pr3),] can possibly be used as starting ma-
terials for C~C coupling [18] and catalytic hydrogenation
reactions [19]. Whether compounds such as 13 and 14
are also candidates for the C-H activation of olefinic
and aromatic hydrocarbons is one topic of our current
research interests.

4. Experimental

All reactions were carried out under an atmosphere
of argon by Schlenk tube techniques. The starting
materials [RhCI(C,H,),], (1) [20], [RhCI(CsH,,).]. (10)
[21], and the phosphine P'Bu,Me [22] were prepared
as described in the literature. NMR spectra were re-
corded at room temperature on JEOL FX 90 Q, Varian
EM 360 L and Bruker AMX 400 instruments, and IR
spectra on a Perkin-Elmer 1420 spectrophotometer.
Melting points were determined with a Biichi SMP 20
apparatus. Abbreviations used: s=singlet, d=doublet,
t=triplet, q=quartet, vt=virtual triplet, m =multiplet,
br=broad, N=J(PH)+°J(PH), N’ =%(PH) +“J(PH).
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4.1. Trans-[RRCI(C,H,)(P'Bu,Me),] (2)

A solution of 1 (136 mg, 0.35 mmol) in 40 ml of
ether was treated at —20 °C with P'Bu,Me (0.28 ml,
1.40 mmol). After warming to room temperature the
solvent was removed, the residue was extracted with
20 ml of pentane, and the extract was brought to dryness
in vacuo. A yellow solid was obtained which was washed
twice with 3 ml of pentane (0 °C), and dried in vacuo;
yield 293 mg (86%); m.p. 124 °C (dec.). IR (KBr):
{C=C) 1465 cm . 'H NMR (C(Ds, 90 MHz): § 2.19
(dt, J(RhH)=2.1, J(PH)=4.2 Hz, 4H, C,H,), 1.40 (vt,
N=12.5 Hz, 36 H, PCCH,), 0.44 (m, 6H, PCH,). *'P
NMR (C4D¢, 36.2 MHz): 6 27.03 (d, J(RhP)=123.1
Hz). Anal. Calc. for C,,H,CIP,Rh: C, 49.34; H, 9.52.
Found: C, 49.23; H, 9.78%.

4.2. [RhH,CI(P'Bu,Me),] (3)

A solution of 2 (80 mg, 0.16 mmol) in 10 ml of
benzene was stirred under an atmosphere of hydrogen
for 24 h at room temperature. The solvent was removed,
and the residue was extracted with 20 ml of pentane.
The extract was concentrated in vacuo until a precipitate
occurred and was then stored at —78 °C. Yellow crystals
were formed which were filtered off, repeatedly washed
with pentane (0 °C), and dried in vacuo; yield 71 mg
(96%); m.p. 86 °C (dec.). IR (KBr): {RhH) 2100 cm .
'H NMR (C,Dg, 400 MHz): 6 1.43 (m, 6H, PCH,),
117 (vt, N=13.0 Hz, 36H, PCCH;), —22.40 (dt,
J(RhH)=25.6, J(PH)=15.2 Hz, 2H, RhH,). *'P NMR
(CéDs, 162.0 MHz): & 55.82 (d, J(RhP)=115.0 Hz).
Anal. Calc. for C,gH,,CIP,Rh: C, 46.91; H, 9.62. Found:
C, 47.62; H, 10.25%.

4.3. Trans-[RhCI(HC=CH)(P'Bu,Me),] (4)

A stream of acetylene was passed through a solution
of 3 (80 mg, 0.17 mmol) in 5 ml of pentane for ~15
s. After the solution was stirred for 24 h at room
temperature, the solvent was removed and the residue
was extracted with 20 ml of pentane. The extract was
concentrated in vacuo to ~3 ml and then stored at
— 78 °C. Red-brown air-sensitive crystals were formed,
which were filtered off, repeatedly washed with pentane
(0 °C), and dried thoroughly; yield 59 mg (70%); m.p.
103 °C (dec.). IR (KBr): »(=CH) 3140, »(C=C) 1705
cm ™. "THNMR (C,D¢, 400 MHz): 63.15 (d,J(RhH) =2.6
Hz, 2H, CH,), 1.39 (vt, N=12.4 Hz, 36 H, PCCH,),
0.38 (m, 6H, PCH,). >'P NMR (C,D,, 162.0 MHz): §
28.07 (d, J(RhP)=1190 Hz). Anal. Calc. for
C,0HCIP,Rh: C, 49.54; H, 9.15. Found: C, 49.50; H,
9.33%.

4.4. Trans-[RhCI(HC=CMe)(P'Bu,Me),] (5)

This compound was prepared as described for 4,
using 3 (85 mg, 0.18 mmol) and propyne as starting
materials. Red-brown air-sensitive crystals were ob-
tained; yield 77 mg (86%); m.p. 98 °C (dec.). IR (KBr):
(=CH) 3110, »/(C=C) 1825 cm~'. '"H NMR (C¢Ds,
400 MHz): & 2.53 (dq, J(HH)=2.5, J(RhH)=2.4 Hz,
1H, =CH), 1.83 (dd, J(HH)=2.5, J(RhH) = 0.8 Hz, 3H,
=CMe), 1.45 (vt, N=12.7 Hz, 18H, PCCHs;), 1.40 (vt,
N=12.0 Hz, 18H, PCCH,), 0.45 (vt, N'=4.1 Hz, 6H,
PCH,). *'P NMR (CsDs, 162.0 MHz): & 30.07 (d,
J(RhP)=121.7 Hz). Anal. Calc. for C,;H,,CIP,Rh: C,
50.56; H, 9.29. Found: C, 50.42; H, 9.73%.

4.5. Trans-[RhCI(HC=CPh)(P‘Bu,Me),] (6)

A solution of 3 (80 mg, 0.17 mmol) in 5 ml of pentane
was treated with phenylacetylene (38.4 ul, 0.34 mmol)
and stirred for 24 h at room temperature. The solvent
was removed in vacuo and the residue was extracted
with 20 ml of pentane. The extract was concentrated
to ~3 ml and then stored at —78 °C. A brown air-
sensitive solid was formed, which was filtered off, washed
twice with ~3 ml of pentane (0 °C), and dried in
vacuo; yield 78 mg (82%); m.p. 93 °C (dec.). IR (KBr):
(=CH) 3100, »(C=C) 1805 cm~'. '"H NMR (C;Ds,
400 MHz): & 6.58-8.02 (m, 5H, C.H;), 3.78 (d,
J(RhH)=2.6 Hz, 1H, =CH), 1.44 (vt, N=12.8 Hz,
18H, PCCHs), 1.37 (vt, N=12.0 Hz, 18H, PCCH,), 0.36
(vt, N'=4.1 Hz, 6H, PCH;). P NMR (C,D,, 162.0
MHz): § 30.61 (d, J(RhP)=118.1 Hz). Anal. Calc. for
C,sH.sCIP,Rh: C, 55.67; H, 8.62. Found: C, 56.41; H,
9.06%.

4.6. Trans-[RhCl(=C=CH,)(P'Bu,Me),] (7)

A solution of 4 (87 mg, 0.18 mmol) in 5 ml of benzene
was stirred for 24 h at room temperature. A change
of color from brown to violet occurred. The solvent
was removed, and the residue was extracted with 20
m! of pentane. The extract was concentrated to ~3
ml in vacuo and then stored at —78 °C. Violet moderately
air-sensitive crystals were formed, which were filtered
off, washed twice with ~ 3 ml of pentane (0 °C), and
dried in vacuo; yield 58 mg (65%); m.p. 101 °C (dec.).
IR (KBr): ®C=C) 1625 cm~'. '"H NMR (C:Ds, 90
MHz): § 1.37 (vt, N=12.9 Hz, PCCH;), —0.06 (s, 2H,
=CH,), signal of PCH; probably covered by signal of
PCCH;. *C NMR (C,Dg, 100.6 MHz): § 304.70 (s, br,
Rh=C=C), 90.51 (s, br, Rh=C=C), 34.11 (s, br,
PCCH,), 29.00 (s, br, PCCH,), 4.46 (s, br, PCH;). *'P
NMR (C,Dg, 36.2 MHz): 6 32.26 (d, J(RhP)=115.8
Hz). Anal. Calc. for C,,H,,CIP,Rh: C, 49.54; H, 9.15.
Found: C, 49.52; H, 9.41%.
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4.7. Trans-[RhCl(=C=CHMe)(P'‘Bu,Me),] (8)

This compound was prepared as described for 7,
using 5 (100 mg, 0.20 mmol) as starting material. After
the solution had been stirred for 48 h at room tem-
perature, the solvent was removed in vacuo, and the
red residue was extracted with 20 ml of pentane. The
extract was concentrated to ~ 3 ml and stored at —78
°C. Moderately air-sensitive crystals were formed, which
were filtered off, repeatedly washed with 3 ml of pentane
(0 °C), and dried thoroughly; yield 58 mg (58%); m.p.
93 °C (dec.). 'H NMR (C,D,, 400 MHz): § 1.77 (dt,
J(PH)=2.6, J(HH)=7.4 Hz, 3H, =CHCH,), 1.37 (vt,
N=12.1 Hz, 36H, PCCH;), 0.61 (m, 6H, PCH,), 0.38
(tq, J(PH)=3.7, J(HH)=7.4 Hz, 1H, =CHCH,). C
NMR (C,Ds, 100.6 MHz): 6 293.50 (s, br, Rh=C=C),
99.51 (s, br, Rh=C=C), 33.72 (s, br, PCCH,), 28.96
(s, br, PCCH,), 4.35 (s, br, PCH;), —2.94 (s, =CHCH,).
3P NMR (C,Ds, 36.2 MHz): § 34.16 (d, J(RhP) =156.8
Hz). Anal. Calc. for C,;H,sCIP,Rh: C, 50.56; H, 9.29.
Found: C, 50.81; H, 9.49%.

4.8. Trans-[RhCl(=C=CHPh)(P'Bu,Me),] (9)

This compound was prepared as described for 7,
using 6 (90 mg, 0.16 mmol) as starting material. The
reaction mixture was stirred for S days at room tem-
perature. Violet crystals were obtained; yield 56 mg
(62%); m.p. 104 °C (dec.). '"H NMR (C¢Ds, 400 MHz):
8 7.15 (m, 5H, C¢H;), 1.38 (vt, N=13.1 Hz, PCCH,),
1.28 (m, 6H, PCHs), signal of =CHPh probably covered
by signal of PCCH,. *C NMR (C,D,, 100.6 MHz): 6
295.01 (s, br, Rh=C=C), 111.81 (s, br, Rh=C=C),
127.44, 123.82,123.62 (all s, C¢H;), 34.04 (s, br PCCH,),
28.97 (s, br, PCCHs), 4.36 (s, br, PCHy,), signal of ipso-
CsH; probably covered by signal of C¢Ds. *'P NMR
(CsDs, 36.2 MHz): 8 33.07 (d, J(RhP) = 139.2 Hz). Anal.
Calc. for C,;H,sCIP,Rh: C, 55.67; H, 8.62. Found: C,
56.10; H, 8.30%.

4.9. [Rh(n’-C;Hs)(P'Bu,Me),] (11)

A solution of 1 (272 mg, 0.70 mmol) in 40 ml of
ether was added dropwise to an ether solution of
(C;Hs)MgBr (1.53 ml, 0.72 mmol) at —20 °C. The
yellow reaction mixture was then treated with P'Bu,Me
(0.28 ml, 1.40 mmol) and stirred for 10 min at room
temperature. The solvent was removed, the residue was
extracted with 40 ml of pentane, and the extract was
brought to dryness in vacuo. Yellow, very air-sensitive
crystals were formed which were filtered off, washed
twice with 3 ml of acetone (0 °C), and dried in vacuo;
yield 247 mg (76%); m.p. 86 °C (dec.). '"H NMR (C(Ds,
400 MHz): & 4.63 (dtt, J(RhH)=2.1, J(HH)=6.7,
J(HH)=11.7 Hz, 1H, CH of allyl), 3.74 (d, J(HH) =6.7
Hz, 2H, H syn of CH,), 192 (dd, J(PH)=6.1,

JHH)=11.7 Hz, 2H, H anti of CH,), 1.22 (d,
J(PH)=12.0 Hz, 18H, PCCH,), 1.14 (d, J(PH) =4.3 Hz,
6H, PCH,), 1.11 (d, J(PH)=11.6 Hz, 18H, PCCH,).
3IP NMR (C,Ds, 36.2 MHz): 6 53.25 (d, J(RhP) =196.4
Hz). Anal. Calc. for C,,H,,P,Rh: C, 54.31; H, 10.20.
Found: C, 54.82; H, 10.32%.

4.10. [Rh(n’-2-MeC,H,)(P'Bu,Me),] (12)

A suspension of 10 (250 mg, 0.35 mmol) in 40 ml
of ether was first treated at —20 °C with P'Bu,Me
(0.14 mi, 0.70 mmol) and then dropwise with an ether
solution of 2-MeC;H,MgBr (1.60 ml, 0.72 mmol). After
the pale yellow reaction mixture was stirred for 5 min,
a second quantity of P'Bu,Me (0.14 ml, 0.70 mmol)
was added. The solvent was removed, the residue was
extracted with 40 ml of pentane, and the extract was
brought to dryness in vacuo. Yellow, very air-sensitive
crystals were formed which were repeatedly washed
with 3 ml of acetone (0 °C), and dried thoroughly;
yield 214 mg (64%); m.p. 98 °C (dec.). '"H NMR (C,Ds,
400 MHz): & 3.50 (s, 2H, H syn of CH,), 2.01 (d,
J(PH) =6.2 Hz, 2H, H anti of CH,), 1.81 (d,J(RhH) =2.4
Hz, 3H, MeCH,), 1.22 (d, J(PH)=119 Hz, 18H,
PCCH,), 1.15 (d, J(PH)=11.6 Hz, 18H, PCCH,), 0.80
(d, J(PH) =4.3 Hz, 6H, PCHj;). *'P NMR (C(Ds, 162.0
MHz): & 53.86 (d, J(RhP)=194.3 Hz). Anal. Calc. for
C,,H,,P,Rh: C, 55.23; H, 10.32. Found: C, 55.54; H,
10.48%.

4.11. [Rh(1*-0,CCH,)(P'Bu,Me),] (13)

A solution of 11 (90 mg, 0.20 mmol) in 5 ml of
benzene was treated with acetic acid (11.4 ul, 0.20
mmol) and stirred for 1 h at room temperature. A
change of color from yellow to dark red occurred. The
solvent was removed in vacuo and the residue dissolved
in 3 ml of acetone. After the solution was cooled to
—78 °C, dark red air-sensitive crystals were formed
which were filtered off, washed twice with 2 ml of
pentane (0 °C), and dried thoroughly; yield 58 mg
(60%); m.p. 114 °C (dec.). IR (pentane): »(OCO) 1525,
1440 cm™~'. *"H NMR (C(D,, 400 MHz): § 1.77 (s, 3H,
0,CCH,), 1.42 (d, J(PH) =12.1 Hz, 36H, PCCH,), 0.75
(dd,J(PH) =7.8,J(RhH) = 1.5 Hz, 6H, PCH,). *'P NMR
(CsDs, 36.2 MHz): 8 62.44 (d, J(RhP) =206.6 Hz). Anal.
Calc. for C,;H,;O,P,Rh: C, 49.79; H, 9.40. Found: C,
49.86; H, 9.60%.

4.12. [Rh(n*0,CCF,)(P'Bu,Me),] (14)

This compound was prepared as described for 13,
using 11 and an ether solution of CF;CO,H (0.40 ml,
0.20 mmol) as starting materials. Dark red air-sensitive
crystals were obtained; yield 57 mg (53%); m.p. 106
°C (dec.). IR (pentane): »(OCO) 1610, 1460 cm~'. 'H
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NMR (CsDs, 400 MHz): 8 1.27 (d, J(PH)=12.5 Hz,
36H, PCCH,), 1.24 (dd, J(PH)=7.0, J(RhH)=1.5 Hz,
6H, PCH,). *'P NMR (C¢D, 36.2 MHz): & 63.65 (d,
J(RhP)=215.4 Hz). Anal. Calc. for C,,H,,F,0,P.Rh:
C, 44.78; H, 7.89. Found: C, 44.26; H, 8.18%.

4.13. [RhH(O,CCF,),(P'Bu,Me),] (15)

A solution of 14 (80 mg, 0.15 mmol) in 10 ml of
ether was treated dropwise with an ether solution of
CF,;CO,H (0.80 ml, 0.40 mmol) at —~20 °C. A change
of color from red to yellow occurred. After the reaction
mixture was warmed to room temperature, it was con-
centrated to ~5 ml in vacuo and then stored at —78
°C. Yellow air-sensitive crystals were formed which were
filtered off, washed twice with 2 ml of pentane (0 °C),
and dried in vacuo; yield 40 mg (62%); m.p. 65 °C
(dec.). IR (KBr): ®(OCO) 1670 cm ™. 'H NMR (C¢Ds,
400 MHz): é 1.22 (vt, N=14.4 Hz, PCCH,), ~23.58
(dt, J(PH) = 14.8, J(RhH) =27.6 Hz, 1H, RhH), signal
of PCH, probably covered by signal of PCCH,. *'P
NMR (CiDg, 36.2 MHz): § 58.92 (d, J(RhP)=115.8
Hz). Anal. Calc. for C,,H3FsO,P,Rh: C, 40.63; H, 6.66.
Found: C, 39.92; H, 6.66%.

4.14. Trans-[Rh(n'-0,CCH,)(CO)(P'Bu,Me),] (16)

A slow stream of carbon monoxide was passed through
a solution of 13 (77 mg, 0.16 mmotl) in 10 ml of pentane
for 2 min at room temperature. A change of color from
dark red to yellow occurred. The reaction mixture was
concentrated to ~5 ml in vacuo and then stored at
- 78 °C. Yellow air-stable crystals were formed which
were filtered off, repeatedly washed with 2 ml of pentane
(0 °C), and dried thoroughly; yield 74 mg (90%); m.p.
185 °C (dec.). IR (KBr): »(CO) 1935, »(OCO) 1615,
1370 cm~'. '"H NMR (C¢Ds, 400 MHz): & 2.12 (s, 3H,
0,CCH,), 1.35 (vt, N=13.3 Hz, 36H, PCCH,), 1.32
(vt, N'=6.5 Hz, 6H, PCH;). *'P NMR (C¢D,, 36.2
MHz): 6 50.70 (d, J(RhP)=129.0 Hz). Anal. Calc. for
C,,H,sO;P,Rh: C, 49.41; H, 8.89. Found: C, 49.69; H,
9.11%.

4.15. Trans-[Rh(n'-0,CCF,)(CO)(P‘Bu,Me),] (17)

This compound was prepared as described for 16,
using 14 (86 mg, 0.16 mmol) as starting material. Yellow
air-stable crystals were obtained; yield 79 mg (88%);
m.p. 188 °C (dec.). IR (KBr): »(CO) 1950, »(OCO)
1695, 1475 cm™'. 'H NMR (C(D¢, 400 MHz): & 1.27
(vt, N=13.5 Hz, 36H, PCCH,), 1.21 (vt, N'=5.7 Hz,
6H, PCH,). >'P NMR (C,D,, 36.2 MHz): § 48.86 (d,
J(RhP)=124.6 Hz). Anal. Calc. for C,;H,,F;0;P,Rh:
C, 44.69; H, 7.50. Found: C, 44.80; H, 7.46%.

4.16. Trans-[Rh(n'-0,CCF;)(C,H.)(P'Bu,Me),] (18)

A stream of ethylene was passed through a solution
of 14 (86 mg, 0.16 mmol) in 10 ml of pentane for 10
min at —20 °C. A change of color from red to yellow
occurred. The reaction mixture was then cooled to —78
°C. Yellow air-stable crystals were formed which were
filtered off, washed twice with 2 ml of pentane (0 °C),
and dried in vacuo; yield 56 mg (62%); m.p. 81 °C
(dec.). IR (KBr): »®(=CH) 3055, »(OCO) 1690, »(C=C)
1460 cm~*. '"H NMR (C¢Ds, 400 MHz): 6 2.15 (s, br,
4H, C,H,), 1.33 (vt, N=13.0 Hz, 36H, PCCH,), 0.38
(m, 6H, PCH,). *'P NMR (C,Ds, 36.2 MHz): § 30.42
(d,J(RhP) =123.1 Hz). Anal. Calc. for C,,H,.F;0,P,Rh:
C, 46.81; H, 8.21. Found: C, 45.91; H. 8.45%.

4.17. [RhH,(n?-0,CCH,)(P'Bu,Me),] (19)

A solution of 13 (80 mg, 0.17 mmol) in 10 ml of
pentane was stirred under an atmosphere of hydrogen
for 24 h at room temperature. A change of color from
red to yellow occurred. The solvent was removed in
vacuo, and the residue was extracted with 20 ml of
pentane. The extract was concentrated until a precipitate
occurred, and was then stored at —78 °C for 12 h.
Yellow crystals were formed, which were filtered off,
repeatedly washed with pentane (0 °C), and dried in
vacuo; yield 77 mg (93%); m.p. 131 °C (dec.). IR (KBr):
»(RhH) 2150, »(OCO) 1540 cm~'. '"H NMR (C,Ds,
400 MHz): 6 2.19 (s, 3H, O,CCH,;), 1.47 (vt, N'=54
Hz, 6H, PCH;), 1.35 (vt, N=12.7 Hz, 36H, PCCHs),
—22.96 (dt,J(RhH)=24.0,J(PH) = 15.2 Hz, 2H, RhH,).
3P NMR (C¢Ds, 36.2 MHz): § 61.28 (d, J(RhP)=117.2
Hz). Anal. Calc. for C,,H,,0,P,Rh: C, 49.59; H, 9.78.
Found: C, 49.62; H, 9.91%.

4.18. [RhH,(n?*-0,CCF;)(P'Bu,Me),] (20)

This compound was prepared as described for 19,
using 14 (91 mg, 0.17 mmol) as starting material. Yellow
moderately air-sensitive crystals were obtained; yield
81 mg (89%); m.p. 122 °C (dec.). IR (KBr): »(RhH)
2160, »(OCO) 1625 cm~'. '"H NMR (C,D,, 400 MHz):
8 121 (vt, N=13.0 Hz, PCCH,), -23.60 (dt,
J(RhH) =272, J(PH)=15.2 Hz, 2H, RhH,), signal of
PCH, probably covered by signal of PCCH,. *'P NMR
(CsDs, 36.2 MHZz): § 58.92 (d, J(RhP) =115.8 Hz). Anal.
Calc. for C,0H,,F,0,P,Rh: C, 44.78; H, 8.27. Found:
C, 44.76; H, 8.46%.

4-19- [Rh02('r'z'OZCCH_g)(P‘BuzMe)z] (21)

A solution of 13 (80 mg, 0.17 mmol) in 10 ml of
pentane was stirred under an atmosphere of oxygen
for 1 h at room temperature. A change of color from
red to pale green occurred. The solvent was removed,
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and the residue was extracted with 20 ml of pentane.
The extract was concentrated in vacuo until a precipitate
occurred, and was then stored at —78 °C for 12 h.
Yellow air-stable crystals were formed, which were
filtered off, repeatedly washed with pentane (0 °C),
and dried thoroughly; yield 79 mg (90%); m.p. 118 °C
(dec.). IR (pentane): »(OCO) 1545, »(O-0) 905 cm ™.
'H NMR (CsDs, 60 MHz): 8 1.75 (s, 3H, O,CCH,),
1.42 (vt, N=16.5 Hz, 36H, PCCH,), 1.02 (vt, N'=6.0
Hz, 6H, PCH,). *'P NMR (C,D,, 36.2 MHz): & 32.48
(d, J(RhP)=105.5 Hz). Anal. Calc. for C,yH,sO,P,Rh:
C, 46.70; H, 8.82. Found: C, 46.47; H, 8.84%.

4.20. [RhO,(n?-0,CCF,)(P'Bu,Me),] (22)

This compound was prepared as described for 21,
using 14 (91 mg, 0.17 mmol) as starting material. Yellow
air-stable crystals were obtained; yield 82 mg (85%);
m.p. 95 °C (dec.). IR (KBr): »(OCO) 1610, »(0O-0O)
905 cm ™. '"H NMR (C(Ds, 60 MHz): 5 1.37 (vt, N=13.0
Hz, 36H, PCCH,;), 0.89 (vt, N'=6.0 Hz, 6H, PCHs).
3P NMR (C,Ds, 36.2 MHz): § 30.06 (d, J(RhP)=99.7
Hz). Anal. Cale. for C,;H,,F,0,P,Rh: C, 42.26; H, 7.45.
Found: C, 42.38; H, 7.77%.

4.21. Reactions of compounds 21 and 22 with H,

A solution of 21 (100 mg, 0.20 mmol) or 22 (100
mg, 0.18 mmol) in 10 ml of pentane was stirred under
an atmosphere of hydrogen for 1 h at room temperature.
After the same work-up procedure was applied as
described for 19 and 20, yellow crystalline solids were
obtained which by spectroscopic means were identified
as 19 and 20, respectively.
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