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Abstract

Three new polyd: itrogen ligands, 1,3-bis| N,N’-(2-diphenylphcsphino ) phenylformimidoyl} (3) bis[N.N"-(2-
duphenylphosphmo)phenyl] 1 3 benzenedicarboxamide (6) and bis[ N,N’-(2-diphenylphosphino)phenyl]-2.6-pyridi ide (7)
with rigid bridging groups have been synthesised. Ligand 7 shows an pected large bonding P-P coupling of 34 Hz, which can be
attributed to the interaction of the lone pairs of the two phusphorus atoms whlch are directed lowards each other due to hydrogen bonding
between the two amide hydrogens and the pyridine nitrogen. Ce with these ligands showed that 3 is a good dinucleating
ligand which resulted in the isolation of dichlorodimethyl{1,3- blS[Nl\v (” iphenyl) phosphinophenylformimidoyl 1b }dipalladi
(8). In contrast only lear palladium, plati and nickel pl have been obtained from ligand 7. The crystal and molecular
structure of dichloro{bis{ N,N’-(2-diphenylphosphino)phenyl ]-2,6-pyridinedi ide }plati (9) was ined by X-ray crystal-

lography. Complex 9 crystallises in the monoclinic space group C2/c witha=35.547(3), b= 9 192(1), c=24.192(2) A, B=102.795(7)°,
V=7925.3(13) A and Z=8; the structure was refined to R,:=0.031. This complex hasa square planar conﬁgumnon amund plaunum, in
which the lwo horus atoms are positioned trans to each other. For p
noaniline)plati (12) was prepared and the lucidated by X-ray analysis. Complex 12 crysxalhses in a triclinic space gmup?l
with a= 10.0692(12), b= 10.839(2), c=24.350(5) A, a=88.042(15), B=T79.091(14), y=75.518(11)°, V=2526.4(8) A’and Z=2; the
structure was refined to Ry = 0.0355. In platinum complex 12, a square planar geometry is found but the two phosphines are positioned cis to
each other, whereas an unusual binding of the chloride anions is observed. © 1997 Elsevier Science S.A.

Kevwords: Crystal Palladium comp Platinum i Nickel P.N-ligand

1. Intreduction synthesised easily and in high yields [5]. Cooper et al. have
shown that in complexation with metals (Ni, Pt), the coor-
Bidentate ligands with a phosphorus and a nitrogen donor dinated aromatic amine group can be easily and reversibly

group have attracted considerable interest in homogenou: Jep d[6.7].
catalysis. These ligands have been proven to be highly effec- For sometime, we have been interested in the chemistry of
tive in nickel catalysed cross coupling reactions [ 1], carbon- dinucleating nitrogen ligands of type I (Fig. 1), which are

ylation reactions such as alkoxycarbonylation and polyketone able to coordinate iwo copper or two nickel ions [8]. How-
production [2] and in allylic substitution reactions [3]. The
unique properties of these ligands are due to a stable phos-
phorus—-metal bond and a relatively labile nitrogen—-metal

bond. Therefore, they can stabilise metal ions in a variety of S
oxidation states and form complexes with several geometries (“ :) (" ")
141 N P P
An attractive molecule, from a point of view of reactivity,
is 2-diphenylphosphinoaniline, which is air stable and can be X=CHCBr.COH Y=CHN
PR ] [ ]
* Corresponding author. Fig. I. Polydentate ligands.
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ever. dinucleating nitrogen ligands are less suitable in stabi-
lising Pd(0) and Pt(0) species. Therefore we focused our
attention on polydentate PN ligands of type II in which two
PN units are linked by a rigid bridging group, being either a
pheny! or a pyridyl bridge. Here we report the synthesis of
iminophoshine and amidophosphine ligands based on 2-
diphenylphosphinoaniline and their complexation behaviour
with palladium. platinum and nickel. Furthermore. we report
the crystal structures of dichlorobis( 2-diphenylphosphino-
aniline)platinum and dichioro{bis| N.N'-( 2-diphenylphos-
phino)phenyl |-2.6-pyridinedicarboxamide } platinum.

2. Results and discussion
2.1. Svathesis and characterisation

The reaction of 2-diphenylphosphinoaniline {4] (1) and
isophthalaldehyde {2) under Dean-Stark conditions in
toluene gave 1.3-bis{ N.N'-(2-diphenylphosphino)phenyl-
formimidoyl|benzene (3) in 77% yield (Scherze 1). *'P
NMR showed one absorption at 8 — 14 whereas 'H NMR
showed the characteristic imine proton at & 8.16. Bis[ N.N'-
( 2-diphenylphosphino)phenyl]-1.3-benzenedicarboxamide
(6) and bis| N.N'-( 2-diphenylphosphino ) phenyl }-2.6-pyri-
dinedicarboxamide (7) were prepared from isophthaloyl
dichloride (4) and 2.6-pyridinedicarbony! dichloride (5).
respectively. in THF in 72 and 54% yields. following a lit-
erature procedure for the synthesis of N.N'-[2-(diphenyl-

PPh,

NH '\
o o G
PPh,

1 4 X=CH

phosphino ) phenyl |benzamide [9]. Both ligands showed one
absorption in *'P NMR at 8 —20. The amide proton in 6
appears as a singlet at 8 8.81 whereas in ligand 7 the amide
proton absorption is shifted to lower field, i.e. 6 10.60, which
indicates hydrogen bonding of the amide hydrogens to the
pyridine nitrogen [10]. In '*C NMR, virtual triplets were
obtained for the ipso. ortho and meta carbon of the phenyl
rings of the phosphine moiety. which is caused by an unusual
large non-binding P-P coupling of 34 Hz. Large P-P cou-
plings are found when the two lone pairs of phosphorus are
directed towards each other and the phosphorus nuclei are in
close contact [ 11]. In ligand 7, hydrogen bonding of the
amide hydrogens to the pyridine nitrogen positions the phos-
phorus atoms close to one another, in such a way that the lone
pairs of phosphorus are directed towards each other. This is
confirmed by the fact that for ligand 6 no virtual triplets in
the '*C NMR spectrum were seen.

Complexation of ligand 3 with 1 equiv. of (CH;CN)--
PdCl, gave several products which unfortunately could not
be characterised. Complexation of ligand 3 with 2 equiv. of
(CH;CN),PdCl, in dichloromethane resulted in insoluble
material which is probably an oligonuclear complex. Similar
observations are frequent for palladium dichloride complexes
in which two chlorides bridge two palladium centres in a four
centre bond [ 12]. To prevent the formation of oligonuclear
complexes. we used Pd(COD)MeCl (the methyi group does
not bridge or function as an anion: COD = |.5-cyclooctadi-
ene). Complexation of L' with 2 equiv. of Pd(COD)MeCl
in THF at room temperature resulted in white solid material

.
. O
PPh; PhyP
3
| Ny
0, x/ 0
¢ O
PPhy PhyP'
8 X=CH
7 X=N

Scheme 1. Synthesis of the ligands.

5X=N
fi ]
CLC,, .0
PPh, PhP

+ 2 Pg{COD)MeCl ——

Me_ CI ol Me
“pd_ pd
thP.‘/ N 2N E"Pha

Scheme 2. Synthesis of dinuclear palladium complex 8.



E.K. van den Beuken e1 al. / Inorganica Chimica Acta 264 (19975 171-183

173

A
= |
o Zhgo * MouCHON, —= S o
NH HN
e, L0 CC £ 0
P
#on, Php Sy
7
9 M=Pt
10 M=Pd
N N
® [ J o
O+ NUCIOJ; + 2 OH =
C[ Be Cr<
PN
PPh;  PhP” L
1"
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Scheme 4. Synthesis of di isf { dipheny by i i (12).

which was crystallised from CH,Cl,/pentane (Scheme 2).
Elemental analysis and *'P and 'H NMR spectroscopy
revealed a dinuclear complex 8. Analogous to other phos-
phorus—nitiogen palladium complexes [13], chlorine is
expected to be trans to phosphorus and the methyl group
trans to nitrogen due to the trans effect [ 14,2b]. It should be
noted that complexation of 3 with 1 equiv. of Pd(COD)MeCl
did not lead to the formation of a single well defined mono-
nuclear complex. Reaction of 6 with 1 or 2 equiv.
(CH,CN),PdCl, resulted, according o *'P NMR, in a mix-
ture of products which have not been characterised.

In contrast with the formation of dinuclear complexes of
3, reaction of 7 with either 1 or 2 equiv. of (CH,CN),PtCl,
in dichloromethane yielded the mononuclear complex
dichloro{bis[ N-( 2-diphenylphosphino) phenyl]-2,6-pyridine-
dicarboxamide }platinum (9) as a bright yellow solid
(Scheme 3). Crystallisation from dichloromethane/hexane
provided crystals suitable for X-ray analysis. The *'P NMR
spectrum of 9 showed a single resonance at 8 15.4 witha *J
coupling to '**Pt of 2457 Hz. This coupling is relatively small
due to the fact that the two ph atoms are positioned
trans to each other [ 15]. In the 'H NMR spectrum of 9, the
absorption of the amide protons is shifted to 8 11.05. This is
due to an extra hydrogen bonding of the amide protons to
chlorine, which is also found in the crystal structure ( vide
infra). In the '*C NMR spectrum, the absorptions of the
carbon atoms ipso, ortho and meta to phosphorus were again
shown as virtual triplets due to a P-P coupling (via the
metal).

For comparison, mononuclear dichlorobis(2-diphenyl-
phosphinoaniline ) platinum (12) was prepared from 2 equiv.

of 2-diphenylphosphinouniline (1) and | equiv. (CH;CN)»-
PtCl, (Scheme 4). This complex showed in the *'P NMR
spectrum a single resonance of 8 25.7 with a much larger
195p¢ coupling of 3349 Hz indicating that the two phosphorus
atoms are coordinating cis to each other. Crystals of 12 suit-
able for X-ray analysis were grown from chlorofons/sexane
Analogous to complex 9, dichloro{bis[ ¥,N'-(2-diphen-
ylphosphino ) phenyl}-2.6-pyridinecarb ide } patladi
(10) was obtained from 7 and (CH;CN).PdCl, in dichlo-
romethane in 78% yield (Scheme 3). In the *'P NMR spec-
trum one singlet was obtained at 8 19.4 and the amide proton

Fig. 2. ORTEP plot of complex 9 with adopted numbering scheme.
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was observed at 8 11.11. The phosphorus atoms probably
coordinate frans to palladium in the same way as observed
for the platinum complex €.

Finatiy. a2 mononuclear nickel compound 11 was obtained
by the reaction of 7 with either 1 or 2 equiv. of Ni{CIQ,), in
the presence of 2 equiv. of NaOH. Complex 11 is diamag-
netic. which indizates that nickel is in a square planar envi-
ronment. The absence of the amide signal in the '"H NMR
spectrum and molecular jon peak at 741 in the MS analysis
prove that the amide nitrogens are deprotonated. In the *'P
NMR spectrum a singlet was obtained at §5.9. The combined
data are in accordance with structure 11 in which a nickel

Table
Summary of crystatiographic data

atom coordinates in a square planar mode to the two depro-
tonated amide nitrogen | 16] and the two phosphorus atoms.
Furthermore, *'C NMR showed that the two phenyls of the
phosphorus moiety are diastereotopic.

The different mode of covrdination of 3, 6 and 7 is probably
determined by two factors. First. the CH of the biidging
phenyl group in 3 and 6 apparently hinders the formation of
mononuclear complexes. In tigand 7. the phosphorus atoms
are positioned close to each other which enhances the for-
mation of mononuclear complexes. Secondly, the amide
donor is harder then the imine due to the electron-withdraw-
ing carbonyi group and therefore the lone pair on the nitrogen

12

Crystal data
Chemical formula
Molecular weight 99415
monaoclinic
C2/e (No. 15)
36.547(3)
9.192(1)
24.192(2)

102.795(7)

7925.3(13)

D, (gem 1.666
Z 8

Froom 3928
wtem Ny 39.01

Crystal size (mnt) Q.08 X015 X0.20

Data collection
T(K) 130

N 1.14,27.0
Wavelength (Mo Ka) (A} 0.71073
Monochromator graphite

Scan type ®

Aw () 0.80+034tan 0

Horizontal, vestical aperture (mm)
X-ray exposure time (h)

Lincar decay

Reference reflections

Data set (hkly

Total data

Tota! unique data

ABSORB correctien range

3.2+n 6,40
1548
<05

10403
8614
0.867. 1.22

Refinement

No. refined parameters 628

wR2* 0.029

R" 0.031

s 1.205(12)
wo 't o(F)

(A (A )
.

Min. and max. residual densities (¢ A Yy - 113,083

CHuCLNO,PLPL- (CHYCla )y 5

42202-3~-712
046, ~ 1211, - 30:30

0407010 Y 0.1557x 10 !

1CWHLNP.PL? 201
1298.11
trictinic
PI(No.2)
10.0692(12)
10.839(2)
24.350(5)
88.042(15)
79.091(14)
75.518011)
2526.4(8)
1.706

3

‘1‘272
6.1
0.1 X0.3X05

-4CHCl,

150

(.85, 27.50

0.71073

graphite

@

0.73+0.35n 0
2,57+ 1.28 tan #. 400
30

<t

=204 22004 -2
=123, 0:14, = 3131
12180

11562 (R,,, = 0.040)
0.328,0.709

548

0.0789

0.0355 {for Y991 F >4 a(F) |
1.034

@)+ (0.0390P) + 1.39P
0.001, —0.017

~1.29. 1.6 (near Pt)

=X F = F ) Bk
PR=EONE - 1FADIZIE,.
CP=(max(F0) 428,73




E.K. van den Beuken et al. / Inorganica Chimica Acta 264 (1997 171-183
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amide is less for coordinating to plati or pal-
ladium. For this reason, P,P-coordination is preferred over
P,N-coordination for 7 unless deprotonation takes place as
observed in complex 11.

2.2. X-ray structure of dichloro{bisN.N'-(2-diphenyl-
phosphino)phenyl|-2,6-pyridinedicarboxamide } -
platinum (9)

The crystal structure of 9 together with the adopted num-
bering scheme is shown in Fig. 2. The crystallographic data,
selected bond distances, selected bond angles and atomic
coordinates are collected in Tables 1-4.

The structure has a pseudo mirror plane through C(10).
N(2), CI(1), C1(2) and Pt(1). The platinum ion has a dis-
torted square planar ligand coordination consisting of two
phosphorus atoms of the chelating ligand 7 and two chlorines.
The deviations of the atoms from the Pt(1), P(1). P(2).
CI(1). Cl(2) least-squares plane are 0.043( 1), 0093(1),

Table 2

Bond distances (A) for d 9 (stundard deviation in )
Pt(1)-Ci(l) 23174013
P )-Cl(2) 2.3102(12)
Pt(h)-P(1) 3212¢12)
Pu1)-P(2) 2.3196(12)
P(H-C(1) LB34(5)
P(1)-C(20) 1.830(5)
P(1)-Ci26) 1.825(5)
P(2)-C(19) 1.822(5)
P(2)-C(32) 1.822(5)
P(2)-C(38) 1.826(5)
oH-C(N 1.214(6)
0(2)-C(13) 1.220(6)
N(D-C(6) 1.425(6)
N(H-C(7) 1.348(6)
N(2)-C(8) 1.337(6)
N(2)-C(12) 1.324(6)
N(3)-C(13) 1.357(7)
N(3)-C(14) 1414(6)
C(1)-C(2) 1.380(7)
C(1H)-C(6) 1.399(7)
C(2)-C(3) 1.397(7)
C(3)-C(4) 1.378(8)
C(4H-C(5) 1.379(8)
C(5)-C(6) L387(T)
C(7)-C(8) 1.505(7)
Ci8)-C(9) 1.392(7)
C(-C(l0) L3797
C0-C(1h 1.375(T)
C1-C(t2) 1.394(8)
C(12)-C(13) 1.510(7)
C(14)-C(15) 1.396(7)
C4)-C(19) 1.400(6)
C(15)-C(16) 1L374(T)
C(16)-C(17) 1.3%0(7)
CA7)-C(18) 1.390(7)
C(i8)-C(19) £394(7)
C(20)-C(21) 1.390(7)
C(20)-C(25) 1.378(7)
C2D-C(22) L371(8)
C(22)-C(23) 1.376(9)

{continued)
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Table 2 (continued)
C(23)-C(24) 1.395¢(9)
C(24)-C(25) 1.391¢8)
C(26)-C(27) 1.378(8)
Ci26)-C(31) 1.385(8)
C(27)-C(28) 1.398(9)
C(28)-C(29) 1.365(10)
C(29)-C(30)y 1.372(9)
C3M-C(31y 1.389(9;
C(32)-C(33) 13847y
C(3)-C(37 L304(Ty
C(33)-C(34) 1.386(8)
C(34)-C(35) 1.376(10)
C(35)-C(36) 1.388¢10)
C(36)-C(37) L381(8)
C(38)-C(39) £.376(8)
C(38)-C(43) 1.397(8)
C(39)-Cr40) 1.390(8)
C40)-Ce41) 1.374(9)
CHH-C4 1.369(10)
C(42)-C(43) 1.383%(8)
Tabie 3
Bond angles () for compound 9
Clt H-Pr(H-CN2) 172.25(5)
CHDH-Prh-P(l) 87.92(4)
CH)-Pe(1)-P(2) 87.25(%)
Cl2)-Fu )P 92.02(4)
CU2)-Pu(1)-P(2) 93.144)
P(H-Pu(1)-P(2) 174.43(5)
PuD-P(H-C(1) 120.11(16)
P 1)-P(1)-C(20) 114.92(15)
P h-P(1)-C(26) 108.57(15)
C(H-P(1H-C(20) 99.9(2)
C(H-P(1)-C(26) 103.4¢2)
C(20)-P(1)-C(26) 108.9(2)
PuD-P(2)-C(19) 118.58(13)
Pu(1)-P(2)-C(32) 113.18(16)
Pu(D)-P(2)-C(38) 109.65(16)
CUN-P(2)-C(32) 101.7¢(2)
C19)-P(2)-C(38} 105.002)
C(32)-P(2)-Ci38) 107.9(3)
C(6)-N(1-C(T) 126.1(4)
C(8)-N(2)-C(12) 118.5(4)
C(13)-N(3)-Ct 14) 125.8(4)
P H-C(1H-C(2y 121.8(4)
P()-C(DH-C(6) 118.6(3)
C(2)-C(1-C(6) 119.2(4)
CH-C(2)-C(3 120.7¢5)
C(2)-C(3)-Ct4) 119.5(5)
C3)-C(H-C(5) 120.3(5)
C(4H-C(55-C(6) 120.5(5)
N(H-C(6)-C( 1> 119.3(3)
N(D-C(6)-C(5) 1209(4)
C(H-C(6)-C(5) 19.8(4)
O(H-C(N-N¢) 12548
O(1)-C(1-C(8) 121.9(4)
N(DH-C(T)-C(8)» 274
N(2)-C(8)-C(7) H7.24)
N(2)-C{8)-C(" 122.3(4)
C(N)-C(2)-C(9 120.5¢4)
C(33)-C(32)-C(3N 1H9.0(4)
C(32)-C(33)-C(3H 120.3¢5)
C(33)-C3H-C33) 120.3¢6)
C(34)-C(35)-C(36) 120.4(6)
C(35)-C(36)-C(37) 119.3(6)

(continued)
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Table 3 (continued)

Table 4

C3DH-C(373-Ci36) 120.6¢5)
P(2)-C(38)-C(39) 179(4
CE-CN-Cim H8.7ch
C9)-CA0-Ci 11y H9.1(5)
CI)-C(11)-Cai2y 118.6(5)
N(2)-Ci12)-Ci iy 12274
N2)-Cc12)-C(13) H6.5(5)
Cein-Ca2)-Ce13y 120.8(4)
O(2)-C(13)-N(3) 124905
0(2)-C(13)-C(12) 122.6(5)
Ne3)-C13)-C(12) H250h
Ni3)-Ce1h-Cuis5)y 120.504)
N(3)-C1h)-Co19) 118.9¢4)
CUSH-CilhH-Cum 120.6(4)
Co1h-C15)-Cci16) 119.6(5)
CUI5)-Ce16)-Ci 17y 120.7(5)
C16)-C1-Ce 18y 119.8(5)
CUDH-C(18)-Ct19) 120.5¢4)
P)-C(19)-Ce 14y 118.7¢3)
P(2)-C(19)-C(18) 12253
Co14-Cii9)-Cu18y H18.8(4)
P(1)=C(20)-C(21) 120.7¢4)
P(1)-C(20)-C(25) 120.5(4)
C21-C(20)-Ce25) 118.6(4H
C(20)-Ce21)-C(22) 120.8(5)
C21)-C(22)-Ct23) 120.6(5)
C(22)-C(23)-C(24) 119.5(5)
C(23)-C(24H)-C25) 119.4(5)
C20)-C(25)-C2h 121105y
P(1)-C(26)-C(27) 123914
P(1)-C(26)-C(31) 16404
C(27)-C(26)-C(31) 119.5(5)
€426)-C127)-C(28) H9.3(6)
C(27)-C(28)-C(29) 120.5¢6)
C(28)-C(29)-C(3 120.8(6)
C(29)-C(30)-C(31) 19.006)
C(26)-C(31)-C{30) 120.9¢6)
P(2)-C(32)-Ci33) 12124
P(2)-C(32)-C(37) 19.7¢4h
Pt2)-C(38)~C(43) 1229(5)
C139)-C(38)-C(43) 19.2(5)
C(38)-C(39)-C40) 120.1(5)
C(39)-C(40)-C41y 120.4(6)
C(40)-C(41)-C(42) 119.8(5)
Ce4)-C42)-Ce43) 120.6(5)
C(38)-C(43)-C(42) 119.9(6)

0.092(1), —0.117(1), —0.110(1) A, respectively. The
P-Pt-P angle of 174.43(5)° and the CI-Pt-Cli angle of
172.25(5)° differ signiticantly from 180°.

The platinum phosphorus distances of 2.3212(12) and
2.3196(12) A fall in the normal range for complexes with
trans  phosphine ligands [7.17]. The Pt-Cl bonds
(2.3174(13) and 2.3102(12) ) are nearly the same length as
the Pt—P bonds and are similar to those usually observed for
trans chlorine platinum complexes.

The amide group is nearly planar and has a torsion angle
for N(1), C(7), C(8), N(2) of —2.9(6)° and for N(3),
C(13). C(12), N(2) of 4.1(6)°. However, the two pheny}
rings C(1)-C(6) and C(14)—C(19) are not in the plasic of
the carbonyl group and are positioned syn towards each other.
The torsion angle for C(7),N(1),C(6),C(5) is —64.7(7)°

Final and equi
hydrogen atoms for compound 9

isotropic thermal parameters for non-

Atom v v : U, (AY)

Pty O.LI8M4( 1) 0.04525(2) 040584(1) 0.0139¢1)
Cl(1y 005941(3) 0.15353(15)  0.38140(5) 0.0236(4H
ClY) 0.17241(3) —0.09153013)  0.42558(5) 0.0191(3)
P(1y 0.16594(3) —000341(14)  0.49424(5) 0.0168(3)
P(2) 0.12645(3) 0.11369¢ 14 031720(5) 0.0160(3)

o 0.18889(9) 0.2619(4) 0.61280(14)  0.0224(11)
02y 0.22395(9) 0.4047(4y O34371(13)  0.0244(11)
N(h 0.18504¢11) 0.0963(5) 054173¢18)  0.0173¢12)

N¢2) 0.20414¢10)
N3y 0.20549(11)

0.2928(4)
0.1865(5)

0.47382(16)
0.37374(17)

0.0156(12)
0.0173¢12)

Cih 0.14097(13)  —0.0985(5) 054317(19)  0.0168(12)
Ce2y 013271014y —0.226416) 0.5727(2) 0.0200017)
3 0.15838(15) 2881(6) 0.618142) 0.0222(17)
Ch 0.19209(15)  —0.2192(6) 0.6390(2) 0.0221(17)
Cs) 0.20076014) = 0.0919(6) 0.6146(2) 0.0187(17)
Ci6) O17560012)  —0.0312(5) 0.56903¢19)  0.0172( 14)

7y 01915112y 0.2295(5) 0.5652(2)
C(8) 0.20140012) 0.3401(5) 0.5250(2)

G.0173(16)
0.0169(14)

Cn 0.2073414) 0.4850(6) 0.5413(2) 0.0203(16)
Ce10)  0.21520(15) 0.5837(5) 0.5026(2) ©.0222(17)
C11)  0.21800¢13) 0.5354(6) 0.4499(2) 0.0212(17)
Ciy 0.3879(6) 043738(19)  0.0160(14)
Cca3) 0.3293¢6) 0.3800(2) 0.0176(14)

Ciih  0.2033412) 0.1031¢5) 0.32402(18)  0.0147(12)

CAIs)  0.23573(13) 0.0698(6) 0304990193 0.0207(16)
Celoy  0.2334314)  —0.0213(6) 0.2593(2) 0.0242(16)
C(I7)y  0.19919(14)  —0.0801(6) 0.2318(2) 0.0230¢16)
Cei8)  0.16603(13:  —0.0407(6) 0.24874(18)  0.0200012)
Cei9y 01683101 0.0513c6) 0.29504(17)  0.0159(12)
C20)  0.09808(12) 0.1574(5) 0.53468(19)  0.0161(14)
C2h 009705014 0.1461(6) 0.5916(2) 0.0241017)
Ci22) 000216y 0.2680(7) 0.6228(2) 0.628417)
C(23)  Q09NRI(15) 0.4038(7) 0.5983(2) 0.0302(17)
C(24)  0.09203(18) QHT7(6) 0.5415(3) 0.033(2)

C(25) 009552014 0.2935(6) 0510202 0.0242(17)
CL26:  0.06486(13)  ~0.1214(6) 0.4848(2) 0.0208(16)
C2Ty  0.03875(15)  —0.1150(7) 0.5180(3) 0.0310017)
C(28)  0.00954(16)  ~02164(8) 0.5094(3) 0.043(2)

C(29) 000695016} 32047 0.4688(3) 0.042(2)

C(30)  0.03272(18) 89(7) 0.4354(3) 0.042{2)

C(31)  0.06180(16)  —0.2283(7) 0.-437(3) 0.0294017)
C(32)  0.12958(13) 0.3100(5) 0.3090(2) 0.0172(14)
C(33)  0.12288(14) 0.4043(6) 0.3502(2) 0.0254(17)

C(3H  0.2912(16) 0.3

24(7) 0.3460(3) 0.0353¢19)

C(35)  0.04153(18) 0.6068(7) 0.3004(3) 0.037(2)
Ct36)  0.14739(16) 05145(7) 0.2578(3) 0.0327(19)
Ca37)  0.14189(15) 0.3668(6) 0.2624(2) 0.0241(17)
Ce38)  0.08717¢12) 0.0480(7) 0.26251(18)  0.0226( 14)
C(39)  0.07295(15) —0.0877(6) 0.2695(2) 0.0272¢17)
C(40)  0.04259(16)  —0.1415(8) 0.2296(3) 0.037(2)
Ct41)  0.02601(15)  —0.0586(8) 0.1836(2) 0.039(2)
C42)  0.03975(16) 0.0771(7) 0.1767(2) 0.036(2)
Ct43)  0.07061(16) 0.1307(8) 0.2151(2) 0.0341¢19)
Cit3)  001703¢7) 0.4593(2) 0.20051(9) 0.0830(9)
Cdd)  0.(-) 0.3502¢11) 0.25(-) 0.059¢4)

Uyy=1/3 of the trace of the orthogonalised U tensor,

and for C(13), N(3), C(14), C(15) is 68.1(7)°. The two
hydrogens of the amides are hydrogen bonded to the pyridine
nitrogen N(2) and to CI(2) (Table 5). Further intramolec-
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Table 5
Hydrogen bonding geometry (A. °) for compound 9
D-H--A D-A{A) D-H(A) H-A(A) D-H-A (%)
N(h-H(H--Cl(2) 3.243(5) 0.76(5) 2.60(6) 143(6)
N(D-H(1)-"N(2) 2.638(6) 0.76(5) 2.25(6) 11206)
N(3)-H(3)---Cl(2) 3.200(5) 091(5) 247(5) 138¢4)
N(3)-H(3)-N(2) 2.621(6) 0.91(5) 2.16(5) 1112
C(25)-H(25)---CI(1) 3.359(5) 0.93(5) 2.70(5) 128(4)
C(33)-H(33)---Cl( 1) 347145 L18(5) 263(5) 127¢3)
C(5)-H(5) 02y | 1/2—x. /2~y 12 3.213(6) 0.83(5) 2.39¢5) 173(5)
Ce15)-H(15)-O( 1) [1/2=x /2=y 1 ~2] 3.393(6) 0.94(4) 247¢4) 167¢4)
Cel6; -Hilo)--—-O(2) j1/2—-x. —1/2+x 1/242] 3.289(6) 0.90(5) 2.54¢5) 14204
C17)-H(17)--0t 1) |x. —y. = 1/2~z} 3.278(6) 0.95(4) 2.345) 168¢4)

ular H bonds are observed between H(25)---Cl(1) and
H(33)---Cl(1). Between the molecules weak hydrogen
bonding is observed: H(5)---O(2) [1/2-x, 1/2—x,1—z].
H(15)--0O(1) [1/z—=x. 1/2=y, 1=z]. C(16)-H(16)-
O(2) [1/2—x, =1/2+y, 1/2—2] and C(17)-H(17)---
O(l) [x. —y, = 1/2—-2] [18].

2.3. X-ray structure of dichlorobis(2-diphenyl-
phosph:noaniline )platinum (12)

The crystal structure of 12 together with the adopted num-
bering scheme is shown in Fig. 3. The crystallographic data.
selected bond distances. selected bond angles and fractional
coordinates are coliccted in Tables 1 and 6-8.

The platinum complex 12 has a square planar geometry in
which the nitrogen and phosphorus donor atoms are cis to
each other due to the trans effect. The square planar coordi-
nation around Pt is slightly distorted: the P(1)-Pt(1)-P(2).
P(1)-Pt(1)-N(1), P(2)-Pt(1)-N(2) and N(1)-Pi(I)—
N(2) bond angles are respectively 102.95(4). 84.51(10).
84.07(9) and 88.47(13)°.

The PP distances of 2.2393(11) and 2.2344(11) A and
the Pi-N distances of 2.102(3) and 2.106(3) A are slightly
shorter than found in cis-bis(2-diphenylphosphinoaniline)
platinum(II) perchlorate (2.245 and 2.12 .7\) [7b}.

Highly fascinating is the way in which chloroferm is incor-
porated in the crystal packing; each chloride is hydrogen
bonded to two protons of amine moieties and to two protons
of chloroform. In this way there are four chloroform mole-

Fig. 3. ORTEP piot of complex 12 with adopted numbering scheme.
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Table 6 Table 7 (continued)
Bond distances { A) for compound 12
Pt(1)-P(2)-C(19) 118.48(15)
Pt 1)-P(1) 2.2393(11) Pt(1)-P(2)-C(25) 113.81(15)
P 1-P(2) 2234411 PU(1)-P(2)-C(31) 102.06(14)
P D-Nely 2.102(3) C(19)-P(2)-C(25) 109.1(2)
Pu1-Ne2) 2.106(3) C(19)-P(2)-C(31) 106.8(2)
PON-CC) 1.814(4) €(25)-P(2)-C(31) 105.2(2)
P(1)-C(T) 1.807(5) Pt(1)-N(1)-C(18) 116.7(2)
P(1)-C(13) 1.806(4) PU(1)-N(2)-C(36) 117.4(2)
P(2)-C(19) 1.812(4) P(1)-C(1)-C(2) 118.3(3)
P(2)-C(25) 1.814(5) P(1)-C(1)-C(6) 120.9(4)
P(N-C(31) 1.811(5) C(2)-C(1)-C(6) 120.7(4)
N(H-C(18) 1.462(5) C(H-C(2)-C(3) 119.3(4)
N(2)-C(36) LAT(S) C(2)-C(3)-C(4) 120.4(4)
C(H-C(2) 1.389(7) C(3)-C{4)-C(5) 120.3(4)
C(H-C(6) 1.39016) C(4)-C(5)-C(6) 120.5(4)
C(2)-C() 1.389(6) C(1)-C(6)-C(5) 118.3(4)
Ci3)-C(4) 1.375(6) P(1)-C(7)-C(8) 121.3(3)
C()-C(5) 1.376(T) P(1)-C(T)-C(12) 119.9(3)
C(5)-C(6) 1.396(6) C(8)-C(7)-C(12) 118.7(4)
C(T)-C(8) 1.379(7) C(1)-C(8)-C(9) 119.8¢5)
C(7)-C(12) 1.396(7) C(8)-C(9)-C(10) 120.8(5)
C(8)-C(9) 1.391(7) C(9)-C(10)-C(11) 120.1¢5)
C(9)-C(10) 1.376(8) C10)-C(11)-C(12) 119.0(5)
C0)-C(1 1) 1.382(7) C(M-C(12)-C(1h 121.5(5)
C1D-C(12) 1.382(7) P(H-C(13)-C(14) 124.0(3)
C(13)-C(14) 1.406(6) P(1)-C(13)-C(18) 116.8(3)
C(13)-C(18) 1.385(6) C(14)-C(13)-C(18) 119.2(4)
C(IH-C(15) 1.384(6) C(13)-C(14)-C(15) 119.7(4)
C(15)-C(16) 1.380(6) C(14)-C(15)~C(16) 120.1(4)
C(16)-C(17) 1.387(6) C(15)-C(16)-C(17) 121.0¢4)
C(IT)-C(18) 1.389(6) C(16)-C(17)-C(18) 118.8(4)
C(19)-C(20) 1.391(7) N(1)-C(18)-C(13) 118.7(4)
C(19)-C(24) 1.384(6) N(1)-C(18)-C(17) 120.1(4)
C0)-C2n 1.38916) C(13)-C(18)-C(1T) 121.2(4)
C(21)-C(22) 1.393(6) P(2)-C(19)-C(20) 118.1(3)
C(22)-Ci23) L3817y P(2)-C(19)-C(24) 121.0(4)
C(23)-C(24) 1.382(6) C20)-C19-C(24) 120.5(4)
C25)-C(26) 1.388(6) C(19)-C(20)-C(21) HENIEY]
C(25)-C(30) 1.395(6) C(20)-C(21)-C(22) 119.9(4)
C(26)-C(27) 1.389(7) C(21)-C(22)-C(23) 119.9(4)
C(27)-C(28) L3787 C(22)-C(23)-C(24) 120.4¢4)
C28)-C29) L373(T) C(19)-C(24)-C(23) 119.7(4)
€(29;-Ci30) 1.382(7) P(2)-C(25)-C(26) 118.0(3)
C(31)-C(32) 1.399(6) P(2)-C(25)-C(30) 122.0(4)
C(31)-C(36) 1.388(6) C(26)-C(25)-Ct30) 119 6(4)
C(32)-C(33) 1.386(6) C(25)-C(26)-C(27) 119.6(4)
C(33)-C(34) 1.386(6) C(26)-C(27)-C(28) 120.4(4)
C(34)-C(35) 1.381(6) C(27)-C(28)-C(29) 120.1(5)
C(35)-C(36) 1.386(6) C(28)-C(30)-C(29) 120.3(5)
C(25)-C(30)-C(29) 120.0(4)
P(2)-C(31)-Ce32) 124.4(3)
P(2)-C(31)-C'386) 116.5(3)
comcairon i
Bond angles (°) for compound 12 C132)<C(E!3)—(}(}44} |20'5(4)
PU-PU)-P(2) 10295(4) e o
PPN 84.51(10) baUna S aming Aol
N(2)-C(36)-C(31) H8.5(4H
Pel)-Pul)-Ne2) 172.98(9) N(2)-C(36)-C(35) 1206(4)
P2)-Pueh-Neh 1724310) C31)-C(36)-C(35) 1209(4)
P(2)-Pr(1)-N2) 84.07(9) ) . -
N(1-PUH-N(2) 88.47(13)
Pu(1)-P(1)-C(1) 118.23(15)
Pu1)-P(1)-C(7) 116.97(14)
Pr(1)-P(H-CUI3) 101.87(15) cules hydrogen bonded to platinum complex 12. The hydro-
é : : C":: : :ﬁ:z; , ')32?((3; gen bond distances are collected in Table 9. This structural
C(7)-P(1)-C(i3) 106.1(2) feature has attractive implications for the design of supra-

(continued) molecular platinum based systems.



E.K. van den Beuken et al. / Inorganica Chimica Acta 264 (1997) 171-183 179

Table 8 3. Conclusions
Final coordinates and equivalent isotropic thermal parameters of the non-
hydrogen atoms for compound 12

New polydentate ligands based on 2-diphenylphosphi-

Atom  x v - Upy (A) noaniline with rigid bridging groups have been syathesised.
Ligand 3, with a phenyl bridging group gave dinuclear pal-
Pul) 031934(1)  0.1I617(1) 023560 0.0161(1) ladium complex 8 by the reaction w:th Pd(COD)MeCl but
Py 0.44867(10)  0.21016(9) 0.27754(4)  0.0181(3) did not form well defined bably
P(2) 0.12984(10)  027345(9)  0.23141(4)  0.0171(3)
NI 04830(3)  —0.0479(3) 02362(2)  0.0202(12) due to bridging CH in the phenyl group. n hg;md 7. the
N(2) 0.2175(3) 0.0073(3) 0.19594(15) 0.0198(12) phosphorus atoms are positioned close to each other because
(1) 0.4949(4) 0.3513(4) 02459(2)  0.0217(12) of hydrogen bonding between the two amldc hydmgens and
C(2) 0.5078(4) 0.3638(4) 0.1883(2)  0.0247(12) the pyridine nitrogen. Therefore, c of

C(3) 0.5506(4) 0.4676(4) 0.1628(2) 0.0306(12)
cn 0.5809(5) 0.5563(4) 019621 00341(14) 7 are obtained with Ni, Pd and Pt. The crystal structure of

c(s) 0.5675(5) 0.5444(4) 02513(2)  0.0383(16) mononuclear platinum complex 9 and *'P NMR data proved
C(6) 05242(5) 0.4413(3) 02780(2)  0.0310(i2) that the two phosphorus atoms are coordinating zrans to plat-
C(7) 0.3895(4) 0.2460(4) 03314(2)  0.0221(12) inum. In contrast to 9, nickel is coordinated to ligand 7 in a
C(8) 0.4365(5) 0.1673(5) 03911(2)  0.0367(17) square planar mode with cis coordination of the phosphi
[T 0.3990(6) 0.1980(6) 0.4476(2)  0.050(2) to nickel.

C(10) 0.2952(6) 0.3061(5) 0.4645(2)  0.0431(16)

can 0.2344(5) 0.3843(5) 0.4253(2)  0.0401(17)

c(12) 0.2817(5) 0.3536(5) 0.3692(2)  0.0340(14)

C(13) 0.6102(4) 0.0882(4) 0.2715(2)  0.0187(12) 4. Experimental

c(14) 0.7325(4) 0.1064(4) 0.2862(2)  0.0249(12)

C(I5)  08508(4) 000644 028072 0025412 4 General methods
C(16)  08496(4)  ~0.1100(4)  02598(2)  0.0263(12)
CUIT)  07363(4)  —0044)  024M(2) 0025112

CuI8)  061:0(4)  ~0.0297(4) 02510(2)  0.0189(12) The synthesis of the complexes was performed under an
C(19) 0.1532(4) 0.4216(4) 0.1992(2)  0.0199(12) phere of argon. Dichlc h hexane and pentane
C(20)  0.1818(3) 0.4259(4) 0.1411(2)  0.0255(12) were distilled under nitrog phere from P40,

c@  02170(5) 0.5323(4) 0.1150(2)  0.0312(12) and benzene from sodium and hydrofuran from sodi

C(22) 0.2260(4) 0.6328(4) 0.1471(2)  0.0314(13)

C(23)  0.1971(4) 062734)  02050(2)  0.0293(14) benzophenone. Pyridine was distiled from and stored on

C24)  0.1589(4) 05228(4) 02311(2)  0.0245(12) KOH. 2-Diphenylphosphinoaniline {5], bis(acetonitrile)-
C(25) 0.0091(4) 0.3084(4) 02976(2)  0.0206(12 dichloropaliadium, bis(acetonitrile)dichloroplatinum [19]
C(26)  00243(4)  02194(4) 03398(2)  00259(12) and ehloro( 1,5-cyclooctadiene)methylpalladium {20] were
C(27)  —0.0748(5) 0.2366(5) 0.3889(2) 0.0333(16) prepared by literature procedures. Isophthalaldehyde, pyri-
C(28)  -0.1871(5) 03416(5) 03960(2)  0.0384(16) dinedicarbonyl dichloride and isophthaloyl dichloride were
C(29)  -02021(5)  04299(5)  03544(2)  0.0342(16) 4 * yi dichloride

C(30)  —0.1055(H 0.4138(4) 0.3050(2)  0.0257(12) obtained from Aldrich and used without further purification.
C3 00411 0.2034(4) 0.18742)  0.0194(12) 'H, P and *C NMR were recorded at 200, 81 and 50 MHz
€(32)  -00781(4) 0.2693(4) 0.1674(2)  0.0245(12) with a Varian Gemini 200 FT NMR spectrometer. Chemical
C(33) -0.i382(4) 0.2065¢(4) 0.1340(2)  0.0274(12) shifts are reported in ppm and referenced to the residual
- 4 2M2(2 i b .
g:;g: g’gﬁ;::: gg?:;t:; g:;:;:;; gg;g;::zi deuterated solvent signals for 'H and '*C and extemal tri-
ou P : - P ie 3 onisati
C(36)  0.095%(4) 0.0750(4) 0.4740(2)  0.0189(12) phenylphosphate (8 — 18) for *'P. Electron ionisation mass
Uy 043625(15)  061096(14)  044278(7)  0.0540(5) spectra (EI-MS) were performed on a AEI-MS-902 spec-
Cl4) 0.56044(13)  0.78930¢13)  037461(7)  0.0531(5) trometer. Elemental analyses were determined in the Micro-
Clsy 032402 0.8817(2) 046200(7)  0.0614(5) analytical Department of the University of Groningen.

@3N 0.4037(5) 0.7629(5) 0.4124(2) 0.0342(14) sl N () N " .
Ci6) 0.8174(2) 0.5402(2) 0.04097(8)  0.0690(6) Caution! Ni(C!O,), is potentially explosive and should

CUT)  0870M2)  076712)  —0O0I491(T)  0.0633(6) be handled with care.
Q) 088542 07/ OIOIBNTY  0.0697(T)
CO8)  08007(5)  070436) 004792 00439(18) 4.2, Symthes's

Cl9) 0.79604(14)  0.1858(2) —0.00827(6)  0.0536(5)

Ci(10)  05795(2)  008125(15)  0.0S703(6) 0.0557(S) . N N i
CiID  05165(2)  03412(2)  0D02M48(8)  0.0713(6) 4.2.1. Synthesis of 1.3-bis[N.N'(2-diphenyl

C(38)  06181(S) 0.1860(5) 0.0039(2)  0.0362(16) phosphino)phenylformimidoyljbenzene (3)

ClI2)  0.802(2) 0.07985(14)  0.57593(6)  0.0583(5) To a solution of isophthalaldehyde (0.24 g, 1.8 mmol) in
CI(13)  -0.0377(2) 0.2558(2) 0.52983(7)  0.0761(8) toluene (50 ml) was added 2-diphenylphosphinoaniline (1
CI(14)  0.06593(14)  0.33557(13) 0,6302216) 8.344;2(4; 2. 3.6 mmol) and a catalytic amount of p-toluenesulfonic
C(40)  0.0291(6) 0.2061(6) 0.5912(2)  0.0481(19) . .

CI()  047686(10;  083831(10)  0.12034(4)  0.0201(3) acid. The solution was refluxed for 6 h under Dean-Stark
Cl2)  022396(11)  0.85833(11)  0.30867(4)  0.0310(3) conditions. The solvent was evaporated yielding a yeliow
foam, which was crystallised from CH.Cl./hexane. Yield0.9
U= 1/3 of the trece of the orthogonalised U tenso:. 2 (77%). M.p. 203°C. *'P NMR (CDClL;): 8 — 14.1. ‘H
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Table 9 .
Hydrogen bonding geometry (A. ) for compound 12

D-H HA DA D-H---A
N(H-H(1A)Cl(1) [y, =1+ .z} 0.88(4) 2.30¢4) 31345 158(4)
N(H-H(IB)---Cl(2) [x. =T +r.2] 0.99%(7) 238(7) 3.227(4) 143(5)
N(2)-H(2A)--Cl( 1) fx. ~ 1+ 0.97(5) 2.16(6) 3.094(4) 163(5)
N(2)-H(2B)--Cl(2) [x. — P4y 2 1.00(5) 222(35) 3.140(4) 1534
C(3N-H(37)---CU 2y 0.981(7) 2.465(5) 3.368(5) 152.8(5)
C(38)~H(38)---Cl(1) 0.980(8) 2.466(5) 3.390(6) 157.0(5)
Ct39)-H(39)--Cl(h |1 —x. 1=y, =2z 0.979(7) 2.436(5) 3.380(5) 161.8(5)
CE0-HEM - CU 2y [ —x T =y 1 -2 0.980(8) 2.40006) 3.369(6) 169.7(6)

NMR (CDCl;): 6 8.16 (s. 2H. HC=N). 7.82-7.74 (m. 3H.
ArH). 7.45-7.27 (m, 23H, ArH). 7.16 (1. J=7.0 Hz, 2H).
7.12-7.0 (m. 2H. ArH). 6.90-6.84 {m. 2H. ArH). "C NMR
(CDCl;): 6158.8 (CH). 153.7 (d. "Jp- = 17.5Hz.C). 136.7
(d. 3pe=10.3, C). 136.2 (C). i34.1 (d. "Jp-=20.2 Hz.
CH).132.8 (d.*Jpe=11.8Hz,€). 132.5 (CH). 130.8 (CH).
129.8 (CH). 129.7 (CH). 128.6 (CH). 128.4 (d. Jpc =84
Hz. CH). 128.2 (d. Ypc=7.6. CH), 126.0 (CH). 116.9
(CH). Anal. Calc. for C;;Hx;N.P.: C. 80.97; H. 5.25; N,
4.28: P. 9.49. Found: C. 80.95: H. 5.25: N.4.28: P.9.51%.

4.2.2. Svnihesis of bis[N.N'~(2-diphenyiphosphinophenyl) |-
1.3-benzenedicarboxamide (6)

To a solution of 2-diphenylphosphinoanitine (1 g. 3.6
mmol) in THF (10 ml) was added pyridire (0.9 ml. 10.8
mmol) and 1.3-benzenedicarbonyl dichloride (366 mg, 1.8
mmol) in THF (2 ml). The reaction mixture was stirred for
1 h. filtered and evaporated yielding a white sticky solid. The
solid was dissolved in CH,Cl, and extracted with 5% HCt
(3X30 ml). The organic layer was dried over Na,SO,. fil-
tered and the solvent was removed under vacuum. The solid
residue was crystallised from CH,Cl,/hexane yielding 6 as a
white powder. Yield 0.89 g (72% 5. M.p. 184°C. *'P NMR
(CDCly): 8 —20.0. '"H NMR (CDCl,): §8.77 (d. J=8 Hz.
2H. NH), 8.35 (m. 2H. ArH), 8.09 (s. IH, ArH), 7.72 (m.
2H. ArH). 7.51-7.26 (m. 23H. ArH). 7.1Z (1. J=8 Hz. 2H.
ArH).6.99 (m. 2H, ArH). "CNMR (CDCl,): §164.2 (C).
140.7 (d, 'Jpe = 17.1 Hz.C). 135.3 (C), 134.0 (d. Jpc = 6.1
Hz.C). 1338 (CH). 133.6 (CH). 130.3 (CH). 129.9 (CH).
1293 (CH). 129.0 (CH). 128.8 (d. *Jp-=8.6 Hz, CH).
127.0 (d. "Jp-=9.8 Hz.C). 125.6 (CH), 125.1 (CH), 122.1
(CH). Anal. Calc. for C,jH;;N-O,P>: C. 76.78; H. 5.01; N,

4.09: P, 9.05. Found: C. 76.78: H, 5.00: N. 4.07: P, 9.03%.

4.2.3. Svnthesis of bis[N,N'-(2-diphenyiphosphinojphenyl |-
2.6-pyridinedicarboxamide (7)

To a solution of 2-diphenylphosphinoaniline (1 g, 3.6
mmol) in THF (10 ml) was added pyridine (0.9 ml. 10.8
mmol) and 2,5-pyridinedicarbonyl dichloride (368 g, 1.8
mmol) in THF (2 ml). The reaction mixture was stirred for
1 h, filtered and evaporated yi2lding a white sticky solid. The
solid was solved in CH,Cl, and extracted with 20% NH,C]
(5% 350 mi). The organic layer was dried over Na,SO,, fil-

tered and the solvent was removed under vacuum. The solid
residue was crystallised from CH,Cl,/hexane yielding 7 as a
white powder. Yield 0.67 g (54%). M.p. 224°C. *'P NMR
(CDCl;): 6 —19.9. '"HNMR (CDCl;): 810.60 (s, 2H,NH),
8.27 (d. 2H. ArH), 8.17 (br d, 2H, ArH). 7.99 (m, IH,
ArH). 748 (t. J=7 Hz. 2H. ArH). 7.27-7.13 (m. 22H.
ArH). 6.97 (m. 2H. ArH). *C NMR (CDCi,): 8161.3 (C),
148.4 (C). 140.3 (t. 'Jo = 19.5 Hz. C). 139.0 (CH). 134.8
(1, pe =7.2 Hz), 133.7 (1, *Jp =20 Hz. CH), 130.0 (CH).
129.8 (1. 'Jpe =12 Hz. C). 128.9 (CH), 128.5 (t, Yy =7.3
Hz, CH), i125.7 (CH). 125.0 (CH), 123.6 (CH). | CH was
not resolved due to overlap. Anal. Calc. for C,;3H33N,O,P,:
C,75.26: H,4.85: N, 6.13: P, 9.03. Found: C, 75.08: H, 4.88:
N.6.28: P. 9.14%.

4.2.4. Syathesis of dichlorodimethyl{ 1.3-bis{N.N'-
(2 Iphosphino)phenyiformimidoy! Jbenzene }-

ok
2-diphenyiy
dipalladium (8)

A solution of 3 (200 mg, 0.31 mmol) and Pd(Me)-
CI(COD) (162.3 mg.0.62 mmol) in THF (2 ml) was stirred
for i hat room temperature. The white precipitate was filtered
off and crystallised from CH,Cl,/pentane. Yield 186 mg
(62%). *'P NMR: & 35.0. '"H NMR (CDCl,): § 10.10 (s,
1H. ArH). 8.87 (s, 2H. HC=N), 8.67 (dd. /=8, 1.5 Hz, 2H,
ArH), 7.67-7.01 (m. 29H. ArH). 0.92 (d, J=3 Hz, 6H.
CH;). ""C NMR (CDCl;): & 168.5(CH), 156.7 (d.
“Jp=16.0 Hz, C). 135.6 (CH). 135.2 (CH). 133.4 (d,
2Jp-=12.6 Hz, CH). 133.1 (CH). 132.7 (C). 131.9 (CH).
131.3 (d. *Jpe=2.3 Hz, CH). 130.5 (d. 'S,c=476. C).
128.2 (d, *Jpe=6.5 Hz. CH). 128.0 (d. 'Jpc =53 Hz, C).
127.9 (CH). 119.5 (d, Jpc=7.6 Hz. CH). —0.9 (CH,).
Anal. Cale. for C,H,CI,N,P,Pd,-CH.Cl,: C, 55.35: H.
4.10: N, 2.78. Found: C, 54.87: H. 4.15: N, 2.77%.

4.2.5. Svnthesis of dichloro{bis|N,N’-(2-diphenyl-
phosphino)phenyl|-2,6-pyridinedicarboxamide }-
platinum (9)

A solution of 7 (100 mg, 0.147 mmol) and bis(aceto-
niirije jdichioropiaiinum (50.8 mg. 0.147 mmol) in CH,Cl,
(2 ml) was stirred for 1 h at room temperature. The mixture
was poured in hexane (20 ml) and the resulting yellow solid
was filtered off and crystallised from CH.Cl,/ pentane. Yield:
72 mg (52%). P NMR (CDCly): 8 154, J(" P
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*'P) =2457 Hz. 'H NMR (CDCl»): 8 11.05 (s, 2H, NH).
8.29 (d. J=8 Hz, 2H, ArH), 8.04 (m, IH, ArH), 7.84-7.44
va, 26H, ArH), 7.07-6.94 (m, 2H. ArH). "*C NMR
(CDCl,): §161.5(C), 148.4 (C), 139.3 (1, "Jp- = 6.7 Hz),
138.8 (CH), 135.2 (t, *Jpc=12.6 Hz, CH), 132.9 (CH),
131.7 (CH), 131.0 (CH), 128.2 (t. *Jpc=10.7 Hz, CH),

126.8 (CH). 126.7 (L. 'Jpc =39 Hz, C) 1259 (1. Jpc =8.0
Hz,CH), 125.4 (CH). 124.5 (1, "Jp- =60 Hz,C). Angl. Calc.
for C,3H::C1LN;0,P,P1- CH.Cl,: C, 50.98: H. 3.40: N, 4.05;
Cl. 13.68. Found: C, 50.97: H, 3.48: N. 4.12; CI, 13.48%.

4.2.6. Svnthesis of dichloro|bis{N.N'-(2-diphenyl-
phosphine)phenyl]-2,6-pyridinecarboxamide )~
palladium (10)

A solution of 7 (100 mg, 0.147 mmol) and bis(aceto-
nitrile )dichloropalladium (37.8 mg, 0.147 mmol ) in CH,Cl,
(2 ml) was stirred for | h at room temperature. The mixture
was poured in hexane (20 ml) and the resulting yellow solid
was filtered off and crystallised from CH,Cl,/ pentane. Yield:
55 mg (43%). P NMR (CDCly): & 194. 'H NMR
(CDCly): 811.11 (s,2H.NH), 8.30 (d.J=8 Hz, 2H, ArH).
8.09 (i, 1H, ArH). 7.80-7.21 (m. 26H. ArH). 7.17-6.96
(m, 2H, ArH). "C NMR (CDC,): 8161.5(C). 148.3(C).
139.3(C). 139.0 (CH). 135.1 (t.%/pe-= 13.0Hz.CH), 132.7
(CH). 131.8 (CH), 130.9 (CH). 128.2 (t, “Jpc=10.7 Hz,
CH). 127.5 (CH), 1274 (1. "Jpc= %50 Hz, C) 126.4 (1,
pe=7 Hz, CH). 125.2 (CH) > 1 CH was not resolved.
Anal. Calc. for C43H,,CI,N;0,P,Pd - CH,Cl,: C. 59.85; H.
3.85; N, 4.87; Cl. 8.23. Found: C. 60.01; H. 3.90: N, 4.78:
Cl, 8.46%.

4.2.7. Synthesis of {bis|N.N’-(2-diphenviphosphino)-
phenyl]-2.6-pyridinedicarboxamidato}nickel (11)

To a solution of 7 (500 mg, 0.73 mmol) in CH,Cl, (10
ml) was added Ni(ClO,),-6H,O (267 mg, 0.73 mmol) and
NaOH (58.4 mg, 1.46 mmol). The mixture was stirred for
| h at room temperature and the solvent was evaporated.
Crystallisation from CH,CL/EtOH yielded red needles.
Yield: 372 mg (68%). *'P NMR (CDCl,): 5.9. 'H NMR
(CDCl): 88.11 (d,J=8 Hz, 2H. ArH), 7.90 (t, /=8, 1H.
ArH), 7.86 (m. 4H, ArH). 7.55 (d, /=8, 2H, ArH). 7.30-
7.07 (m, 16H, ArH). 6.93-6.75 (m, 6H, ArH). '’C NMR
(CDCl,): 8167.7(C). 152.8 (1.C). 150.1 (C). 139.9 (CH).
133.8 (1. CH). 133.7 (1. CH), 133.0 (1, C). 132.2 (CH).
131.7 (¢, C). 132.2 (CH), 130.5 (CH), 129.8 (CH), 1295
(C) 129.1 (CH), 128.2 (CH), 128.1 (CH), 124.7 (CH).
123.8 (CH), 123.3 (CH). Anal. Calc. for C,3H1:N;0-P2Ni:
C, 69.39: H, 447: N, 5.64. Found: C, 67.97; H, 4.52; N,
5.44%.m/z (ES): 741 (M™).

4.2.8. Synthesis of dichlorobis(2-diphenyiphosphino-
aniline)platinum (12)

To asolution of 2-diphenylphosphinoaniline (1) ( 150 mg.
0.54 mmol) in CHCI, (2 ml) was added (CH,CN),PiCl,
(94 mg, 0.27 mmol). The mixture was stirred for | h at room
temperature and the solvent was evaporated and the resulting

light yellow solid was crystallised from CH,Cl,/pentane.
Crystals suitable for X-ray analysis were obtained by crys-
tallisation from CHCl,/hexane. Yield: 127 mg (63%). 'P
NMR (CDCl,): 8 25.7, J(**Pt-"'P) =3349 Hz. 'H NMR
(CDCl1): 8 9.68 (s, 4H, NH,). 7.83 (m, 4H, ArH), 7.52~
7.10 (m, 20H. ArH). *CNMR (CDCL): §147.4(C). 134.1
(CH), 133.1 (1. */pc=11.8 Hz, CH). 132.2 (CH), 132.1
(CH). 130.2 (d. "Jpc=64.9 Hz. C). 129.0 (t, "Jpr =118
Hz, CH). 128.3 (1. Jpc = 7.6 Hz, CH), 127.0 (1. *Jpc = 14.1
Hz. CH). 1252 (d, 'Joc=67.1 Hz. C). Anal. Calc. for
C;6H;2CLN,P,Pt-0.15CH,Cl,: C. 51.35: H. 3.85: N. 3.31.
Found: C. 51.26; H. 4.02: N. 3.34%.

4.3. Crystal structitres

4 3.1. X-ray structure determination of dichloro-
{bis[N.N'-(2-diphenylphosphino)phenyl]-2.6-pyridine-
dicarboxamide }platinum (9)
parallel d, yetlow cols d crystal was transferred

tc the goniostat and cooled to 130 K by using an on-line
liquid nitrogen cooling system [21] mounted on an Enraf-
Nonius CAD-4F diffractometer interfaced to a MicroVAX-
2000 computer. Unit cel! parameters and orientation matrix
were determined from a least-squares treatment of the SET4
[22] setting angles of 22 reflections with 16.33 < < 19.05°.
The unit-cell paramercrs were checked for higher lattice sym-
metry [23}. Crystal data and details on data collection and
refinement are presented in Table 1. The net intensities of the
data were corrected for the scale variation, Lorentz and polar-
isation effects. and for absorption ( with the program DIFABS
[24]). The structure was solved by Patterson methods and
difference Fourier techniques (DIRDIF [25]). The posi-
tional and anisotropic thermal displacement parameters for
the non-hydrogen atoms were refined with block-diagonal
least-squares procedures (CRYLSQ [26]). Subsequent dif-
ference Fourier summations showed density which could be
correlated to the solvent molecule of dichk hane with
the carbon atom on a special position (two-fold axis). Fol-
lowing the inclusion of the positional parameters of the asym-
metric part of the solvent molecule, the remainder of the
structure refined smoothly. Following the anisotropic refine-
ment of the heavy atoms, the hydrogen atoms were located
in subsequenx difference Fourier maps and refined for their
and i pic thermal displacement

:nt on F by full-matrix least-

1 dicnl

Fmal fi

h

tec ues with ani
pammeters for the non-hydrogen axoms andi lsotroplc lhermal
disp for the hydrogen atoms ¢ g
at RF—O 031 ( wR=0.029}. A final difference Fourier map
was essentially featureless with the highest peaks in the vicin-
ity of the heavy atoms. Neutral scattering factors were used
{27] and anomalous dispersion factors [28] were included
in F,. Geometrical calc alations and illustrations were per-
formed with PLATON {29]. All calculations were carried
out on a HP9000/735 compuier.
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4.3.2. X-ray structure determination of dichloro-
bis(2-diphenylphosphinoaniline jplatinum (12)

A colourless, plate-shaped crystal was glued to the tip of a
glass fibre and transferred into the cold nitrogen stream on an
Enraf-Nonius CAD4-Turbo diffractometer on rotating anode.
Accurate unit-cell parumeters and an orientation matrix were
determined by least-squares fitting of the setting angles of
25 well-centred reflections (SET4 [22]) in the range
11.56 <0< 13.91°. The unit-cell parameters werc checked
for the presence of higher lattice symmetry [23]. Crystal data
and details on data collection and refinement are presented in
Table 1. Data were corrected for L effects and the observed
linear decay. An analytical absorption coitection was applied
( ABSORB implemented in PLATON |29]). The structure
was solved by automated Patterson methods and subsequent
difference Fourier techniques ( DIRDIF-92 [25]). Refine-
ment on F* was carried out by full-matrix least-squares tech-
niques (SHELXL-93 [30]): no observance criterium was
applied during refinement. Hydrogen atoms were included in
the refinement on calculated positions riding on their carrier
atoms, except for the amine hydrogen atoms. which were
located on a difference Fourier map and subsequently
included in the refinement. All non-hydrogen atoms were
refined with anisotropic thermal parameters. The amine
hydrogen atoms were refined with an individual isotropic
displacement parameter; the other hydrogen atoms were
refined with a fixed isotropic displacement parameter related
to ihe value of the equivalent isotropic displacement param-
cter of their carrier atoms by a factor of 1.2. Neutral atom
scattering factors and anomalous dispersion corrections were
taken from International Tables for Crystallography {31].
Geometrical calculations and illustrations were performed
with PLATON [29]. All calculations were performed on a
DECstation 5000/ 125.

5. Supplementary material

Further details of the structure determinations, including
atomic coordinates, bond lengths and angles and thermat
parameters for 9 ana 12 (100 pages) are available from the
authors on request.
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