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Abstract 

Palladium and platinum compounds of the composition [MX(L) ]X and [M(Me)(L)]X (M =Pd, Pt; X=C1, Br, I, O3SCF3) howe boi~n 
prepared from the appropriate starting materials and the new ligands (L = N-[2-(diphenylphosphino)benzylidene]-L-methioniool (PNS-I), 
N- [ 2- (diphenylphosphino) benzylidene l-3-propylethylsuifide (PNS-2),N-{N- [ 2-(diphenylphosphino)benzylidene l-D//-,-methio-nyll-tert- 
butylamine (PNS-3) ,N-{N-[2- (pyr id ine)methy l idene]-DIL-meth iony l} - ter t -bu ty lamine  (NN'S)). The single crystal X-ray deterrnination 
of [PtI(PNS-3)]I (3cz) (triclinic, space group PI (No. 2) with a =  10.5298(9), b =  11.5584(8), c=  14.545(2) A, a=T/.368(8), 
/3=84.453(9), y=79.720(7) °, V= 1696.5(3) A3, Z=2, RI =0.0456, wR'2 =0.1195) showed terdentate coordination of the trifuoctional 
PNS-3 ligand with a six-memhered PN containing metallacycle and a six-membered NS containing metallacycle which is in a chair 
conformation. The square planar geometry is completed with an iodide atom, while the second iodide atom is non-coordinating. The methyl- 
palladium and -platinum complexes may occur in solution in various isomeric forms, as an equilibrium has been observed between the ionic 
[ M (Me) (r/3-PNS) ] X and the neutral [ MX(Me) (,/2-PNS) ]. The ~-PNS bonded complex may occur in two conformations, i.e. with the 
six-membered NS containing part of the ligand in either the chair or boat form. The methyl-palladium and-platinur ~ complexes reactedslowly 
with CO to form the con'esponding acetyl complexes, with insertion rates which increased in the order CI < Brl < O3SCF 3- and PNS-I < PNS- 
2 < PNS-3 < NN'S. Complexes [ Pd (r/3-allyl) (PNS-3) ] X (X = Ci, O3SCF a ) with 2-methylallyl and l,l,2-trimethylallyl groups have been 
prepared from the reaction of [PdCI(r/3-allyl) l ~ with PNS-3. Bmh the r/3-allyl and the unusual "r/t-allyl species have been identified by ~H 
NMR and their dynamic properties have been investigated in CDCI3. 

Keywords: Palladium complexes; Platinum complexes; Terdentate ligand complexes; Alkyl complexes; Allyi complexes; Acetyl complexes 

1. Introduction 

In our laboratory the N-[N-(5-methyl-2-thienylmethyli- 
dene)-L-methionyl]histamine ligand was designed in order 
to mimic the active site of  plastoeyanine [ 1 ]. In the solid 
state this hemilabde ligand shows a polymeric structure 
which is formed by inter- and intramoleeular hydrogen bonds 
[21. The CH2CH2SCH3 ann connected to the central chiral 
methionic carbon atom is stretched out and a helix geometry 
is formed. Upon coordination to a cationic silver(I) or cop- 
per(I) nucleus again a polymeric helix geometry is created 
as each of the hemilabile ligand molecules binds to three 
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metal ions while each metal center is bonded to three different 
bemilabile ligands. In solution this polymeric structure dis- 
soeiates into oligomers of  varying size, while the coordination 
mode of  the ligand is unchanged. The geometry of  the ligand 
backbone in the complex in the solid state as well as in 
solution is only slightly changed when compared to the struc- 
ture of the free ligand, which means that the tetrahedral geom- 
etry of the coordination site is mainly ligand controlled, for 
non-discriminating ions like Ag(I )  and Cu( l )  [3]. 

.'~..is interesting feature initiated our interest in the coor- 
dination 13eiiavior of  this ligand towards dS-metal centers 
which favor a square planar m~tead o f a  tetrahedral geometry 
and which would be expected to force the ligand into a dif- 
feren~ conformation. In order to attain more understanding 
about the coordination properties of  this ligand, the coordi- 
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nation behavior of the [N-(thienylidene)-L/D-methionyl] 
and of the methionine parts of the ligand were studied 
separately. 

Coordination of the NSS' [N-(thienylidene)-L/D-meth- 
ionyl]methyi ester ligand towa,ds Pd(II) showed a prefer- 
ence for bidentate coordination via the imine nitrogen and 
methionine sulfur donor atoms, while the thienyl sulfur donor 
is positioned above the coordination plane [ 4 ]. The geometry 
of the ligand backbone is changed appreciably owing to the 
position of the thienyl moiety and the preference of the Pd (II) 
atom for a square planar surrounding. It was shown that the 
rate of insertion of CO into the Pd-Me bond of the methyl- 
palladium complexes [PdX(Me) (D/L-th-metMe-N,S) ] 
was greatly enhanced by the r/2-bonded NS ligand, when 
compared to complexes containing bi- and terdentate nitrogen 
ligands [5]. In the course of these investigations we also 
discovered that the insertion of CO, in the Pd-Me bond of 
[PdCI(Me) (D/L-th-metMe-N,S) ] in the presence of H20, 
caused the hydrolysis of the imine bond to an amine group, 
resulting in the formation of the novel and unexpectedly 
stable complex [PdCI(C(O)Me)(L)]  (L=methionine 
methyl ester) [ 6] in which the ligand is bidentate bonded via 
the amine nitrogen as well as the methionine thioether sulfur 
atom, similar to [Pt(L-MetH-S,N)CI2], [PtCI2(L/D-MetH- 
S,N) ] [7] and [ PdCI2(L/D-MetH-S,N) ] [ 8]. This unex- 
pected finding prompted us to take a closer look at simple 
bidentate NS and NN' ligands containing a hard amine func- 
tion combined with either a soft S-Me or a soft pyridine 
moiety. It was found that both the bidentate NS and NN' 
iigands enhance both CO and allene insertion rates even more 
than the afore-mentioned NSS' ligand, while the insertion of 
(substituted) allenes into the Pd-Me bond affording r/3-allyl 
complexes could be studied in greater detail. 

The observation that the thienyl moiety of the [N-(thien- 
ylidene)-LID-methionyl ] methyl ester iigand does not coor- 
dinate to the palladium center of [PdX(Me)(D/L-th-  
metMe-N,S) ], not even when an open site on the metal 
center is created by halide abstraction, i.e. [Pd(Me)(D/L-  
th-metMe-N,S)](OaSCF3), prompted us to investigate 
ligand systems containing a donor atom such as a phosphorus 
and a pyridine nitrogen atom instead of the thienyl sulfur 
donor. 

Here we report on the coordination behavior of the N- 
[ 2-(diphenylphosphino) benzylidene]-3-propylethylsuifide 
(PNS- 1 ), N- [ 2- (diphenylphosphino) benzylidene ] -L-meth- 
ioninol (PNS-2), N-{N-[2-(diphenylphosphino)benzyl- 
idene]-DIL-methionyl}-tert-butylamine (PNS-3) and N- 
{3/- [ 2- (pyridine) methylidene ]-D/L-methionyl }-tert-butyl- 
amine (NN'S)  ligands (Fig. 1 ) towards palladium(II) and 
platinum(II), resulting in ionic complexes of the type 
[MX(L) ]Y (L = PNS, NN'S; M = Pd, Pt; X = CI, Br, I, Me; 
Y = Ci, Br, I, OTf). The dynamic behavior of the ligand 
backbone in the complexes is studied by variable temperature 
tH and 3tP{ IH} NMR. 

The reactivity of the methyl containing complexes towards 
CO is investigated as a function of: (i) the anion (Ci, Br or 
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Fig. 1. A schematic presentation of the PNS and NN'S ligands. 

I);  (ii) the donor atom linked to the NS backbone (N or P); 
(iii) the alkyl group bonded to the sulfur donor (Me or Et); 
(iv) the bulkiness of the group on the C-4 carbon atom of 
the NS backbone (H, CH2OH, C(O)NH-tBu).  

2. Experimental 

2.1. Materials 

All reactions were carried out in an atmosphere of purified 
nitrogen, using standard Schlenk techniques. Solvents were 
carefully dried and distilled prior to use or stored under an 
inert atmosphere, unless denoted otherwise. [ PdCi2(COD) ], 
[ Pd(Me)CI(COD) ] (COD = cyclo-l,5-octadiene) [9], 2- 
diphenylphosphine-benzaldehyde [10], [PdCI(B3-CH2C - 
(Me)CH2) ]2 and [PdCl(r/3-CH2C(Me)C(Me)2) ]2 [5], 31- 
aminopropyl-ethylsulfide (H2N-Prop-S-Et) I l l ]  2 and N- 
tert-butyloxycarbonyI-L-methionine (BOC-Met-OH) [ 12] 
were synthesized by literature procedures. Methioninol, 2- 
tert-butyloxycarbonyloximino-2-phenylacetonitrile (BOC- 
ON), methionine and 2-pyridine carboxaldehyde are 
commercially available and were used without further 
purification. 

2.2. Instrumentation 

tH, 31p{IH}, 13C{IH} and 15N{tH}-INEPT spectra were 
recorded on Bruker AMX 300 and AC 100 spectrometers. 
Chemical shift values are in ppm relative to Me4Si (tH and 
t3C{ IH} ), 85% H3PO 4 (31p{ ill}) and CH3NO 2 ( tSN{ tS}- 

2 t H NMR (CDCI3, 293 K, 8): !.22 (t, 3H, S-CH2CH3), 1.70 (q, 2H, 
H2N-CHaCH2CH2); 2.4-2.6 (m, 4H, CH=-S-CH2); 2.77 (t, 2H, H2N- 
ell2), t3C{tH} NMR (CDCl3, 293 K, 8): 15.2 (S--CH2CH3); 26.4 (S- 
CH2CH3); 29.3 (H2N-CH2CH2CH2); 33.8 (H2N-CH2CH2CH2); 41.7 
(HaN-CH2CH2CH2) was not reported in Refs. [ I la] and [ I lb]. 
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INEPT). Coupling constants are in Herz (Hz). IR spectra 
were recorded on a Biorad spectrophotometer in the range 
1000-2200 c m -  i. 

The degree of association of 4ey was calculated from vapor 
pressure measurements with a Hewlett-Packard osmometer 
320B in dichloromethane (instrumental error amounts to 
5%). Conductiv'~:7 '~*.0eriments were carried out using a Con- 
sort K720 digital conductometer. 

The CO insertion rates were determined employing a sap- 
phire tube ( 10.0 mm outer diameter, 8.0 mm inner diameter) 
[ 13]. Prior to the NMR experiment, the tube was shaken 
twice, while connected to the CO pressure line, in order to 
dissolve CO homogeneously. The CO insertion reaction was 
monitored by 31p{IH} and IH NMR at room temperature, 
employing approximately 0.02 M solutions (CDCI3) of the 
methylpalladium complexes, and 10 bar CO. 

Elemental analyses were carried out by Dornis und Koibe, 
Muhlheim a.d. Ruhr in Germany. 

2.3. Crystal structure determination o f  3ez 

[ 17 ] ). Refinement on F 2 was carried o!11 by full-matrix least- 
squares techniques (SHELXL-93 [ 18 ] );  no observance cri- 
teflon was applied during refinement. All non-hydrogen 
atoms were refined with anisotropic thermal parameters. 
Hydrogen atoms were taken into account at calculated posi- 
tions and refined riding on their carder atoms, with fixed 
isotropic thermal parameter amounting to 1.5 to 1.2 times the 
value of the equivalent isotropic thermal parameter of  their 
carrier atoms, for methyl hydrogen atoms, and all uther 
hydrogen atoms, respectively. Weights were optimized in the 
final refinement cycles. Convergence was reached at 
wR2 =0.1195, R1 =0.0456. A final difference Fourier map 
showed no residual density outside - 2 . 4 2  and 1.43 e / ~ - 3  
near Pt and I, probably due to residual absorption artefacts. 
Geometrical calculations were performed with PLATOIq 
[ 19]. All calculations were performed on a DECstation 
5000/133. Final coordinates and equivatent isotropie thermal 
parameters of the non-hydrogen atoms for 3ez are given in 
Table 2. 

Crystal data and details on data collection and refinement 
of compound 3cz are presented in Table 1. A yellowish crys- 
tal was picked out of  solution, cut to size and mounted on a 
Lindemann-glass capillary and transferred into the cold 
nitrogen stream on an Enraf-Nonius CAD4-T diffractometer 
on rotating anode. Accurate unit-cell parameters and an ori- 
entation matrix were determined by least-squares refinement 
of 25 reflections (SET4 [ 14 ] ) in the range 11.7 < 0 < 13.7 °. 
The unit-cell parameters were checked for the presence of 
higher lattice symmetry [ 15]. Data were corrected for Lp 
effects. Three periodically measured reference reflections 
showed no significant decay during 21 h of X-ray exposure 
time. An empirical absorption and extinction correction was 
applied (DIFABS [ 16], correction range 0.76-1.28). The 
structure was solved by automated Patterson methods and 
subsequent difference Fourier techniques (DIRDIF-92 

Table I 
Crystal data of 3cz 

F o r m u l a  C2sH33N2PSI2PLCH2CI2 
Molecular weight 1010.44 
Crystal system triclinic 
Space group P] (No. 2) 
a, b, c (A) 10.5298(9), I 1.5584(8), 14.545(2) 
a,/3, 7 (°) 77.368(8), 84.453(9), 79.720(7) 
V (~3) 1696.6(3) 
Z 2 
Dealt ( g c m  -3 ) 1.9778 
~a~ (cm- ~) 62.7 (Mo Ka) 
Radiation (.~) 0.71073 (Mo Ka, graphite monochromated) 
T(K) 150 
Final R i a 0.0456 
Final wR2 t, [no. data] 0. 1195 [7763] 
S 1.01 

+RI =El IFol - IFcl I/EIFol. 
bWR2= IE[w( Fo2- F¢2)2l /E[w( F2)2] ll/2, 

Table 2 
Final coordinates and equivalent isotropic thermal parameters of the non- 
hydrogen atoms for [ Pti(PNS ) ] i- CH2CI2 ( ~ )  

Atom x y z b'~q 

Pt(I) 0.75126(3) -0.09918(2) 0.20134(2) 0.0210(1) 
1(1)  0.73940(5) -0.18920(4) 0.05556(3) 00310(2) 
S(I) 0.9769(2) -0.136!(2) 0.16665(14) 0.0340(6) 
P( I ) 0.5388(2) -0.0873(2) 0.23950(12) 0.0216(5) 
O(i) 0 .7868(6)  0 .1519(5)  0.1527(4) 0.0377(19) 
N( I ) 0 .8678(7)  0.2662(6 ~ 0.2329(5) 0.0297(19) 
N(2) 0.7696(6) -0.0247(5) 0.3145(4) 0.0249(17) 
C(I) 1.0309(10) -0.2659(8) 0.2553(7) 0.050(3) 
C(2) ! .0516(9)  -0.0239(8) 0.2033(6) 0.038(3) 
C(3) 1.0034(8) -0.0009(7) 0.2992(5) 0.032(2) 
C(4) 0 .8608(7)  0 .0592(6)  0.3060(5) 0.0251(19) 
C(5) 0 .8311(7)  0 .1640(6)  0.2226(5) 0.026(2) 
C(6) 0 .8599(9)  0.3787(7)  0.1605(6) 0.037(3) 
C(7) 0.9334( 11 ) 0.3549(9) 0.0704(7) 0.052(3) 
C(8) 0.7186(10) 0.4293(8) 0.1441(8) 0.050(3) 
C(9) 0.9242(!0) 0.4637(8) 0.1995(7) 0.047(3) 
C(10) 0.7104(7) -0.0505(6) 0.3959(5) 0.0243(19) 
C( I 1 ) 0 .6074(7)  - 0.1195(6) 0.4263(5) 0.0231(19) 
C(12) 0.5873(8) -0.1596(7) 0.5238(5) 0.032(3) 
C(13) 0.4827(9) -0.2157(8) 0.5620(6) 0.039(3) 
C(14) 0.3945(9) -0.2313(7) 0.5032(6) 0.036(3) 
C(15) 0.4121(8) -0.1919(7) 0.4063(5) 0.029(2) 
C(16) 0.5173(7) -0.1392(6) 0.3668(5) 0.0216(17) 
C(17) 0.4505(7) -0.1774(7) 0.1894(5) 0.027(2) 
C(18) 0.4742(8) -0.3005(7) 0.2164(6) 0.035(3) 
C(19) 0.4150(9) -0.3698(8) 0.1"/20(7) 0.042(3) 
C(20) 0.3339(9) -0.3187(9) 0.1013(6) 0.042(3) 
C(21) 0.3129(8) -0.1932(9) 0.0724(5) 0.038(3) 
C(22) 0.3719(7) -0.1229(7) 0.1160(5) 0.030(2) 
C(23) 0.4483(7) 0.0635(6)  0.2143(5) 0.0242(19) 
C(24) 0.3343(8) 0.0961(7)  0.2627(5) 0.029(2) 
C(?~5) 0.2652(8) 0.2129(7) 0.2415(6) 0.034(2) 
C(26) 0.3158(8) 0.2976(7) 0.1729(6) 0.034(2) 
C(27) 0.4299(8) 0.2659(7) 0.1245(6) 0.033(2) 
C(28) 0.4977(8) 0.1493(7) 0.1440(5) 0.032(2) 
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2.4. Synthesis of the ligands 

2.4.1. N-(N-tert-Butyloxycarbonyl-L-methionine)tert- 
bu~. lamine (BOC-Met-tBu) 

BOC-Met-tBu was prepared following the procedure 
described for N-(N-tert-butyloxycarbonyl-L-methionine)- 
histamine (BOC-Met-Histam) [ 2 ] using BOC-Met-OH and 
tert-butylamine. The product was isolated as a white solid in 
65% yield. ~H NMR (CDCla, 293 K, 8); 1.24 (s, 9H, C7); 
1.33 (s, 9H, (Me)aC, BOC); 1.81 (m, 2H, call2); !.99 (s, 
3H, C~Ha); 2.45 (m, 2H, C2H2); 4.05 (t, H, C4H). 13C{ IH} 
NMR (CDCI 3, 293 K, 8); 15.7 (C');  28.8 (C7); 29.1 
(C(Me)3, BOC); 30.1 (Ca); 32.3 (C2); 51.8 (C6); 54.4 
(Ca); 80.3 (C(Me)a, BOC); 156.3 (C-S); 174.0 (C=O, 
BOC). 

The BOC protecting group was removed by HCI, as 
described for H-Met-Histam- 2HCI [2], resulting in HCI. H- 
Met-tBu. By reacting HCI-L-H-Met-tBu with Et3N (!.5 
equiv.) in EtOH and subsequent evaporation of the solvent, 
followed by extraction of the obtained white sticky solid with 
CH2Ci2, the racemate L/D-H-Met-tBu was collected as a 
yellow oil in 62% yield. ~H NMR (CDCI 3, 293 K, 8): 1.36 
(s, 9H, C7H3); 2.09 (m, 2H, Call2); 2.12 (s, 3H, CtH3); 
2.55 (dd, 2H, C2H2); 3.88 (t, IH, C4H). 13C{lH} NMR 
(CDCla, 293 K, 8); 14.7 (C~); 28.3 (C7); 29.3 (Ca); 31.9 
(C2); 52.0 (C6); 53.5 (C4); 157.1 (C5). 

2.4.2. N-[N-{2-(Diphenylphosphino)benzylidene}- 
3-propylethylsulfMe] (PNS-1, a); N-[N- { 2-(diphenyl- 
phosphino)benzylidene }-L-methioninol] ( PNS-2, b ); 
N-IN- { 2-(diphenylphosphino)benzylidene }-D/L- 
methionyl ]-tert-butylamine ( PNS-3, c) 

Employing the method described for 2-(diphenylphos- 
phino)-benzylidene-R( _+ )-a-methyl-benzylamine [20] 
and using H-Met-tBu and 2-(diphenylphosphino)-benzal- 
dehyde afforded ligand c in 72% yield, as a yellow oil. e: IR 
(CH2CI 2, cm- s): 1631 (C=N); 1650 (C(O)NH). 13C{ IH} 
NMR (CDCI3, 293 K, 8): 14.5 (Cl); 28.8 (C7); 29.3 (C3); 
33.1 (C2); 51.2 (C6); 73.3 (C4); 161.7 (Cl°); 171.6 (C5). 
a: laC{IH] NMR (CDCI3, 293 K, 8): 15.3 (8--CH2CH3); 
26.3 (S-CH2CH3); 29.6 (N--CH2CH2CH2); 32.9 (N-  
CH2CH2CH2); 59.2 (N-CH2CH2CH2). b: laC{IH} NMR 
(CDCI3, 293 K, 8): 15.9 (C~); 30.6 (ca); 31.8 (C2); 66.7 
(C 5); 71.7 (C 4 ); 161.3 (Cl°). Elemental analyses failed due 
to traces of amine, but from the spectroscopic details there is 
no doubt about the composition of the ligand. 

2.4.3. N-lN-{2-(Pyridine)methylidene}-D/L-methionyl]- 
tert-butylamine ( NN'S, d) 

The preparation was similar to the PNS ligands using 2- 
pyridine carboxaldehyde, d: lac{ IH} NMR (CDCI 3, 293 K, 
8): 15.5 (e l ) ;  29.2 (C7'8"9); 30.4 (C3); 34.3 (C2); 51.3 
(C6); 73.0 (C4); 121.9 (CJ3); 125.9 (CI2); 137.2 (Cl4); 
150.3 (CIS); 154.1 (C tl) 164.3 (Cl°); 171.6 (C5). ISNNMR 
(CDCIa, 293 K, 8): -47.6  (pyridyl-N); -34.8 (imine-N). 
Elemental analysis failed due to traces of polymerized 2- 

pyridine carboxaldehyde and the instability of the ligand, 
leading to the starting compounds H-Met-tBu and the 
aldehyde. 

2.5. Synthesis of the complexes 

2.5.1. [MCI(L) ICI (L = PNS-2, M= Pd ( lby ), L = PNS-3, 
M= Pd (lcy), Pt (lcz), L=NN'S, M= Pd (ldy)) 

To a stirred suspension of [PdCI2(COD)] (0.21 g; 0.72 
mmoi) in CHzCI2 (10 ml),  a solution of the PNS-3 ligand 
(0.46 g; 0.72 mmol) in CH:Ci2 (15 ml) was added. The 
mixture was stirred for 18 h at room temperature, after which 
the solvent was evaporated. The resulting off-white sticky 
solid was washed with Etz O (2 × 10 ml) and subsequently 
dried, which afforded an air stable solid in 95% yield. 
Anal. Found: C, 51.39; H, 5.13; N, 4.26. Calc. for 
C28H33N2OPSC12Pd: C, 51.43; H, 5.09; N, 4.28%. Icy: iR 
(CH2Clz, cm- i): 1610 (C=N); 1652 (C(O)NH). I3C{ IH} 
NMR (CDCIa, 293 K, 8): 22.1 (C~); 28.7 (C7"8'9); 33.9 
(broad, Ca); 34.7 (broad, Cz); 55.4 (C6); 166.4 (broad, 
C1°); 176.8 (C5); C a obscured by CDCI3. Complex Icy 
showed a specific conductivity of A = 356 l ' l-  i cm z mol - i 
(CH2C12, 223 K); A =703 II -I  cm 2 mol - l  (CHzCI2, 293 
K); A =797 I I -  i cm z mol- ~ (CH2CIz, 323 K). 

1by, ldy and lez were synthesized similar to ley, using 
[PtCJ2(COD)] (0.12 g; 0.32 retool) in CH2C12 (10 ml). 
lez: laC{IH] NMR (CDCI3, 293 K, 8): 16.4 (CI); 28.1 
(C7'8'9); 30.7 (C3); 34.4 (C2); 53.8 (C6); 163.8 (Ct°); C 4 
is ob~:ared by CDCI3 while C 5 is not observed. Because of 
the similarity of the products with ley no elemental analyses 
were carried out. 

2.5.2. IPdBr(L)]Br (L = PNS-3 (2cy), NN'S (2dy)) 
PdBrz (0.91g; 3.39 retool) was suspended in a mixture of 

CH2Ci2 (15 ml) and MeCN (10 ml) followed by addition 
ofa PNS ligand solution in CHzCI z ( 13.2 ml of 0.26 M). The 
resulting purple suspension was stirred [or at least 18 h at 
room temperature during which period the color of the mix- 
ture slowly changed to red. The red mixture was filtered and 
subsequently reduced to 5 ml by evaporation, after which 
Et20 (20 ml) was added which caused a yellow solid to 
precipitate. Complex 2¢y was isolated in quantitative yield 
by filtration and subsequently dried in vacuo. Anal. Found: 
C, 45.17; H, 4.52; N, 3.79. Calc. for Cz~H33NzOFaBr2Pd: C, 
45.27; H, 4.48; N, 3.77%. 2cy. IR (CHzCI2, cm-I ) :  1612 
(C=N); 1648 (C(O)NH). 13C{IH] NMR (CDCI3, 293 K, 
8): 15.5 (C~); 28.6 (C7"8"9); 29.9 (C3); 34.8 (C2); 53.9 
(C6); 78.4 (C4); 165.4 (Cl°); 174.0 (C5). Complex 2ey 
showed a specific conductivity of A = 367 l l -  s cm 2 mol- 1 
(CH2C12, 223 K); A =689 [l-~ cm 2 mol-t  (CH2C!2, 293 
K); A = 943 f t -  ~ cm 2 tool- i (CH2CI2, 323 K). 

Complex 2dy was synthesized similar to 2cy, using PdBr2 
(0.09 g; 0.32 retool). 2dy: 13C{ ~H} NMR (CDCI3, 293 K, 
8): 15.8 (Ct); 29.3 (C7"S'9); 32.2 (C3); 32.8 (C2); 53.1 
(C6); 64.6 (broad, C4); 129.8 (C~3); 130.4 (CI2); 141.8 
(CI4); 153.1 (C'5); 154.8 (Ct ' ) ;  167.8 (C5); 174.4 (Cl°). 
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Elemental analysis was not performed due to the similarity 
of the product with lcy. 

2.5.3. /Ptl(L)]! (L=PNS-3  (3cz), N N ' S  (3dz)) 
3cz and 3dz were prepared similarly to 1¢y using 

[ PtI2(COD) ] (0.28 g; 0.50 mmol) in CH2Ci 2 (10ml). Slow 
diffusion of Et20 into a concentrated solution of 3¢z in 
CH2CI2 afforded yellow crystals. Anal. Found: C, 36.42; H, 
3.68; N, 2.92. Calc. for C2sHaaN2OPSI2Pt: C, 36.34; H, 3.60; 
N, 3.03%. 3cz: IR (CH~CI2, cm-~): 1612 (C=N):  1647 
(C(O)NH).  ~aC{ ~H} NMR (CDCI3, 293 K, 6): 19.2 (broad, 
C ' ) ;  29.0 (C7'S'9); 29.3 (Ca); 33.9 (broad, C2); 54.7 (C6); 
75.3 (broad, C4); 163.6 (broad triplet, aJ~_c = 44 Hz, C~°). 
Complex 3c showed a specific conductivity of A = 569 l-l- 
cmz moi -~ (CH~Ci2, 223 K); A=992  [ l  -~ cm 2 mol -~ 
(CH2C12, 293 K); A = I I 0 6  1) -~ cm 2 mol -I  (CH2Ci2, 
323 K). 

2.5.4. [M(Me)(L)ICI (L = PNS-I,  M = Pd (,lay), M = Pt  
(4az); L = PNS-2, M = Pd  (4by), M = Pt  (4bz); L = PNS-3, 
M = Pd (4cy); L = NN'S,  M = Pd (4dy)) 

The complexes were prepared similar to Icy, using 
[PdCI(Me) (COD) ] (0.59 g; 2.33 retool) in CH2CI 2 (5 mi). 
4cy: Anal. Found: C, 54.92; H, 5.69; N 4.49. Calc. for 
C29H36N2OPSClPd: C, 54.98; H, 5.73; N, 4.42%. 4ey: IR 
(CH2CI 2, ¢m- i ): 1614 (C=N);  1656 (C(O)N-H). 13C{ IH} 
NMR (CDCIa, 293 K, 8): 0.1 (broad, Pd-Me); 27 (broad, 
C7'8"9); 163.1 (broad, C Io); the resonances of C', C 2, C 3, C 4, 
C ~ were very broad and could therefore not be properly 
assigned. Complex 4cy showed a specific conductivity of 
A =530 ~,~-i cm 2 mol- t  (CH2C12, 223 K); A =941 f l  - I  
cm 2 mol - I  (CH2C12, 293 K); A=1208 l l - '  cm 2 mol - I  
(CH2CI 2, 323 K). 

4bz: 13C{ºH} NMR (CDCIa, 293 K, 6): -12 .9  (Jpt-c 
= 622 Hz, Jp_c = 5.3 Hz, Pt-Me); 15.9 (J~_c = 26.2 Hz, CI); 
28.8 (C3); 32.6 (Jpt~=27.4 Hz, C2); 66.4 (C5); 72.9 
(broad, C4); 165.1 (broad, C1°). 4dy: 13C{IH} ]~V[R 
(CDCia, 293 K, 8): 3.8 (Pal-Me); 22.3 (CI); 29.1 (C7'S'9); 
29.3 (ca);  31.3 (Ca); 52.4 (C6); 66.2 (C4); 129.0 (Ct3); 
129.5 (Ct2); 141.3 (C~4); 148.5 (CI5); 155.4 (CI!); 167.7 
(C1°); 169.0 (C5). IsN NMR (CDCi3, 293 K, 8): - 139.8 
(pyridyl-N); -70 .2  (imine-N). As 4ay, 4az, 4by, 4bz and 
4dy are analogous to 4cy no elemental analysis was 
performed. 

2.5.5. IPd(Me)(L)]Br(L=PNS-3 (Soy), N N ' S  (.$dy)) 
To a solution of Tey (0.81 g; 1.08 mmoi) in CH2Ci 2 ( 15 

ml), Ag(O3SCFa) (0.29 g; 1.14 retool) was added. The 
resulting solution was stirred for 18 h at room temperature, 
which caused a color change to yellow. After filtration and 
subsequent evoporation of the solvent a yellow solid was 
obtained in 93% yield. Anal. Found: C, 51.52; H, 4.88; N, 
4.11. Calc. for C29HatN2OPSBrPd: C, 51.61; H, 4.93; N, 
4.15%. 5cy: IR (CH2C12, cm- I ) :  1611 (C=N);  1655 
(C(O)NH).  13C{IH} NMR (CDCI3, 293 K, 8): 2.8 (Pd- 
Me); 19.6 (C I); 28.7 (C 7's'9); 32.3 (broad, Ca); 34.8 (broad, 

C2); 54.0 (C6); 72.4 (C4); 164.9 (C'°);  176.9 (CS). Com- 
plex 5¢y showed a specific conductivity ofA = 523 l ) -  I cm 2 
mol-  i (CH2C!2, 223 K); A = 873 1)- ! era 2 tool- i (CH2C12, 
293 K); A = 996 1"1- i cm 2 mol-  i (CH2C12, 323 K). 

Complex 5dy was prepared similarly to ~¢y. 13C{1H} 
NMR (CDCi3, 293 K, 8): 3.2 (Pd-Me);  21.9 (C1); 29.2 
(C7'S'9); 29.8 (C3); 32.0 (C2); 52.2 (C4); 66.4 (C4); 128.9 
(C~3); 129.8 (CI2); 141.5 (CI4); 148.3 (Ci5); 15:L8 (CII); 
167.5 (C1°); 171.2 (CS). As $dy is analogous to ~x, ey no 
elemental analysis was performed. 

2.5.6. [Pd(Me)(PNS-3)]! (6cy) 
To a solution of 4cy (0.09 g; 0.15 retool) in CH2C! 2 ( 10 

ml) NI-I4I (excess) was added. The color of the solud:,n 
turned red within 2 min. After 10 rain the solution was filtered 
and the solvent was subsequently evaporated, resulting in a 
hygroscopic red solid 6¢y in 84% yield. 6¢y: IR (CH2C! 2, 
cm- I ) :  1608 (C=N);  1656 (C(O)NH).  13C{IH} HMR 
(CDCI a, 293 K): 1.3 (broad, Pd-Me); 15.0 (C~); 28.7 
(C ~'s'9); 30.4 (broad, C a ); 32.7 ( broad, C 2); 51.3 (C6.); 72.3 
(C4); 165.5 (broad, C1°); C s is not observed. Complex 
showed a specific conductivity of A = 498 f l  - * era 2 mol-  I 
(CH2C12, 223 K); A =872 1~ - !  cm 2 tool -1 (CH2C12, 293 
K); A = 1062 [1- i cm 2 tool- I (CH2CI2, 323 K). Elcmcutal 
analysis failed due to the presence of a small amount of NH~I, 
which,~ould not be avoided. 

2.5.Z [M(MeXL)](O~SCFj) (L = PNS-I,  M =  P d  (Tay), 
M = Pt  (7az); L = PNS-2, M = Pd  (Tby); L = PN$-3, M =  P d  
(Tcy); L = NN'  S, M = Pd  (Tdy)) 

To a s~lution of 4ey (0.16 g; 0.26 retool) in CT~I3 (10 
ml) Ag(~)aSCF3) (0.07 g; 0.27 mmol) was added. Aftex 5 
rain the ~sulting suspensie,a was filtered resulting in a clear 
solution of 7¢y. 7¢y: IR (CH2C12, c m - I ) :  1607 (C=N);  
1653 (C(O)HH).  laC[IH} NMR (CDCIa, 293 K, 8): 7 
(broad, Pd-Me); 14.9 (Ct);  26.6 (CT'S~); 28.6 (C3); 31.4 
(C2);50.2 (C6); 69.5 (C4); 163.3 (C'°);  168A (CS). Com- 
plex 7¢y showed a specific conductivity ofA = 623 ~ -  ~ cm 2 
tool - I  (CH2C12, 223 K); A=1021 1"1 - I  cm 2 mol - !  
(CH2C!2, 293 K); A--1475 1~ - i  cm 2 tool - l  (CHzCI2, 
323 K). 

Complexes 7ay, 7az, Toy and 7dy were prepared similarly 
to 7ey, using 4ay, 4az, 4by and 4dy, respectively. Elemental 
analysis of 7ay, 7az, 71by, 7ey and 7dy could not be carried 
out due to slow degradation of the solid product, with for- 
marion of colloidal palladdum or platinum. 7dy: 151q IqMR 
(CDCI3, 293 K, ~): - 158.0 (pyridyl-bl); -71.1 (imine- 
N). 

2.5.8. [Pd( CH2C(Me)C(R)2)(PNS)]CI (R = H (8¢y), Me  
( ~ y ) )  

To a stirred solution of [ (PdCI(7/LCHzC(Mv)CHa)Iz 
(0.07 g; 0.18 mmol) in CHzCI z (4 ml) at room temperature 
a solution of L (0.23 g; 0.36 mmol) in CHzCIz (3 ml) was 
added. The mixture was stirred for I b after which the solvent 
was removed in vacuo, yielding Bey as a yellow solid. Bey, 
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major component: '-~C{ IH} NMR (CDCI 3, 293 K, 6): 14.5 
(broad, Cl); 19.1, 19.4 (C2'Me); 26.8 (C7"8'9), 31.4 (C-a); 
33.3 (C2); 49.1 (CI'H2); 49.3 (C6); 51.9 (C-a'HQ; 70.9 
(broad, C4); 119.7 (broad, C2'), 159.5 (C")); 169.4 (broad, 
C5). 8cy, minor component: m-aC{ IH} NMR (CDCI3, 293 K, 
6): 15.1 (CI); 20.8 (C2'Me); 26.5 (C7"8'9).~ 29.0 (broad, C 2 
and C-a); 33.4 ( C ' ) ;  69.2 (broad, ca); 105.5 (C3'); 120.0 
(broad, C2'); 163.0 (Cl°); 172.2 (broad, C5). Complex 8cy 
showed a specific conductivity of A = 764 f~- i cm 2 mol - 
(CH~CI2, 223 K); A =945 ,O-i cm 2 mol-m (CH2CI2, 293 
K); A = 1153 1~- i cm 2 mol- i (CH2CI2, 323 K). 

9cy: 13C{ IH } NMR (CDCI-a, 293 K, 8): 16.4 (broad, C I); 
22.1 (MeO); 22.6 (C2'Me); 27.4 (MeS); 27.6 (C7'8"9),~ 27.9 
(Me'); 30.2 (broad, C'a); 32.2 (broad, C2); 50.0 (C6); 50.7 
(broad, C3'H,); 71.7 (broad, C a ); 109.5 (C 2'); 167.0 (broad, 
Cm°); 167.7 (broad, C5); 170.2 (Cl'Me2). 

Elemental analysis of 8cy and 9cy could not be carried out 
due to the presence of small amounts of [(PdCI(r/3- 
CH_,C(Me)CH2) ]2, which could not be removed. 

2.5.9. /Pd(CHzC(Me)C(R)2)(PNS)](O3SCF3)(R= H (IOcy), 
Me ( l l c y ) )  

To a stirred solution of 8cy (0.18 g; 0.21 retool) in CDCI3 
(5 ml) Ag(O3SCF3) (0.05 g; 0.22 mmol) was added, result- 
ing in the formation of a white precipitate, which was filtered 
off, yielding a yellow solution of 10ey in CDCI 3. '3C{ IH} 
NMR (CDCI3, 293 K, 6): 14.2 (CI); 21.6 (C2'Me); 27.1 
(C7"S'9); 30.6 (C3); 33.7 (C2); 50.1 (C6); 51.8 (broad, 
C1'H2); 53.8 (broad, C3'H2); obscured (C4); 115.1 (C2'); 
163.2 (broad, Cl°); 171.2 (broad, CS). Complex 10cy 
showed a specific conductivity of A = 803 [~- ~ cm 2 moi- 
(CH2C12, 223 K); A =934 [~-i cm ? tool-i (CH2C!2, 293 
K); A = 1067 l 'l- i cm 2 tool- i (CH2C12, 323 K). 

l lcy:  13C{IH} NIdR (CDCI3, 293 K, 6): 15.5 (broad, 
C~); 20.6 (C2'Me); 22.9 (Me"); 24.4 (C7"S'9); 27.6 (MeS); 
29.9 (broad, C 3) ; 31.8 (broad, C2); 52.0 (C re'H2); 52.2 (C 6); 
55.0 (C-a'H2); 73.3 (C 4); 118.5 (C 2') ; 167.9 (broad, C ~°); 
176.1 (C5). Elemental analysis of 10cy and l lcy  could not 
be carried out dae to degradation of the solid product, with 
formation of colloidal palladium or platinum. 

2.5.10. [M(COMe) (L) ]X  ( M = P d :  L = P N S - I ,  X = C l  
(12ay ); L = PNS-2, X = Cl (12by); L = PNS-3, X = Cl (12cy), 
X = Br  (13cy), X = I (14cy), X = 03SCFj  (15cy); L = NN'S ,  
Xffi Cl (12dy), X = 03SCF3 (15dy); M = Pt: L = PNS-2, 
X = C! (12bz)} 

In a typical experiment complex 4cy (approximately 0.15 
mmoi) in CDCI3 ( 1.5 ml) was pressurized with CO (lObar) 
at room temperature in a high-pressure 10 mm N-MR tube. 
12cy: IR (CH2C12, cm-~): 1702 (Pd-C(O)Me); 1610 
(C=N); 1652 (C(O)NH). 12cy: t3ClIH} NMR (CDCI3, 
293 K, 8): 16.5 (e l ) ;  28.9 (C7"S'9); 30.9 (C3); 33.5 (C2); 
39.4 (Pd--C(O)Me); 52.1 (C6); 68.7 (Ca); 167.2 (Ct°); 
168.4 (CS). 13cy: IR (CH2C12, cm-t ) :  1704 (Pd- 
C(O)Me); 1611 (C=N); 1655 (C(O)NH). 14cy: IR 
(CH2CI2,cm- I): 1699 (Pd--C(O)Me); 1614 (C=N); 1648 

(C(O)NH). 15ey: IR (CH2C12, cm-m): 1705 (Pd- 
C(O)Me); 1612 (C=N); 1653 (C(O)NH). Elementalanal- 
ysis could not be performed due to decarbonylation upon 
release of CO pressure, which is accompanied by gradual 
degradation of the product with formation of colloidal 
palladium. 

3. Results 

In earlier studies it was found that upon condensation of a 
methionine methyl ester residue with a phosphorus function- 
alized aldehyde the product is instable and hydrolysis of the 
imine bond takes place. In order to stabilize the imine bond 
the methionine was protected as an amide. The first step in 
the PNS-3 and NN'S ligand synthesis involves the formation 
of the optically active BOC protected methionine, which is 
subsequently coupled with H2N-tBu (Scheme 1, Eqs. (1) 
and (2)). Reaction of this enantio-pure BOC-L-met-tBu with 
HCI in order to remove the protecting group and subsequent 
reaction with Et3N resulted in the abstraction of HCI of the 
HCI. Hmet-tBu intermediate and in racemization of the chiral 
carbon atom of the amino acid moiety, i.e. of C(4)H (Scheme 
1, Eq. (3)). The non-substituted H2N-(CH2)3-S-Et was 
made by reaction of bromopropyl-phthalimide with EtSH and 
subsequent removal of the protecting group by reaction with 
HCI (Eq. (6)). The PNS-1 (a), PNS-2 (b), PNS-3 (c) and 
NN'S (d) ligands were prepared by reacting the proper 
amine, i.e. H2N-Prop-S-Et (a), methioninol (b, commer- 
cially available) and Hmet-tBu (c and d), with 2-(diphen- 
ylphosphino)-benzylidene and 2-pyridine-carbaldehyde 
(Eqs. (4) and (5)). 

The yellow bidentate PNS ligands all show phosphorus 
coupling on the imine proton of the free ligand in *H NMR 
(4.7 Hz in PNS-1, 3.9 Hz in PNS-2 and 2.9 Hz in PNS-3), 
which points to a through-space coupling [21], indicating 
that the imine H atom (C(10)H) is directed towards the lone 
pair of the phosphorus atom. 

The bischloride complexes [PdCI(L)]CI (1) were pre- 
pared by reaction of [PdCI2(COD)] with b, c and d, while 
the corresponding platinum complex was only prepared with 
c (Scheme 2). [PdBr(L)]Br (2) complexes were synthe- 

HCLL-H,~eIH BOC ~ BOC.L-metH (I) O 
H2N'IBu ~ N  

HCI.D/L-HrneI.tBu 0 
py-CHO 

(3) Et3N / )OH" 

(4) (S) 

D/L-HmeI-~Bu ~ ~ H2N-(CH2)3-S-Et 

py-Clt~N-met-tBu (d) ph2P.C6H4.CH.N.R ! RI~ -(CH2)3.S.Et 0t) 
r , ~ n o l  (b) 
met.re. (c) 

Scheme I. Formation of the ligands. 
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MCI2(COD) or 
Na~MCl4 
PdBr; or 
Na.,PtBr,; 
PtI,(COD) 

PdCI(Mc}(COD) or 
PtCI(Me)(COD) 

1 
Me- -  Cl 

L= PNS-! L= PNS-2 
4ay, M= Pd 4by. M= Pd 
4az. M= Pt 4bz. M= Pt 

L= PNS-3 L= bIN'S 
4¢y, M= Pd 4dy, X= el 

L= PNS-2 L= PNS-3 
M= Pd M= Fd. 
Iby, X= CI lq. X= Cl 

M= Pd, l a .  X= CI 
ldy. X= CI ~ .  X= I 
2dy. X= Br 
M= Pt, 
3d~ X= I 

Me-- I L= PNS-3 
6cy. M= Pd 

3 ]  i~  PNS.! L~ I~Ns-2 Ag(OTI') 7ay, M= Pd I 7by. M= Pd 
M~- oTf ~ I 

7cy. M= Pd [ 7dly, M= Pd 

~ NaBr 

p•id•] 
L= PNS-3 

MS-- Br .%'y. M= Pd 
L= NbrS 
,~ly, M= Pd 

Scheme 2. Numbering of the starting complexes and products. 

sized by reaction of PdBr2 with c and d, whereas the iodide- 
platinum analogue (3) was synthesized using [ PtI2(COD) ] 
in combination with c and d. 

The methyl complexes [Pd(Me)(L)]CI (4) were pre- 
pared by reaction of a, b, c and d with [PdCI(Me) (COD) ], 
while the corresponding platinum analogue was prepared 
from [PtCI(Me)(COD)] using only ligands a and b. The 
methyl-iodide complex (6) containing e was prepared by 
reacting [Pd(Me) (PNS-3) ]CI with NH4I. The [Pd(Me)- 
(L)](O3SCF3) complexes (7, L = a ,  b, c and d) were 
formed by abstracting the halide ligand from 
[Pd(Me)(L)]CI with Ag(O3SCF3) (Scheme 2). The 

[ Pd(Me) (L) ] Br complexes (S, L = e and d) were obtained 
by reacting 7 with NaBr. The palladium compounds are 
labeled y, while the corresponding platinum complexes are 
labeled z. 

The bis-halide (1, 2 and 3) and methyl-halide (4, S and 
6) complexes dissolve in polar solvents and can be stored in 
the open air for a prolonged period. Heating solutions of these 
complexes in CH2Cle or CDCI3 (T>363 K, 18 h) caused 
slow decomposition as shown by the formalion of traces of 
colloidal palladium or platinum. The complexes with 
X=O3SCF3- (7) are hygroscopic and instable and were 
therefore prepared in situ. 

3.1. [MX(L)]X (X=CI, Br, I); [MfMe)(L)]X (X =Cl, Br, L 
or17 

The molecular structure of [PtI(PNS-3) ]I-CH2C12 (3¢z) 
in the solid state (Fig. 2) shows the expected square planar 
coordination around the metal center formed by the P ( i t -  
P( i ) = 2.240(2)/~), imine-N ( i t -N(2)  =2.056(6) .~) and 
the S (Pt-S(I)  =2.363(2) ,~) donor atoms of the PNS 
ligand and an iodide iigand (t t-I(1) =2.5801(6) ~) ,  while 
the second iodide is not bonded to the metal center, as indi- 
cated by the I t - I (2)  distance of 5.5342(10) .~. The ionic 
iodide atom is connected by hydrogen bonds with the amide 
hydrogen and with the solvent hydrogen atoms, as indicated 
by the H(100)-.-I(2), H(29A)..-I(2) and H(29B)--.I(2) 
distances of 3.674(7), 3.911 (11) and 3.868(5)/~, respec- 
tively. All distances (Table 3) are in the expected range [22]. 
The six-membered NS containing chelate ring has a chair 
conformation, similar to the conformation found for methi- 
onine platinum and palladium complexes [ItCI2(L-MetH- 
S,N)], [ItCI2(LID-MetI-I-S,N)] [7] ,and [PdCI2(L/D- 

j••CI2 C1 

c14  ca 

'~'~ C ' ~ ~  _ PLI~ C2 

C26 
Fig. 2. Molecular  structure o f  3cz in the solid state. 
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Table 3 
Selected distances (.~) and angles ( ° ) 
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for 3cz (e.s.d.s in parentheses) 

Pt-l( I ) 2.5801(6) 
Pt-P( 1 ) 2.240(2) 
Pt-S( 1 ) 2.363(2) 
Pt-N(2) 2.056(6) 
H(100)-..!(2) 3.674(7) 
H(29A)---l(2) 3.91 I( 11 ) 
H(29B)---I(2) 3.868(5) 

I( I )-Pt-S( 1 ) 84.19(5) 
S( 1 )-Pt-N(2) 93.17(19) 
N(2)-Pt-P( 1 ) 89.14(19) 
P( 1 )-Pt-l( I ) 93.63(5) 

C( 10)-C( I I )~2( 16)-P( I ) 6.4(10) 
N(2)-C( 10)-C( 11 )-C(16) -24.0(13) 
Pt( I )-N(2)-C( 10)-C( I I ) -9.9( 11 ) 
P( 1 )-Pt( I )-N(2)--C(10) 40.4(6) 
N(2)-Pt( 1 )-P( I )-C(16) -44.4(3) 
Pt( 1 )-P( 1 )-C( 16)--C( 11 ) 32.0(6) 
Pt( 1 )-N(2)-C(4)~(3) -68.9(7) 
C(2)~(3)-C(4)-N(2) 79.3(8) 
S( I )-C(2)-C(3)-C(4) -67.0(8) 
Pt( 1 )-S( I )-.-C(2)-C(3) 44.9(7) 
N(2)-Pt( I )-S( I )-C(2) -29.4(3) 
S( 1 )-Pt( 1 )-N (2)-..C(4) 43.2(5) 

MetH-S,N)] [8]. By comparison with the C(4 ) -C(3) -  
C(2)-S and N-C(4)--C(3)-C(2) dihedral angles of 
-67.0(8)  and 79.3(8) ° of 3ez with the analogous values 
found for the N-[N- (5 -m e th y l -2 - t h i eny lme thy l i dene ) -L -  

methionyl]histamine ligand [2] (170.0(2) and 178.8(3) °, 
respectively), one may infer that a rotation is needed of the 
methionine side arm in order to bind the PNS-3 ligand also 
as an NS chelate. The coordination fashion is therefore 
controlled by the metal and not by the ligand, as is the case 
for N-[ N- (  5 -me thy l -2 - th ieny lme thy l idene  ) -L-meth ionyl  ]- 

histamine [ 2,3 |. The six-membered PN chelate ring shows a 
perturbed envelope conformation, as indicated by the dihe- 
dral angles of 6.4(10) ° for C10--C11--C16-PI and 32.0(6) ° 
for the P t l -PI -CI6-CI  1 units, respectively, similar to the 
conformation found for the bis-chloridepalladium complex 
with 2-(diphenylphosphino)benzylidene-S( - )-ot-methyl- 
benzylamine [20]. Both the methyl group on the sulfur 
donor, i.e. C( 1 ), and the C(O) NH-tBu moiety are positioned 
quasi-axial with respect to the NS chelate ring, thus giving 
the sulfur atom an R configuration, and C(4) an S 
configuration. 

The coordination fashion of the PNS ligands could be 
ascertained by using the phosphorus donor atom, the imine 
proton (C(10)H) and the alkyl substituent on the sulfur 
donor (C( I ) ) as probes in 31p{ iH} ' t H and t3C{ tH} NMR, 
respectively. 

Phosphorus coordination is clear from the downfield shift 
of the 3tp{ iH} NMR resonance signal (Table 4), compared 
to the free ligand, which is approximately 40 ppm for the bis- 
halide (lby, Icy and 2¢y) and 50 ppm for the methyl-halide 
palladium complexes (4ay, 7ay, 4by, 7by, 4cy-Tcy). The 
platinum complexes show a smaller downfield shift, i.e. 10 
ppm for the bis-h~!ide platinum compounds (lcz and 3cz) 
and 30 ppm for the methyl-halide platinum complexes (4az 
aad 4bz). Platinum-phosphorus coupling (Table 4) further 
illustrates phosphorus coordination, 

Imine nitrogen coordination of the bis-halide complexes 
( lby, Icy, Icz, 2cy and 3cz) is inferred from the downfield 
shift of the imine proton (C(IO)H) of approximately 0.6 
ppm, which is accompanied by the disappearance of the 
through-space phosphorous-imine proton coupling, indicat- 
ing a rotation of the CI I--CI0 bond as is needed tor chelate 

bonding. The methyl-halide complexes (4ay, 7ay, 4by, 7by, 
4ey-7ey) also show a tH shift of C( 10)H, which is both a 
downfield (4by, 4ey-Tey) as well as an upfieid (4ay, 7ay 
and 7by) shift, again indicating nitrogen coordination. Ter- 
dentate coordination of the PNS ligands in solution of both 
the bis-halide as well as the methyl-halide complexes is fur- 
ther illustrated by the downfield shift of the S-Me group 
(C( 1 )H3) of approximately 0.3 ppm (Table 4). 

Coordination of the nitrogen and sulfur atoms is also sup- 
ported by the downfield shifts of C( 1 ) (0.4 < A 8 < 7.6 ppm) 
and C ( 10 ) ( 1.4 < A 8 < 4.7 ppm) in the I 3 C { I H } NMR spec- 
trum of lcy---6cy (Section 2) when compared to those values 
found for the free ligand. 

The platinum imine proton (C(10)H) coupling of 82, 53 
and 43 Hz observed for lcz, 3ez and 4bz, respectively, further 
demonstrates imine coordination, while the latter complex 
also shows a carbon platinum coupling of 27 Hz on C(2) 
indicating sulfur coordination (Section 2). This coupling 
could unfortunately not be observed for' complexes lcz and 
3ez. 

Conductivity experiments (Section 2) measured for the 
complexes containing the PNS-3 ligand (Icy-Toy) clearly 
indicate the existence of ionic species in CH2CI 2 thereby 
indicating again that terdentate coordination is dominant for 
all the complexes containing the PNS-3 ligand. These find- 
ings are also supported by an osmometry molecular weight 
measurement for 4ey at 313 K, which yielded an average 
molecular weight of M,,,=303-1-10. This value is almost 
half of the calculated mass of [Pd(Me)(PNS-3)]CI 
(M¢=633.5), which is to be expected for a dissociated 
[ Pd (Me) (PNS- 3) ] CI complex. 

Coordination of both nitrogen donor atoms of the NN'S 
ligand (d) could easily be determined by the large upfield 
shifts of both the pyridyl (A8=92.2 ppm for 4dy and 
AS= 110.4 ppm for 7dy) and imine nitrogen (A8=35.4 
ppm for 4dy and A 8 = 36.3 ppm for 7dy) atoms in 15N{ IH } 
NMR (Section 2), as has also been observed for terdentate 
nitrogen palladium complexes [ 23 ]. 

Terdentate coordination of the NN'S ligand in the palla- 
dium complexes ldy, 2,dy, 4dy and 5dy is further illustrated 
by the tH downfield shifts of C( 10)H, C( 1 )H a and C( 15)H, 
being approximately 0.7-1.6, 0.5-0.8 and 0.4-0.8 ppm, 
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Table 4 
3tp{ t H ] and relevant tH NMR of the PNS-I (a),  PNS-2 (b),  PNS-3 (c) and NN'S (d) containing complexes, measured at 293 K in CDCI3 
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-UP{~H] C'°H CH2C~H3 CtH Pd-Me Pd-C(O)Me 

PNS-I (a) - 12.9 8.9014.7} 1.2-2,2 3.6 TM 

[Pd(Me) ]CI (4ay) 37.5 ~ 8.28 ~ !.9-2.4 t' 4.29 t' 0.57 t' 
[Pt(Me)lCl (4az) 18.613967] 9.44 t' 2.2-2.6 b 4.23 t' 0.14t"[63] 
[Pd(Me) lOTf (7ay) 41.6 ~ 8.57 i.8-2.3 ~' 5.50 t' 0.32' 
[Pd(C(O)Me) ]CI (12ay) 19.4 ~ 8.2& 2.0-2.4 b 4.29 b 2.37 ~ 

31P{IH} CI°H CIH3 C4H M-Me M-C(O)Me 

PNS-2 (b) -9.41 8.74{3.9} 1.99" 

[ PdCI ] CI (Iby) 32.7 ~ 9.17 ~ 2.29 ~ 

[ Pd(Me) ]CI (4by) 35.8 ~ 9.08 ~ 2.3T 

[Pt(Me)]Cl (4bz) 20.0[3986] 8.98[42.6] 2.33 ° 

[ Pd(Me) ] OTf ( 7by ) 39.6 ~ 8.53 ~ 2.34 ~ 
[Pd(C(O)Me) ]CI (12by) 18.6 ~ 8.24 ~ 2.21 b 
[Pt(C(O)Me)]CI (12bz) 10.914011] 8.99[40.0] 2.19 b 

PNS-3 (c) -7 .8  ~ 8.44a{2.9} 1.97 s 
[PdCI]CI ( lcy)  35.9 ~ 9.01 s 2.18 b 
[ PICI]CI ( lcz)  2.3[3883] 8.73t[82] 2.33 ~ 
[ PdBr ] Br ( 2cy ) 39.9 s 9.43 ~ 2.2T 
[Ptl]l (3cz) 4.5[3467] 9.28'[53] 2.23 ~ 
[Pd(Me)]CI (4cy) 37.6 ~ 8.69 ~ 2.23 ~ 
[ Pd ( Me ) ] Br ( 5cy ) 36.5 ~' 9.04 t' 2.34 t' 
[Pd(Me)] I (6cy) 35.9 ~ 8.87 ~ 2.23 b 
[Pd(Me) lOTf (7cy) 42.6 ~ 8.59 ~ 2.31 b 
[Pd(C(O)Me) ]CI (12cy) 19.9 ~ 8.7P 2.08' 
[Pd(C(O)Me) lBr (13ey) 18.3 s 8.8T 2 . IT 
[Pd(C(O)Me) l l  (14cy) 17.T 9.05 ~ 2.16 ~ 
[ Pd(C(O)Me) ] OTf (15cy) 18.4 ~ 10.7 ~ 2.17 ~ 

CI°FI CIH3 C4H 

3.40 x 
3.87' 
3.88 b 
3.91 b 
3.92' 
3.89 b 
3.96 b 

3.48 y 
6.01 b 

6.33 b 

0.5T 
0.2514.2}[701 
0.3812.5l 

6.18 b 

6.2T(5.7) 
5.5 It' 0.45dl 2.6 } 
6.32 t' 0.53 t" 

5.69 ~' 0.36a{3.3} 
5.01 b 0.63 s 
5.3T(6.5) 
5.42 b 

5.56 b 
4.96 b 

Ct2H w CI3U x 

2.38 ~ 
2.40 s 

2.35' 
2.3P 
2.28 ~ 
2.34' 

CI4U y CtSW Pd-Me Pd--C( O)Me 

NN'S (d) 8.25 ~ 1.97 s 3.89 Z 7.7P 7.30 t 7.91 a 8.59 a 
[PdCI]Ci ( l dy )  9.5P 2.63 ~ 5.40 b 8.19' 7.73' 8.48 a 9.03 a 
[PdBr]Br (2dy) 9.83 ~ 2.67 ~' 5.59 b 8.29' 7.75' 8.59 d 9.35 a 
[Ptl]l  (3dz) 10.1'[95] 2.45 b 5.87 b 7.86' 7.7T 8.25 a 8.29 a 
[Pd(Me) ]CI (4dy) 8,92 ~ 2.43 b 5.42 b 8.00 7.70 ~ 8.10 a 8.42 a 
[Pd(Me)]Br (Sdy) 9.57 ~ 2.73 b 5.60 ~ 8.19 t 7.70' 8.39 b 9.34 b 
[Pd(Me) ]OTf (Tdy) 8.82 ~ 2.50 4.95 b 8.03 ~ 7.7T 8.17 t 8.55 a 
[Pd(C(O)Me) ]CI (12dy) 8.73 ~ 2.29 ~ 5.03 b 7.92 b 7.62' 8.08' 8.45 t' 
[ Pd(C(O)Me) ]OTf (15dy) 8.70 s 2.52' 4.84 b 7.69 t 7.53 b 8.01 a 8.20 a 

0.5"P 
0.74 s 

0 .70 

2.6Y 
2.6Y 

JH-a between () ,  Ye-a between { } and Jvt-H and J~_p between [ ]. b broad, "singlet' a doublet, "multir,let, q quintet. "niplet:  free ligand: sJwnffi6.1 ttz; 
complexes: 6.9 Hz < 3JH-H < 7.7 Hz. x triplet: free ligand: 3YH_ . = 4.9 Hz; complexes: 5.8 Hz < 3Jwa < 6.9 Hz. Y doublet: free ligand: 3JU-H ffi 7.8 HZ; complexes: 
6.8 Hz < 3JH_tt < 8.0 Hz. z doublet: free ligand: 3JH_ a = 4.8 HZ; complexes: 4.9 Hz < 3JH_ u < 5.9 Hz. At 243 K the 3 t  p{ I H } NMR (CDCI3) resonmaces of 4az 
are observed at 18.6[3967] (81%) and 15.914395] ( 19%); the ~H shows: 9.44, 8.58 (Ct°H); 2.40, 2.27 (CIH3); 0.14163], 0.42[54] (Pt-Me). 4cy: 3zplmH l 
NMR (213 K, CDCI3): 33.2 (12%), 34.2 (13%), 42.1 (56%), 43.5 (19%). 7cy: 31p{zH} NMR (223 K, CDCIs): 41.3 (73%), 42.1 (17%). - 

r e s p e c t i v e l y  ( T a b l e  4 ) ,  w h i c h  i s  a l s o  s u p p o r t e d  b y  the  

d o w n f i e l d  sh i f t s  o f  C ( 1 )  ( 0 . 4 < A 8 < 6 . 8  p p m ) ,  C ( 1 0 )  

( 3 . 2 < A 8 <  10.1 p p m )  a n d  C ( 1 5 )  ( - 2 . 0 < A 8 < 2 . 8  p p m )  

in the  ~ 3C { t H } N M R  s p e c t r u m  o f  2 d y ,  4 d y  a n d  5 d y  ( S e c t i o n  

2 ) ,  w h e n  c o m p a r e d  to  t hose  v a l u e s  f o u n d  for  the  f ree  i i gand .  

4~ F l u x i o n a l  p r o c e s s e s  

W h e n  c o n s i d e r i n g  the  m o l e c u l a r  s t ruc tu re  o f  3 c z  ( F i g .  2 )  

as  a r e f e r e n c e  p o i n t  w e  m a y  e x p e c t  for,  e .g .  c o m p l e x e s  

[ M ( M e )  l e N S )  ] X  ( M  = P d ( I I ) ,  P t ( I I ) ;  X - - C I ,  0 3 S C F 3 ) ,  

t w o  d i f f e r e n t  f o r m s  w h e n  the  l i g a n d  i s  t e rden ta t e  b o n d e d  a s  

the  s i x - m e m b e r e d  N S  c o n t a i n i n g  r i n g  m a y  a d o p t  a b o a t  o r  a 

c h a i r  c o n f o r m a t i o n .  H o w e v e r ,  a t  2 9 3  K o n l y  o n e  i s o m e r  

o c c u r s  for  4 a z  w h i c h  i s  the  m a j o r  i s o m e r  a t  2 4 3  K a s  o n e  

i n d e e d  f inds  t ,vo  31p{ 'H} s i g n a l s  a t  18.6 p p m  ( J ~ _ p - - 3 9 6 7  

H z ;  8 1 % )  a n d  a t  15.9 p p m  ( J ~ _ p = 4 3 9 5  H z ;  1 9 % )  fo r  t h e  

P t  c o m p l e x  [ P t  ( M e )  ( P N S -  1) ] C I  ( 4 a z )  a t  2 4 3  K,  wl f i l e  t h e  

P t  b o n d e d  m e t h y l  g r o u p  a l s o  o c c u r s  a s  t w o  t H  N M R  s i g n a l s  

w i t h  the  s a m e  in t ens i t y  r a t i o  a t  0 . 1 4  p p m  (2Jp~_n=63  I-Iz; 

8 2 % )  a n d  a t  0 .42  p p m  ( 2 J p t _ H = 5 4  .HZ, 3Jp_n ---- 2 .7 ;  1 8 % ) .  

T w o  s i g n a l s  w e r e  fu r the r  o b s e r v e d  fo r  C~ ~ 0 ) H  ( 9 . 4 4  a n d  

8 .58  p p m )  a n d  for  C (  I ) H 3  ( 2 . 4 0  a n d  2 .27  p p m ) .  A t  2 9 3  K 

the  s~p{ ~H} a n d  H s i g n a l s  o f  P t - M e ,  C (  1 0 ) H  a n d  C ( 1 ) H s  

a re  in  the  i n t e r m e d i a t e  e x c h a n g e .  T h e  t w o  d i a s t e r e o i s o m e r s  
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may have a chair or a boat form in analogy to complexes 
[PdCi(Me) (NSS') ], which contain an r/~-NS bonded NSS' 
ligand [4]. 

It is also of interest to compare the chloride complex 
[Pd(Me)(PNS-3)]CI (,Icy) with the analogous triflate 
complex [Pd(Me)(PNS-3)](O3SCFa) (7cy). At 223 K, 
alp{ IH } NrMR of the latter complex shows two signals at 41.3 
(73%) and 42.1 (17%) ppm, which very likely have to be 
assigned to the two diastereomers described for the platinum 
complex 4az. However, i~J the case of 4cy in CDCI 3 at 213 
K four sigmds are observed at 33.2 ( 12% ), 34.2 (13%), 42.1 
(56%) and 43.5 (19%) ppm (Table 4). Since the two latter 
alp{ tH} signals are very close to the chemical shift of the 
alp{ IH} signal of the triflate complex (Toy; Table 4) at 293 
K, these signals have to be assigned to the two diastereomeric 
forms of [Pd(Me)(r/a-PNS)]CI, which interconvert at 
higher temperatures via an inversion at the sulfur center, 
thereby causing an interconversion between the boat and the 
chair forms. It now remains to determine the conformations 
of the two species with the two higher field signals at 33.2 
and 34.2 ppm. Since these values are very close to those 
found for [PdCI(Me) (r/2-PN) ] complexes [20], we tenta- 
tively assign these signals to two neutral species with an r/2- 
PN bonded PNS-3 ligand, which differ with respect to the 
position of the SR group which may be positioned above the 
coordination plane or pointing away from the plane (at low 
temperature), due to hindered rotation around the C ( 4 ) -  
N( 1 ) axis at low temperature by the coordinated CI atom, as 
demonstrated by CPK models. Assuming that these assign- 
ments are correct we may conclude that the SR group has a 
rather strong affinity for the palladium atom, as it has a similar 
affinity for Pd(II) as the chloride anion. The IH NMR spec- 
trum of 4cy was unfortunately not sufficiently informative, 
as at 213 K no splitting was observed for the C( 1)Ha and 
Pd-Me resonances. However, it was possible to distinguish 
two broad imine-proton IH NMR signals at 8.57 (26%) and 
8.90 (74%) ppm which confirms the presence of two differ- 
ent complexes, which are involved in fluxional behavior. This 
ratio is in any case in accord with the ratios of the 31p{ IH} 
signals ( i.e. 25 ( 12 + 13) % and 75 ( 56 + 19 ) %). At 293 K 
only one 31p{ iH} signal is observed for 4cy at 37.6 ppm. As 
the weighted mean of the four alp{ i H } signals at 213 K lies 
at 40.3 ppm it is clear that the equilibrium shifts at higher 
temperatures to the ionic form with the PNS-3 ligand terden- 
tate bonded, as would be expected on entropy grounds and 
which is also confirmed by the increase of conductivity (Sec- 
tion 2 ) of 267 l ' l -  ~ cm 2 tool - i, measured on 4cy (vide supra ) 
on going from 223 to 293 K, which is sufficiently close in its 
properties to CDCl3 in which the NMR spectra were 
measured. 

4.1. led{ ~-allyll(L)lX (X = Cl, 01)9 (Scy-llcy) 

Since we are interested in the structural and dynamic fea- 
tures of palladium-allyl complexes with the chiral PNS ligand 
as compared to the PN [20] and NS [5] complexes, we 

] +ji  PNS R ~ "  Pd-~l " ~ 1  X" 
IPd(qLallyl)CIh ~ ~ , . ~ R 3  a 

1 ='.2 
major isomer minor isomer 

X= CI X= Off 
ky, 10cy, R2= Me, RI'= RI== RJ'= RJ'~= H 
9ey. lIey, R~- Me, Rl~= R'"= Me. RI'= R~= H 

Scheme 3. Numbering of the allyl complexes. 

prepared the [Pd{ 7?3-allyl } (L) ] X complexes. However, as 
insertion of 1,2-propadiene (allene) or 3-methyl-l,2-buta- 
diene (DMA) into the Pd-Me bond of 4cy failed, these com- 
plexes were therefore prepared via an alternative route 
( Scheme 3). Complexes of the type [ Pd { ~/3-allyl } (L) ] [ CI ] 
(8ey and 9ey) were obtained by reacting PNS-3 with 
[ PdX( "03-allyl ) ] 2, while complexes with X = OTf (10ey and 
l l cy )  were prepared by reaction of Soy and 9ey with AgOTf. 

The assignment of both the 31p{ IH} and IH signals was 
carried out by analogy with the [Pd(7/3-allyl) (PN) ]X com- 
plexes [20]. Before discussing the allylic palladium com- 
plexes we want to draw attention to the general aspects of the 
spectra obtained. In the first place the number of isomers and 
isomer concentrations obtained from the :'~P{ I H } NMR spec- 
trum are not always similar to the number and isomer con- 
centrations observed in the "H NMR spectra, which is 
probably due to the inaccuracy of the concentration deter- 
mination by 31p{ "H} NMR and the difference in time scales. 
Therefore the most accurate concentration measurements are 
based on the imine C( 10)H resonance, since these signals 
are not obscured by other resonances, whereas the allylic 
resonances, especially the low intensity ones, were frequently 
obscured by ligand signals. 

When discussing these allyl complexes we wish in the first 
place to draw attention to complex 8¢y which provides rather 
illuminating results and which therefore may be used as a 
useful starting point. Firstly, at 293 K two 3tp{ iH) NMR 
signals have been observed at 25.9 (82%) and 32.3 (18%) 
ppm (Table 5). This indicates the presence of at least two 
isomers at 293 K, while at 220 K again two signals occur at 
26.0 (79%) and at 33.7 (21%) ppm, which therefore show 
little temperature dependence of the concentration and of the 
chemical shifts. The =H (Table 6) and laC{ IH} NMR spectra 
at 293 K (Section 2) show downfield shifts of AS(~H) of 
0.48 ppm and A 8(laC) of 2.4 ppm for C( 10)H of the major 
isomer in combination with iH and la C { ,H } chemical shifts 
of 1.98 and 14.5 ppm for C(1)Ha, which are very close to 
those of a non-coordinating thioether S atom. These results 
show that in the case of the major isomer both the phosphorus 
and the imine-N atom are coordinated, while the methionine 
thioether arm is dissociated. The allyl group signals occur at 
3.86 ppm for the syn-protons and at 2.89 ppm for the anti- 
protons, indicating fluxional behavior, with the aUyl group 
*13-bonded. In the major isomer, therefore, the PNS-3 ligand 



H.A. Ankersmit et al. / lnorganica Chifaica Acta 252 (1996) 339-354 349 

Table 5 
3tp NMR data of 8ey, 9cy, 10cy and llcy, recorded in CDCI 3 

T (K) Bonding mode of the allyl unit 

(It,l) (llll) 

293 ~/:~ 25.9 (82%) 
~,/1 32.3 (18%) 

220 ~ 

26.0 (79%) 

~t 33.7 (21%) 

25,0 (75%) 26.9 (75%) 26.7 (49%) 
32.3 (25%) 33.4 (25%) 33.0 (51%) 
19.8 (13%) 
20.9 (13%) 
24.9 (19%) 26.0 (24%) 24.0 (24%) 
25.7 (9%) 26.2 (49%) 25.2 (1 I%) 
33.6 (30%) 33.1 (13%) 32.4 (34%) 
34.1 (16%) 33.9 (14%) 32.7 (31%) 

is r/2-pN bonded, while the allyi iigand is ~3-bonded. The IH 
NMR of the minor isomer could not be measured due to the 
low intensities of the signals. However, the ~3C{ tH} NMR 
spectrum is more informative and shows allyl ~3C signals at 
20.8 (C(2) 'Me) ,  33.4 ( C ( I ) ' ) ,  105.5 (C(3 ) ' ) ,  120.0 
(C(2 ) ' ) ,  which are typical for an r/t-bonded allyl group, 
while the signal at 15.1 ppm (C(1) )  clearly shows that the 
sulfur atom of the PNS-3 ligand is now coordinated to the 
metal. 

When considering the fluxional processes it is at this stage 
useful to note that in the case of the major isomer [Pd(r/3- 
2Me-C3H4) (rl2-PNS-3) ]CI (8ey) we should expect two 
diastereomeric forms which differ in the relative position of 
the r13-allyl group, which may be up or down with respect to 
the ~/2-PNS-3 bonded ligand, analogous to [ Pd (r/3-allyl) ( 72- 
PN) ]CI [20]. However, at 220 K the 31p{ iH} signal at 25.9 
ppm, which has shifted little from the value at 293 K (Table 
5), has not split, indicating the presence of only one diaster- 
comer. This appears to be corroborated by the tH NMR spec- 
trum at 220 K, as the two allylic resonances at 293 K have 
split into four signals, instead of eight if two diastereomers 
would be present. There is one doublet at 3.72 ppm (3Jp_ n 
= 9.0) for the anti-proton cis to P, and one doublet at 3.46 
ppm (aJv_H=9.9 HZ) for the anti-proton trans to P and a 
further two signals at 2.67 and 2.90 ppm for the two syn- 
protons. On these last two signals the phosphorus coupling 
could not be observed owing to some line broadening and 
overlap with other signals. The two P-coupling constant val- 
ues on the two anti-proton signals are close to each other, but 
each in the expected range for anti-protons cis and trans to 
phosphorus [24]. The fluxional process responsible for the 
coalescence of the fou: signals to two might involve Berry 
pseudo-rotational movements occurring in five-coordinate 
intermediates, while the allyl group remains ~/3-bonded to the 
metal [ 25 ]. Such five-coordinate intermediates may be easily 
visualized, as the anions very likely form short lived ion pairs 
with the cationic palladium species. An alternative more 
likely mechanism might involve an intermediate with only 
the P of the PNS-3 ligand bonded to Pd, analogous to the 
mechanism proposed by Pregosin and co-workers [26] and 
B~ickvall and co-workers [27] This intermediate might be 

stabilized by CI-  coordination. We should note that the four 
IH signals have coalesced to two, but not at the weighted 
average, while the 31p{ m H } signal has changed little in chem- 
ical shift on going from 220 to 293 K. This might be due to 
slightly different configurations of the PNS-3 ligand. The 
formation of a small amount of the second diastereomer may 
also be responsible, although less likely in view of the small 
chemical shift change of the 3 i p{ i H } signal with temperature. 
However, we certainly do not exclude this possibility. 

The minor rlLallyl bonded isomer of Soy with the 3tp{ tH} 
signal at 33.7 ppm at 220 K (Table 5) showed a downfield 
shift of both the imine C(10) H proton and the C(1) H3 group 
in ZH NMR (Table 6) when compared to the values found 
for the free ligand (Table 4), which shows that the PHS 
ligand is terdentate bonded. The allylic resonances could 
unfortunately not be observed, while owing to low signal 
intensities 13C NMR could not be measured. 

In the case of complex 9¢y, which contains an asymmet- 
rically substituted allyl group, the 3tp NMR spectrum at 293 
K consists of two signals at 25.0 (75%) and 32.3 (25%) 
ppm (Table 5), which may be assigned to vl 3- and ~t-allyl 
bonded species. This is in accord with the tH NMR spectrum 
which contains a major imine proton signal at 8.84 ppm 
(69%) together with a C( 1 )H3 signal at 1.98 ppm due to a 
dangling methionine thiocther arm. The minor imine proton 
signal at 8.62 ppm (31%) belongs to the r/t-allyl bonded 
form, as the C( I)H3 signal of the terdentate bonded ligand 
occurs at 2.12 ppm. The  syn-  and anti-protons of the allylic 
CH2 moiety of the major isomer have coalesced at 3.82 ppm 
indicating an ll3-11t-ll 3 fluxional movement [28], while for 
the minor isomer the Pd-CH2 protons of the llt-allyl group 
absorb as one signal (Table 6:2.78 ppm), as expected [29]. 
At 220 K the 3tp{ ill} NMR spectrum consists of six signals, 
of which the ones at 19.8 (13%), 20.9 (13%), 24.9 (19%) 
and 25.7 ( 9% ) ppm are clearly due to 1/3-allyl bonded species 
with an li2-PN bonded PNS-3 ligand. The first two probably 
belong to the up and down forms of the isomer with the CMe2 
group trans to P and the last two signals to the up and down 
forms of the isomer with the CMe2 group cis to P [20]. The 
3tp{tH} shifts at 33.6 (30%) and 34.1 (16%) ppm have to 
be ascribed to the two possible ll t-allyl bonded species, which 
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probably differ with respect to the position of the S-Me 
group, which might occur with changes of the NS containing 
six-membered ring, i.e. either a boat or a chair conformation 
in analogy to complex 4cy (vide supra). 

The IH NMR spectrum of 9cy at 220 K is untbrtunateiy 
incomplete owing to the large number of isomers which 
resulted in low intensities and overlap. We managed to 
observe tour of the expected six imine proton signals (Table 
6), but could only assign two at 9.31 ppm with the C( 1 )H3 
at 1.96 ppm as an ~/3-allyl species and at 8.76 ppm with 
C( 1 )H 3 at 2.09 ppm as an -qt-aUyi complex. 

The 3tp{ :H} NMR spectrum at 293 K of the triflate com- 
plex 10ey shows two signals at 26.6 (75%) and 33.4 (25%) 
ppm belonging to Tf-allyl and vf-allyl bonded species, 
respectively, in analogy to 8cy (Table 5), which is confirmed 
by the IH NMR spectrum at 293 K (Table 6) which shows 
an imine proton signal at 8.92 ppm (81%) with a C( I)H3 
signal at 2.04 ppm and a C( 10)H signal at 8.55 ppm (19%) 
with a C ( I ) H3 signal at 2.38 ppm. The chemical shifts at 293 
K of the allylic signals, which could only be measured for 
the major 7/a-allyl bonded isomer, shows in analogy to Bey a 
coalescence of the anti-protons at 2.74 ppm and of the syn- 
protons at 3.78 ppm. As the triflate anion is a weakly coor- 
dinating anion and as therefore five-coordinate intermediates 
are unlikely, we prefer to rationalize this ~73--T/3 fluxional 
process by the mechanism proposed by Pregosin [26] and 
Biiekvali [27] (vide supra). At 220 K four 31p{ iH} signals 
have been observed at 26.0 and 26.2 ppm (total 73%) and 
33.1 and 33.9 ppm (tota~ 27%) (Table 5). These data, in 
combination with the tH NMR signals (Table 6) forC( 10)H 
at 8.53 and 8.85 ppm (total 67%) with C( l )Ha signals both 
at 2.03 ppm, and with the C( 10)H signals at 9.08 and 9.32 
ppm (total 33%), for which the C(1)H3 signals were not 
observed, show that at 220 K, as expected, two "03-allyl 
bonded isomers exist. One of the explanations for the exis- 
tence of two Tf-allyl bonded isomers lies in the fact that the 
Me substituent on the C 2' carbon may point up and down 
with respect to the cl'.iral ligand backbone of the ~/2-pN 
bonded PNS ligand [30]. There are also two Tf-allyl bonded 
species with the NS containing metallacycle in a chair or boat 
form. 

Finally, in the case of l l e y  both 3tp{tH} N-MR and IH 
NMR spectra at 293 K (Tables 4 and 5) show similar species 
as for the other allylic compounds. However, in contrast to 
9ey one observes at 220 K in the atP{IH} NMR spectrum 
(Table 5) in addition to the two expected signals for ~f-allyl 
species at 32.4 and 32.7 ppm (total 65%), only two, instead 
of four, signals at 24.0 and 25.2 ppm (total 35%). Since these 
signals are comparable to two of the four signals of 7f-allyl 
species of 9ey (Table 5), we have to assign these signals to 
a complex with the CMe2 moiety eis to the P atom, which 
exists in two isomeric forms, with the central allylic substit- 
uent either up or down with respect to the ligand backbone 
(vide supra). It is rather remarkable that in the tH NMR 
spectrum at 220 K we observe only one imine proton signal 
at 8.51 ppm (29%) of the ,'f-allyl bonded species and one 

signal at 8.48 ppm (71%) belonging to the ~'-allyl bonded 
isomer, while two would have been expected for each isomer. 
The allylic signals of the major species, which are now the 
vf-allyl bonded ones, show also the presence of four signals 
instead of eight with the Pd-CH2 moiety appearing at 2.93 
ppm. These results indicate that even at low temperature the 
two forms of each isomer, which could be distinguished by 
31p{ iH} NMR (Table 5), are still fluxional on the IH NMR 
time scale. 

Finally, it should be noted that based on t H NMR and even 
on the, admittedly less precise, 3tp{ ~H} NMR concentration 
measurements, the amcunt of the ~-al lyl  bonded species 
increases somewhat with increasing temperature for 8¢y and 
10¢y, while a fairly large increase is observed for 9ey and 
11¢y which both contain asymmetrically substituted allyl 
groups (Tables 4 and 5). This is understandable as this type 
of allyl group is more prone to become vf-bonded on the 
non-substituted end. We have no ready explanation for this 
sh;ft in equilibrium in the case of Bey and 10ey, but wish only 
to :emark that, as clearly only small energy differences are 
involved, further discussion is not warranted, it  is, ~owever, 
interesting to note, when taking into account the strong ten- 
dency of the allyl group to be v/3-allyl bonded, that in these 
complexes the existence of vf-allyl bonded species indicates 
that the methionine thiocther function has a strong affinity 
for the palladium atom, as has also been noted before (vide 
supra). Finally, it is interesting that, while there are fast 
exchange processes occurring within the set of ~-PNS 
oonded isomers and within the set of vf-PNS bonded isomers, 
there is a relatively slow exchange between both sets indi- 
cating a rather large kinetic stability of the methionine 
thioether S atom, with respect to substitution for all four 
compounds measured (Tables 4 and 5). 

5. Reactions of methylpailadium and -platinum 
complexes with CO 

3.1. IM(C(O)Me)(L)]X (M=Pd,  L =PNS,  X=CI ,  Br, I, 
OTf; L = NN'  S, X = CI, OjSCF3) 

To investigate the role of the anions and the ligands on the 
CO insertion rates we investigated the reactions of complexes 
4, 5, 6 and 7 with CO under pressure ( 10 bar) at 293 K which 
afforded the corresponding acyl complexes 12, 13, 14 and 
15, respectively (Scheme 4). The acyl complexes appeared 
to be rather instable both under CO and N2, as colloidal 
palladium or platinum was slowly formed. Upon release of 
CO pressure decarbonylation occurred at a rate which is sim- 
ilar to the inverse of the half-lives of the carbonylation rates, 
which made it impossible to carry out taC[tH} and temper- 
ature dependent tH measurements. Also, since the insertions 
were performed with a non-spinning 10 mm HP NMR tube 
(Section 2), no low temperature 'H NMR spectra could be 
measured owing to line broadening caused by a low homo- 
geneity of the solution. 
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L= PNS-I [ 1..= PNS-2 
M=Pd ]MmPd 

Me~ x CO ~ x ~ =CI 
M= Pd. I . . . . . . . .  
12cy. X= El [ L= NN'S 
13¢y, X= Br ] M= Pal, 
14cy, X= I | 12dy, X= CI 
I~;¢y. X= OTf [ ISdy, X= OTf 

Scheme 4. Numbering o f  the acyl complexes. 

The configui'a~ion of the PNS acylpalladium complexes 
appears to be sinailar to that of the methyl complexes as the 
upfield shifts of the ]H imine signals of ligands a and b 
relative to the ligand values (Table 4) and the downfield IH 
imine shift of Egand e clearly show coordination of the imine- 
N atom, while the downfieid shifts of C( 1 )H3 for all PNS 
complexes indicate sulfur coordination. Terdentate coordi- 
nation of the PNS-2 ligand in the case of the acylplatinum 
complex (12bz) is also clear from the 31p{ 1H} and I H NMR 
data presented in Table 4. 

Also the NN'S ligand is terdentate bonded as the ~H NMR 
signals of C ( I ) H  3 and of C(10)H shift downfield and 
C( 15)H upfield for complexes 12dy and 15dy relative to the 
free ligand. Since the reaction rates are sufficiently small we 
have attempted to observe intermediate species. However, 
these could not be observed; the 31p{ ]H} signal of the PNS 
methylpalladium complexes slowly disappeared with con- 
comitant formation of the product signal, which is accom- 
panied by the disappearance of the Pd-Me IH NMR signal 
and formation of the Pd--C(O)Me signal. 

In Fig. 3 it is shown that the insertion reaction is first order 
with respect to the palladium complex, as has also been 
observed for [ PdX (Me) ( "02-PN ) ] complexes [ 20 ]. From 
Fig. 3 and from the reactivities expressed by the half-lives of 
the methyl complexes at 293 K (247 -I- 20 min, 4dy; 200 ___ 18 
min, 4cy; 153+22 min, 5cy; 126__+ 16 min, 6cy; 135+ 12 
min, 7ey; 93 + 16 min, 4by; 78 _ 19 min, 4ay), it is clear that 
me insertion rate increases on going from chloride to iodide, 
while the highest rate is found for the weakly coordinating 

-I. y 

, I ~yX, \ ,4by 

t (rain) t (rain) 

O [Pd(Mc){NN'S)ICI (4dy} --O...lPd(MeRPNS.3)iCl {4cy) 
" A [Pd(IVleXPNS-3)]Ci (4cy) A [PcI~I¢I{PNS-3)ll]r (SOy) 
- ' -O- ' - -  IPd{MeXPNS-2)JCI (4by) ~ IPd(MeI{PNS-3)]I (6c)') 

IPd(Me){PNS-I)b.'I (4oy) .~ [t~(McXPNS-3)]OTf (?c)') 

Fig. 3. CO insertion rates obtained at 293 K in CDCl 3. Plot A shows the 
logarithmic decrease o f  the starting complexes vs. time ( rain ) when 10 bar 
CO is applied for 4dy,  4cy, 4by and 4ay. Plot B shows the logarithmic 
decrease of  the starting complexes vs. time ( min ) when 10 bar CO is applied 
for,Icy, 5cy, 6¢y and 7cy. The insertion rates (k,,~) were calculated using 
Inl [(C(t) l / l  (C(0)] I = -kt. 

triflate anion, similar to the relative rates observed for 
[PdX(Me) ('02-PN) ] complexes [20]. 

This trend is at first sight rather strange, since we would 
expect for complexes [Pd(Me) ('03-PNS) IX in principle 
similar rates if the anion is fully dissociated. However, we 
have found that we must take into account in solution an 
equilibrium between this ionic '03-PNS bonded complex and 
the neutral [PdX(Me)('02-PNS)] (X=CI ,  Br, I) (vide 
supra). In addition we must consider the possibility that the 
anions will form ion-pairs (vide supra) [20], in which the 
better coordiuating anions might hinder attack of CO on the 
palladium atom. In any case we note that the rates observed 
for these complexes are approximately five times slower than 
measured for the [ PdX (Me) ( "02-PN) ] complexes [ 20 ]. Not 
unexpected is that with increasing bulk of the substituent 
on the C(4) atom the rates decrease in the order PNS-! > 
PNS-2>PNS-3. Rather surprising is that complexes 
[Pd(Me) (NN'S)]X react even slower than the analogous 
PNS-3 containing complex, while the opposite would have 
been expected since complexes containing either NN' iigands 
or NS ligands react rapidly with CO [5]. 

6. Discussion 

As a number of aspects have already been discussed in the 
results section in sufficient detail we want to focus our atten- 
tion in particular on the PNS and NN'S iigands in the com- 
plexes reported here. Firstly, the PNS and NN'S ligands may 
be considered to consist of the PN [20] and NS [6] and of 
the NN' [5] and NS [6] building blocks, respectively, which 
have been investigated in some detail before. In the case of 
the complexes [PdX(Me) ('02-PN) ] (PN=2-(diphenyl- 
phosphino) benzylidene-S( - )-a-methyi-benzylamine) the 
P and N atoms are part of a rigid six-membered ring [20]. 
However, the six-membered chelate NS containing ring in 
complexes [PdX(Me) ('02-NS) ] (NS = D/L-methionine- 
methyl ester, N-(thienylidene)-L/D-methiouyl]methyl- 
ester) [4,6] is very flexible and may adopt both boat and 
chair conformations. It should therefore not be surprising that 
the structural and dynamic features of the building blocks are 
reproduced in the PNS and NN'S ligands. 

A remarkable and unexpected feature of the PNS and NN'S 
ligands is that, when bonded as terdentates to Pd(II) and 
Pt(II), the S atom is unusually strongly bonded when com- 
pared to the NS complexes [ PdX (Me) ( ( '02-NS ) ] mentioned 
above. 

From the NMR t'esults it is clear that in solution the S- 
donor atom is able to compete very efficiently with the good 
coordinating CI-  anion, as in the major isomer of, for exam- 
ple, 4ey the PNS-3 Rgand is terdentate bonded. Even in the 
case of the allyl complexes, one of the isomers has the allyl 
group '0~-bonded with the PNS-3 ligand acting again as a 
terdentate. This is remarkable in view of the very strong 
tendency of the allyl group to remain '03-bonded in the ease 
of palladium compounds [28]. This strong tendency of the 
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PNS and N N ' S  ligands to be terdentate bonded might also be 
the reason that the P d - M e  complexes  [ Pd ( M e )  ( '03-PNS ) ] X 
and [ Pd ( M e )  ( '03-NN'S)  ] X react so slowly with CO at room 
temperature when compared  to complex.~s [ P d X ( M e )  ( ( "02- 
NS)  ] (NS = DIL-me th ion ine -me thy l  vster, N-( thienyl i -  
d e n e ) - L / D - m e t h i o n y l ] m e t h y l  ester)  which react very fast 
indeed with CO [4,6] .  This  was in the case o f  these com- 
plexes tentatively rationalized by a temporary dissociation o f  
the S atom, which is in analogy to complexes  [ P t X ( M e ) -  
( P N ) ]  (PN = 1-dimethylamino-8-diphenylphosphinonaph-  
thalene, 1-dimethylamino-3-diphenylphosphinopropane)  for 
which it was unequivocally shown that the N atom, for both 
rigid and flexible PN ligands, is dissociated during the inser- 
tion process [ 31 ]. It appears therefore clear that the trans- 

group which is PPh2 in the ease o f  PNS and the p), ' idine 
moiety in the case o f  the N N ' S  ligand is responsible for the 
apparent strong P d - S  bond. Since both moieties are reason- 
ably good 7r-accepters, while the thioether S-donor  group is 
a good ~r-donor we may rationalize the strong P d - S  bond by 
a well balanced electronic push-pul l  effect. Such an elec- 
tronic push-pul l  mechanism has also been proposed to 
explain the strong tendency for the PNN'  ligand N- (2-diphen- 
y lphosphinobenzyl idene) -2-  (2-pyridyl)  ethylamine [29] 
and for the N N ' N "  ligand 2-(2 ,2 'methyl idene-N-methyl imi-  
dazoly l )aminoethyl (pyr id ine)  [32] t obehaveasa t e rden ta t e  
towards Pd ( I I ) .  

7. S u p p l e m e n t a r y  ma te r i a l  

Further details o f  the structure determinations,  including 
atomic coordinates,  bond lengths and angles, and thermal 
parameters (25 pages)  are available from the authors on 
request.  
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