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SUMMARY 

Novel K-allylpalladium(I1) complexes with amino acid anions as bidentate 
chelating ligands were prepared, characterized and investigated by means of IR_ 
NMR and X-ray diffraction techniques. Single crystal X-ray analysis of (n-Zmethyl- 
allyl)(glycinato)palladium(II) has been carried out : Cu-K, radiation, monoclinic. 
space group PZ,/c, u= 12.03(l). b= 1285(l), c= 10.86(l) A, /3= 103°50’(10’), 2~8. 
The only relevant difference between the two independent molecules in the unit cell 
was found in the ccinformation of the glycinato moiety which appears twisted in one 
molecule and essentially planar in the other. 

INlRODUCTION 

Several examples of z-ally1 complexes of palladium(I1) and nickel(I1) with 
bidentate chelating agents have been reported in the literature in recent years’. The 
reaction of bridged (z-allyl-M-X), complexes with the anion of a bidentate chelating 
agent may result in monomeric products as in the case of acetylacetonato2 and Schiff 
bases3 complexes or of bridged dimeric products such as (z-allyl-M-carboxylate),4 
complexes. To the latter class belong the bisl( n-allyl)nickel haloacetates] which 
catalyse the stereospecific polymerization of dienes5. We considered it worthwhile to 
synthesize and to investigate the solid state and solution structure of some n-ally1 
complexes of Pd” with amino acid anions as potentially bidentate chelating agents. 
To the best of our knowledge the only examples in the literature of transition metal 
complexes containing both an amino acid anion and coordinated insaturated hydro- 
carbon are the monochloro (amino acidato)(olelin)platinum(II) compounds previ- 
ously reported by us6 and by Nakamoto et al_‘. 

RESULTS AND DISCUSSION a 

Complexes of stoichiometry (Ir-allyl) PdAA (AA = glycinato, (D,L)+phenyl- 
alaninato anions etc.) were prepared by treating a solutibn or a suspension of the 

l To whom corrcc;pondencc should be addres& c/o htiluto Chimico. Univ&iti di ;Vapoli 
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TABLE 1 

ANALYTICAL AND INFRARED DATA” 

Compound Ano1j,sLrj0und (colcd) ( %) Dec. XR 

(“c) 
C H N vw~a, v(cm, WHz) 

(rr-2-Mcthylallyl)- 30.59 (30.63) 4.76 (4-68) 6.11 (595) 140 1380 1595 1613 
(glycinato) palladium (II) 
(n-2-Mcthylallyl)- 3628 (36.50) 5.63 (5.70) 5.33 (5.32) 135 1382 1628 
(N. N-dimethylglycinato)- 
palladium (II) 
(n-SMethylallyl)- 47.79 (48.00) 538 (523) 4-44 (431) 140 1388 1607 I 1610 
[(D.L)/?-phenylaltiato]- 
palladium (II) 
(Ic-I-Pbenylallyl)- 4425 (4444) 452 (4.41) 4.87 (4.71) 145-150 1389 1605 1620 
(glycinato)palladium (II) 

o IR spectm were obtained using tbc KBr disk method. 

appropriate [(lr-allyl)PdCI], compound in acetone with the potassium salt of the 
amino acid dissolved in a minimum quantity of methanol : 

[(lr-allyl) PdCl], + 2K+AA- - 2 (Ir-allyl) Pd(M) + 2KCu 

The complexes, prepared as white or pale yellow crystalline solids, are listed in Table 1 
together with their elemental analyses, decomposition points and most relevant 
infrared data. All the complexes are sparingly soluble in ethanol and almost insoluble 
in common organic solvents excepting complex (II) which is readily soluble in polar 
organic solvents It is noteworthy that compounds (I) and (II) are readily water- 
soluble, and are monomeric in solution as revealed by molecular weight determina- 
tions of (I) in water and ethanol 

The amino acid moiety may be easily removed by reaction with acids (e.g. 
HCl) or with excess of anions such as I-, SCN-, etc. regenerating the [(z-allyl)PdX], 
bridged complexes. 

The NMR data reported in Table 2 conFirm the presence of one ammo acid 
group for each x-ally1 unit With complexes (I) and (II), both the syn and anti protons 
of the rr-2-methylallyl group give rise to a single resonance indicating fast exchange 
in solution on the NMR time scale, between the amine and the carboxylate group at 
the respective coordination sites. We did not investigate the mechanism of exchange, 
but on the basis of previous Nh4R studies on n-ally1 systemss it is conceivable that a 
bimolecular mechanism, probably accompanied by ligand transfer, is responsible 
for the above averaging The same behaviour was observed for complex (IV); in 
addition, the phenyl ring was found to be syn with respect to the central proton of the 
ally1 moiety as expected on the basis of previous NMR investigations on (x-l-phenyl- 
allyl)aminochloropalladium complexesg. 

The infrared spectra show two strong absorptions at 15954630 and 1380 
cm- r assigned to asymmetric and symmetric stretching vibrations of a coordinated 
carboxylate group. A comparison of literature data” on the transition metal-amino 
acid complexes, revealed a lowering of 2CMO wavenumbers within our complexes 
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TABLE 2 

NMR DATA FOR (xALLYL)(AMINO ACIDATO)PALLADIUM(II) COMPLEXEBb 

Compound SOlW~tlt Chemical shi/r. r 

H, Hz H, C’H, ~2, R, R, 

(I) R&H3 ; Rz, R,=H D,O 7.23 723 6.54 623 7.93 6.54 
(II) R,. R,=CH,; R2=H D,O 7.15 7.15 6.69 629 7.88 6.69 726 
(IV) R,. R,=H; R,=CbHSC CDJOD 5.44 7.02 6.08 d 4.03 u-27 

n TMS Or DSS wad used a~ internal standard and lock signal. ‘(III) is not sulkicntly soluble Tar NMR 
SP=~O=PY- ‘J&L R,) 115. J(H,. R,) 120. J(Ha. R,) 7-Ok05 Hz d The resonane is obscured by the 
solvent methyl rcsonanee. 

for the asymmetrical stretch of the CO2 group. 
The crystal structure ofthe (rr-Zmethylallyl)(glycinato)palladium(I1) complex 

has been elucidated by X-ray analysis. Crystals of suitable size were obtained from an 
ethanol solution; they belong to the monoclinic system, space group P2,/c with 
a= 12.03(l), b= 1285(l), c= 10_86(1)A and (3= 103O 50’(10) and Z=8 which imposes 
that the independent unit contains two formula units CsH11N02Pd. The density, 
calculated on the basis of 8 formula units in the unit cell, (dcalcd_ 1.90 g/cm’) agrees 
well with the experimental (derp. 1.90 g/cm’). 1900 Independent non-zero reflections 
were collected with an automated diflractometer using the Cu-K, radiation. The 
structure was solved by the Patterson method. The heaviest interatomic vectors 
were interpreted and, accordingly, the positions of the two independent palladium 
atoms were derived. The Fourier map, calculated by phasing the reflections with 
only these two atoms, revealed the remaining atoms present in the structure excepting 
the hydrogen atoms. Subsequently the refmement was achieved by means of six 
cycles of 9 x9 block diagonal least-squares procedure until the maximum shift 
in the atomic coordinates and anisotropic thermal factors was less than one-third 
of the corresponding standard deviation The weighting scheme adopted throughout 
the refmement corresponds to that suggested by 0-m ‘f.kahnnk”. The atomic scattering 
factors for all atomic species were calculated horn the analytical constants given by 
Moorei2. At the end of the refInemen& neglecting hydrogen atoms, the disagreement 
factor : 
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Fig 1. Molecular geometry averaged over the two a-ystallographicsIIy independent units The O(l)-Pd- 
C(3) and C(l)-Pd-N bond angles are 1732’ and 170.5’. respectively. 

‘kc 

Fig 2 MoIecuIar pack&g as viewal along the b axis The four hydrogen bond distances are indicated The 
atoms belonging to molauIc (b) anz shaded 

is 0.059 for the 1900 independent non-zero reflections. Corresponding bond lengths 
and bond angles of the two molecuks in the independent unit cell (Fig. 2) (a and b) are 
not substantially Merent ; in Fig. 1 the average dimensions of the complex molecule 
are reported*. Both m&cules show a distorted square-planar coordination of the 

* FI atomic coordinates and-thcnnal factors can k obtained upon request Gem the authors_ 
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ligands around the palladium atoms. Furthermore, the dihedral angle between the 
plane debed by carbon atoms C(l), C(2) and C(3) and that defmed by the palladium, 
O(1) and the nitrogen atoms is 106O in molecule (a) and 113O in molecule (b) in 
agreement with corresponding values found and theoretically predicted for other 
(z-allyl)palladium compounds’4. The methallyl ligand itself is signi6cantly non- 
planar, the methyl group being displaced 03 and 02 A out of the C(l)-C(2)-C(3) 
plane towards the palladium atom for molecules (a) and (b) respectively. The two 
independent amino acid moieties differ slightly From each other: in molecule (a) the 
chelating amino acid is almost exactly planar [for the five atoms the mean square 
distance from the best plane is 0.008 A, with an internal rotation angle* O(l)- 
C(S)-C(6)-N of - l”], whil - e m molecule (b) the five atoms of the amino acid are not 
coplanar [the mean square distance is 0.08 A with an internal rotation angle 
O(l)-C(5)-C(6)-N of + 13OJ. In fact, in the a-ammo acid complexes, the values of the 
internal rotation angle around the C(5)-C(6) b on d in more than twenty known rings 
lie between O” and 30° l s. 

The results of the structure are therefore in agreement with the literature data 
showing in addition that, since in our system the same glycinato group exhibits 
different conformations, the chelate ring has to be rather flexible and the various 
conformations -observed are probably the result of a balance of interactions between 
atoms in the same ring and crystal packing forces. As one would expect the bonding 
of a metal atom to O(1) would increase the length C(5)-O(1) and decrease the length 
of C(S)-O(2) in keeping with a decrease in the bond order of the Erst and an increase 
in that of the second This trend is indeed verified as shown in the dimensions of the 
average molecule_ (cJ Fig. 1). 

One additional factor must be taken into account in analyzing the conforma- 
tion of the chelate ring, that is the hydrogen bond system in the crystal. Each nitrogen 
atom in the two independent molecules is associated with two hydrogen bond& as 
shown in Fig 2 

In particular the nitrogen atom of molecule (a) forms one hydrogen bond with 
O(2) of the same molecule reported at (x, t -y, f +z- 1) (2.88 A) and a second hy- 
drogen bond with O(2) of molecule (b) reported at Z+ 1, ji, Z+ l(289 A)_ The nitrogen 
atom of molecule (b) forms a strong hydrogen bond with O(2) of molecule (a) reported 
at x+ 1, y, z (2.87 A) and a weaker bond with O(1) of the same molecule reported at 
x, f--y, ++z- l(3.00 A). Only one of the oxygen atoms. O(1) of molecule (b), is not 
involved in hydrogen bonding The shortest intermolecular contacts, neglecting 
hydrogen bond distances, are the following: C -C, 3.71; C. N, 3.69 ; C - 0, 334 and 
N - 0,3.69 A. 

EXPERIMENTAL 

IR spectra were obtained using a Beckman IR-9 spectrophotometer. NMR 
spectra were run on a Varian Associates HA-100 spectrometer. Elemental analyses 
were performed by k Bemhardt Mikroanalytisches Laboratorium, Elbach, W. 
Germany. An Hitachi-Perkin-Elmer 115 instrument was employed in molecular 
weight determinations. (sc-2-Methylallylj and (x-l-phenylallyl)palladium(II) chloride 
complexes were prepared according to the method of Dent et 01.‘~. 

l tmm ConTormation= 180°. 
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Preparation of (n-methylallyl) (glycinato)palladium(fI) 
To a stked solution of I.97 g (10 mmol) of (C,H,PdCl), iu 100 ml of acetone 

was added dropwise at room temperature a solution of potassium glycinate 1.13 g. 
(10 mmol) in 15 ml of methanol. 

During the addition the yellow solution became colourless. ARer 1 h of addi- 
tional stining the white precipitate of KC1 was lilrered off and solvent was removed 
in wcuo. The residue was washed with CHIClz to remove traces of unreacted (C,H,- 
PdCl), and then recrystallized from ethanol to give colourless plats (yield 87%). 
MoL wt. : 233 (water), 236 (ethanol); &cd. : 235. Similarly were prepared the com- 
plexes (~-2-methylullyl)[(D,L~~-pl~enylalaninato]pulladium(II) (85x), white powder 
from ethanol; (1C-1-phenylallyl)@lycinnro)palladium(II) (78 %), pale yellow powder 
from ethanol/diethyl ether; (~-2-methylallyl)(N,N-dimechylglycinato)pallodium(II), 
very pale yellow needles loom acetone/hexane (68 %)_ All complexes decompose in air 
in the range of 1X-150°. 

Reactions of (x-Zmethylallyl)@lycinato) palladium(If) with KI, HCl, KSCN 
To a suspension of (n-2-methylallyl)(glycinato)palladium(II) in chloroform 

was added a saturated aqueous solution of the appropriate inorganic reactant, with 
stirring. The bridged [(x-2-methylallyl)-Pd’XJ, complexes were obtained from the 
chloroform phase by evaporating solvent and recrystallizing the residue from a 
toluene/diethyl ether mixture. 

(Found: c, 16.72; H, 241. CsH,4Pd212 calcd. : C, 16.67; H, 242%.) 
(Found: C, 24.23; H, 3.41. C,H,,Pd&l, calcd.: C, 24.49; H, 3.57x.) 
(Found: C, 27.47; H, 3.30; N, 6.4. C,0H,,Pd,S2N2 calcd. : C, 27.40; H, 3.19; 

N, 6.30 %_) 

X-RAY DATA AND 1Nl-ENSl-R’ COLLE(XION 

Approximate unit-cell parameters and systematic extinctions were obtained 
from zero and upper levei Weissenberg’s photographs. Precise lattice constants and 
their estimated standard deviations were determined from a least-squares refmemen t l7 
of the setting angles of twelve high angle reflections on a Siemens AED automatic 
clilkactometer with Cu-K, radiation (A = 15418 A) at 25 + 3O. For the intensity measu- 
rements Ni-filtered CU-K, radiation was used. A crystal was mounted on a Siemens 
AED automatic single crystal diffractometer equipped with a PDP-S digital compu- 
ter, a scintillation counter and pulse-height analyser. The 8-28 scan mode was 
employed with the five value measurements technique’6. A limed symmetrical scan 
range of 0.65’ from the computed Cu-K, peak was used. Intensity data were collected 
for the independent rekctions up to 8=60”. A standard reflection was measured at 
regular intervals to monitor crystal stability and crystal orientation. Its intensity 
remained essentially constant throughout the run. A total of 1900 non-zero indepen- 
dent reflections [their values being greater than 20(l)] was collected and their intensi- 
ties were corrected for Lorentz and polarization effects in the usual way ; no absorp- 
tion correction was applied. 
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