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in the ease ofi t!ic molybderium species, these drsplacesnents 
of the sulfun atoms are all in the same rotational sense with 
respect eo the metal-metal axis, and the fourfold axiq of 
rotx.ion IS dim piese~“m! The &t symmetry is, however, only 
approxirnate and the rigorom, i.e., ~.rystallographically imposed> 
symmetry is only that due to the presence of an iwersion center 
midway beewnm Ik r!1cn‘ !lam atoms, 

The diincnsiorrs of the britlgimg sulfate ions in 
4)n(H$3)5- x e  also similai to those found in the n o -  

lybdenum compounds. in each case the S - 0  bonds that form 
part of the bridge system are longer than those which do nut. 
In the present case the relevant average S-0 distances a 
the average differenst: are 1.54 ( I ) ,  1.43 (l), and 0.1 1 (2) 
In the case of M02(St’h)d- the corraspondiiig quantities are 
1.51 (I), 1.45 ( j ) ,  arid 8 . ~ 6  ( 2 )  A, wMe for i%32(s04)43-we 
found 1.52 (11, I 4 4  ( I )>  and O.OM (2) A. 81 appears that the 

mal clrarge on the pair of metal atoms, i.e., 6-P 
4(6j/20)22-, 5+ for Moz(SO4)43-, and 44- for 
IRe greater the distortion of the sulfate ions In 

e sense of having longer S--0 bonds inside and shorter ones 
outside. This is certaidy a reasonable observation since the 
more highly charged metal atoms should form the stronger 
M-0 

The 2,214 (1) A,  is quite similar to 
those 1 quadruple bonds (Le., R S R c ) ,  
which have been round to vary from 2.198 (1) to 2.251 (2) 
A, with most o f  tiiern benirg about 2.23 A 8.01 A. 

A significant differmcc berween this i iieniaam species and 
the two molybdenum oncs is in tiic stronger binding of the 
coaxial water I T I O J ~ C U ! ~ ~ .  Herc, the djfference between the 
mean Re-O(S) distance and the Re-O(coax.) distance 1s only 
0.26 A, whereas in the molybdenum eympounds the corre- 
sponding differersm are o 45 arid 0.48 A. The ability of  the 
rhenium atoms to bind coaxial ligands more stroragly may be 
at least psrdy d w  to thc higher formal charge on the metal 
atoms. 

The reactivity of the Re2(S04)42- ion 1s greater than that 

ve die advantage of being a superior 
materia: hi the picparation of other species. 
~ 8 d g m e ~ ~ k ,  thank Dr. 7homas R. Wcbb for many 

helpful discussions and the P la 1 ianal Science Foundation for 
financial support under Grail: ialc 331 42X. 

t ,  

of the Re2ChL- ion. therefore inox difficu!t to isolate 
and hainslie but 11 ma 
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~~~~~~~~~$~~~~ Materia% Awailrbk. A listing of structure factor 
amplitudes will appear following these pages in the microfilm edition 
of this volume of the journal. Photocopies of material from this paper 
only or microfiche (105 % 148 mm, 24X reduction, n.egativzs) 
containing ali the supplementary material for papers in this issue may 
bc obtained from the Journals Department, American Chemical 
Society, 1155 16th Street, N.W., Washington, D.C. 20036. Remit 
check or money order for $3.00 for photocopy or $2.00 for microfiche, 
referring to code number AIG40616B. 
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o-Diphenylphosphinoariisoie (PQ), o.diphenylphosphinobenzy1 methyl ether (PCO), and o-dlphenylphosphino..N,l\i-di- 
methylbenzylamine (PCN) have been synthesized. New platinum metal complexes of these ligands and o-diphenyl- 
phosphino-n;,?2’-ciimethylaniline (PN) have been prepared. Chelate complexes [Pt(PN)2] (ClQ4)z, PtG12(PCN), PdCl2(PCN), 
CoC!2(PCN), RhCl(CO)PGN, RuCl2(PO)2, RuBrz(PQ)z, RuClz(PC8)2, and RuClz(PN)z havc been isolated. 1H nmr 
evidence is presentcd for chelation. The complex MuC12(P0)2 will readily undergo carbonylation to give WuCl~(CQ)(P8)z 
and RuC12(C0)2(P0)2. The complexes PtCl2(P0)2, PtClz(PCO)z, PdC12(PO)2, and PdC12(PCO)7. have been prepared, 
coordination being solely through the phosphines. The position and multiplicity of the metalkhlorine stretching frequencies 
are used as a guide to stereochemistry. The temperature-dependent ‘H nmr spectrum of RhCI(C0)PCN shows that the 
two nonequivalent ,V-methyl groups are undergoing fast exchange at  room temperaturc. 

~~~~~~~~~~~~ 

Recently we have been interested in the synthesis and 
chemistry of low-valent platirnum metal complexes of un- 
symmetrical chelate ligands.lJ The ligands chosen are PO- 
tentially bidexitate, and there is a wide disparity in the CQ- 

ordinating ability of each ligating atom for platinum metals. 
Wc have previously shown that a dimethylantino arm of a 
chelate coordinated to rhodium(1B) can readily be displaced by 
CO, and recent synthetic and kinetic studies by other workers 
have shown that a similar reaction occurs with other low-valent 



Platinum Metal Complexes of Phosphines Inorganic Chemistry, Vol. 14, No. 3, 1975 653 

Table I. Microanalytical Data 

% P  - ~~ 

% c1 - % C  %H % N  

Compd Calcd Found Calcd Found Calcd Found Calcd Found Calcd Found 
PO 
PCO 
PCN 
PtC1, (PO), 
PtCl,(PCO), 

[Pt(PN), I(C104)2 

PdC1, (PO), 
PdCl,(PCO), 

PtCI,(PCN) 
PdCI,(PCN) 
CoCl , (PCN) 
RhCl(C0)PCN 
RuCI,(PO), 
RuBr , (PO) 
RuCl , (CO)(PO) , 
RuCI,(PCO) , 
RuCl,(PN), 

18.1 
18.4 
19.0 
53.1 
54.1 
59.9 
60.8 
41.8 
43.0 
50.8 
56.3 
54.4 
60.3 
54.0 
59.1 
61.2 
60.1 

11.9 5.86 6.34 
18.1 6.25 6.03 
19.0 6.90 6.84 
53.1 4.03 3.98 
55.0 4.36 4.36 
59.1 4.49 4.31 
60.3 4.80 4.14 
47.4 3.98 4.02 
42.1 3.16 3.81 
50.2 4.43 4.46 
55.6 4.96 4.80 
54.2 4.53 4.51 
60.6 4.53 4.45 
54.2 4.06 4.13 
59.5 4.33 4.51 
61.3 4.88 5.10 
61.4 4.18 5.12 

PN 

PO 

PCN 

PCO 
Figure 1. Structures of the chelate ligands. 

metals.3-5 These complexes are of direct relevance to ho- 
mogeneous catalysis since the weakly coordinated end of the 
chelate should undergo ready displacement by incoming 
n-acceptor ligands. This study discusses our synthetic work 
leading toward the preparation of low-valent platinum metal 
chelate complexes of ether-substituted phosphines. We believe 
that “incipient” coordinately unsaturated complexes can result 
from this work since the ether function will undergo facile 
dissociation in the presence of other potential ligands. 
(Analytical data are given in Table I, and structures of the 
chelate ligands are given in Figure 1.) 
Results and Discussion 

Platinum and Palladium. Dihalo complexes of platinum(I1) 
and palladium(I1) containing a chelating phosphine ligand have 
been isolated for a variety of chelates.6 The five-membered 
ring chelate complexes PtC12(PN) and PdC12(PN) have been 
isolated by Venanzi, et a[.;? however, when later workers 
attempted to chelate the Sb and N atoms in o-dimethyl- 
aminophenyldimethylstibine to platinum(II), the products were 
monodentate complexes of the type PtX2L2, where only the 
antimony was coordinated.* A similar result was found with 
o-methoxyphenyldimethylstibine where coordination of the 
ether function could not be effected. 

The unsymmetrical chelate ligand PCN resembles PN in 
readily giving the chelate complexes PtCh(PCN) and 
PdCh(PCN). The complexes are too insoluble for the 1H nmr 
spectrum to be obtained. The ir spectra show two bands at 

4.39 4.21 9.11 9.15 

2.18 2.15 7.06 1.48 
2.39 2.24 
2.82 2.59 
3.13 2.91 
2.88 2.97 

9.37 9.66 8.19 8.33 

3.52 3.58 9.24 9.07 

284 and 338 cm-1 for PtC12(PCN) and at 280 and 337 cm-1 
for PdC12(PCN). The observation of two separate bands for 
the metal-chlorine stretching frequency is in agreement with 
the cis stereochemistry of the chlorines. A further complex 
which has been isolated containing a chelating phosphorus- 
nitrogen ligand is [Pt(PW)2](C104)2 (A, = 4.6 in nitro- 
benzene), which was prepared according to eq 1. ‘The IH nmr 
PtCl,(PN) + PN + 2AgC10, -+ [Pt(PN),](ClO,), + 2AgC1 (1) 

spectrum of this complex shows a doublet separated by 2 Hz 
and centered at 7 6.64. The 195Pt satellites ( J P ~ H  = 18 Hz) 
show a similar doublet separation. The splitting is due to 
coupling between the dimethylamino group and a coordinated 
phosphorus. Since the chemical shift of  the dimethylamino 
group is downfield from that of free PN (7 7 . 3 3 ,  the di- 
methylamino groups are coordinated to platinum. The value 
of JP tH  is smaller than observed for PtX2(PN) (X = Br, I); 
however, these authors reported no coupling of the di- 
methylamino groups to 31P. The observation of a long-range 
JPH coupling is suggestive of a cis stereochemistry for [Pt- 
(PN)2]2+. This geometry would place the dimethylamino 
groups trans to phosphorus, and since a coupling to a trans 
phosphorus is anticipated to be considerably larger than 
coupling to a cis phosphorus, the magnitude of JPH in this 
stereochemistry may be sufficient to be observed. 

The ligands PO9 and PCO react readily with chloro- 
platinum(I1) and chloropalladium(I1) salts, but in each case 
only monodentate complexes of type MC12L2 could be isolated. 
The complexes PtCh(P0)2, PtC12(PC0)2, PdClz(P0)2, and 
PdCh(PC0)z are sparingly soluble in organic solvents. The 
metal-chlorine stretch is a single sharp line which suggests 
that these new complexes have a trans stereochemistry (Table 
11). This conclusion is further substantiated by the Occurrence 
of a single band in the Raman spectrum of the complexes 
PtC12(PC0)2, PdC12(PO)2, and PdCh(PC0)2 at 333, 299, and 
302 cm-1, respectively. The uncoordinated ether shows UOAr 
and UOMe coincident with free ligand positions. 

Cobalt and Rhodium. The complex CoCh(PN) has been 
reported previously,7 and the six-membered chelate complex 
CoCh(PCN) can be readily isolated. The magnetic moment 
in the solution CHC12-C6Hi?, (9:l) is 4.10 BM. The visible 
spectrum as a 10-3 M solution in acetone shows absorption 
bands at 5690 8, (E 360), 6430 8, (E 330), and 6900 A (E 470). 
These data are consistent with a tetrahedral cobalt(X1) complex. 

The synthesis and chemistry of RhCl(C0)PN have been 
recently described,2 and we have now found that the six- 
membered ring chelate complex with PCN is readily isolable. 
The position of uc==  in RhCl(C0)PCN (2005 cm-1) suggests 
that CO lies trans to phosphorus;lo the same stereochemistry 
was found in RhCl(C0)PN. The compound RhCl(C0)PCN 
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Table 11. Spectral Data 

P 0  1245 (Ar-Q) 6.20 

F'CQ 1024 (Me-(4) 6.68 5.32' 
PN I .35 
PCN 7.91 6.79 
PtCl,(PO), 335 (Pt-Cl), 1255 (Ar-O),1020 (Me-0) 
PtCl, ( K O )  , 340 (Pt-Cl),b 1020 (Me-0) 
PdCl, (PO) 350 (Pd-CL)," 1241 (Ar-O), 1018 (Me-0) 
PdCl, (PCO) 2 ~ S S  (w-cI),~ 1026 (Me-0) 
(F't("1 ( c l o d  2 6.64 
PtCl2 (PCN) 284, 338 (Pt-CI) 
PdC:,(PCN) 280, 33'1 (Pd-CI) 
COC1, (PCN) 

RuCl *(PO) 2 

RuRr, (PQ), 1225 (Ar-O), 1005 (Me-0) 5.37 

RuCl ,(PCO) , 325 (Ru-Cl), 104.0 (Me-0) 6.32 4.78 

1018 (Me-QIU 

RhCI(CO)(PCW) 290 (Rh-Cl), 2005 ( G O )  1.38 6.67 
328 (Ru-CY), 1220 (Ar-O), 990 (Me-0) 5 31 

RuC1, (W)(PQ), 1910 (@=Q), 1245 (Ar-0) 

RuC1, (PN), 319 (Ru-C1) 6.73 
a These assignments of ulvlemo are tentative since the frequencies are rather lower than &?ticipa.ted. The assignments in the PCO cases are even 

less reliable since the presence of an unsymmetrical aliphatic ether may lead to overlapping stretching frequencies. 
spectrum. 

' 333 cm-' in the Raman 
299 c n - '  in the Raman spectrum. ' 302 cm-' in the Rainan spectrum. 

i ._ 

+ 25O 

-230 

52" 

PPm U-L___L_-L 

Figure 2. Temperature-dependent inethylene and methyl 'H nmr 
regions in RhCI(C0)PCN. The sharp single upfield peak is due to 
acetone. 

is less basic than RhCi(C0)PN since the former complex 
appears to be unaffected by exposure to air either in solution 
or in the solid state. The lower nucleophilicity of the PGN 
complex is shown by comparison of the reactivities toward allyl 
chloride: with RhCl(C0)PN the a-allyl complex Rh- 
cl2(C3H5)CO(pN) is readily obtained but with 
0)PCN the reaction is reversible. The 1H nmr of Rh- 
Cl(C0)PCN shows resonances at T 7.38 and 6.67 due to NMe. 
and WCH2, respectively. Models show that the two N-methyl 
resonances should be nonequivalent. On cooling the sample 
to -52' the resonance broadens and then splits into two lines. 
The methylene resonance ai  lower field is also temperature 
dependent as shown in Figure 2. The 1W nmr spectrum of 
the AX system is shown at a 500-Hz width showing the fast 
(25'), intermediate (-23'), and slow (-52') exchange rates. 
The upfield acetone peak remains unchanged showing that 
there is no crystallization of the complex or increasing of 
viscosity causing significant line broadening at the lower 
temperature. A line shape analysis of this nmr spectrum has 
been carried out (Figure 3) which gives a calculated activation 

fdi- % -  

- 3 6 0  a&&w.Jfi%+ AAL 

-?SO 

Figure 3 .  Line shape analysis on the methyl region of the tempera- 
ture-dependent ' A nmr spectrum of RhCl(C0)PCN (temperatures 
in "Cj. 

Me 

I 
I * "Me 

h] /--- Me 

Me 

Figure 4. Diagrammatic repiesentation of the proposed conforma- 
tion interconversion of the PCN chelate ring in RhCl(C0)PCN 

energy of 8.8 kcal/mol for the exchange process. The spectrum 
shown in Figure 3 is obtained at a width of 100 Hz for the 
methyl resonance. The temperature range is narrower than 
that shown in Figure 2 since it is only useful to obtain data 
in the appropriate rate range for the nmr time scale. The 
simulated spectra shown alongside were fitted using a DNMR-3 
computer program. The spectra were matched and from the, 
temperature-rate correspondence the activation energy was 
obtained. 'We believe that the collapse of the separate res- 
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CI 

CI 

co , OYP\ I /Jo 

oc/]u L p - 0  
7 

CI 

Figure 5. Carbonylation reaction of KuCl,(PO),. 

onances is a consequence of a conformational interconversion 
as shown in Figure 4, although we cannot at present rule out 
a dissociative process. 

Ruthenium. Triphenylphosphine will readily stabilize di- 
valent ruthenium as shown by the formation of RuC12(PPh3)3 
and RuCh(PPh3)4.11 This led to the preparation of ruthe- 
nium(I1) complexes containing chelating phosphines12 or two 
monodentate phosphines and two other ligands such as 
amines,13 nitriles,l3 and sulfur or oxygen ligands.14 We have 
found that the compound PN will form the chelate complex 
RuC12(PN)2. The nitrogens are coordinated since the reso- 
nance for the dimethylamino group is at 7 6.75, representing 
a downfield shift of 36 Hz from free PN. The ir spectrum 
below 400 cm-1 shows a single band at 3 19 cm-1 suggesting 
a mutually trans arrangement for the chlorines. The ligands 
PO and PCO readily react with hydrated ruthenium trichloride 
to form the complexes RuC12(P0)2 and RuC12(PC0)2. The 
Ru-C1 stretching frequencies are single bands at 328 and 325 
cm-1 for the PO and PCO complexes, respectively, suggesting 
trans chlorines. The 1H nmr spectrum of RuCh(P0)2 shows 
a resonance due to OMe at 7 6.20, which represents a 
downfield shift of 0.83 ppm from the position of this resonance 
in free PO. A deshielding of the methoxy resonance corre- 
sponds to a similar effect in PN complexes2J and can be taken 
as indicative of coordination of the ether oxygen. The 1H nmr 
spectrum of RuC12(PC0)2 shows resonances at 7 6.32 (OMe) 
and 4.78 (OCH2). For this PCO complex the OMe and OCH2 
resonance positions are shifted downfield by 21 and 32 Hz, 
respectively, from their positions in free PCO. The downfield 
shift of both resonances on coordination of the ether is to be 
anticipated and correlates with the downfield shift of both 
NMe2 and NCH2 on chelation of PCN in RhCl(C0)PCN. 
These compounds with an ether group coordinated to ru- 
thenium represent one of the. very few examples where an 
acyclic ether will bond directly to a platinum metal in a lower 
oxidation state. 

When GO is bubbled through a solution of RuCh(P0)2 
carbonylation readily occurs to give RuC12(CO)(PO)2 and then 
RuC12(C0)2(P0)2 (Figure 5). The latter compound un- 
dergoes facile decarbonylation but the monocarbonyl complex 
can be characterized. When CO is bubbled through a solution 
of RuC12(PN)2 under identical conditions, no reaction occurs. 
This reaction is significant in that it verifies that with Ru(I1) 
a coordinated methyl ether will undergo more facile dissociation 
than a coordinated dimethylamino group. 
Experimental Section 

Melting points were obtained on a hot-stage microscope and are 
uncorrected. IH nmr spectra were obtained on Varian A-60, T-60, 
or EM 360 spectrometers, and ir spectra on Perkin-Elmer 700 or 457 
spectrometers. Microanalyses were carried out by Chemalytics Inc., 
Tempe, A r k ,  by Galbraith Inc., Knoxville, Tenn., or by us on a 
Perkin-Elmer Model 240 elemental analyzer. All preparations were 
carried out in an inert atmosphere. Raman spectra were obtained 
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on solid samples using a Cary Model 81 spectrometer with a laser 
exciting line at  5682 A. 

o-Diphenylphosphinoanisole, o-MeOCsH4PPhz (PO). To the 
Grignard reagent prepared from o-bromoanisole (24.7 g) and 
magnesium (3.2 g) was slowly added chlorodiphenylphosphine (17.2 
g). The product was recrystallized from ethanol; yield 10.0 g (44%), 
mp 120-121'. 

o-Diphenylphosphinobenzyl Methyl Ether, o-MeOcH2C6~4PPbz 
(PCO). o-Bromotoluene (41.9 g) was treated with bromine under 
the influence of light to give o-bromobenzyl bromide. This compound 
was converted into o-bromobenzyl methyl ether (9.86 g; bp 107' (16 
mm)) with sodium methoxide. Conversion to the Grignard reagent 
followed by slow addition of chlorodiphenylphosphine (12.1 g) gave 
the product; yield 5.98 g (40%); mp 91'. 
o-Diphenylphosphino-N,N-dimethylbenzylamine (PCN). 

CsHsCHzNMez (17.7 g, 0.14 mol) was added to ether (100 ml) 
containing butyllithium (110 ml of 1.66 M, 0.18 mol). After standing 
of the mixture overnight at room temperature, orange crystals are 
deposited. After 18 hr this mixture was cooled to -78O and chlo- 
rodiphenylphosphine (26 g; 0.12 mol) in ether (100 ml) was added. 
The mixture was allowed to warm to room temperature and stirred 
for 1 hr. Ethanol (5 ml) was added and then water (100 ml). The 
product was ether extracted and dried with sodium sulfate. Puri- 
fication by distillation gave an oil, bp 202-204' (0.5 mm); yield ea. 
16 g (40%). The compound slowly gave colorless crystals, mp 54-56', 

Dichlorobis( o-diphel~ylphosphinoan~§ole)platinamm, PtCb( P8)z. To 
an aqueous solution of K2PtC14 (200 mg) was added PO (312 mg) 
in warm ethanol. The colorless precipitate was filtered, washed with 
ethanol and ether, and dried in vacuo; yield 352 mg (86%); mp >300°. 

Dichlorobis(o-diphenyiphosphinohenzyl methyl ether)platinum, 
PtCh(PC0)2. To a solution of KzPtC14 (50 mg) in water (1.5 ml) 
was added a suspension of PCO (88 mg) in ethanol (18 ml). The 
reaction was stirred for 3 hr. The complex was filtered, washed 
consecutively with water, ethanol, and ether, and dried in vacuo; yield 
74 mg (70%); mp 267'. 

Dichlorobis(o-diphenylphosphinoanisole)palladiMm, PdC12( P0)2. 
To an ethanolic solution of NazPdC14 (100 mg) was added PO (221 
mg) in warm ethanol. The yellow precipitate was filtered, washed 
consecutively with water, ethanol, and ether, and dried in vacuo; yield 
197 mg (76%); mp 208-210O. 

Dichlorobis(o-diphenylphosphinobenzyl methyl ether)palladium, 
PdC12(PCO). A mixture of PdC12(1,5-C0D) (43 mg) and PCO (lo! 
mg) in methanol (1 5 ml) was refluxed for 10 min. The mixture was 
cooled slowly, and the yellow precipitate was filtered. After being 
washed with methanol and ether, the complex was dried in vacuo; 
yield 116 mg (98%); mp 275'. 

Bis(o-diphenylphosphino-N,N-dimethylanlline)platinum &(per- 
chlorate), [Pt(PN)2](C104)2. PtCh(PN) (I40 mg) in CH3CN was 
treated with PN (150 mg) and silver perchlorate (140 mg) in CH3CN 
(4 mi). After being stirred for 10 min, the reaction was filtered. After 
removal of the solvent on a rotary evaporator, the residue was dissolved 
in the minimum volume of CH3CN. A mixcd solvent containing 
ethanol and ether was added to the solution until it became cloudy. 
After crystallization the complex was filtered and dried in vacuo; yield 
150 mg (61%); mp 200' dec. 

Dichloro( o - d i p h e n y l g h o s p h i n o - N , ~ - d i m e t h y ~ ~ m ~ i a ~ n ~ ) p ~ ~ a ~ ~ ~ m ~  
lPdCb(PCN). Na2PdC14 (200 mg) in methanol (10 ml) was filtered 
and treated with excess PCN in methanol. The product was re- 
crystallized from dichloromethane and methanol; yield 245 mg (49%); 
mp 175' (darkens). 

Dichloro( o-diphenylphosphino-N,N-dimethy~b~~zyline)cobalt, 
C&l2(PCN). PCN (550 mg) in ethanol (3. m1) was added to hydrated 
cobalt chloride (200 mg) in ethanol (20 ml). The mixture was stirred 
for 1 hr. The blue crystals were filtered and dried in vacuo at  7 8 O  
for 24 hr; yield 344 mg (90%); mp 243-244". Recrystallization can 
be carried out from acetone and ethanol. 

Chlorocarbonyl( o-diphenylphosphino-N,N-dimethylbenzyl- 
amine)rhodium, RhCI(C0)PCN. To a solution of excess PCN in 
acetone (7 ml) was added Rh2C12(C0)4 (128 mg). A vigorous ef- 
fervescence occurred. After stirring of the mixture for 30 min the 
yellow compound was filtered and washed with ether; yield 280 mg 
(87%); mp 287'. 

Dichlorobis(o-diphenylphosphinoanisole)ruthenium3 RnC12(PO) 2. 
A mixture of hydrated ruthenium trichloride (1.02 g) and PO (4.56 
g) was refluxed in ethanol for 5 hr. The burgundy-colored crystals 
were filtered and dried in vacuo; yield 228 mg (77%); mp 263' dec. 
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is(o-c%iIa~eenyBiiaho$~~i~Q~~s~~~) r M ~ ~ ~ ~ ~ u ~ ~ ~  RuBn 
(200 mg) was refluxed with LiBr (460 mg) for 

acetone (25 ml). 'The complex was obtained as a violet powder; yield 

ich8~kcPcrar~ony8biP(o-dip%nelPyl BaosphlaaQanisoBs)rkatheniom, 
~ ~ ~ ~ ~ z ( ~ ~ ~ ~ ~ ~ ~ ~ ~  Through a purple solution of RuCIz(PO)2 (200 
ins) in CHzC12 (10 ml) was bubbled CO until the solution became 
yellow. The solution was filtered through Celite and diluted with 
methanol. Wenoval of CMzCl2 gave yellow crystals which were a 
mixture of monocarbonyl and dicarbonyl (uc-o at 1910 and 2000 
cm-1, respectively). The mixture was dissolved in CH2Ch and nitrogeii 
was bubbled through the solution until the monocarbonyi was obtained 

lization gave the yellow cornpiex, mp 2 0 4 O  dec. 
-dip8aenyp~hosphinobeYnzyi methyl ~ ~ ~ ~ ~ ) ~ u t ~ ~ n ~ ~ ~ ~  

1p y use of the procedure for RuG12(PO)z with hydrated 
ruthenium trichloride (82 mg) and PCO (383 my) the complex was 
obtained as burgundy-colored crystals; yield 221 n g  (90%); nip 239' 

186 mg (83%). 

i l i p B o s p h i l a c P " n 7 , i ~ ~ ~ ~ ~ ~ ~ y ~ ~ ~ ~ ~ ~ ~ ~ ) ~ ~ ~ ~ ~ ~ ~ ~ ~  
ruthenium trichloride (100 mg) in water (3 

ml) was added to refluxing ethanol followed by PN (370 mg). After 
5 miri a red prwcipiiate formed. The solution was cooled. The complex 
was fiitered, washed with ethanol and ether, and dried in vacuo; yield 
160 mg (53%). The complex can be recrystallized from dichloro- 
methane and methanol. 
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The synthesea of some mixed phosphine pho5phiiie oxide ligands, Pb2P(O)CIIRPPb (it - Xi 
Some phosphoniiiin salts and cbelate coordination compounds with meicurq arid cadi-a rxL ltahdrs 311, 
and tu~gs ie i i  carbonyls are reported wiLh 31P nmt, pmr, and phosphary! stretching fiequcn 
31P chcmicdl shifts and JPP and unusual changes iii the phocphoryl $tietching fiequencias o 

Previously we have reparted the syrithesis and phosphorus-3 1 
n.mr spectra of coordinalion CQP?J?OUYI~S containing chelating 
bidentate p h o s p h o r ~ s  ligands with chemically different 
phosphorus atorns.2.3 Such ligands must necessarily have a 
cis stereochemist.ry, resulting cisiialiy iii simple phosphorus-3 1 
nmr spectra with directly observable ishospho~us-phosphorus 
coupling. There i s  currently inuch interest in determining the 
varis tion of P.--P coupiing coiilstants with steraoellemistry.4-8 
7'0 date, all of the complexes reported were of' the P(III)-P(III). 
type. Here we report a modification of an earlier synthesis9 

Ph2P(S!C~2P(Q'a):%il2 to yield the new ligands Ph2P- 
CHRPPh2 (where W is H, CH3, ~t-C:3B-x7),  as well as their 

~ ~ e t ~ ~ l ~ h O ~ ~ ~ ~ ~ ~ ~ ~ ~  salts, [ ~ ~ ~ 2 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  +[[PFs]-, 
and some metal corny;iexes. These represent the first reported 
complexes with ligands containing both a phosphine arid a 

* To whom coriespoiidericc should Lz addi.issed at the University of 
Maryland. 

chcmical shifts 

Proton magnetic res 


