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Synthetic Routes to Terminal Phosphido Complexes of Group
VIII (87) Metals: Neutral and Cationic Complexes of Phenyl-
and Diphenylphosphine
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The phosphines PHRPh (R = H, Ph) have been introduced into MHCI(CO)(PPhy;); to give MHCI-
(PHRPH)(CO)(PPh;); (M = Ru, Os). Hydride cleavage with HCIO, in MeCN gives {MCI(PHRPh)-
(CO)(MeCN)(PPhy),]ClO, and carbonylation of these salts produces [MCI(PHRPh)(CO),(PPh,),]ClO,.
The reactions of M(CO),(PPh,); with PHRPh indicate that a simple substitution of PPh; is the predominant
reaction and not oxidative addition of the P-H bond. In most cationic complexes of PHRPh rapid H/D
exchange of the phosphorus-bound proton occurs in the presence of D,0.

Introduction

Transition-metal-phosphorus multiple bonding has been
the subject of sustained interest from the early hypothesis!
of m-back-bonding to phosphine ligands in L,M—PR; to
the recent attempts?® to synthesize a stable terminal
phosphinidene complex, L,M=PR. The least contentious
examples of M-P multiple bonding are found in planar
terminal phosphido ligands, L, MPR,, which have signif-

icantly shortened M—-P bond lengths.”* By analogy with

the synthesis of phosphaalkenes,!>* RP==CR’,, via dehy-
drohalogenation of species such as A or B, a feasible, but
as yet unreported, synthetic approach to a terminal
phosphinidene complex is by abstraction of HCI from
terminal phosphido complexes such as C or D. However,
as complexes like C and D are unusual,'® a general syn-
thetic route to these species was first needed.
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Complexes of primary phosphines and dihalophosphines
are potential precursors for C and D, respectively. But
while complexes of RPH, and RPCl, are known for many
transition metals,'”8 there is only a single example of the
synthesis of a planar phenylphosphido complex like C from
a phenylphosphine complex.!® In this paper a general
three-step synthesis of cationic phosphine complexes of

" Ru(II) and Os(II) is described as are attempts to prepare
compounds analogous to D by oxidative addition of P-H
bonds to coordinatively unsaturated d® species. As detailed
in the following paper these cationic phosphine complexes
are precursors for species such as C. A preliminary report
of some of these results has appeared.’*

tIn this paper the periodic group notation in parentheses is in
accord with recent actions by [IUPAC and ACS nomenclature com-
mittees. A and B notation is eliminated because of wide confusion.
Groups IA and ITA become groups 1 and 2. The d-transition ele-
ments comprise groups 3 through 12, and the p-block elements
comprise groups 13 through 18. (Note that the former Roman
number designation is preserved in the last digit of the new num-
bering: e.g., III — 3 and 13.)
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Results and Discussion
The synthesis of [MCI(PHRPh)(CQ),(PPh;),]CIO, (M
= (Os, R = H, Ph; M = Ru, R = H) (4a—¢) is outlined in
Scheme I. A labile triphenylphosphine ligand in
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MHCKCO)(PPhy); (M = Ru, Os) is completely exchanged
for more compact phosphines such as phenyl- and di-
phenylphosphine. Steric effects dominate such exchange
reactions!®?® influencing the lability of the phosphine
ligands. Isolated as white, air-stable solids, MHCI-
(PHRPh)(CO)(PPhg); (M = Os, Ru; R = H, Ph) (1a-d)
have spectroscopic characteristics which imply the depicted
geometry, which is also that found for the structurally
characterized OsHBr(CO)(PPh;),.2! Thus these com-
pounds have two mutually trans triphenylphosphine lig-
ands with the third introduced phosphine trans to the
hydride ligand.

Cationic complexes 3a—c are derived from la-c by
cleavage of the metal-hydride bond with perchloric acid
in the presence of acetonitrile. While other acids such as
HBF, or HSbF; can be used instead of perchloric acid, the
chemistry of the perchlorate salts was studied because
these compounds were found to crystallize more easily than
the salts of any other anion. A dihalide complex, OsCl,-
(PHRPh)(CO)(PPhy), (R = H, Ph) (2a-b), is obtained
when hydrochloric is used instead of perchloric acid.
Alternatively, 2a,b are also obtained by addition of lithium
chloride to 3a,b. As indicated by the »(CO) and »(OsCl)
data in Table I, 2a,b are prepared as a mixture of cis and
trans isomers by both methods.

Neutral donors such as carbon monoxide and phenyl-
phosphine can be substituted for the labile acetonitrile in
3a—c. Prolonged carbonylation under mild conditions give
[MCI(PHRPh)(CO),(PPh;),}CI0, M =0s,R = H, Ph; M
= Ry, R = H) (4a—¢) which is assigned a cis CO geometry
on the basis of the »(CO) data presented in Table I
Vigorous conditions (62 °C, 24 h) are required to substitute
phenylphosphine for acetonitrile to give [OsCI(PH,Ph),-
(CO)(PPhy),]Cl0, (5) which is assumed to be a single
isomer (only one »(CO) at 1978 ecm™) of undetermined
geometry.

Substitution of the labile triphenylphosphine in OsH,-
(CO)(PPhy), by phenylphosphine under forcing conditions
leads to OsHy(PH,Ph)}(CO)(PPhj), (6) (Scheme II).
Cleavage of a single osmium-hydride ligand in 6 with
perchloric acid in the presence of CH;CN yields [OsH-
(PH,Ph)(CH;CN)(CO)(PPh,),]Cl0, (7) which is assigned
a cis arrangement of hydride and phenylphosphine ligands
based on the magnitude?®?? of the %Jyp data in Table I.
Although excess perchloric acid is used in the preparation
of 7, cleavage of the second hydride ligands does not occur.
Carbonylation of 7 requires higher temperatures than for
the chloride analogue 3a but leads to an isomeric mixture
of cis- and trans-[OsH(PH,Ph)(CO),(PPh;),]CI10, (8).
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Prolonged heating during carbonylation results in the
formation of the cis isomer of 8.

Zerovalent Complexes of Phenyl- and Diphenyl-
phosphine. As oxidative addition of phosphine to d® Ir(I)
species has been suggested? to give the terminal phosphido
complex  [Ir(PH,)(H)(dppe),]* (dppe =
Ph,PCH,CH,PPh,), the reactions of PHRPh (R = H, Ph)
with M(CO),(PPhy); (M = Ru, Os) were investigated.
Either simple subsitution of a phosphine ligand, to give
the zerovalent compounds 9b—d, or oxidative addition of
the P-H bond, to give the terminal phosphide complex 10,
are possible reactions. These are depicted in Scheme III.
With Ru(CO),(PPhy);, phenylphosphine and diphenyl-
phosphine substitute to give Ru(PHRPh)(CO),(PPh,),
(9¢,d). Likewise, diphenylphosphine substitutes for a
triphenylphosphine ligand in Os(CO),(PPh;); to give Os-
(PHPh,){CO),(PPhj), (9b). But phenylphosphine reacts
rapidly with Os(CO),(PPhy); to give OsH,;(CO);(PPhs), and
not the expected phenylphosphido complex 10. It is not
clear what the fate of the phenylphosphinidene fragment
is or what is the mechanism of this reaction. Spectral data
in Table I for 9a—d is consistent with a TBP geometry as
in the structurally characterized!* Os{PH(OCH;)Ph}-
(CO)4(PPhy),.

Cationic complexes analogous to 4 can be prepared from
9a-c by oxidation of the metal center with suitable elec-
trophiles. For example, perchloric acid protonates 9a to
give trans-[RuH(PH,Ph)(CO),(PPhy),]C10, (11) (eq 1).
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Reaction with the base DBU (1,8-diazabicyclo{5.4.0Jun-
dec-7-ene) removes the proton bonded to ruthenium, not
phosporus, thereby regenerating 9¢. Thus 11 is not a
precursor in the synthesis of a terminal phosphido com-
plex.

Spectroscopic Characterization of New Com-
pounds. The cationic complexes described above have
labile phosphorus-bound protons which exchange readily
with D*. For example, when [OsCl(PH,Ph)(CO),-
(PPh;),]Cl0, (4a) as a solution in CDCl, is treated with
D,0, the 'H NMR signal of the phosphine-bound protons
disappears completely in 3 h. Deuterium-exchanged sam-
ples can be isolated by recrystallization with aprotic sol-
vents, e.g., CH,Cl,/CCl,, permitting observation of shifts
in the phosphine deformation band, 6(PH) or 6(PD), from
906 to 643 cm! in 4a. However, the neutral phenyl-
phosphine complexes la,c, 2a, and 9¢ do not exhibit
deuterium exchange under similar conditions. That charge
is not the sole criterion for the lability of phosphorus-

(23) Schunn, R. A. Inorg. Chem. 1978, 12, 1573.



“JUAALOS 58
poesn ?q%) passrdap-azaaly, -pammsesw aq 0} mmioads YWN H; 10§ A[qnjosul 00],, 3douvuoss: surydsoyd oy} Jo suo129s 2oeqo suojoxd anpEwIoNs a1eys sejdurss 0} puodsalios sased 8oy,
‘ganea aqssod Jo afuea Juasaidal pajayoBIq 918 18]} SYIYS [BIWAY]) "PIJOU IFLMISYIO SSA[UN JUIA[OS §8 Pasn (D '(0°0 ¢) SUB[IS[AYIdWEB)d} [BUIAUL 0 dANIE[AI ¢ S8 1103l S1JIYS [BIIWIYD
MV, "Yead 3uneyjeos wewrey ‘yy ‘uoijdiosqe pareyur Y] ‘peoiq ‘Iq Yuom ‘M ‘wnipsw ‘ur ‘Huoxs ‘s SUIMO[[O} oY) IpN[oUl SUOKIEIOU YY) ‘BIjdads uorn|os FOPHD Ynm uostredwod Aq

Organometallics, Vol. 5, No. 8, 1986 1609

Synthetic Routes to Phosphido Complexes of Ru and Os
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bound protons is demonstrated by trans-[RuH-
(PH,Ph){CO)4(PPh,),}Cl0O, (11) which does not exchange
D* under similar conditions.

The intensity of »(PH) for the complexes in Table I also
is a function of charge. In the neutral complexes la-d,
2a,b, 6, and 9b—d v(PH) is a sharp absorption of medium
to weak intensity. However, in cationic complexes 3a—c,
4a—¢, 7, 8, and 11 the »(PH) region of the spectrum (~2300
cm™) is featureless, but the 8(PH) band is present. Thus,
the intensity of »(PH) band is useful empirical diagnostic
feature for the charge of a phosphine complex in this series
of compounds.

Experimental Section

Standard Schlenk techniques were used for the manipulation
of phenylphosphine, diphenylphosphine, and phosphido complexes
of ruthenium and osmium. However, the derived cations from
these complexes are air-stable and can be handled in the open.

Benzene, THF, hexane, and toluene were all distilled from
sodium-benzophenone under an atmosphere of nitrogen prior to
use. Methanol was distilled from alkaline pyrogallol under ni-
trogen for work with zerovalent compounds and terminal phos-
phido species. Dichloromethane, hexane, and cyclohexane for
non air-sensitive recrystallizations were passed through a 10-cm
column of activated alumina prior to use. Ethanol, methanol,
and 2-propanol were filtered before use in recrystallization. For
use with zerovalent complexes benzene was subjected to two
freeze~thaw cycles beforehand. Diphenylphosphine® and phe-
nylphosphine® were prepared by literature methods and used as
dilute (~3 M) solutions in benzene.

Infrared spectra (4000-200 cm™) were recorded on a Perkin-
Elmer Model 597 double-beam spectrophotometer calibrated with
polystyrene film. All spectra were recorded as Nujol mulls between
KBr plates or as a dichloromethane solution in KBr solution cells,
Far-infrared spectra (400--200 cm™) were recorded as concentrated
Nujol mulls between CsI plates. 'H NMR spectra were recorded
on Varian Associates E.M. 360L or T-60 spectrometer or a JEOL
FX-60 Fourier transform spectrometer. Air-sensitive solutions
were prepared and sealed under a nitrogen atmosphere by using
a cannula to transfer the solution to the microcell or NMR sample
tube. Tetramethylsilane was used as an internal reference.
Melting points were determined on a Reichert microscope hot
stage and are uncorrected.

Elemental analyses for hydrogen, carbon, and nitrogen were
performed by Professor A. D. Campbell and associates of the
University of Otago and are gratefully acknowledged.

Hydridochloro(phenylphosphine)carbonylbis(tri-
phenylphosphine)osmium(II) (1a). OsHCI(CO)(PPh,),* (0.5
g, 0.48 mmol) was suspended in 30 mL of deoxygenated benzene.
Phenylphosphine (0.2 mL of 3 M benzene solution) was syringed
in and the suspension gradually warmed to reflux. Within 30 min
of heating a colorless uniform solution resulted. After an addi-
tional 2.5 h at reflux, the solution was cooled, and white crystals
of product formed. -All volatiles were removed in vacuo, and the
white residue was taken up in dichloromethane. White crystals
of the product (0.41 g, 95%) were obtained by recrystallization
with ethanol; mp 181-182 °C (white rods). Anal. Caled for
Cy43H3gClO0sPs: C, 58.07; H, 4.31. Found: C, 57.98; H, 4.05.

Hydridochloro(diphenylphosphine)carbonylbis(tri-
phenylphosphine)osmium(II) (1b). Same procedure as for la
was used, with diphenylphosphine (1.73 mL of 0.5 M benzene
solution, 0.86 mmol) used in place of phenylphosphine. Yield from
0.75 g (0.72 mmol) of OsHCI(CO)(PPhy), is 0.65 g (94%). 'H NMR
indicates 1:1 dichloromethane solvate, mp 170-171 °C. Anal.
Caled for C,H,,Cl100sP-CH,Cl,: C, 57.17; H, 4.23. Found: C,
57.25; H, 4.73,

Hydridochloro(phenylphosphine)carbonylbis(tri-
phenylphosphine)ruthenium(II) (1¢). RuHCI(CO)(PPh,),2¢
(1 g, 1.05 mmol) was suspended in 40 mL of oxygen-free benzene,
and to this was added phenylphosphine (0,53 mL of 3 M benzene

(24) Gee, W.; Shaw, R. A,; Smith, B. C. Inorg. Synth. 1967, 9, 19.

(25) Taylor, R. C.; Kolodny, R.; Walters, D. B. Synth. React. Inorg.
Met.-Org. Chem. 1973, 3, 175.

(26) Vaska, L. J. Am. Chem. Soc. 1964, 86, 1943,
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solution, 1.6 mmol) via syringe. This solution was brought to a
very gentle reflux during which time all starting material dissolved
to produce a yellow solution. After being refluxed (3-4 h), the
solution was cooled and all volatiles were removed in vacuo. The
off-white residue was dissolved in dichloromethane and large white
crystals obtained by recrystallization with ethanol (0.78 g, 93%);
mp 163-165 °C (prisms). Anal. Caled for C,zHyCIOP;Ru: C,
64.52; H, 4.80. Found: C, 64.21; H, 4.60.
Hydridochloro(diphenylphosphine)carbonylbis(tri-
phenylphosphine)ruthenium(II) (1d). RuHCI(CO)(PPhy),
(0.25 g, 0.26 mmol) was suspended in 30 mL of deoxygenated
benzene. Diphenylphosphine (0.8 mL of 0.5 M benzene solution,
0.39 mmol) was added via syringe and the resulting solution stirred
at room temperature (4 h). Brief (15 min) gentle heat caused
dissolution of remaining solid affording a uniform light yellow
solution. All volatiles were removed in vacuo, and the white
residue was taken up in dichloromethane and large white crystals
of the product (0.2 g, 88%) were obtained by recrystallization with
ethanol; mp 115-116 °C (white prisms). 'H NMR (CDCL,CDCl,)
indicated dichloromethane solvate (5.2 ppm (s, 2 H)). Anal. Caled
for C49H42010P3RU'CH2012: C, 6247, H, 4.62. Found: C, 62.35;
H, 5.08.
cis- and trans-Dichloro(phenylphosphine)carbonylbis-
(triphenylphosphine)osmium(II) (2a). OsHCI(PH,Ph)-
(CO)(PPhy), (1a) (0.11 g, 0.12 mmol) was dissolved in 30 mL of
benzene and 10 mL of saturated ethanolic HCl added. This
mixture was heated under reflux (6 h) and the light yellow solution
cooled. After all solvents were stripped off, the sample was
recrystallized from dichloromethane-ethanol to yield white chunky
crystals (0.93 g, 84%), mp 232-233 °C (white cubes). Anal. Caled
for C4;3Hy;Cl,00sPy: C, 55.90; H, 4.05. Found: C, 55.63; H, 4.38.
cis- and trans-Dichloro(diphenylphosphine)carbonyl-
bis(triphenylphosphine)osmium(II) (2b). [OsCI{PHPh)-
(CH4CN)(CO)(PPhy),]C10, (3b) (0.25 g, 0.23 mmol) was dissolved
in a minimum of dichloromethane (~5 mL). To this solution
was added a solution of LiCl (0.1 g, 2.3 mmol) in 10 mL of ethanol.
Immediately following addition, a white precipitate slowly formed.
After 2 h at room temperature, the dichloromethane was stripped
off and the white crystals were filtered. Further recrystallization
from dichloromethane—ethanol gave large white crystals of product
(0.212 g, 92%), mp 214215 °C (white cubes). Anal. Caled for
CyH4 CLIOOsP: C, 58.85; H, 4.14. Found: C, 59.11; H, 5.00.
Chloro(phenylphosphine)(acetonitrile)carbonylbis(tri-
phenylphosphine)osmium(II) Perchlorate (3a). OsHCI-
(PH;Ph)(CO)(PPhy), (1a) (0.37 g, 0.42 mmol) was dissolved in
25 mL of dichloromethane, and a solution of 0.25 mL of perchloric
acid in 15 mL acetonitrile was added. Within 10 min hydrogen
evolution had virtually ceased, and the colorless solution was
stirred for an additional 2.5 h. Solvent was then completely
stripped off and the oily colorless residue taken up in dichloro-
methane. The flocculent white product (0.39 g, 91%) was re-
crystallized with 2-propanol; mp 156-158 °C (white rods). Anal.
Caled for CysHy CLNOsOsPy: C, 52.52; H, 4.13. Found: C, 52.47;
H, 4.30.
Chloro(diphenylphosphine)(acetonitrile)carbonylbis-
(triphenylphosphine)osmium(I1) Perchlorate (3b).
OsHCI{(PHPh,)(CO)(PPhy), (1b) (0.5 g, 0.52 mmol) was treated
with the same procedure as 3a to give large white crystals (0.46
g, 82%) after recrystallization from dichloromethane-ethanol; mp
133-135 °C (needles). Anal. Caled for C5H,,Cl,NOOsPy: C,
55.43; H, 4.02; N, 1.27. Found: C, 55.97; H, 4.64; N, 1.25.
Chloro(phenylphosphine)(acetonitrile)carbonylbis(tri-
phenylphosphine)ruthenium(II) Perchlorate (3c).
RuHCI(PH,Ph)(CO){PPhj), (1¢) (0.5 g, 0.57 mmol) was dissolved
in 30 mL of dichloromethane, and to this solution was slowly
added a solution of 0.25 mL of perchloric acid in 20 mL of ace-
tonitrile. Vigorous hydrogen gas evolution ceased within 5 min
of addition of the acid solution. After an additional 30 min the
colorless solution was stripped of all solvents. The oily residue
was taken up in dichloromethane and the flocculent white product
(0.49 g, 91%) recrystallized with dichloromethane-2-propanol;
mp 141 °C (white cubes). Anal. Caled for CsH,(,CLLNO;PsRu:
C, 57.51; H, 4.30; N, 1.49. Found: C, 57.35; H, 4.83; N, 1.34.
Chloro(phenylphosphine)dicarbonylbis(triphenyl-
phosphine)osmium(II) Perchlorate (4a). [OsCI(PH,Ph)-
(CHCN)(CO)(PPh,),]ClO, (3a) (0.39 g, 0.38 mmol) was dissolved
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in 30 mL of dichloromethane and this solution carbonylated (40
psi, 8 h, 25 °C). The resulting solution was transferred to a
round-botton flask, and the white flocculent product (0.36 g, 94%)
was recrystallized from dichloromethane-2-propanol; mp 141-143
°C (white needles). Anal. Caled for C, Hg;Cl,0s0sPy C, 52.71;
H, 3.90. Found: C, 52.45; H, 4.45.
Chloro(diphenylphosphine)dicarbonylbis(triphenyl-
phosphine)osmium(II) Perchlorate (4b). [OsCl(PHPh,)-
(CH;CN)(CO)(PPh;),1Cl10, (3b) (0.47 g, 0.43 mmol) was carbo-
nylated as described for 4a. After recrystallization from cyclo-
hexane~-ethanol, the yield is 0.42 g (90%) of white prisms, mp
138-140 °C. 'H NMR indicated cyclohexane solvate (5 1.43 (s,
3 H)). Anal. Calcd for CgH,,Cl,040sP4!/,CeHys: C, 55.57; H,
3.99. Found: C, 55.56; H, 4.30.
Chloro(phenylphosphine)dicarbonylbis(triphenyl-
phosphine)ruthenium(Il) Perchlorate (4c¢). [RuCl-
(PH,Ph)(CH4CN)(CO)(PPh,),]Cl0, (3¢) (2.85 g, 3.0 mmol) was
dissolved in 30 mL of dichloromethane and carbonylated (40 psi,
14 h, 25 °C). The snow-white flocculent product (2.1 g, 94%) was
obtained by recrystallization of the above with dichloro-
methane—2-propanol; mp 138 °C (white cubes). Anal. Caled for
CyH3,CL0gPRu: C, 57.02; H, 4.03. Found: C, 56.87; H, 4.82.
Chlorobis(phenylphosphine)carbonylbis(triphenyl-
phosphine)osmium(II) Perchlorate (5). [OsCl(PH,Ph)-
(CH3CN)(CO)(PPhy,),]Cl0, (3a) (4.56 g, 4.43 mmol) was dissolved
in 50 mL of degassed chloroform. To this solution was added via
syringe phenylphosphine solution (2.23 mL of 3 M benzene so-
lution, 6.7 mmol), and the solution was warmed to a gentle reflux
(24 h). The colorless solution was cooled, and all volatiles were
removed in vacuo. The residue was recrystallized from di-
chloromethane-ethanol to yield large snow-white crystals (4.71
g, 97%), mp 177-179 °C (white, hexagonal prisms). Anal. Caled
for C,gH4Cl,050sP,: C, 53.60; H, 4.05. Found: C, 53.30; H, 4.56.
cis-Dihydrido(phenylphosphine)carbonylbis(triphenyl-
phosphine)osmium(II) (6). Os(H),(CO)(PPhy),*" (0.5 g, 0.5
mmol) was dissolved in 40 mL of deoxygenated toluene. To this
was syrined in phenylphosphine (0.2 mL of 3 M, 0.626 mmol),
and the solution brought to reflux. After 16 h the light brown
solution was cooled and the toluene removed in vacuo. Di-
chloromethane was used to redissolve the tan residue which was
then recrystallized with 2-propanol to obtain fine white crystals
(0.31 g, 73%), mp 194 °C dec (white needles). Anal. Calcd for
C4H300sP;: C, 60.41; H, 4.61. Found: C, 61.06; H, 5.43.
Hydrido(phenylphosphine)(acetonitrile)carbonylbis-
(triphenylphosphine)osmium(II) Perchlorate (7). Os(H),-
(PH,Ph)(CO)(PPh;), (6) (0.1 g, 0.12 mmol) was dissolved in 20
mL of dichloromethane, and to this solution was added a second
solution of 0.3 mL of perchloric acid in 15 mL of acetonitrile.
Within 3 min of mixing, hydrogen evolution had ceased and a
colorless solution resulted. After 45 min the solvent was stripped
and the colorless gum redissolved in dichloromethane. Recrys-
tallization with ethanol gave large white crystals (0.097 g, 81%)
of product, mp 140-141 °C (white rods). Anal. Calcd for
CH CINO;OsP;: C, 54.35; H, 4.16; N, 1.41. Found: C, 54.52;
H, 4.49; N, 1.61.
cis-Hydrido(phenylphosphine)dicarbonylbis(triphenyl-
phosphine)osmium(II) Perchlorate (8). [OsH(PH,Ph)-
(CH,CN)(CO)(PPhy),]ClO4 (7) (0.2 g, 0.2 mmol) was suspended
in 50 mL of benzene and carbonylated (40 psi, 3 h, 80 °C). The
mixture was cooled, transferred to a 100-mL flask, and completely
stripped of all solvent. The white residue was recrystallized from
dichloromethane-2-propanol to give white cubes (0.16 g, 79%),
mp 172 °C. Carbonylation of 7 at 25 °C for shorter periods yielded
mixtures with additional IR bands at 2020 and 2075 cm™. These
bands disappeared on further carbonylation. Anal. Caled for
C44H38010808P3: C, 5383; H, 3.91. Found: C, 53.74; H, 4.51.
(Phenylphosphine)dicarbonylbis(triphenylphosphine)-
ruthenium(0) (9¢). Ru(CO),(PPh;);?® (0.5 g, 0.53 mmol) was
suspended in 30 mL of freeze-degassed benzene. Phenylphosphine
(0.21 mL of 3 M solution, 0.64 mmol) was added via syringe.
Within 10 min the orange solid had completely dissolved and a
yellow solution formed. After 45 min at 25 °C the solution was

(27) Vaska, L. J. Am. Chem. Soc. 1966, 88, 4100.
(28) Cavit, B. E.; Grundy, K. R.; Roper, W. R. J. Chem. Soc., Chem.
Commun. 1972, 60.
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concentrated to a volume of (~10 mL) and cooled in an ice bath.
Deoxygenated hexane (10 mL) was added dropwise over the course
of 15 min until large yellow crystals formed. Further additions
of hexane, 50 mL total, led to a slurry of large yellow crystals.
Filtration followed by washing with hexane (3 X 10 mL) yielded
(0.4 g, 95%) bright yellow crystals, mp 132-133 °C (yellow prisms).
Anal. Calcd for C,H3z0.P;Ru: C, 66.75; H, 4.71. Found: C, 66.29;
H, 4.50.

(Diphenylphosphine)dicarbonylbis(triphenyl-
phosphine)ruthenium(0) (9d). Ru(CO),(PPhy); (0.68 g, 0.72
mmol) was treated as in the preparation of 9a except that di-
phenylphosphine solution (1.8 mL of 0.5 M, 0.9 mmol) was used
instead of phenylphosphine. Addition of hexane gave (0.49 g,
78%) of crude solid which was further recrystallized from
benzene—hexane for analysis. !H NMR indicated benzene solvate
(6 7.1 (s)) with aromatic to phosphine protons integrating 50:1.
Anal. Caled for C5H,;0,PsRu-C¢Hg: C, 71.10; H, 5.02. Found:
C, 71.04; H, 5.40.

(Diphenylphosphine)dicarbonylbis(triphenyl-
phosphine)osmium(0) (9b). Os(CO),(PPhg); (0.32 g, 0.31 mmol)
was suspended in deoxygenated benzene (20 mL) and di-
phenylphosphine solution (0.13 mL of 3 M benzene solution, 0.39
mmol) added. This mixture was stirred for 30 min at room
temperature with no apparent change in color or solubility of
solids. After this period the reaction was irradiated with a quartz
halogen sun lamp. Within 45 min of initial irradiation all yellow
starting material had dissolved and a lemon yellow solution had
formed. Concentration to ~10 mL in vacuo followed by dropwise
addition of deoxygenated hexane (10 mL) to the cooled solution
afforded bright yellow crystals of product; yield 0.24 g (82%).
Further recrystallization from benzene-hexane gave an analytical
sample. 'H NMR indicated benzene solvate (3 7.1 (s)), and in-
tegration of aromatic phosphine protons gave ratio >40:1. Anal.
Caled for CyH,,0,08P+CeHg: C, 64.97; H, 4.59. Found: C, 65.08;
H, 4.87.

trans-Hydrido(phenylphosphine)dicarbonylbis(tri-
phenylphosphine)ruthenium(II) Perchlorate (10). Ru-
(PH,Ph)(CO),(PPhy), (9¢) (0.25 g, 0.32 mmol) was suspended in
ethanol (20 mL). Perchloric acid (0.1 mL) followed by 30 mL of
dichloromethane was added to completely dissolve all material.
Upon dissolution, the bright yellow solid instantly lost all color,
and within 2 min a colorless uniform solution resulted. From this
solution, large white cubes of product could be isolated. Successive
recrystallization from dichloromethane—ethanol gave 0.21 g (72%).
Anal. Caled for C H3sClOgPsRu: C, 59.23; H, 4.30. Found: C,
59.18; H, 4.54.

Reaction between Os(CO),(PPh;); and Phenylphosphine.
0s(CO),(PPhy); (0.3 g, 0.29 mmol) was suspended in oxygen-free
benzene (40 mL). Phenylphosphine (0.12 mL of 3 M solution,
0.35 mmol) was added, and the reaction was irradiated with a
quartz halogen sun lamp. An orange solution formed (5 min) the
color of which faded over the course of 30 min to give a colorless
solution. After the reaction was cooled in an ice bath, addition
of hexane caused a white solid to crystallize (0.20 g, 89% ) which
was identified as Os(H),(CO)o(PPhy), by comparison with an
authentic sample.?
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