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Square-planar and square-pyramidal complexes of bivalent nickel, palladium, and platinum containing the enantiomers 
of (R*,R*)-(*)- and (R*,S*)-(*)- 1 -(methylphenylarsino)-2-(methylphenylphosphino)benzene (phas) have been prepared, 
and their behavior in solution has been investigated by ‘H and ”P NMR spectroscopy. All possible stereoisomers of the 
different species have been detected and unambiguously identified. The kinetically stable complex (+)- [Ni( [R-(R*,- 
S*)]-phas),] (C104), is stereochemically nonrigid at 304 K in MeCN-d3. The corresponding five-coordinate chloro species 
are also nonrigid but exhibit facile redistribution of the bidentates under ambient conditions. In the absence of free ligand 
the compounds [MCl(phas),]Cl (where M = Pd and Pt) are kinetically stable with respect to redistribution of the bidentate 
ligands but undergo intramolecular cis-trans isomerization upon heating. Reaction of (R*,R*)-(*)-phas with (&)- 
[MCl,((R*,R*)-phas)] produces crystalline meso complexes only, although the corresponding racemic complexes are of 
comparable stability. The squareplanar cations are more stable: the complexes [Pt(phas),] (PF& do not undergo redistribution 
of bidentates in the presence of free ligand under ambient conditions. 

Introduction 
Although numerous unsymmetrically substituted bis(ter- 

tiary) ligands containing phosphorus and arsenic are known,’ 
the stereochemistry and dynamic properties of their metal 
chelates have been little explored. Chiral molecules of this 
type are of considerable interest in connection with the de- 
velopment of inorganic systems for asymmetric synthesis, since 
they are capable of exercising an electronic, as well as steric, 
control over the site of attack of a reactant on a coordinated 
prochiral substrate. The present work is concerned with the 
behavior of bivalent complexes of nickel, palladium, and 
platinum containing the enantiomers of the unsymmetrical 
bidentate (R*,R*)-( i)- and (R*,S*)-( &)- 1 -( methylphenyl- 
arsino)-2-(methylphenylphosphino)benzene (phas). The res- 
olution of both diastereoisomers of this ligand has recently been 
achieved by the method of metal complexation.2 The four 
enantiomers of the ligand are depicted in Figure l . 3 3 4  The 
work is complementary to our earlier studies of tetrahedral 
gold(1) complexes5 of this ligand, as well as of the symmetrical 
donor equivalents 1,2-phenylenebis(methylphenylphop~hino)~ 
and its arsenic analogue,’ for which the bivalent nickel,* 

(1) McAuliffe, C. A.; Levason, W. “Phosphine, Arsine and Stibine Com- 
plexes of Transition Metals”; Elsevier: New York, 1979; p 16. 

(2) Salem, G.; Wild, S. B. Inorg. Chem. 1983, 22, 4049. 
(3) The nomenclature used through this paper is consistent with that used 

by the Chemical Abstracts Service.4 In the present situation [R- 
(R*,S*)]-phas denotes R-As,S-P. 

(4) Sloan, T. E. Top. Stereochem. 1981, 12, 1. 
(5) Palmer, J. A. L.; Wild, S. B. Inorg. Chem. 1983, 22, 4054. 
(6) Roberts, N. K.: Wild, S .  B. J. Am. Chem. SOC. 1979, 101, 6254. 

palladium, and platinumg chemistry has already been de- 
scribed. 
Results and Discussion 

Preparations. (a) Nickel@) Complexes. The square-planar 
complexes [ N i ( p h a ~ ) ~ ]  (C104), were obtained in high yield 
from the reaction of [Ni(H20),] (C104), with the appropriate 
form of the ligand in acetone. The salts are orange diamag- 
netic solids that conduct as di-univalent electrolytes in ace- 
tonitrile solution. The corresponding deep-red to purple 
compounds [NiCl(phas),] C104 were derived from the 
squareplanar species by the addition of chloride. Conductivity 
and spectroscopic data are consistent with the assignment of 
a five-coordinate square-pyramidal geometry to the cationic 
chloride adducts. Selected physical and spectroscopic data 
for the various stereoisomeric forms of the compounds [Ni- 
(pha~),](ClO~)~ and [NiCl(phas),]ClO, are presented in Table 
I. 

(b) Palladium(I1) and Platinum(I1) Complexes. The opti- 
cally active square-planar complexes [PdC12L] (where L = 
[R-(I?*&*)]-, [S-(R*,R*)]- ,  [R-(R*,S*)]- ,  or [S-(R*,- 
S*)]-phas) were obtained as described in the resolution pro- 
cedure? The corresponding racemic compounds were prepared 
from the appropriate form of the ligand and [PdC12(MeCN)2] 
in boiling acetonitrile. Platinum analogues were produced by 
hydrochloric acid treatment of the cations resulting from 

(7) Roberts, N. K.; Wild, S. B. J. Chem. SOC., Dalton Trans. 1979, 2015. 
( 8 )  Roberts, N. K.; Wild, S. B. Inorg. Chem. 1981, 20, 1892. 
(9) Roberts, N. K.; Wild, S. B. Inorg. Chem. 1981, 20, 1900. 
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Table 1. Selected Physical Data for the Complexes [Ni(phas),] (ClO,), and [NiCl(phas),] C10, 

Salem and Wild 

(-)-[Ni(([R-(R*,R*)] -phas),] (Clo,), 

(+)-[Ni([R-(R*,S*)I -phas), 1 (ClO,), 

(+)-[Ni((R*,R*)-phas),] (CIO,), (racemic) 

[ Ni((R*,R*)-phas), 1 (ClO,), (meso) 

(+)-[Ni((R*,S*)-phas), I (ClO,), (racemic) 

[Ni((R*,S*)-phas), 1 (CIO,), (meso) 

(-)-[NiCl([R-(R*,R*)]-phas),] C10, 

(+)-[NiCl([R-(R*,S*)] -phas),] C10, 

(+)-[NiCl((R*,R*)-phas),] C10, (racemic) 

(t)-[ NiCl((R *,S*)-phas),] C10, (racemic) 

[ NiCl((R *,S*)-phas), 1 '210, 0") 

b (EMe)b 
propn,a 

isomer % PMe AsMe 6 (P) temp, K 

cis 40 1.71 d 1.86 br s 55.7 s 304 
trans 60 1.71 t 1.61 s 53.0 s 304 
cis 93 1.26 t 1.41 s 56.0 s 258 
trans 7 2.44 t 2.38 s C 258 
cis 40 1.71 d 1.86 br s 55.7 s 3 04 
trans 60 1.71 t 1.61 s 53.0 s 304 
cis 32 2.46 d 2.35 s 54.2 s 304 
trans 68 2.38 t 2.39 s 51.1 s 304 
cis 95 1.26 t 1.41 s 56.0 s 25 8 
trans 5 2.44 t 2.38 s C 25 8 
cis 5 2.39 t 2.42 s C 258 
trans 95 1.49 t 1.16 s 51.9 s 258 
cis 30 1.23 d,  1.51 d 1.41 s, 1.60 s 46.7, 63.0 AB q 213 
trans 70 1.62 t, 1.81 t 1.08 s, 1.31 s 44.4 s, 58.6 s 213 
cis 96 1.21 d, 1.33 d 1.31 s, 1.42 s 52.6, 54.9 AB q 213 
trans 4 2.53 t 2.35 s 56.5 s 213 
cis 50 1.23 d,  1.51 d 1.41 s, 1.60 s 46.7, 63.0 AB q 293 
trans 50 1.62 t, 1.81 t 1.08 s, 1.31 s 44.4 s, 58.6 s 293 
cis 96 1.21 d, 1.33 d 1.31 s, 1.42 s 52.6, 58.1 AB q 213 
trans 4 d  d d 213 
cis 4 d  d d 213 
trans 96 1.48 t,  1.58 t 1.04 s, 1.21 s 54.4 s, 55.6 s 213 

a Relative proportions of isomers at equilibrium. H and 31P NMR spectra of diperchlorates were recorded in MeCNd, with 6 quoted 
relative to Me,Si and H,PO, (85%), respectively; spectra of monoperchlorates were recorded in CD,CL, with use of the same standards. 
C Signal to noise ratio poor. d See text. 

Ph Me ~ M: Ph & ~ :?b ' A?'' , "; / 
1 >I I 

Ph Me ~ Me Ph 

( R )  (SI 

(R ' ,  S') 

Figure 1. Enantiomerism in (R*,R*)-(A)- and (R*,S*)-(&)-l-  
(methylphenylarsino)-2-(methylphenylphosphino)benzene (phas). 

bridge splitting of bis(p-chloro)bis(2-methoxycyclooct-5- 
enyl)diplatinum(II) with the various forms of the ligand.9 

Bis(bidentate)metal(II) salts were prepared from [MClzL] 
by reaction with an additional 1 equiv of ligand in 95% ethanol: 

[MC12L] + L - [ML,]Cl2 

The chloride salts conduct as uni-univalent electrolytes in 
dichloromethane and methanol solutions, in which they are 
yellow, and as di-univalent electrolytes in water, where they 
are almost colorless, consistent with the assignment of a 
square-pyramidal geometry to the univalent cations in the 
organic solvents and a square-planar stereochemistry to the 
dications in water:9 

[MLZIClz + [MClLZlCl 

The complexes [ML,] (PF6)2 were isolated from aqueous 
solutions of the chlorides by treatment with ammonium hex- 
afluorophosphate: 

[MLZICl, + 2NH4PF6 [ML,](PF,), 

The hexafluorophosphate salts are di-univalent electrolytes 
in acetone, in which the colorless square-planar dications are 

present. Selected physical and NMR data for the various 
forms of the compounds [ML2]X2 are presented in Table I1 
(X = C1-) and Table I11 (X = PF6-). 

Stereochemistry of the Bis(bidentate)metal Chromophore. 
(a) Square-Planar Complexes. 1 -(Methylphenylarsino)-2- 
(methy1phenylphosphino)benzene (phas) exists in six crys- 
talline forms: the R*,R* diastereoisomer and its enantiomers 
and the R*,S* diastereoisomer and its enantiomers (Figure 
1). The square-planar bis(bidentate)metal(II) cations that 
may arise from the various forms of the ligand are shown in 
Figures 2 and 3. The pure enantiomers of the ligand produce 
optically active complexes for which cis and trans isomers are 
possible.1° The racemic forms of the ligand, however, give 
rise in each case to a cis-trans pair of achiral internally com- 
pensated meso complexes containing ligands of opposite chi- 
rality, as well as the racemic forms of the optically active 
species described above (racemic complexes). Although cis- 
trans isomerization may occur intramolecularly, racemic-meso 
interconversion is definitive of intermolecular bidentate ligand 
exchange and can be observed by NMR spectroscopy in 
suitably substituted complexes. Furthermore, the signal(s) 
due to the racemic complex can always be identified if the 
spectrum of the corresponding optically active complex is 
available for comparison. 

All of the stereoisomers depicted in Figures 2 and 3 are, in 
principle, identifiable by 'H or 31P NMR spectroscopy. For 
complexes containing a pair of cis-PMe groups the 'H NMR 
spectra contain doublets (,JPp = ca. 0 Hz) or "filled-in" 
doublets (0 < 2Jpp << lZJpH + 4JpHI) for the methyl groups,'* 
and broadened singlets for the AsMe groups due to coupling 
with the trans phosphorus atoms (4JpH). In trans complexes 
the AsMe groups resonate as sharp singlets and the PMe 
groups as deceptively simple triplets, due to virtual coupling 
between the trans phosphorus nuclei ('JPp >> I2JpH + 4Jp.H1).13 

(10) The apparent inversion that takes place upon coordination of the 
asymmetric donor atoms is consistent with the rules of Cahn et al. for 
absolute configurations." 

(11) Cahn, R. S.; Ingold, C. K.; Prelog, V. Angew. Chem., Znt. Ed. Engl. 
1966. 5'. 3 8 5 .  --. - .  

(12) Verstuyft, A. W.; Redfield, D. A,; Cary, L. W.; Nelson, J. H. Znorg. 
Chem. 1976, 15, 1128. 
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AsMe 6 (PId isomer propn,a % PMe 

(+)-[PdCl([S-(R *,R*)l -phas),I C1 cis 50 1.66 d 1.89 br s 51.6 s 
trans 50 2.04 t 1.52 s 50.5 s 

(+)-[PdCl([R-(R*,S*)]-phas),] C1 cis 30 1.57 d 1.74 br s 51.5 s 
trans 70 2.72 t 2.61 s 52.8 s 

(?)- [ PdCl((R *,R *)-phas), ] C1 (racemic) cis 50 1.66 d 1.89 br s 51.6 s 
trans 50 2.04 t 1.52 s 50.5 s 

(PdCl((R*,R*)-phas),] C1 (meso)c cis 50 2.42 d 2.61 br s 49.6 s 
trans 50 2.48 t 2.56 s 50.0 s 

51.5 s (*)-[PdCl((R*,S*)-phas),] C1 (racemic) cis 50 1.56 d 
trans 50 2.72 t 2.61 s 53.8 s 

[PdCl((R*,S*)-phas),] C1 (meso) cis 50 2.63 d 2.60 br s 54.6 s 
trans 50 1.80 t 1.51 s 48.9 s 

(+)- [ PtCl( [S-(R *,R *)]  -phas), ] ClCH,Cl, cis 50 1.74 d 1.95 br s 
trans 50 2.04 t 1.64 s 

1.73 br s 

41.1 s (2798) 
40.0 s (2296) 

(+)- [ PtC1( [R-(R * , S * ) ]  -phas),] C1 cis 
trans 

(+)-[PtCl((R*,R*)-phas), I C1 (racemic) cis 
trans 

[PtCl((R*,R*)-phas),] C1 (meso) cis 
trans 

(*)-[PtCl((R *,S*)-phas), ] C1 (racemic) cis 
trans 

[PtCl((R*,S*)-phas),] C1 (meso) cis 
trans 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

1.71 d 
2.85 t 
1.74 d 
2.04 t 
2.60 d 
2.66 t 
1.71 d 
2.85 t 
2.76 d 
1.93 t 

1.86 br s 
2.72 s 
1.95 br s 
1.64 s 
2.74 br s 
2.69 s 
1.86 br s 
2.72 s 
2.76 br s 
1.64 t 

41.4 s (2767) 
41.7 s (2363) 
41.1 s (2798) 
40.0 s (2296) 
40.2 s (2767) 
40.3 s (2268) 
41.4 s (2767) 
41.7 s (2363) 
41.8 s (2867) 
40.2 s (2274) 

a Relative proportions of isomers at equilibrium. Quoted relative to Me,Si in MeOH-d, at 304 K. ' H NMR spectrum recorded at 253 
K .  Quoted relative to H,PO, (85%) in Me,SO at 304 K with values of 'Jptp in parentheses. 

[ R - ( R ' ,  R',] - L [ s- ( R *  , R' ,] -L 

CI  

M e  M e  
I I 

AS 

M e  Me 
I I 

cis-meso 

M e  M e  
I I 

AS /&7g 
I I 

M e  M e  
irons - meso 

[ M{ [ S- ( R  * ,R* )]-L} { [ R -  ( R *  ,R*)]-L}]'+ [ M { [ S - ( R  * , R* )]- L} { [ R - ( R  * .R* )]- L}]" 

c, s2 
Figure 2. Stereoisomerism in square-planar cations containing the enantiomers of (R*,R*)-(&)-phas. 

In addition, the value of 'JRP is diagnostic of geometry in 
platinum c0mp1exes.l~ The magnitude of this coupling con- 

stant decreases with increasing trans influence of the ligand 
trans to the phosphorus atom. In the present system cis iso- 
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Table 111. Selected Physical Data for the Complexes [M(phas),] (PF,), 

Salem and Wild 

b(EMe)b 

isomer propn,a 76 PMe AsMe 6 (P)C 
(+)-[ Pd([S-(R*,R *)I -phas), 1 (PF,), cis 

trans 
(+I- [ Pd( [R-(R *,A'*)] -phas), 1 (PF,), cis 

trans 
(+)-[ Pd((R*,R*)-phas), ] (PF,), (racemic) cis 

trans 
[Pd((R*,R*)-phas), I (PF,), (meso) cis 

trans 
(+)-[Pd((R *,S*)-phas),] (PF,), (racemic) cis 

trans 

50 
50 
85 
15 
50 
50 
50 
50 
90 
10 

1.69 d 
2.04 t 
2.01 d 
2.58 t 
1.69 d 
2.04 t 
2.49 d 
2.49 t 
2.01 d 
2.58 t 

2.14 br s 
1.76 s 
2.30 br s 
2.55 s 
2.14 br s 
1.76 s 
2.56 br s 
2.53 s 
2.29 br s 
2.55 s 

51.9 s 
50.3 s 
54.2 s 
52.8 s 
51.9 s 
50.3 s 
52.1 s 
50.3 s 
54.2 s 
52.8 s 

[Pd((R*,S*)-phas), 1 (PF6l2 (meso) cis 10 2.52 d 2.58 br s 50.0 s 
trans 90 2.26 t 2.03 s 52.2 s 

(+)-[Pt( [S-(R* ,R *)I -phas), 1 (PF, 1, cis 50 1.72 d 2.18 br s 44.7 s* (2673) 
trans 50 2.09 t 1.80 s 43.7 s (2214) 

(+)-[Pt([R-(R*,S*)I -phas), 1 (PF,), cis 85 2.06 d 2.30 br s 46.0 s (2750) 

44.3 s (2703) [Pt((R*,R*)-phas), I (PF612 (meso) cis 50 2.61 d 
trans 50 2.63 t 2.66 s 43.6 s (2217) 

(~)-[Pt((R*,s*)-phas),] (PF,), (racemic) cis 75 2.06 d 2.30 br s 46.0 s (2750) 
trans 25 2.70 t 2.66 s 45.7 s (2231) 

[Pt((R*,S*)-phas), 1 (pF6), (meso) cis 25 2.80 d 2.70 br s 44.4 s (2735) 
trans 7s 2.28 t 2.00 s 45.3 s (2217) 

trans 15 2.70 t 2.66 s 45.7d 
2.68 br s 

a Relative proportions of isomers at equilibrium. 
Me,SO at 304 K with values of lJptp in parentheses. 

Quoted relative to Me,Si in Me,SO-d, at 304 K. Quoted relative to H,PO, (85%) in 
Resolution inadequate for determination of 'Jptp. 

, 
Me , Me , , , 

cis - racemic 

[M{ [R-(R*,S ' ) ] -L}~]~*  [M{[  S-(R*,S*)]-L}2]2* 

trans - racemic 

[M{[R-CR*.S*)]-L}2]z* [M{  [S-(R*,S*)]-L}2]2* 

c 2  c 2  

Me ! 
I 

I 
I , 
I I 
, pY As 

I yp 
A8 I 

[S-(R',S')]-L [R- (R* ,S*  )I-L 

CI 

Ms 
I 

Me Me 
I I 

me 
cis-meso trans - meso 

[ M{ [ R - ( R *  ,S* )]-L}{ [ S -( R* ,S* )]-L}]" [ M { [ R- (R* , S * I] - L}{ [ S - ( R * ,  S * I] - L}] '* 

c, s2 

Figure 3. Stereoisomerism in square-planar cations containing the enantiomers of (R*,S*)-(&)-phas. 

mers give rise to the larger values of lJPtp. bond varies markedly in cations of the type [MCl(bidentate)2]+ 
containing bis(tertiary arsines and  phosphine^).^^^ For nick- (b) Squarepyramidal Complexes. The stability of the M-Cl 

(13) Harris, R. K. Cun. J.  Chem. 1964, 42, 2275. (14) Heaton, B. T.; Pidcock, A. J .  Orgunomet. Chem. 1968, 14, 235 .  
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Ma 
I 

Me 
I 

M I  
trans trans 

dl 
trans trans 

hpJ& 

I 
P 

M I  
cis 

(b) 

Figure 4. Stereoisomerism in (a) cis- and trans-[NiCI( [R-(R*,- 
R*)]-phasz]+ and (b) cis- and truns-[NiCl( [R-(R*,S*)]-phas)2]'. 

el(I1) the bond is not ionized in polar solvents, although the 
chlorine atom is labile. In similar palladium and platinum 
compounds ionization of the bond occurs readily in polar 
solvents such as water, but not in dichloromethane or methanol: 

[MCl(bidentate),]+ [M(bidentate),l2+ + C1- 
Site exchange of the chlorine ligand between the alternative 

axial positions of the square pyramid is rapid for all three 
metals. Both intra- and intermolecular factors contribute to 
the exchange mechanism: the former can be unambiguously 
detected by variable-temperature N M R  spectroscopy in 
suitably substituted c o m p l e x e ~ . ~ ~ ~  The rates are faster for 
palladium(I1) and platinum(I1) than they are for nickel(I1). 
Thus, stereoisomerism arising from the siting of a chlorine 
atom in one of the alternative axial sites has not been observed 
by NMR spectroscopy, to date, in square-pyramidal palla- 
dium(I1) and platinum(I1) compounds. The chemical shift 
values observed for the methyl groups of the optically active 
cations are thus an average value arising from several species 
in rapid equilibrium (Figure 4). 

Square-Planar and Square-Pyramidal Complexes of Nick- 
el(I1). The 'H NMR spectrum of (-)ss9-[Ni([R-(R*,R*)]- 
phas),] (C104)* in Me2CO-d6 exhibited four methyl resonances 
that were assigned to cis and trans isomers as indicated in 
Table I (cistrans = 2:3). The PMe resonance of the cis 
compound appeared as a "filled-in" doublet, as found in nu- 
merous other species containing cis-coordinated PMe group.12 
In MeCN-d3 the pattern of methyl resonances was similar, 
but the peaks were shifted upfield. The 31P NMR data for 
the compound were consistent with the 'H NMR data (Table 
I). It was not found possible to separate the two isomers by 
fractional crystallization. 

The optically active compound (+)-[Ni( [R-(R*,S*)]- 
pha~),](ClO,)~ in MeCN-d, at 304 K exhibited a broad singlet 
for the methyl groups, centered at 6 1.35. When the sample 

(15) The full formula of the meso complexes has been given for clarity in 
Figures 2 and 3: the systematic formula for these diastereoisomers is 
[MCl((R*,R*)-pha~)~1Cl. 
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was cooled to 258 K, separate resonances appeared in this 
region of the spectrum: a 1:l:l PMe triplet and an AsMe 
singlet (ca. 93%) and, as a minor feature, another 1 :2: 1 PMe 
triplet and an AsMe single (Table I). Consideration of steric 
factors in molecular models of the two possible diastereoiso- 
mers led to the assignment of the upfield set of resonances to 
the cis isomer, where each methyl group is shielded by a phenyl 
group (Figure 3). 

In related complexes of (R*,S*)- 1,2-phenylenebis(me- 
thylphenylarsine) and its phosphorus analogue, no evidence 
of the isomer containing the syn arrangement of methyl and 
phenyl groups was found.8 The overwhelming stability of the 
diastereoisomer with the anti disposition of similar substituents 
is also found in the solid state and appears to be an important 
factor contributing to the ready separation of R*,R* and 
R*,S* diastereoisomers of ligands of this type by metal com- 
plexation. 

The rapid cis-trans isomerization observed at 304 K appears 
to be an intramolecular process in MeCN-d3. The coalescence 
temperature observed was independent of concentration for 
0.05 and 0.10 M solutions. Redistribution of the bidentate 
ligands does not occur under these conditions, although it is 
facile in the corresponding cations [NiCl(phas),]+ (see below). 

Use of (R*,R*)-(A)-phas as ligand produced a separable 
mixture of racemic and meso complexes. The meso complex 
precipitated in 48% yield from an acetone solution of [Ni- 
(H20)6](C104)2 upon the addition of the ligand. In MeCN-d, 
solution it consists of a 2:l mixture of cis and trans isomers 
(Table I). The corresponding racemic complex crystallized 
from the mother liquor during concentration and was shown 
by NMR spectroscopy to be a 2:3 mixture of cis and trans 
isomers. The 'H and ,'P NMR spectra of this compound are 
of course identical with those of the corresponding optically 
active complex under the same conditions. Redistribution of 
the bidentate ligands (between the racemic and meso cations) 
was not detected in either of the pure complexes over a I-day 
period at 304 K in MeCN-d,. 

The 'H NMR spectrum of the complex prepared from 
(R*,S*)-(f)-phas in MeCN-d, at 304 K consisted of two 
broad signals centered at 6 1.22 and 1.53. Upon cooling of 
the sample to 258 K the broad peaks resolved into eight sep- 
arate resonances that were assigned as indicated in Table I. 
The major components in the mixture were the cis-racemic 
and trans-meso diastereoisomers (ca. 95%). Cis-trans isom- 
erization is therefore facile in both forms (racemic and meso) 
of the cations [Ni((R*,S*)-pha~)~]~+ at 304 K. The ,'P NMR 
resonances due to the minor diastereoisomers were not de- 
tected. 

The square-planar cations were converted into the corre- 
sponding square-pyramidal species by adding chloride to 
acetone solutions of the former. The chloro species conducted 
as uni-univalent electrolytes in acetonitrile solution, and their 
electronic spectra in this solvent were consistent with the 
square-pyramidal stereochemistry.8 

The optically active complex (-)-[NiCl([R-(R*,R*)]- 
phas),]C104 exhibited two broad singlets at 6 1.45 and 1.67 
for the methyl groups (CD2C12 at 304 K). At 213 K this 
region of the spectrum consisted of eight signals, four of which 
were of twice the intensity of the other four. The more intense 
set of signals was assiged to the alternative pair of trans iso- 
mers, both of which have equivalent pairs of methyl groups 
at the slow-exchange limit (Figure 4). The spectra were 
identical for 0.1 and 0.2 M solutions of the complex in this 
solvent. When a sample of the complex in PhN02-d5 was 
heated to 343 K, the two broad resonances observed at 304 
K changed into a singlet (6 1.55) and triplet (6 1.64). This 
spectrum is very similar to that obtained for (+)-[PdCl([S- 
(R*,R*)]-phas),]Cl at elevated temperatures, where it was 
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considered to represent the fast-exchange limit of cis-trans 
isomerization. Thus, the complex (-)-[NiCl( [R-(R*,R*)- 
phas),] C104 undergoes facile axial chloro site exchange, as 
well as cis-trans isomerism, over the temperature range 
213-343 K. Both processes have an intermolecular component 
to their mechanism, since bidentate ligand redistribution was 
observed between racemic and meso complexes (derived from 
(R*,R*)-(A)-phas) under the conditions of the experiment. 
Variable-temperature 31P NMR spectra were consistent with 
the 'H NMR findings. At 205 K separate phosphorus reso- 
nances were observed for the alternative axially substituted 
cis isomers. For the cis isomer, however, the nonequivalent 
phosphorus atoms gave rise to an AB quartet with chemical 
shifts of 6 63.0 and 43.7 with a 2Jpp. of 56.2 Hz. 

The 'H  NMR spectrum of the optically active complex 
(-)-[NiCl( [R-(R*,S*)]-phas),]C1O4 at 304 K (in CD2C12) 
contained a broad singlet resonance at 6 1.56 due to methyl 
groups. At 21 3 K this region of the spectrum consisted of six 
resonances (T,  = 263 K). The major contribution (ca. 96%) 
consisted of a pair of PMe doublets (6 1.21 and 1.33) and an 
associated pair of AsMe singlets (6 1.3 1 and 1.42), which were 
assigned to the static square-pyramidal cis cation (Figure 4). 
(The anti disposition of methyl and phenyl groups is the 
thermodynamically favored arrangment in the corresponding 
compounds of (R*,S*)- 1,2-phenylenebis(methylphenylarsine) 
and its phosphorus analogue.*) The minor peaks in the low- 
temperature 'H N M R  spectrum of [NiCl( [R-(R*,S*)]- 
phas),]ClO, (a triplet at 6 2.53 and a singlet at 6 2.35) have 
been assigned to one of two possible axially substituted trans 
diastereoisomers (Figure 4). (A detailed analysis of the 'H 
NMR spectrum of the compound (&)-[NiCl((R*,R*)-di- 
phos)((R*,S*)-diphos)]C104 (where diphos = 1 ,2-C6H4- 
(PMePh),) at the slow-exchange limit has revealed that the 
chlorine ligand is associated only with the side of the square 
plane containing the methyl groups, as found in the solid 
state.I6) Heating of the NMR sample to 343 K led to the 
appearance of a doublet at 6 1.65 and a singlet at 6 1.70. The 
variable-temperature spectra in CD2C12 appear to be inde- 
pendent of concentration (0.05 and 0.10 M solutions). The 
31P NMR spectrum of the complex at the slow-exchange limit 
(213 K) exhibited an AB quartet (6 58.1 and 52.6; ,JPp. = 54.9 
Hz), comprising ca. 96% of the intensity, and a barely dis- 
cernible singlet at 6 56.5. The quartet was accordingly assigned 
to the (&)-cis isomer and the singlet to the meso-trans species. 

The kinetically stable square-planar diastereoisomer (*)- 
[Ni((R*,R*)-phas),](ClO,), and the meso compound [Ni- 
(R*,R*)-pha~)~] (C104)215 were individually treated with so- 
dium chloride in acetone. The meso compound produced an 
equimolar mixture of both internally diastereoisomeric 
square-pyramidal cations, viz. (&)-[NiCl((R*,R*)-pha~)~]' 
and [NiCl((R*,R*)-pha~)~]+. Only the racemic species, 
however, crystallized from solution as the perchlorate. Ac- 
cordingly, reaction of the racemic salt (*)-[Ni((R*,R*)- 
pha~),](ClO,)~ with chloride produced (A)-[NiCl((R*,- 
R*)-phas),]+ only in solution, as evidenced by 'H NMR 
spectroscopy. Clearly intermolecular redistribution of the 
bidentate ligands is facile in the less stereochemically rigid 
five-coordinate cations, the racemic cation being favored in 
solution and in the solid state. 

The variable-temperature 'H and 31P NMR spectra of 
(*)- [NiCl((R*,R*)-phas),] ClO, appear to be indistinguish- 
able from those of the corresponding optically active material 
over the temperature range 304-213 K for 0.5 and 0.10 M 
solutions in CD2C12. 

The 'H NMR spectrum of [NiCl((R*,S*)-pha~)~lClO~ in 
CD2C12 at 304 K consisted of two broad singlets (6 1.29 and 
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1.55) in the methyl region. Upon cooling of the sample to 21 3 
K these resolved into eight separate signals of equal intensity 
( T ,  = 263 K) (ca. 96% of intensity). The resonances were 
assigned by comparison with the low-temperature spectrum 
of (-)-[NiCl( [R-(R*,S*)]-phas),]ClO, and are given in Table 
I. Broad minor peaks in the region 6 2.3-2.7 are presumably 
due to the presence of small quantities of the corresponding 
trans-racemic and cis-meso cations. When a sample of the 
complex in PhN0,-d5 was heated to 343 K, two new singlets 
(6 1.43 and 1.70), a doublet (6 1.65), and a triplet (6 1.75) 
were observed in the 'H NMR spectrum, in agreement with 
the finding of rapid cis-trans isomerization in these systems 
under ambient conditions. The variable-temperature 31P NMR 
spectra of the five-coordinate complex of (R*,S*)-(*)-phas 
corroborated the 'H NMR results. At 213 K the spectrum 
consisted of a pair of AB quartets of equal intensity. These 
were accordingly assigned to the cis-racemic cation (6 58.1 
and 52.6; 2Jpp. = 54.9 Hz) and trans-meso cation (6 55.6 and 
54.4; 2Jpp, = 236 Hz). Resonances due to the two other 
possible diastereoisomers were not found in the spectrum. 

Complexes of Palladium(I1) and Platinum(I1). The 'H 
NMR spectra of (+)-[PdCl( [S-(R*,R*)]-phas),]Cl and its 
platinum isostere, (+)- [PtCl( [S-(R*,R*)]-phas),]ClCH,Cl,, 
in MeOH-d4 at 304 K each contain four methyl resonances 
of equal intensity. The spectra do not change significantly 
when the samples are cooled to 178 K, thus confirming the 
already known high rate of axial chloro site exchange in 
complexes of this type.g The methyl signals were assigned to 
cis and trans isomers as indicated in Table 11. The complexes 
are kinetically stable under ambient conditions in the absence 
of free ligand: platinum complexes showed satellites due to 
3JRH and '.Iptp in the 'H and 31P NMR spectra, respectively. 
Thus, the mixing of equimolar MeOH-d, solutions of the 
optically pure enantiomeric complexes of opposite chirality 
does not lead to the formation of meso complexes for either 
metal (even after 7 days at 304 K), although the latter are 
known to be stable under these conditions (see below). Heating 
of PhN02-d5 solutions of the complexes does result in a coa- 
lescence of the methyl peaks in both cases, however. For the 
palladium compound the peaks coalesced at 3 18 K and sub- 
sequently emerged as a triplet (6 2.08) for the PMe groups 
and as a singlet (6 1.92) for the AsMe groups at 373 K. The 
platinum complex behaved similarly (T,  = 348 K), but the 
upper limiting spectrum could not be observed due to decom- 
position of the sample at the elevated temperatures involved. 
The values of T, were identical for 0.10 and 0.20 M solutions 
of both complexes, and the spectral changes were reversed on 
cooling. It was not found possible to fractionally crystallize 
either of the mixtures, presumably due to a similarity in the 
lattice energies of the cations, which are almost isostructural 
outside of the first coordination sphere. 

Optically active complexes containing the R*,S* diastere- 
oisomer of the ligand were also isolated. At 304 K in 
MeOH-d4 the compounds (-)-[MC1( [R-(R*,S*)]-phas),]Cl 
(where M = Pd or Pt) exhibited four methyl resonances and 
were each readily shown to be a mixture of cis and trans 
isomers (Table 11). The cis:trans ratio was 1:l for platinum 
but was ca. 3:7,for palladium. 

The cis-trans mixtures of the chloride salts were converted 
into the corresponding mixture of hexafluorophosphates by 
treatment with ammonium hexafluorophosphate in water. The 
optically active square-planar complexes containing the R*,R* 
diastereoisomer of the ligand consisted of 1: 1 mixtures of cis 
and trans isomers for both metals. The NMR assignments 
are given in Table 111. Heating of either sample to 373 K in 
PhN02-d5 did not cause changes in the 'H NMR spectra. The 
complexes (+)-[M([R-(R*,S*)]-phas),] (PF& were isolated 
as the expected mixtures (cistrans = ca. 6:l): NMR as- 



(R*,R*)-(&)- and (R*,S*)-(f)-phas Complexes 

signments are given in Table 111. 
Reaction of (f)-  [MCl,((R*,R*)-phas)] with (R*,R*)- 

(f)-phas produces optically inactive complexes of the type 
[MCl((R*,R*)-phas),]Cl as shown in Figure 2. Use of 
(R*,R*)-(A)-phas permits formation of the achiral meso 
complexes [MCl((R*,R*)-pha~),lCl,'~ as well as the chiral 
racemic complexes (*)- [ MCl( (R*,R*)-phas)$I. The plati- 
num product exhibited four methyl resonances at 304 K. The 
spectrum of the palladium complex at this temperature, 
however, consisted of a broad singlet in the methyl region, 
although cooling of the sample to 253 K led to four methyl 
signals of equal intensity. Interestingly, none of the resonances 
in either system corresponded with those found in the spectra 
of the corresponding optically active compounds. The spectra 
did not change over a 7-day period in MeOH-d4 at 304 K. The 
addition of a trace of (R*,R*)-(*)-phas to either sample, 
however, led to redistribution of the bidentates and the ap- 
pearance of four new methyl peaks in both cases. The new 
signals corresponded exactly with those of the corresponding 
optically active species: all eight resonances had the same 
intensity (assignments given in Table 11). The redistribution 
appeared to be instantaneous for palladium but took ca. 6 h 
for platinum. The reaction of (R*,R*)-(f)-phas with (&)- 
[MCl,((R*,R*)-phas)] is therefore stereospecific for both 
metals, giving the meso complexes cis- and trans- [MCl- 
(R*,R*)-phas),]Cl in equal proportions. The addition of 
diethyl ether to either of the solutions at equilibrium led to 
the crystallization of meso complexes only. It may be noted 
that use of the dissymmetric bis(tertiary arsine) (R*,R*)- 
(*)- 1,2-phenylenebis(methylphenylarsine) in a similar reaction 
of palladium also gave only the meso derivative in the solid 
state.g Steric factors therefore appear to be predominant in 
determining the lattice structure, as well as the kinetic product, 
in reactions of this form of the ligand with palladium(I1). 

Stereospecificity was not found in the reaction of (R*,- 
R*)-(*)-phas with (&)-[MCl,((R*,S*)-phas)]. For both 
metals eight methyl resonances and four phosphorus reso- 
nances of equal intensity were observed for the complexes 
[MCl((R*,S*)-phas),]Cl in MeOH-d, at 304 K. Assignments 
were made by the usual comparison of data for the corre- 
sponding optically actrive compounds (identification of racemic 
and meso complexes), and cis and trans isomers of each 
complex were subsequently identified by analysis of the values 
of .IRp and the multiplicity of the PMe resonances (Table 11). 

Treatment of aqueous solutions of the equimolar mixture 
of cis-meso- and trans-mes~-[M((R*,R*)-phas)~]Cl~ with 
NH4PF6 precipitated the corresponding mixture of colorless 
bis(hexafluorophosphates). The NMR assignments are given 
in Table 111. Added (R*,R*)-(f)-phas did not cause redis- 
tribution of the bidentates in the platinum complexes, but a 
slow redistribution of bidentates was observed under similar 
conditions in the corresponding palladium system, where an 
equilibrium 1:l mixture of racemic and meso complexes was 
established within 14 days in Me2SO-d6 at 304 K. 

Ammonium hexafluorophosphate precipitation of the cations 
from an aqueous solution of [M((R*,S*)-phas),]CI, gave the 
expected mixture of four possible diastereoisomeric products 
(Table 111). The major component of the mixture in both cases 
was an equimolar mixture of the cis- and trans-racemic com- 
plexes (ca. 90% for Pd(I1) and ca. 75% for Pt(II)), and the 
minor components were equimolar mixtures of the corre- 
sponding cis and trans-meso complexes. 

Experimental Section 

Proton NMR spectra were recorded at 304 K on a Varian HA 100 
spectrometer (100 MHz); 31P NMR spectra were obtained with use 
of a Bruker 3220 spectrometer (24.28 MHz). 'H NMR chemical 
shifts are reported as 6 values relative to intemal Me4Si, and 3'P NMR 
chemical shifts are quoted as 6 values relative to external 85% 
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PMe resonances appear as deceptively simple doublets with "filled-in" 
appearance or 1:2:1 triplets with JPH = 1 2 J p ~  + 4Jp~I = ca. 10 Hz. 
In platinum complexes these signals are flanked by pairs of satellites 
due to 'JiwptH. Optical rotations were measured at 589 nm on the 
specified solutions in a l-dm cell at 294 K with a Perkin-Elmer Model 
241 polarimeter. Conductivity measurements were made on lo-, M 
solutions in the solvents indicated at 295 K. Elemental analyses were 
performed by staff within the Research School of Chemistry. 

(R*,R*)-(&)- and (R*,S*))-(&)- l-(Methylphenylarsino)-2-(me- 
thylpheny1phosphino)benzene was prepared and resolved as previously 
described.2 The following optically active compounds were obtained 
as described in ref 2: (-)-[PdCI,([R-(R*,R*)]-phas)], (+)-[PdC12- 
([S-[R*,R*)]-phas)], (+)-[PdC12( [R-(R*,S*)]-phas)], and (-)- 
[PdCI2( [S-(R*,S*)]-~has)]. 

Nickel(I1) perchlorate 
hexahydrate (0.25 g) and [S-(R*,R*)]-phas'O (0.5 g) were stirred 
together in acetone (50 mL) until complete dissolution of the ligand 
occurred. The solution was then filtered, and the filtrate was con- 
centrated to ca. 10 mL whereupon the product crystallized as orange 
prisms: mp 297-298 OC; 0.64 g (94%); [a]D -252' (c 0.09, MeCN). 
Anal. Calcd for C&I&2C12NiOsP2: C, 48.5; H, 4.1; C1,7.2. Found: 
C, 48.6; H, 4.1; C1,7.1. 'H NMR ( M ~ c 0 - d ~ ) :  6 1.61 (s, 3.6, AsMe), 
1.71 (d, 2.4, JpH = 10 Hz, PMe), 1.68 (br s, 2.4, AsMe), 1.96 (t, 3.6, 
ZJpH = 10 Hz, PMe), 7.4-7.8 (m, 28, aromatics). 'H  NMR 
(MeCN-d,): 6 1.34 (s, 3.6, AsMe), 1.42 (d, 2.4, 2JpH = 10 Hz, PMe), 
1.61 (br s, 2.4, AsMe), 1.73 (t, 3.6, JPH = 10 Hz, PMe), 7.3-7.9 (m, 
28, aromatics). ,'P NMR (Me2CO): 6 49.2 (s, 0.8), 53.0 (s, 1.2). 
,'P NMR (MeCN): 53.0 (s, 0.8), 55.7 (s, 1.2). AM = 269 Q-' cm2 
mol-' (MeCN) , 

(-)-[Ni([R - ( R  *,R *)]-pl~as)~](ClO~)~. 

The following compounds were obtained similarly. 
(+)-[Ni([R-(R *,S*)]-pha~)~](ClO~)~: orange needles from ace- 

tonitrilediethy1 ether mixture; mp 298-299OC; 90% yield; [a]D +68.3' 
(c 0.10, MeCN). Anal. Calcd for C40H40A~2C12NiOsP2: C, 48.5; 
H, 4.1; C1, 7.2. Found: C, 48.5; H, 4.0; C1, 7.1. 'H NMR (MeCN-d3 
at 258 K): 6 1.26 (t, 5.58, JpH = 10 Hz, PMe), 1.41 (s, 5.58, AsMe), 
2.38 (s, 0.42, AsMe), 2.44 (t, 0.42, JpH = 10 Hz, PMe), 7.2-7.8 (m, 
2, aromatics). ,'P NMR (MeCN at 258 K): 6 56.0 (s). AM = 272 
Q-' cmz mol-' (MeCN). 

(*)-[Ni((R*,S*)-phas)zlo,: orange needles, mp 321-322OC; 
91% yield. Anal. Calcd for C40H40A~2C12NiOsPZ: C, 48.5; H, 4.1; 
C1, 7.2. Found: C, 48.6; H, 4.2; C1, 7.1. 'H NMR (MeCN-d, at 
258 K): 6 1.16 (s, 2.85, AsMe), 1.26 (t, 2.85, JpH = 10 Hz, PMe), 
1.41 (s, 2.85, AsMe), 1.49 (t, 2.85, JPH = 10 Hz, PMe), 2.38 (s, 0.15, 
AsMe), 2.39 (t, 0.15, JpH = 10 Hz, PMe), 2.42 (s, 0.15, AsMe), 2.44 
(t, 0.15, 2JpH + 4JpH = 10 Hz, PMe), 7.4-7.8 (m, 28, aromatics). 
,'P NMR (MeCN at 258 K): 6 51.9 (s, l), 56 (s, 1). AM = 269 Q-' 
cmZ mol-' (MeCN). 

[Ni((R *,R * ) - p h a ~ ) ~ ] ( C l O ~ ) ~  (Meso Complex) and (*)-[Ni- 
((R*,R*)-phas)d(Clo,), (Racemic Complex). Nickel(I1) perchlorate 
hexahydrate (1 .O g) and (R*,R*)-(h)-phas (2.0 g) were stirred to- 
gether in acetone (200 mL) for 5 min, during which time the meso 
complex separated as a yellow precipitate. Recrystallization of this 
material from an acetonitrile-diethyl ether mixture afforded the meso 
complex as orange needles in 48% yield (1.3 9): mp 301-302 O C .  

Anal. Calcd for C&&2C12NiOsPZ: C, 48.5; H, 4.1; C1, 7.2. Found 
C, 49.0; H, 4.2; C1,7.1. 'H NMR (MeCN-d,): 6 2.35 (s, 1.92, AsMe), 
2.38 (t, 4.08, JpH = 20 Hz, PMe), 2.39 (s, 4.08, AsMe), 2.46 (d, 1.92, 
JPH = 10 Hz, PMe), 6.9-7.8 (m, 28, aromatics). ,'P NMR (MeCN): 
6 51.1 (s, 0.64), 54.2 (s, 1.36). AM = 276 Q-' cmz mol-' (MeCN). 
The corresponding racemic complex was obtained by concentration 
of the mother liquor (to ca. 50 mL): orange prisms; mp 277-278OC; 
yield 1.2 g (44%). Anal. Calcd for C4HaAs2Cl2NiO8P2: C, 48.5; 
H, 4.1; Cl, 7.2. Found: C, 48.7; H, 4.4; C1, 7.3. 'H and 31P NMR 
(MeCN-d3): identical with that of the optically active complex. A M  
= 271 Q-' cmz mol-' (MeCN). 
(-)-[NiCl([R-(R*,R*)]-pha~)~]C10~. A mixture of (-)-[Ni( [R-  

(R*,R*)]-pha~)~](Clo,)~ (0.4 g) and lithium chloride (0.2 g) was 
stirred in acetone (50 mL) for several minutes. The deep red solution 
was evaporated to dryness, and the residue was dissolved in methanol 
and the solution treated with lithium perchlorate (0.2 g) in the same 
solvent (5 mL). The product crystallized as purple needles from the 
concentrated solution: mp 292-293OC; yield 0.32 g (86%); [a]D -404' 
(c 4.3 X MeCN). Anal. Calcd for C40H40As2C12Ni04Pz: C, 
51.9; H, 4.4; C1, 7.7. Found: C, 51.6; H, 4.3; C1, 7.5. 'H NMR 
(CD2Cl2 at 213 K): 6 1.08 (s, 2 , AsMe), 1.23 (d, 1 , JpH = 10 Hz, 
PMe), 1.31 (s, 2, AsMe), 1.41 (s, 1, AsMe), 1.51 (d, 1, JPH = 10 Hz, 



2662 Inorganic Chemistry, Vol. 23, No. 17, I984 Salem and Wild 

PMe), 1.60 (s, 1 , AsMe), 1.62 (t, 2, JPH = 10 Hz, PMe), 1.81 (t, 
2, JPH = 10 Hz, PMe), 7.0-7.9 (m, 28, aromatics). "P NMR (CH2C12 
at 205 K): 6 44.4 (s, 0.7), 46.7, 63.0 (AB q, 0.6, 2Jpp = 56.2 Hz), 
58.6 (s, 0.7). A M  = 116 Q-' cm2 mol-' (MeCN). 

The following compounds were prepared similarly. (+)-[NiCI- 
([R-(R * , S * ) E p h a ~ ) ~ ~ l O , :  deep red needles; mp 205-206OC; 92% 
yield; [a]D +65.9' (c 4.1 X CH;C12). Anal. Calcd for 
C40H40As2C12Ni04P2: C, 51.9; H, 4.4; C1, 7.7. Found: C, 51.7; H, 
4.4; C1, 7.8. 'H NMR (CD2C12 at 213 K): 6 1.21 (d, 2.88, JPH = 
10 Hz, PMe), 1.31 (s, 2.88, AsMe), 1.33 (d, 2.88, JpH = 10 Hz, PMe), 
1.42 (s, 2.88, AsMe), 2.35 (s, 0.24, AsMe), 2.53 (t, 0.24, JpH = 10 
Hz, PMe), 6.8-8.6 (m, 28, aromatics). "P NMR (CH2C12 at 213 

= 1 15 Q-' cm2 mol-' (MeCN). (f)-[NiCl( (R *,R *)-pha~)~IClO~: 
obtained from the corresponding meso or racemic complex as purple 
needles; mp 216-217 OC; 92% yield. Anal. Calcd for 
C40HaAs2C12Ni04P2: C, 51.9; H, 4.4; C1,7.7. Found: C, 51.7; H, 
4.7; C1,7.7. 'H NMR (CDZClz at 213 K) and 31P NMR (CD2C12 
at 205 K): identical with that of corresponding optically active 
material. AM = 122 R-' cm2 mol-' (MeCN). (*)-[NiCl((R*,- 
S * ) - p h a ~ ) ~ ~ O ~ :  purple needles; mp 280-281 OC; 92% yield. Anal. 
Calcd for C40H&2C12Ni04P~ C, 51.9; H, 4.4; C1, 7.7. Found: C, 
51.7; H, 4.6; C1, 7.6. 'H NMR (CDZCIz at 213 K): 6 1.04 (s, 1.5, 
AsMe), 1.21 (d, 1.5, JpH = 10 Hz, PMe), 1.21 (s, 1.5, AsMe), 1.31 
(s, 1.5, AsMe), 1.33 (d, 1.5, JPH = 10 Hz, PMe), 1.42 (s, 1.5, AsMe), 
1.48 (t, 1.5, JpH = 10 Hz, PMe), 1.58 (t, 1.5, J p H  = 10 Hz, PMe), 
6.8-8.6 (m, 28, aromatics). 31P NMR (CH2C12 at 213 K): 6 52.6, 
58.1 (AB q, 1, 2Jpp = 54.9 Hz), 54.4,55.6 (AB q, 1, 'JPp = 236 Hz). 
A M  = 11 8 Q-' cm2 mol-' (MeCN). 

(k)-[PdC12( (R *,R *)-phas)]. A suspension of freshly prepared 
[PdC12(MeCN)2] (0.71 g) and (R*,R*)-(A)-phas (1 g) in acetonitrile 
(200 mL) was heated under reflux for 5 h. The resulting yellowish 
orange solution was filtered and then diluted with an equal volume 
of methanol. Reduction of the volume of this solution to ca. two-thirds 
of the original afforded yellow plates of the pure product: mp >300 
OC; yield 1.36 g, 92%. Anal. Calcd for C20H20AsC12PPd: C, 44.2; 
H, 3.7; CI, 13.0. Found: C, 44.3; H, 3.7; C1, 13.1. 'H NMR 
(Me2SO-db): 6 2.39 (s, 3, AsMe), 2.45 (d, 3, JPH = 10.5 Hz, PMe, 
7.4-8.1 (m, 14, aromatics). AM = 0.40 Q-' cm2 mol-' (CH2C12). 

(*)-[PdC12((R *,S*)-phas)] was prepared from (R*,S*)-(*)-phas 
by use of the same procedure: yellow microcrystals; mp >300 OC; 
91% yield. Anal. Calcd for C20H20AsC12PPd: C, 44.2; H, 3.7; C1, 
13.0. Found: C, 44.4; H, 3.7; C1, 13.2. 'H  NMR (Me2SO-d6): 6 
2.40 (s, 3, AsMe), 2.49 (d, 3, JpH = 10.5 Hz, PMe), 7.1-8.1 (m, 14, 
aromatics). A M  = 0.68 Q-' mol-' cmz (CHzC12). 

(*)-[PtC12((R *,R*)-phas)]. A mixture of dichloro(cyc1oocta- 
1,5-diene)platinum(II) (1.02 g) and finely ground anhydrous Na2C03 
(0.60 g) in methanol (120 mL) was heated under reflux for 5 min. 
The resulting yellow solution was filtered, and (R*,R*)-(f)-phas (1 .O 
g) was added to the filtrate. When the ligand had completely dissolved, 
hydrochloric acid (30 mL, 10 M) was added to the reaction mixture 
and the volume of the mixture reduced by half. The white precipitate 
was collected and recrystallized from a dichloromethane-methanol 
mixture to produce the pure compound as white needles: mp >30O0C; 
yield 1.6 g (93%). Anal. Calcd for C20H2,,A~C1zPPt: C, 38.0; H, 
3.2; CI, 11.2. Found: C, 38.2; H, 3.2; C1, 11.3. 'H NMR (MQO-d,): 

= 40 Hz, PMe), 7.2-8.2 (m, 14, aromatics). A M  = 0.45 0-' mol-' 
cm2 (in CH2C12). 

The following compounds were prepared similarly. (-)-[PtC12- 
([R-(R*,R*)l-phss)] aad (+)-[ptCl@-(R*JZ*)+phss)]: white plates, 
mp >300 OC, 92% yield; [aID -25.7 and +25S0, respectively (c 0.40, 
CH2CIz). 'H NMR (Me2SO-d6): identical with that of racemic 
material. (*)-[PtCI,((R*,S*)-phas)]: white needles; mp >3OO0C; 
90% yield. 'H NMR (MGO-d,): 6 2.33 (s, 3, 'JM = 22 Hz, AsMe), 

aromatics). A M  = 0.38 Q-' mol-' cm2 (CH2CI2). (+)-[PtCI,([R- 
( R  *,S*)Epbas)] and (-)-[PtCI2([S-(R *$*)I-phas)]: white needles; 
mp >300 OC; 91% yield; [a]D +10.6 and -10.4O, respectively (c 0.42, 
CH2C12). 'H NMR (Me,SO-d,): identical with that of racemic 
material. 

(+)-[PdCI([S-(R *,R * ) ] - p h a ~ ) ~ P .  A mixture of (-)-[PdC12- 
([S-(R*,R*)]-phas)] (0.74 g) and [R-(R*,R*)]-(+)-phas (0.5 g) in 
ethanol (100 mL) was stirred until complete solution had resulted. 
The reaction mixture was then filtered and evaporated to dryness. 
Recrystallization of the residue yielded yellow prisms of the desired 

K): 6 52.6, 58.1 (AB q, 0.96, 2Jpp = 54.9 Hz), 56.5 (s, 0.04). AM 

6 2.37 (S, 3, 3Jpt~ = 22 HZ, AsMe), 2.45 (d, 3, JPH = 10.5 HZ, 3 J p t ~  

2.45 (d, 3, JPH = 10.5 HZ, 3JplH = 40 Hz, PMe), 7.1-8.1 (m, 14, 

product: mp 230-231 OC; yield 1.17 g (94%); [a]D +440° ( e  0.52, 
CH2CI2). Anal. Calcd for CaH&s2Cl2PzPd: C, 52.8; H, 4.4; CI, 
7.8. Found: C, 52.5; H, 4.1; CI, 7.5. 'H NMR (MeOH-d,): 6 1.52 
(s, 3, AsMe), 1.66 (d, 3, JPH = 10 Hz, PMe), 1.89 (br s, 3, AsMe), 
2.04 (t, 3, JpH = 10 Hz, PMe), 7.3-7.9 (m, 28, aromatics). 3'P NMR 
(MeOH): 6 50.5 (s, l), 51.6 (s, 1). AM = 47 (CH2C12), 85 (MeOH), 
197 (H20) Q-' cm2 mol-'. 

The following compounds were prepared similarly in high yield. 
(+)-[PdCI([R-(R *,S*)]-pha~)~]Cl: yellow needles from a dichloro- 
methane-diethyl ether mixture; mp 271-272 'C; 92% yield; [a]D 
+41.4 (c 0.40, MeOH). Anal. Calcd for CaH&s2CI2P2Pd: C, 52.8; 
H, 4.4; C1, 7.8. Found: C, 52.5; H, 4.4; C1, 7.8. 'H NMR 
(MeOH-d,): 6 1.57 (d, 2, JpH = 10 Hz, PMe), 1.74 (br s, 2, AsMe), 
2.61 (s, 4, AsMe), 2.72 (t, 4, JpH = 10 Hz, PMe), 7.0-7.9 (br m, 28, 
aromatics). ,'P NMR (MeOH): 6 51.5 (s, 0.7), 53.8 (s, 1.3). A M  
= 49 (CH2C12), 95 (MeOH), 223 (H20)  R-' cm2 mol-'. A M  = 46 
(CH2C12), 79 (MeOH), 202 (H20) Q-' cm2 mol-'. [PdCl((R*,- 
R*)-phas),]CI (from (*)-[PdCl,((R*,R*)-phas)] and (R*,R*)- 
(*)-phas): yellow needles; mp 247-248 OC. Anal. Calcd for 
C&I&s2C12P2Pd: C, 52.8; H, 4.4; C1,7.8. Found: C, 52.9; H, 4.4; 
C1,7.6. 'H NMR (MeOH-d4 at 253 K): 6 2.42 (d, 3, JPH = 10 Hz, 
PMe), 2.48 (t, 3, JPH = 10 Hz, PMe), 2.56 (s, 3, AsMe), 2.61 (br 
s, 3, AsMe), 7.0-7.9 (m, 28, aromatics). ,'P NMR (MeOH at 253 
K): 6 49.6 (s, l), 50.0 (s, 1). AM = 47 (CH,Cl,), 91 (MeOH), 207 
(H20) e' an2 mol-'. [PdCl((R *,S*)-phas)&l: yellow microcrystals; 
mp 282-283 OC. Anal. Calcd for C40H40A~2C12P2Pd: C, 52.8; H, 
4.4; C1, 7.8. Found: C, 52.6; H, 4.4; CI, 7.7. 'H NMR (MeOH-d4): 
6 1.51 (s, 1.5, AsMe), 1.56 (d, 1.5, J p H  = 10 Hz, PMe), 1.73 (br s, 
1.5, AsMe), 1.80 (t, 1.5, J p H  = 10 Hz, PMe), 2.60 (s, 1.5, AsMe), 
2.63 (br s, 1, AsMe), 2.63 (d, 1.5, J p H  = 10 Hz, PMe), 2.71 (t, 1.5, 
JPH = 10 Hz, PMe), 7.0-7.9 (m, 28, aromatics). "P NMR (MeOH): 

(MeOH), 190 (H20) Q-' cm2 mol-'. (+)-[PtCI([S-(R*,R*)]- 
phas)z]CI.CHzC12: colorless needles; mp 232-233 OC; [.lo +352O 
(c 0.55, CH2C12). Anal. Calcd for C41H42A~2C14P2Pt: C, 45.5; H, 
3.9; CI, 13.1. Found: C, 45.3; H, 3.6; C1, 13.2. 'H NMR (MeOH-d4): 

= 40 Hz, PMe), 1.95 (br s, 3, 3JptH = 22 Hz, AsMe), 2.04 (t, 3, JPH 

aromatics). NMR (MeOH): 6 40.0 (s, 1, 'JW = 2296 Hz), 41.1 
(s, 1, 'Jptp = 2798 Hz). AM = 42 (CH2C12), 97 (MeOH), 210 (H20) 
R-' cm2 mol-'. (+)-[PtCl([R-(R *,S*)]-phas),ICl: colorless needles; 
mp 309-310 OC; [.ID +22.3' (c 0.32, MeOH). Anal. Calcd for 
CmH&s2C12P2Pt: C, 48.1; H, 4.0 C1, 7.1. Found: C, 48.0; H, 4.1; 
C1, 7.3. 'H NMR (MeOH-d,): 6 1.71 (d, 3, JpH = 10 Hz, 3JptH = 
40 Hz, PMe), 1.86 (br S, 3, 3Jpt~ = 22 Hz, AsMe), 2.72 (S, 3, 3JplH 

6 48.9 (s, 0.5), 51.5 (s, 0.5), 54.6 (s, 0.5). A M  = 46 (CH2CI,), 84 

6 1.64 (S, 3, 3Jpt~ = 22 HZ, AsMe), 1.74 (d, 3, JPH = 10 HZ, 3 J p t ~  

= 10 Hz, 3JptH 40 Hz, PMe), 5.3 (S, 2, CH2C12), 7.3-7.9 (m, 28, 

= 22 Hz, AsMe), 2.85 (t, 3, JPH = 10 Hz, ' J p t ~  = 40 Hz, PMe), 

= 2767 Hz), 41.7 (s, 1, 'Jptp = 2363 Hz). AM = 48 (CH2Cl2), 97 
7.0-7.9 (m, 28, aromatics). "P NMR (MeOH): 6 41.4 (s, 1, 'Jptp 

(MeOH), 206 (H20) Q-' cm2 mol-'. [PtCl((R*,R*)-pha~)~]Cl: 
colorless needles; mp 285-286 OC. Anal. Calcd for CaH&2C1zP2Pt: 
C, 48.1; H, 4.0; CI, 7.1. Found: C, 47.8; H, 4.1; C1, 7.3. 'H NMR 
(MeOH-d,): 6 2.60 (d, 3, J p H  = 10 Hz, 'JptH = 40 Hz, PMe), 2.66 

7.0-8.0 (m, 28, aromatics). 31P NMR (MeOH): 6 40.2 (s, 1, '.Iptp 

(MeOH), 223 (H20) Q-' cm2 mol-'. [ptc1((R*,S)-phas)&l: colorless 
microcrystals; mp 3 16-3 17 OC. Anal. Calcd for CaH&s2Cl2PzPt: 
C, 48.1; H, 4.0; C1, 7.0. Found: C, 48.Q H, 4.0; C1, 7.4. 'H NMR 
(MeOH-d,): 6 1.64 (s, 1.5, 3JptH = 22 Hz, AsMe), 1.71 (d, 1.5, JPH 
= 10 Hz, 3Jm = 40 Hz, PMe), 1.86 (br s, 1.5, 3JptH = 22 Hz, AsMe), 

= 22 Hz, AsMe), 2.76 (br s, 1.5, 'JptH = 22 Hz, AsMe), 2.76 (d, 1.5, 

= 40 Hz, PMe), 7.0-8.0 (m, 28, aromatics). 31P NMR (MeOH): 

(t, 3, JPH 10 HZ, 'Jpt~ = 40 HZ), 2.69 (S, 3, 3 J p t ~  = 22 HZ, AsMe), 

= 2767 Hz), 40.3 (s, 1, 'Jptp = 2268 Hz). A M  = 47 (CHZClz), 101 

1.93 (t, 1.5, JPH = 10 HZ, ' J p t ~  = 40 Hz, PMe), 2.72 (s, 1.5, 3 J p t ~  

JPH 10 Hz, 3 J p t ~  = 40 Hz, PMe), 2.85 (t, 1.5, JPH = 10 Hz, ' J p t ~  

6 41.4 (s, 0.5, 'Jptp = 2767 Hz), 41.7 (s, 0.5, 'Jptp = 2363 Hz), 40.2 
(s, 0.5, 'Jptp = 2274 Hz), 41.8 (s, 0.5, 'Jptp = 2867 Hz). A M  = 49 
(CH2C12), 95 (MeOH), 223 (H20) Q-' cm2 mol-'. 

(+)-[Pd([S-(R*,R*)l-phas),](PF,),. The complex (+)-[PdCI- 
([S-(R*,R*)-pha~)~lCl (0.5 g) was dissolved in hot water (25 mL), 
and the solution was treated with NH,PF, (0.5 g) in water (5 mL). 
The white precipitate that formed was collected and recrystallized 
from an acetone-diethyl ether mixture, producing colorless needles 
of the desired salt: mp 310-31 1 OC; yield 0.95 g (90%); [a]D +304O 
(c 0.56, acetone). Anal. Calcd for C40H40A~2F12P4Pd: C, 42.6; H, 
3.6. Found: C, 42.7; H, 3.7. 'H NMR (Me2SO-d6): 6 1.69 (d, 3, 



(R*,R*)-(f)- and (R*,S*)-(f)-phas Complexes 

JpH = 10 Hz, PMe), 1.76 (s, 3, AsMe), 2.04 (t, 3, JPH = 10 Hz, PMe), 
2.14 (br s, 3, AsMe), 7.5-8.1 (m, 28, aromatics). "P NMR (Me2SO): 
6 50.3 (s, l), 51.9 (s, 1). A M  = 220 Q-' cm2 mol-' (Me,CO). 

The following compounds were prepared similarly. (+)-[Pd- 

+51.1° (c 0.4, CH,CI,). Anal. Calcd for C&I&,FlZPPd: C, 42.6; 
H, 3.6. Found: C, 42.8; H, 3.7. 'H NMR (MezSO-d6): 6 2.01 (d, 
5.1, JPH = 10 Hz, PMe), 2.30 (br s, 5.1, AsMe), 2.55 (s, 0.9, AsMe), 
2.58 (t, 0.9, ,JPH = 10 Hz, PMe), 7.1-8.3 (m, 28, aromatics). "P 
NMR (Me2SO): 6 52.8 (s, 0.3), 54.2 (s, 1.7). A M :  insufficiently 
soluble in Me2C0. [Pd((R *$ * ) - p b a ~ ) ~ ] ( P F ~ ) ~ :  fine white needles; 
mp 303-304 OC. Anal. Calcd for CNH&s2F12P4Pd: C, 42.6; H, 
3.6. Found: C, 42.8; H, 3.7. 'H NMR (Me2SO-d6): 6 2.49 (d, 3, 
JpH = 10 Hz, PMe), 2.49 (t, 3, Jph = 10 Hz, PMe), 2.53 (s, 3, AsMe), 
2.56 (br s, 3, AsMe), 7.1-8.0 (m, 28, aromatics). "P NMR (MQSO): 
6 50.3 (s, l), 52.1 (s, 1). A M  = 215 Q-' cm2 mol-' (Me2CO). [Pd- 
((R *,,!3*)-pha~)~](PF~)~: colorless needles; mp 328-329 OC. Anal. 
Calcd for CNH&s2FI2P4Pd: C, 42.6; H, 3.6. Found: C, 42.9; H, 
3.6. 'H NMR (Me2SO-d6): 6 2.01 (d, 2.7, JPH = 10 Hz, PMe), 2.03 
(s, 2.7, AsMe), 2.26 (t, 2.7, J p ~  = 10 Hz, PMe), 2.29 (br s, 2.7, AsMe), 
2.52 (d, 0.3, , JpH = 10 Hz, PMe), 2.55 (s, 0.3, AsMe), 2.58 (br s, 
0.3, AsMe), 2.58 (t, 0.3, JPH = 10 Hz, PMe), 7.1-8.3 (m, 28, aro- 
matics). "P NMR (Me,SO): 6 50.0 (s, O.l), 52.2 (s, 0.9), 52.8 (s, 
O.l), 54.2 (s, 0.9). AM: insufficiently soluble in Me2C0. (+)-[Pt- 
([S-(R*,R*)J-phas),](PF6),: white needles; mp 318-319 OC; ["ID 
+222O (c 0.43, Me,CO). Anal. Calcd for CNH&s2F12P4Pt: C, 
39.5; H, 3.3. Found: C, 39.6; H, 3.4. 'H NMR (Me2SO-d6): 6 1.72 

AsMe), 2.09 (t, 3, JPH = 10 Hz, 'JptH = 40 Hz, PMe), 2.18 (br s, 
3, 'JptH = 22 Hz, AsMe), 7.5-8.2 (m, 28, aromatics). "P NMR 
(Me2SO): 6 43.7 (s, 1, lJRP = 2214 Hz), 44.7 (s, 1, = 2673 
Hz). AM = 216 Q-' cm2 mol-' (Me2CO). (+)-[Pt([R-(R*,S*)]- 
phas)d(PF6)2: colorless needles; mp 322-333 OC; ["ID +30.8 (c 0.39, 
MQCO). Anal. Calcd for C&I.&s2Fl2P4Pt: C, 39.5; H, 3.3. Found: 

([R-(R*,S*)~-~~~S)Z](PF,),: colorless needles; mp 315-316OC; [(Y]D 

(d, 3, JPH 10 HZ, 3 J p t ~  = 40 HZ, PMe), 1.80 (S, 3, 3 J p t ~  = 22 HZ, 

C, 39.5; H, 3.4. 'H NMR (Me,SO-d6): 6 2.06 (d, 5.1, JpH = 10 Hz, 
' J p t ~  = 40 Hz, PMe), 2.30 (br S, 5.1, 'JptH = 22 Hz, AsMe), 2.66 
(S, 0.9, 3Jpt~ = 22 HZ, AsMe), 2.70 (t, 0.9, JPH = 10 HZ, 'Jpt~ = 
40 Hz, PMe), 7.1-8.3 (m, 28, aromatics). 31P NMR (Me2SO): 6 
45.7 (s, 1.7, 'JW = 2750 Hz), 46.0 (s, 0.3). AM: insufficiently soluble 
in Me2C0. [Pt((R *,R *)-phas),](PF6),: fine white needles; mp 
352-356 OC. Anal. Calcd for CNH&s2F12P4Pt: C, 39.5, H, 3.3. 
Found: C, 39.8; H, 3.4. 'H NMR (Me,SO-d6): 6 2.61 (d, 3, JPH 
= 10 HZ, 3Jpt~ = 40 HZ, PMe), 2.63 (t, 3, JPH = 10 HZ, 'Jpt~ = 40 
Hz, PMe), 2.66 (S, 3, 'JptH = 22 Hz, AsMe), 2.68 (br S, 3, ' J p t ~  = 
22 Hz, AsMe), 7.0-8.1 (m, 28, aromatics). 3'P NMR (Me,SO): 6 

insufficiently soluble in Me,CO. [pt( (R *,S*)-pba~)d(PF~)~: colorless 
needles; mp 354-355 OC. Anal. Calcd for CNH&s2FI2P4Pt: C, 
39.5; H, 3.3. Found: C, 39.6; H, 3.4. 'H NMR (Me2SO-d6): 6 2.00 

43.6 (s, 1, ' Jptp = 2217 Hz), 44.3 (s, 1, 'Jptp = 2703 Hz). A M :  

(S, 2.25, ' J p t ~  = 22 HZ, AsMe), 2.06 (d, 2.25, JPH = 10 HZ, 'JRH 
= 40 Hz, PMe), 2.28 (t, 2.25, JPH = 10 Hz, 3Jpt~ = 40 Hz, PMe), 
2.30 (br S, 2.25, 'JptH = 22 Hz, AsMe), 2.66 (S, 0.75, 'Jpt~ 22 Hz, 
AsMe), 2.70 (br s, 0.75, ' J p t ~  = 22 Hz, AsMe), 2.70 (t, 0.75, JPH 

= 40 Hz, PMe), 7.0-8.3 (m, 28, aromatics). "P NMR (Me,SO): 
6 44.4 (s, 0.25, 'JRP = 2735 Hz), 45.3 (s, 0.75, 'JRP = 2217 Hz), 

insufficiently soluble in Me2C0. 

= 10 HZ, ' J p t ~  = 40 HZ, PMe), 2.80 (d, 0.75, JPH = 10 HZ, ' JRH 

45.7 (s, 0.25, 'Jptp = 2735 Hz), 46.0 (s, 0.75, 'Jptp = 2750 Hz). AM: 

Registry No. cis-(-)-[Ni( [R-(R*,R*)]-phas),] (ClO,),, 90969-98-5; 
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tr~ns-(-)-[Ni([R-(R*,R*)]-phas)~](ClO~)~, 91048-31-6; cis-(+)- 
[Ni( [R-(R*,S*)]-phas)2](C104)2, 91 108-35-9; trans-(+)-[Ni( [R- 
(R*,S*)]-phas)z](C104)z, 91048-33-8; cis-(&)-[Ni((R*,R*)- 
phas),] (C104),, 91048-35-0; trans-(*)- [Ni((R*,R*)-phas),](C104),, 
9 1048-37-2; cis- [Ni( (R*,R*)-phas),] (C104),, 9 1048-39-4; trans- 
[Ni((R*,R*)-pha~)~](Cl0~)~, 91048-41-8; cis-(*)-[Ni((R*,S*)- 
phas),] (ClO,),, 9 1048-43-0; trans-( &)- [Ni( (R*,S*)-phas),] (C104),, 
91048-45-2; ~is-[Ni((R*,S*)-phas),](ClO~)~, 91048-47-4; trans- 
[Ni((R*,S*)-phas),](C104),, 91048-49-6; cis-(-)-[NiCl( [R-(R*,- 
R * ) ] - p h a ~ ) ~ ] C l O ~ ,  90970-00-6; trans-(-)-[NiCl[R-(R*,R*)]- 
phas),]C104, 9 1048-5 1-0; cis-(+)- [NiCl( [R-(R*,S*)]-phas),] C104, 
9 1048-53-2; trans-(+)- [NiCl( [R-(R*$*)]-phas),]C104, 9 1048-55-4; 
~is-(i)-[NiCl((R*,R*)-phas)~]C10~, 91048-57-6; trans-(&)-[NiCl- 
((R*,R*)-phas),] C104, 9 1048-59-8; cis-(*)- [NiCl( (R*,S*)- 
phas),]C104, 91048-61-2; truns-(&)-[NiCl((R*,S*)-pha~)~]ClO~, 
91048-63-4; cis-[NiCl((R*,S*)-pha~)~]ClO~, 91048-65-6; trans- 
[NiCl((R*,S*)-phas),] C104, 9 1048-67-8; cis-( +)- [PdCl( [S-(R*,- 
R*)]-pha~)~]Cl, 90970-01-7; trans-(+)- [PdCl( [S-(R*,R*)]-phas),]Cl, 
9 1048-68-9; cis-(+)- [ PdCI( [R-(R*,S*)] -phas),] C1, 9 1048-69-0; 
trans-(+)- [PdCl( [R-(R*,S*)]-phas),] C1, 9 1048-70-3; cis-(&)- 
[PdCl( (R*,R*)-phas),]Cl, 9 1048-7 1-4; trans-(&)- [PdCI( (R*,R*)- 
phas),]Cl, 91048-72-5; cis- [PdCl((R*,R*)-phas),]Cl, 91048-73-6; 
trans- [PdCl( (R*,R*)-phas),] C1, 9 1048-74-7; cis-( *)- [PdCl( (R*,- 
S*)-phas),]Cl, 91048-75-8; trans-(*)-[PdCI((R*,S*)-phas),]Cl, 
91048-76-9; cis-[PdCl((R*,S*)-phas),]CI, 91048-77-0; trans- 
[PdCl( (R*,S*)-phas),] C1, 91 048-78- 1 ; cis-(+)- [PtCl( [S-(R*,- 
R*)] -phas),] C1, 90970-02-8; trans-( +)- [PtCl( [S-(R*,R*)] -phas),] C1, 
91048-79-2; cis-(+)-[PtCl([R-(R*,S*)]-pha~)~]Cl, 91048-80-5; 
tr~ns-(+)-[PtC1([R-(R*,S*)]-phas)~]Cl, 91048-81-6; cis-(*)- 
[PtCl( (R*,R*)-phas),] C1, 9 1048-82-7; trans-(&)- [PtCl( (R*,R*)- 
phas),] C1, 9 1048-83-8; cis- [PtCl( (R*,R*)-phas),] C1, 9 1048-84-9; 
trans- [PtCl( (R*,R*)-phas),] C1, 9 1048-85-0; cis-( *)- [ PtCl( (R*,- 
S*)-phas),]Cl, 9 1048-86- 1 ; trans-(&)- [ PtCI( (R*,S*)-phas),] C1, 
91048-87-2; cis-[PtCl((R*,S*)-phas),]Cl, 9 1048-88-3; trans- [PtCl- 
((R*,S*)-phas),] C1, 9 1048-89-4; cis-( +)- [Pd( [S-(R*,R*)] - 
phas),] (PF6)2,90970-04-0; trans-(+)- [Pd( [S-(R*,R*)]-phas),] (PF6)2, 
9 1048-9 1-8; cis-(+)- [Pd( [R-(R*,S*)] -phas),] (PF6),, 9 1048-93-0; 
truns-(+)-[Pd([R-(R*,S*)]-phas),](PF6),, 91048-95-2; cis-(*)- 
[P~((R*,R*)-~~~S)~](PF~),, 91048-97-4; trans-(*)-[Pd((R*,R*)- 
phas),] (PF,),, 91048-99-6; cis-[Pd((R*,R*)-phas),] (PF,),, 91049- 
01-3; trans-[Pd((R*,R*)-phas),](PF6),, 91049-05-7; cis-(&)-[Pd- 
((R*,S*)-phas),] (PF6),, 9 1049-03-5; trans-( *)- [Pd( (R*,S*)- 

trans- [Pd( (R*,S*)-phas),] (PF,),, 9 1049- 1 1-5; cis-(+)- [Pt( [S-  
( R * , R * ) ] - ~ ~ ~ s ) ~ ] ( P F ~ ) , ,  90970-06-2; trans-(+)-[Pt( [S-(R*,R*)]- 
phas),] (PF6)2,91049- 13-7; cis-(+)-[Pt( [R-(R*,S*)-phas),] (PF6)2, 
91049- 15-9; trans-(+)-[Pt( [R-(R*,S*)-phas),] (PF,),, 9 1049- 17- 1; 
~is-[Pt((R*,R*)-phas)~](PF~),, 91049-19-3; trans-[Pt((R*,R*)- 
phas),] (PF6),, 91049-2 1-7; cis-(*)- [Pt((R*,S*)-phas),] (PF6)2, 

cis- [Pt((R*,S*)-phas),] (PF,),, 9 1049-27-3; trans- [Pt((R*,S*)- 
phas),] (PF6),, 9 1049-29-5; (*)- [PdCI2( (R*,R*)-phas)], 91049-35-3; 
(&)- [PdCl,((R*,S*)-phas)], 91049-36-4; (-)- [PdC12( [S-(R*,R*)]- 
phas)], 8771 1-60-2; (A)-[PtCI,((R*,R*)-phas)], 90970-07-3; (-)- 
[PtC12( [R-(R*,R*)]-~has)], 9 1049-30-8; (+)- [PtCl,( [S-(R*,R*)]- 
phas)], 9 1049-3 1-9; (A)- [PtCl,( (R*,S*)-phas)], 9 1049-32-0; (+)- 
[PtCl,([R-(R*,S*)]-~has)], 91049-33-1; (-)-[PtCl,([S-(R*,S*)]- 
phas)], 91049-34-2; PdCl,(MeCN),, 14592-56-4; dichloro(cyc1o- 
octa-l,5-diene)platinum(II), 12080-32-9. 

phaS)z](PF6)2,91049-07-9; cis-[Pd((R*$*)-pha~)~](PF~)~, 91049-09-1; 

9 1049-23-9; trans-( *)-[ Pt( (R*,S*)-phaS),] (PF6)2, 9 1049-25- 1 ; 




