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Abstract

The behaviour of P-phenyl dinaphthophosphole (L), the first phosphole with axial chirality, towards some d® metal centres has
been investigated. L acts as a monodentate phosphorus ligand and readily substitutes neutral or anionic ligands coordinated to Pd™!
and Pt centres. New complexes L,MCl, with exclusive (M = Pt) or predominant (M = Pd) cis geometry have been obtained by
reaction with K [PtCl,] and (PhCN),PdCl,. Reaction of L with ortho-metallated chloride bridged dinuclear [(C-N)MCI],
complexes (HC-N = 2-benzylpyridine, M = Pt; HC-N = N, N-dimethyl-( R)-¢-methylbenzylamine, M = Pd) promotes bridge split-
ting leading to the mononuclear species LIC-N)MCI with a trans P-M-N arrangement. The X-ray structure of the Pd complex
shows that the coordination around the metal is essentially square planar with normal bond distances. The dihedral angle between
the average planes of the naphthyl groups of the phosphole (33°) and Tolman’s cone angle 8 of the ligand (136°) have been
determined. In some complexes, the phosphole ligand is fluxional at room temperature and undergoes rapid atropisomerization of

the binaphthyl framework even in the bound state.
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1. Introduction

During the last 3 years optically active phosphacyclic
ligands have been introduced with remarkable success
in enantioselective hydrogenation and hydroformyla-
tion of olefins with rhodium [1] and platinum-tin cata-
lysts [2], respectively. A few different phospholanes and
phospholes have been synthesized for this purpose. All
the ligands of this kind reported so far in the literature
owe their chirality to the presence of stereogenic cen-
tres in the carbon backbone [1,2].

The preparation of dinaphthophospholes [3] has
been accomplished recently. These compounds are
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characterized by the inclusion of the phosphorus atom
in a cyclic structure and by the axial chirality of the
molecule. They constitute the first representatives of a
new class of axially dissymmetric phosphacyclic ligands.

On the way to exploring the efficiency of dinaph-
thophosphole derivatives as chiral ligands in enantiose-
lective catalysis, we were interested in the coordination
chemistry around transition metal centres. In particu-
lar, this work was aimed at finding out the extent of the
conformational stability of these ligands in the bound
state. This is essential for the transmission of the chiral
information to the substrate and is a basic requisite for
establishing an efficient resolution protocol of the
racemic ligand.

In previous papers on this subject, [3a,b], it has been
demonstrated that, in solution, free dinaphthophos-
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Scheme 1. Preparation of P-phenylphosphole L.

pholes are fluxional on the NMR time scale at room
temperature because of rapid interconversion between
the atropisomeric conformations of the binaphthyl
framework.

2. Results and discussion

Racemic 7-phenyl[2,1-b;1’,2’-d]phosphole (L) (there-
after indicated as phosphole) was selected as the target
ligand for this study since it is the most readily avail-
able dinaphthophosphole (Scheme 1), is substantially
stable in the solid state and can be easily obtained in
pure form. We have investigated the behaviour of the
new ligand in the coordination chemistry around dif-
ferent d® metal centres as depicted in Scheme 2.

The reaction of the phosphole with (PhCN),MCl,
(M = Pd) and MCl,; ~ (M = Pt) affords the correspond-
ing substitution products which, on the basis of the
elemental analyses, can be formulated as L,MCl,. The
new complexes have been characterized by IR, multi-
nuclear NMR and FAB-MS spectroscopic techniques.

The monomeric nature of the platinum complex in
the vapour phase resuilts from the FAB mass spectrum
which shows a molecular ion peak at 986 m/z and
other main signals at 951 and 916 m /z due to the loss
of one and two chlorine atoms, respectively. The com-

+ 2L —_—

L,PtCL, + 2KC
1

a) K[PtCl,]

b) (PhCN),PdCl, +2L ——— = L,PdCl,+2PhCN

. NN
v N\

M=Pt HC-N = 2-benzylpyridine 3
M=Pd HC-N = N,N-dimethyl(R)-a-methylbenzylamine 4

Scheme 2. Reactions chart.

1)nBuLi OO
Br

P-Ph ———

2)ClPPh O O Br

plex has been isolated in the solid state as a yellow
powder and shown to be a single isomer on the basis of
IR and NMR evidence. The *'P NMR spectrum at
room temperature shows one single broad resonance at
12.1 ppm together with satellites due to >'P-'%Pt
coupling with a constant of 3480 Hz, consistent with a
trans P-Pt-Cl arrangement. This stereochemistry is
confirmed in the solid state by IR spectroscopy where,
according to the cis geometry, two absorption bands at
324 and 304 cm ™! are observed that can be attributed
to Pt—Cl stretching modes. The '"H NMR, even if less
useful from a diagnostic point of view, is in keeping
with the proposed structure. When the P NMR is
recorded at 280 K, the resonance at 12.1 ppm is split
into two separate signals each possessing satellite peaks
due to Pt coupling in a ratio of about 1:1. The
spectrum is unchanged down to 223 K (12.6 and 9.3
ppm). The dynamic behaviour of the complex in solu-
tion at variable temperature is confirmed by 195p¢
NMR appearing as a pair of triplets centred at —4370
and —4380 ppm, respectively. A cis-geometry can be
attributed to both these species on the basis of the
observed coupling constants (J = 3480 and 3490, re-
spectively). This fact is a consequence of the fluxional-
ity of the binaphthophosphole ligand which in the free
state is known to undergo ready interconversion be-
tween the two atropisomeric conformations. This is a
fast process on the NMR time scale at room tempera-
ture. When this equilibrium is frozen, two different
L,MCI, complexes should result according to the rela-
tive chirality assumed by the coordinated ligands: like
pairs (R,R and S,S) would produce a racemic deriva-
tive, while unlike pairs (R,S and S,R) would give rise
to a meso compound. These species are in diastere-
omeric relationship and give rise to separate NMR
resonances.

Displacement of coordinated PhCN by phosphole L
(Scheme 2, b) afforded the palladium complex 2 which
was readily isolated in high yield as a yellow powder.
Like the Pt complex 1, the product is not an electrolyte
and is monomeric in the vapour phase. Elemental
analysis and FAB-MS are in agreement with the ex-
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pected structure and, consequently, only aromatic reso-
nances were observed in proton and 3C NMR spectra
(see Section 5). Unlike the Pt derivative, the *'P NMR
spectrum shows two separate peaks even at room tem-
perature, the first sharp and the latter broad, in an
approximate 1:4 ratio, at 17.5 and 28.4 ppm, respec-
tively. Upon cooling the solution down to 233 K, both
these peaks are split into two separate singlets at 17.7,
18.4 and 27.0, 30.4 ppm, respectively. The spectrum
can be reproduced by warming the sample back to
room temperature and remains unaffected up to 323 K.
The same result was observed when the spectra were
recorded on the complex 2 prepared in situ by adding
the required amount of phosphole to a CDCl, solution
of the palladium precursor.

It is clear from these results that the reaction of L
with (PhCN),PdCl, leads to a mixture of isomers,
containing two phosphole ligands which are fluxional
at room temperature and attain configurational stabil-
ity only below ambient temperature. We have made
several unsuccessful attempts to separate the two com-
plexes for a deeper characterization. It seems reason-
able to assume that they are the cis and trans geomet-
rical isomers. In agreement with this assumption, the
difference between the *'P chemical shifts of the two
species (ca. 10 ppm) is in the same range previously
reported for different couples of cis and trans L,PdCl,
(L = tertiary phosphine) [7]. As in square planar palla-
dium(II) complexes, a ligand of higher trans influence
shifts the *'P resonance at higher field, the more
shielded peak can be confidently attributed to the cis
isomer.

The reactions of phosphole L with C,N-ortho-metal-
lated dinuclear complexes (Scheme 2, ¢) caused chlo-
ride bridge splitting affording Pt and Pd complexes
where the metal is surrounded by four different donor
atoms.

The preparation of the 2-benzylpyridine derivative
[(C-N)PtCl], (5), the precursor of the platinum com-
plex 3, has been accomplished recently [4] by Minghetti
et al. ! This product reacts smoothly at room tempera-
ture with the phosphole L giving a neutral compound
formulated as L(C-N) PtCl in good yield. In FAB-MS,
complex 3 shows a molecular peak at 759 m/z and
other significant peaks at 723 and 554 m/z corre-
sponding to subsequent loss of hydrogen chloride and
benzylpyridine. Conductance, elemental analysis and
BC NMR, showing only one single non-aromatic reso-
nance due to a methylene at 49.5 ppm, are all consis-
tent with the proposed structure. A trans N-Pt-P

! We thank Prof. Minghetti for a gift of the platinum-benzylpyridine
complex and for useful discussions.

arrangement is suggested by the presence in the IR
spectrum of »(Pt-Cl) at 285 cm™! [4]. The '"H NMR
spectrum shows a broad multiplet at very low field
(925 5, J(H-'Pt) = 30 Hz) which, for CN-
cyclometallated compounds, can be considered diag-
nostic of the proximity of the chlorine and the H(Cy)
of the pyridine ring [5]. The benzylic CH, resonates as
an AB system, J(H-H) = 13.6 Hz, and shows a signifi-
cant coupling to 1%5pt of the more deshielded arm of
the AB system (*J(*H-'%Pt) =20 Hz). No dynamic
process is apparent and the spectrum remains substan-
tially unchanged up to 323 K. These data indicate that
only the geometrical isomer with the cis N-Pt-Cl
arrangement is present in solution and that the six-
membered cyclometallated ring adopts a rigid boat
conformation which allows a long range interaction
between one hydrogen of the CH, group and the
metal atom. This is in agreement with the structural
data of analogue complexes [4,6]. Two broad peaks at
11.1 and 17.3 ppm are present in the 3lp NMR spec-
trum at room temperature. Both these resonances are
associated with satellites due to *'P-1%Pt coupling
with relative constants of about 4250 Hz each, in
keeping with the presence of a ligand of lower trans
influence. Unlike in complexes 1 and 2, these signals
are not split at low temperature and the spectrum
recorded at 223 K shows only two sharp peaks with
satellites at 11.2 (J = 4270 Hz) and 17.1 ppm (J = 4260
Hz).

The values of the J(3'P-1%Pt) coupling constants
[4] confirm beyond any doubt that the two species have
the same trans N-Pt-P geometry. Two doublets at
—4072 and —4083 ppm are also observed in the 1%5pg
NMR spectrum at room temperature and the spectrum
does not change at low temperature.

These data illustrate that two different species are
obtained in the reaction of L with 5; both have the
same trans N-Pt-P arrangement and the six-mem-
bered metallacycle in a non-fluxional boat conforma-
tion. Inspection of molecular models points out that
the rotation around the Pt-P bond is strongly ham-
pered by a strong interaction between one naphthyl
ring and the chloride ligand (Fig. 1). Formation of
atropisomers can be then anticipated.

In both the isomers the dynamic behaviour of the
phosphole ligand is no longer apparent. This means
that either the binaphthyl backbone is rigid even at
room temperature, or it is fluxional even at low tem-
perature. As it seems easier to assume that, upon
binding, the ligand may increase its rigidity rather than
its fluxionality, we favour the first hypothesis. The
origin of this phenomenon can be only speculated. This
may be the consequence of some constraint originating
from steric crowding or the result of non-bonded inter-
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Fig. 1. View of complex 3. Phenyl substituent omitted for clarity.

actions (w-stacking or similar) involving one naphthyl
ring of the phosphole.

Enantiopure N, N-dimethyl-a-methylbenzylamine
was introduced as a resclving agent for racemic ligands
about 20 years ago [8]. In the form of the chloride
bridged palladium complex [(C-N)PACIl], (6) it has

Fig. 2. orTEP view of compound 4.

been successfully employed in the resolution of several
chiral mono- and bi-dentate phosphines [9]. Compound
6 readily undergoes chloride bridge splitting upon
treatment with a stoichiometric amount of the phosp-
hole L giving complex 4 in high yield, isolated as
crystalline powder. Elemental analysis, IR spectrum
and FAB-MS are consistent with the expected struc-
ture. 'H and P NMR spectra at 273 K show two
different diastereoisomers which can be attributed to
the presence of non-interconverting atropisomeric con-
formations of the phosphole ligand. Upon crystalliza-
tion from methylene chloride/ petroleum ether, 4 af-
forded well-formed crystals suitable for X-ray structure
determination.

3. Structure in the solid state of compound 4

The structure consists of the packing of L{C-N)PdCl
and CH,Cl, molecules, in a molar ratio of 1:1, with
no unusual Van der Waals contacts. An ORTEP view of
the molecule is given in Fig. 2. The principa! bond
parameters are listed in Table 1. Atom C8 appears to
be disordered and split into two half atoms, C8A and
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TABLE 1. Selected bond distances (A) and angles (°) for compound
4. CH,Cl, with e.s.d.s in parentheses

Pd-Ci1 2.401(2) Pd-P 2.233(2)
Pd-N 2.137(7 Pd-C2 2.005(7)
P-C12 1.804(8) P-C22 1.824(7)
P-C31 1.810(8) N-C7 1.506(12)
N-C9 1.456(13) N-C10 1.502(11)
C1-C2 1.387(12) C1-C6 1.401(12)
C1-C7 1.516(12) C2-C3 1.394(10)
C3-C4 1.39%(11) C4-C5 1.341(16)
C5-C6 1.391(13) C7-C8A 1.364(21)
C7-C8B 1.469(25) Ci11-C12 1.41(9)
C11-C20 1.42%(10) C11-C21 1.491(10)
C12-C13 1.412(10) C13-C14 1.361(11)
C14-C15 1.410(9) C15-Cl6 1.412(11)
C16-C17 1.366(11) C17-C18 1.388(12)
C18-C19 1.385(12) C19-C20 1.413(9)
C21-C22 1.367(10) C21-C30 1.451(9)
C22-C23 1.399(11) C23-C24 1.376(10)
C24-C25 1.433(11) C25-C26 1.412(10)
C26-C27 1.338(12) C27-C28 1.387(13)
C28-C29 1.368(10) C29-C30 1.407(11)
C31-C32 1.373(11) C31-C36 1.400(12)
C32-C33 1.406(13) C33-C34 1.394(15)
C34-C35 1.356(14) C35-C36 1.381(12)
C12-C37 1.726(14) C13-C37 1.716(15)
Cl1-Pd-P 88.51(7) Cl1-Pd-N 94.402)
Cl1-Pd-C2 169.6(2) P-Pd-N 172.4(2)
P-Pd-C2 97.0(2) N-Pd-C2 81.3(3)
Pd-P-CI2 114.8(3) Pd-P-C22 124.6(3)
Pd-P-C31 113.1(3) C12-P-C22 90.9(3)
C12-P-C31 110.1(3) C22-P-C31 100.7(3)
Pd-N-C7 105.5(5) Pd-N-C9 108.3(6)
Pd-N-C10 113.5(6) C7-N-C9 110.7(7)
C7-N-C10 109.1(7) C9-N-C10 109.6(7
C2-C1-C6 121.3(8) C2-C1-C7 117.8(D
C6-C1-C7 120.9(8) Pd-C2-C1 113.0(5)
Pd-C2-C3 127.8(6) C1-C2-C3 118.5(7)
C2-C3-C4 119.8(8) C3-C4-C5 120.%(8)
C4-C5-Co 121.3(8) C1-Co-C5 118.2(9)
N-C7-C1 106.2(7) N-C7-C8A 11D

N-C7-C8B 123(1)

C1-C7-C8B 114(1)

C12-Ci1-C21 112.1(6)
P-C12-C11 110.5(5)
C11-C12-C13  122.2(7)
C13-C14-C15  120.5(D
C14-C15-C20  120.9(D)
C15-C16-C17 121.7(7)
C17-C18-C19  120.4(7)
C11-C20-C15  118.K6)
C15-C20-C19  118.3(7)
C11-C21-C30 127.9(6)
P-C22-C21 111.2(5)
C21-C22-C23  123.5(6)
C23-C24-C25 120.1(7)
C24-C25-C30 120.4(6)
C25-C26-C27 119.6(7)
C27-C28-C29 120.5(8)
C21-C30-C25 117.5(6)
C25-C30-C29 117.2(6)
P-C31-C36 119.4(6)
C31-C32-C33  119.1(8)

C1-C7-C8A  117(1)
C12-C11-C20 117.7(6)
C20-C11-C21 129.9(6)
P-C12-C13  126.7(5)
C12-C13-C14 118.9(6)
C14~C15-C16 120.6(7)
C16-C15-C20 118.4(6)
C16-C17-C18 119.9(8)
C18-C19-C20 120.9(7)
C11-C20-C19 123.3(6)
C11-C21-C22 113.4(6)
C22-C21-C30 118.4(7)
P-C22-C23  125.1(5)
C22-C23-C24 118.7(7)
C24-C25-C26 119.(7)
C26—-C25-C30 120.4(7)
C26-C27-C28 121.2(7)
C28-C29-C30 120.8(7)
C21-C30-C29 125.(7)
P-C31-C32  120.5(6)
C32-C31-C36 120.1(7)
C32-C33-C34 120.5(9)

TABLE 1. (Continued)

C33-C34-C35 119.2(9)
C31-C36-C35 119.6(8)

C34-C35-C36
Ci2-C37-CI3

121.5(9)
112.3(7)

C8B, with an occupancy factor of 0.50 each (see Sec
tion 5).

The coordination around the palladium atom is es-
sentially square planar, with a slight tetrahedral distor-
tion. Distances from the best plane are +0.140,
+0.161, —0.140 and —0.176 A for P, N, Cl1 and C2,
respectively, and the dihedral angle between the Pd-
Cl1-P and Pd-N-C2 planes is 12.2°. The N-Pd-C2
angle is 81.3(3)°. The Pd-Cl1 bond (2.401(2) A) is long
but well in keeping with the trans-influence of the aryl
carbon atom. The Pd-P and l:d—C2 distances are
normal, (2.233(2) and 2.Q05(7) A, respectively). The
Pd-N distance (2.137(7) A) is in the same range ob-
served in similar complexes containing other phosphine
ligands trans to nitrogen [10,13). In the five-membered
metallacycle, the Pd, N, C1 and C2 atoms are nearly
coplanar and the maximum deviations from the best
plane are +0.102 and —0.121 A for C2 and Cl,
respectively. The C7 atom is located 0.580 A above this
plane. The average best planes of the two naphthyl
rings of the phosphole ligand show a dihedral angle of
33°. Due to the constraint originating from the inclu-
sion of the phosphole ring within the diaryl framework,
this value is substantially smaller than those observed
in non-cyclic 2,2'-disubstituted dinaphthyl derivatives
and in dinaphthophosphacyclic derivatives of larger
ring size. For instance, 1,1-binaphthyl exists in two
distinct crystalline forms having twist angles of 68° [11]
and 103° [12], respectively, and the seven-membered
P-phenyldinaphthophosphepine [13] shows a dihedral
angle of 63.8°. As a consequence of this small twist
angle, the contact distance between H(19) and H(29) is
rather low (2.20 A). The Tolman’s [14] cone angle of
the ligand 8, as determined from the crystal siructure,
is 136°. As expected, it is definitely smaller than in
triphenylphosphine (145°), The steric bulk of P-phenyl-
dinaphthophosphole is then in the same range of a
monoalkyldiphenylphosphine (8 = 136°) [15], but its o-
donicity is probably closer to triphenylphosphine.

4. Conclusions

P-Phenylphosphole easily displaces neutral or an-
ionic ligands coordinated to d® metal centres. It also
reacts with C-N cyclometallated chloride bridged di-
nuclear complexes to afford mononuclear species where
the phosphole selectively occupies the coordination site
trans to the nitrogen. In the bound state, the phos-
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phole sometimes maintains the fluxional behaviour of
the binaphthyl framework displayed in the free state
and in binaphthophospholium salts and phosphine ox-
ides [16]. In the case of cyclometallated complexes 3
and, to a lesser extent, 4, this dynamic behaviour
disappears and diasterecomeric complexes not in equi-
librium can be obtained even at room temperature.
Despite the smaller Tolman’s conic angle, the new
ligand appears more demanding than triphenylphos-
phine from a steric point of view and hindered rotation
around the metal-P bond may sometimes be expected
according to the nature of the additional ligands bound
to the metal.

5. Experimental details

5.1. General procedures

Solvents were distilled and dried before use accord-
ing to conventional procedures. The reactions were
carried out at room temperature under an atmosphere
of dinitrogen. The analytical samples were pumped to
constant weight (room temperature, ca. 0.1 Torr).
Evaporation was always carried out under reduced
pressure (water aspirator).

The elemental analyses were performed by the Mi-
croanalytical Laboratories of the Universities of Mi-
lano and Sassari and by the Mikroanalytisches Labor
Pascher (Remagen, Germany). Infrared spectra were
recorded on BIO-RAD FTS-7PC spectrophotometer.
The mass spectrometric measurements were performed
on a VG 7070EQ instrument, equipped with a PDP
11-250J data system and operating under positive ion

TABLE 2. Analytical and other data
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fast atom bombardment (FAB) conditions with 3-
nitrobenzyl alcohol (from Fluka) as matrix. The bom-
barding Xe atom beam had a translational energy of 8
E)%V. The reported m /z values are related to '*>Pt and

Pd.

'H, BC{*H}, *'P('H} and ""Pt{'H} NMR spectra
were recorded on Bruker WP80, AC200 and Varian
XL-200 and VXR-300 spectrometers. Elemental analy-
ses and >'P NMR data are reported in Table 2.

5.2. Preparation of the complexes

cis-L,PtCl, (1): A solution of L (248 mg, 0.688
mmol) in THF (25 ml) was added dropwise to a stirred
solution of K,PtCl, (143 mg, 0.344 mmol) in water (10
ml). After 15 min, the clear pale yellow solution was
concentrated until a yellow oil was formed. This was
extracted with CH,Cl, and the organic layer evapo-
rated to dryness to give a sticky yellow product. Treat-
ment with Et,O (50 ml) afforded a yellow powder (306
mg, 90%) which was recrystailized from CH,Cl,/Et,0
to give the analytical sample (206 mg, 61%). Mass
spectrum (FAB): m/z 986 (M)*, 951 (M — CD*, 916
(M —2CD*. '"H NMR (CDCl,, room temperature):
8.3-7.0. IR (Nujol): 324 and 304 cm ™! »(Pt-Cl).

L,PdCl, (2): To a stirred solution of (PhCN),PdCl,
(144 mg, 0.376 mmol) in CHCl; (30 ml) was added a
solution of the ligand L (272 mg, 0.755 mmol) in the
same solvent (15 ml). After 20 min, the dark yellow
solution was evaporated to dryness and the residue
washed with diethyl ether (3 X 40 ml) to give a mustard
yellow powder (304 mg, 90%). The crude product was
recrystallized from CH,Cl,/Et,0 to give the analyti-

Compound m.p. (dec. °C) Elemental analysis (%) 31p NMR (ppm) *
C H Cl N P M

1 235

cis-L,PtCl, 62.1 3.6 7.1 - 6.5 19.7 +12br ®

Cs,H,,Cl,P,Pt 63.3 35 7.2 - 6.3 19.8

2 220

L,PdCl, Found 68.7 3.9 8.8 - 6.7 11.7 +17.5s, +28.4br ©

CsyH4,Cl,P,Pd Calcd. 69.5 38 79 - 6.9 119

3 185

L(C-N)PCl 60.1 38 4.9 1.7 44 245 +11.1br, +17.3br ¢

C5H,,CINPPt 60.1 3.6 4.7 18 41 25.7

4 210

L(C-N)PdCl1 66.5 4.8 54 21 47 16.3 + 35.6br, +37.7br ©

CsH 4, CINPPd 66.4 46 5.4 2.2 46 16.1

* Measured in CDCl; solution at room temperature, unless otherwise stated; chemical shifts are in ppm referred to external H3PO,1; coupling
9

constants, J, are in Hz; J(Pt-H) are given in square brackets. ® At 273 K, split into two singlets (1:1) +12.6[3480] and +9.3{3490).

Pt (ppm

from Na,PtCl;) —4372t and —4377t. © At 233 K; both the signals (4:1 ca) are split into two singlets (1:1) +17.7, +184 and +27.0, 304,
respectively; unchanged down to 223 K. 4 At 223 K; +17.1[4260], 11.2{4270], 195 Pt —4072, ~4083. © Unchanged but more sharp at 233 K. At

323 K coalesces in one broad singlet at 36.8.
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cal sample (270 mg, 80%). Mass spectrum (FAB): m /z
863 (M — CI)*, 827 (M — 2C1 — H)*. "H NMR (CDCl,,
room temperature): 8.5-7.0.

L(C-N)PtCl (3): To a suspension of [(C-N)PtCl],
(HC-N = 2-benzylpyridine; 153 mg, 0.192 mmol) in
CHCIl, (50 ml) was added a solution of the ligand L
(141 mg, 0.391 mmol) in the same solvent (15 ml). The
suspension was stirred until a pale yellow solution was
obtained (ca. 2 h). A small amount of the starting
material was filtered off, the solution was evaporated
to dryness and the residue extracted with Et,O (100
ml). The product separated as pale yellow powder
upon concentrating the solution after addition of n-
hexane (210 mg, 72%). Mass spectrum (FAB): m/z
759 M)+, 723 (M — CI-H)*, 554 (M — CI-[C-N]D*. 'H
NMR (CDCl;, room temperature): 3.93 (d, J(H-H) =
13.6 Hz, 1H); 4.83 (m, J(H-H) = 13.6 Hz, J(H-195Pt)
= 20 Hz, 1H); 6.1-8.6 (m); 9.25 (m, J(Pt-H) = 30 Hz,
1H). °C NMR (CDCl,, room temperature): 49.5
(CH,). IR (Nujol): »(Pt-Cl) 285 cm ™~

L(C-N)PdCI (4): To a suspension of [(C-N)PdCl],
(HC-N = N,N-dimethyl-(R)-a-methylbenzylamine)
(226 mg, 0.391 mmol) in CHCI; (50 ml) was added a
solution of the ligand L (280 mg, 0.782 mmol) in the
same solvent (15 ml). The suspension was stirred for 30
min. The solution was evaporated to dryness and the
residue extracted with Et,O (100 ml). The solvent was
evaporated to obtain a yellow crystalline solid. The
crystals for X-ray diffraction were obtained from
dichloromethane /petroleum ether (432 mg, 85%).
Mass spectrum (FAB): m/z 650 (M)*, 614 (M — Cl-
H)*. '"H NMR (CDCl,, room temperature): 1.80 (bs,
3H); 2.60 (bs, 3H); 2.80 (bs, 3H); 3.65 (bs, 1H); 6.20-8.40
(series of m, 21H). IR (Nujol): 3000w, 1420w, 650m,
450w, 200s cm .

5.3. X-Ray data collection and structure determination
Crystal data and other experimental details are sum-
marized in Table 3. The diffraction experiment was
carried out on an Enraf-Nonius CAD-4 diffractometer
at room temperature using Mo-Ka radiation (A =
0.71073 A) with a graphite crystal monochromator in
the incident beam. The crystals were extremely thin
and therefore weakly diffracting. The calculations were
performed on a PDP 11/73 computer using the SDP
Structure Determination Package [17] and the physical
constants tabulated therein. A crystal decay of about
1.3% on intensity was observed at the end of data
collection. The diffracted intensities were corrected for
Lorentz, polarization, decay and absorption effects (¥
scan empirical correction) [18)]. Scattering factors and
anomalous dispersion corrections were taken from ref.
19. The structure was solved by Patterson and Fourier
methods and refined by full-matrix least-squares, mini-

TABLE 3. Crystallographic data for compound 4, CH,Cl,

Formula C437H33CI3N P Pd,
F.W. (amu) 735.4
Crystal system Monoclinic
Space group P2, /c
a(A) 11.813(2)
b (A) 10.451(2)
¢ (A) 27.83%5)
B 100.61(1)
V(A 337%(1)
z 4
Dy (gem™) 1.446
Crystal dimensions (mm) 0.05x0.33x0.38
Colour Pale yellow
# (Mo-Ka)(cm™Y) 8.5
Min. transmission factor 0.90
Scan mode @
w-scan width (°) 0.85+0.35tan 6
8-range (°) 3-25
Reciprocal space explored +h, +k, +1
Measured reflections 6272
Unique observed reflections
with > 30(I) 3064
Final R and R, indices ® 0.049, 0.057
No. of variables 397
GOF ® 1.64

*R=[L(F,- k|F,1)/LF,), R, =[Ew(| F,| - k| F,1)*/Zw]| F,2{]/2.
> GOF = [ZW(FO -k l Fc ')2/(Nobservations - Nvariables)]l/z' w =
1/(o(F))?, a(F,) =[o2()+(0.041)*)'/2 /2F, Lp.

mizing the function Yw(F, — k | F,|)%. The crystal con-
tains molecules of CH,Cl, in the ratio 1:1 with the
organometallic molecules. In space group P2, /c, atom
C8 appears to be disordered and split into two half
atoms (C8A and C8B, see Table 1) with an occupancy
factor of 0.50 each. This is not surprising, because if
this atom were ordered in the centrosymmetric space
group, this would imply the presence in the cell of
molecules with the absolute configuration R at the
asymmetric carbon C7 and molecules (centrosymmet-
ric) with the absolute configuration S. On the contrary,
there is no chemical evidence that the optically pure
ligand (absolute configuration R) used in the synthesis
of the organometallic molecule has undergone racem-
ization. It appears likely, therefore, that the actual
space group is P2, (non-centrosymmetric) and that the
crystal is built up of ordered organometallic molecules
with the absolute configuration R at C7, together with
CH,CI, molecules. This view is supported by the fact
that of the 353 h0! reflections collected (which are
systematically absent in space group P2,/c), 44 have
I>30(I). Therefore, we have tried to refine various
ordered models in space group P2;; these attempts
have shown that: (i) even the solvent molecule, despite
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its high thermal parameters, is present in both the
centrosymmetric sites (in other words, its packing is
centrosymmetric); (i) the ordered models refined in
space group P2, are unacceptable because of unrea-
sonable bond lengths and angles. The latter result was
expected, and is due to the fact that all the atoms in

TABLE 4. Fractional atomic coordinates with e.s.d.s in parentheses
for the refined atoms of compound 4, CH,Cl,

Atom x y z B (A?)
Pd 0.19836(5) 0.13528(6)  0.31097(2) 3.03(1)
cui 0.0689(2) 0.2427(2) 0.24704(7) 4.44(5)
Cc2 0.4112(4) 0.4427(5) 0.6091(1) 12.9(1)
Cl13 0.5949(5) 0.5651(6) 0.6741(2) 18.9(2)
P 0.0944(2) 0.2104(2) 0.36419(6) 2.78(4)
N 0.2896(6) 0.0390(8) 0.2621(2) 4.6(2)
C1 0.3891(7) —0.0308(8) 0.3415(3) 4.3(2)
2 0.3286(6) 0.0648(8) 0.3603(3) 3.4(2)
C3 0.3730(7) 0.1126(9) 0.4067(3) 4.6(2)
Cc4 0.4739%(7) 0.060(1) 0.4337(3) 6.2(3)
Cs 0.5296(8) —0.034(1) 0.4155(3) 7.3(3)
Cc6 0.4897(8) —-0.083(1) 0.3689(4) 5.9(2)
7 0.3436(8) —0.0762(9) 0.2898(3) 5.6(2)
CBA 0.267(2) —-0.175(2) 0.284%(7) 5.3(5)
CSB 0.422(2) —-0.163(2) 0.2701(7) 7.1(6)
9 0.3778(8) 0.125(0) 0.2506(3) 6.5(3)
C10 0.214(1) —0.005(1) 0.2156(3) 8.6(3)
Ci1 0.1478(6) 0.4039(7) 0.4258(2) 2.7(2)
C12 0.1083(6) 0.3801(7) 0.3756(2) 2.8(2)
C13 0.0991(6) 0.4781(8) 0.3402(2) 3.2(2)
Ci4 0.1285(7) 0.5998(7) 0.3550(3) 3.4(2)
C15 0.1841(6) 0.6244(8) 0.4034(3) 3.4(2)
Cl16 0.2324(7) 0.7458(8) 0.4167(3) 3.8(2)
C17 0.2993(8) 0.7675(8) 0.4615(3) 5.002)
C18 0.3209(8) 0.668%(9) 0.4953(3) 4.9%2)
C19 0.271(7) 0.5498(8) 0.4848(3) 3.8(2)
C20 0.1983(6) 0.5260(7) 0.4394(2) 2.8(2)
C21 0.1401(6) 0.2880(7) 0.4562(2) 2.5(2)
c22 0.1240(6) 0.1774(7) 0.4296(2) 3.2
Cc23 0.1222(7) 0.0560(7) 0.4507(3) 3.42)
C24 0.1381(8) 0.0465(8) 0.5008(3) 4.3(2)
C25 0.1410(6) 0.1598(7) 0.5300(2) 3.1(2)
C26 0.1382(D 0.1473(8) 0.5803(3) 3.92)
C27 0.1220(8) 0.2512(9) 0.6063(3) 4.5(2)
C28 0.1093(7) 0.3715(9) 0.5850(2) 4.42)
C29 0.1168(7) 0.3874(7) 0.536%(2) 3.4(2)
C30 0.1365(6) 0.2822(7) 0.5080(2) 2.9Q)
C31 —0.0561(6) 0.1666(7) 0.3489(3) 3.402)
C32 -0.0921(D) 0.0738(9) 0.3146(3) 4.4(2)
C33 —0.2091(8) 0.039(1) 0.3048(3) 6.2(3)
C34 —0.2875(8) 0.098(1) 0.3295(4) 6.5(3)
C35 —0.2501(8) 0.191(1) 0.3624(4) 6.0(2)
C36 —0.1354(7) 0.2253(9) 0.3736(3) 4.8(2)
C37 0.5502(9) 0.501(2) 0.6170(4) 17.5(7)

All the atoms were refined anisotropically and are given in the form
of the isotropic equivalent displacement parameter defined as:
$(a’B, ,+ b*B,; + ¢?B; 5 + ab(cos  y)B, + aclcos B)B; 5+ belcos
a)By ;]

the cell are in keeping with space group P2,/c, the
only exceptions being atom C8 and the hydrogen atoms
bonded to C8 itself and C7. As a result, the only way to
obtain a reasonable structure model is to adopt space
group P2, /c and to treat C8 as disordered. Atom C8A
is shown in Fig. 1, which gives to the depicted C7 atom
the correct absolute configuration R. Anisotropic ther-
mal factors were refined for all the non-hydrogen
atoms. The hydrogen atoms were placed in their ideal
positions (C~H =0.97 A, B = 1.30 times that of the C
atom to which each of them is bonded) and not re-
fined. The final Fourier map showed maximum residu-
als of 0.51 and 0.48 ¢ A~? in the proximity of the
solvent molecule and of the metal atom, respectively.
Fractional coordinates for the refined atoms are re-
ported in Table 4.
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