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Summary

Trinveeric palladium acetate reacts with 2,6-disubstituted pyrylium salts to
give trinuclear bis-acyl-allylpalladium acetates. The structure of bis(1,3-dipy-
valoyl-w-allyl)trispalladium(II) u-tetraacetate is determined by an X-ray study.

Introduction

As reported earlier by us [1,2], 2,6-disubstituted pyrylium salts react on
heating with palladium chloride in water-containing organic solvents to give
binuclear complexes with 1,3-bisacyi-m-allyi ligands. Binuclear r-allylpaliadium
acetate obtained by the interaction of the bis-w-allyldipalladium p-dichloride
with silver acetate has been described in the literature [3,4]. The interaction of
irimeric palladium acetate [5] with 2,6-disubstituted pyrylium salts in reflux-
ing acetic acid in the presence of water and sodium acetate was found to lead
to the formation of trinuclear bis(acylallyl)palladium acetates (I) [6]:
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Some characteristics of the compounds obtained are summarized in Table 1.
An X-ray study of bis(1,3-dipyvaloyl-r-allyl)trispalladium(II) u-tetraacetate
(Ia) has been carried out to confirm its structure and determine the molecular

geometry.
Results and discussion

The molecular structure with bond lengths is shown in Fig. 1; bond angles
are given in Table 2. The molecule represents a trinuclear centrosymmetric
complex where the Pd atoms located on the same straight line are linked pair-
wise by pairs of acetate bridges. Thus the central Pd(2) atom has a square-
planar coordination by oxygen atoms of four bridging acetate groups. The ter-
minal Pd(1) and Pd(1’) atoms, in addition to two oxygen atoms of the acetate
bridges, are coordinated by the conventional n3-type bonding with the allyl
iragments of the acyclic diketo ligands and thus acquire also a square-planar
coordination. The coordination planes of the palladium atoms Pd(2)O(1)0(3)
and Pd(1)0O(2)0O(4) (I and II in Table 3) make an angle of 25.3° with each
other. The Pd(1)...Pd(2) distance, equal to 2.864(1) &, exceeds the Pd—Pd
bond length in the previously studied palladium complexes with such bonding
(2.57—2.699 &) [7—12] and the shortest interatomic distance in metallic palla-
dium (2.751 A) [13], but is nevertheless shorter than the doubled covalent
radius of Pd (2.98 A) [14]. In other polynuclear complexes where Pd atoms are
linked by two bridging acetate groups but without metal—metal bonding the
Pd...Pd distances are somewhat greater. For example, in the tetranuclear com-
plex [Pd,(CH;CO0),{CO),], the Pd...Pd distance is 2.909(1) & [12], and in
dimeric w-allylpalladium acetate [(n3-C;H,)(CH,COO)Pd], it is 2.94(2) & [3].
Thius the preximity of the Pd atoms cannot be attributed to the effect of the
bridging acetate groups.

TABLE 1
PROPERTIES OF COMPOUNDS I

R Color M.p. (°C) IR spectrum (cm 1), sol. in CHCl3
UR 20 instrument

p(C=0) va4(COO0) vg(CO0) v(C=0)

Ia tert-CqHg brick- 187—195 (dec.) 1690 1567 1406

red
b brown- 220—222 (dec.) 1675 1565 1402

vellow

CH:,

Te ciy, Q pale 191—193 (dec.) 1655 1562 1405

yellow

Id {CQ);Mn —'@ vellow 198—202 (dec.) 1665 1565 1410 1955, 2033
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Fig. 1. The molecular structure of bis(1,3-diPyvaloyl-w-allyl)trispalladium(II) u-tetraacetate (Ia).

TABLE 2
BOND ANGLES w (deg.)
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Angle w Angle w

0(2)Pd(1)0(4) 90.3(3) C(2)C(3)Pd(1) 118.3(7)
O(4)Pd(1)C(3) 102.2(3) Pd(1)C(3)C(4) 69.5(6)
0(4)Pd(1)C(4) 134.1(3) C(3)C(4)C(5) 116.3(9)
0(4)Pd(1)C(5) 170.2¢(3) C(3)C(4)Pd(1) 71.5(6)
0(2)Pd(1)C(5) 99.2(3) C(5)C(4)Pd(1) 72.0(6)
O(2)PA(1)C(4) 130.8(3) C(4)C(5)C(6) 115.5(8)
O(2)PA(1)C(3) 167.3(3) C(6)C(5)Pd(1) 114.5(6)
0O(1)Pd(2)0(3) 88.9(3) Pd(1)C(5)C(4) 69.4(5)
0(1)Pd(2)0(3") 91.1(3) 0(5)C(6)C(5) 121.5(9)
PA(1)0(2)C(1A) 121.8(6) 0(6)C(6)C(T) 122.7(9)
Pd(1)0(4)C(3A) 125.7(6) C(5)C(8)C(7) 115.8(8)
PA(2)0(1)C(1A) 123.6(6) C(2)C(1)C(11) 108.8(8)
Pd(2)0(3)C(3A) 123.8(6) C(2)C(1)C(21) 109.2(9)
O(1)C(1LA)O(2) 126.6(8) C(2)C(1)C(31) 108.9(9)
O(1)C(LA)C(2A) 115.4(8) C(11)C(1)C(21) 113.4(9)
O(2)C(LA)C(2A) 118.0(8) C(11)C(1)C(31) 108.3(9)
0O(3)C(3A)04) 127.7(9) C(21)C(1)C(31) 108.1¢9)
0(3)C(3A)C(4A) 113.9(8) C(6)C(T)C(17) 107.7(8)
O(4)C(3AXC(4A) 118.4(8) C(6)C(T)YC(2T) 108.7(9)
O(5)C(2)C(1) 123(1) C(6)C(7)C(3T) ©110.3(9)
0(5)C(2)C(3) 120(1) C(17)C(7)C(2T) 110.0(9)
C(1)C(2)C(3) 117.6(9) C(17)C(T)C(3T) 111.1¢9)

C(2)C(3)C(4) 116.7(9) C(27)C(7)C(37) 108.9(9)
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As in other Pd complexes with bridging acetate groups, both bridging sys-
tems Pd(1)O(2)C(1A)O(1)Pd(2) and Pd(1)0(4)C(3A)O(3)Pd(2) (IV and V in
Table 3) are virtually planar and nearly perpendicular to each other.

The Pd(1)—0(2) and Pd(1)—0(4) bond lengths (2.105(6) and 2.104(8) A,
respectively) of the terminal Pd atoms agree with the values of 2.10—2.12 A in
other carboxylate complexes [3,12]. At the same time, the Pd(2)—0O(1) and
Pd(2)—0(3) bond lengths (2.001(5) and 1.998(8) A, respectively) of the cen-
tral atom are significantly shorter. The short Pd—O distances (2.028 and
2.039 X) have also been found earlier in the complex Pd[P(C4H;);]1,(0,C¢Cls),
where the Pd atom is chelated with an o-tefrachlorcbhenzoquinone ligand [15].
Along with shortening of the Pd(2)—0(1) and Pd(2)—0(3) bonds in molecule
Ia one can observe a certain elongation of the O(1)—C(1A) and O(3)—C(3A)
bonds (1.26(1) and 1.28(1) &, respectively) as compared with the O(2)—C(1A)
and O(4)—C(3A) bonds (1.22(1) A in both cases). The distribution of the bond
lengths in the bridging systems and the proximity of the Pd atoms are consis-
tent with the fact that, along with the main electronic structure with 16-elec-
tron shells for all the Pd atoms:
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A difference between the bond lengths of the terminal and central Pd atoms
with the bridging atoms has been also found in the molecule of the trinuclear
complex Pd;(73-2-methylallyl),Cl, [16]:

/Cl\ /Cl\
C = pd)  PdE) Pd(1) —>

N N
In this molecule the Pd(2)—Cl bonds (2.313(9) and 2.297(8) A) are consider-
ably shorter than the Pd(1)—Cl bonds (2.418(8) and 2.416(9) &), the former
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being typical of terminal Cl atoms and the latter of bridging ones. Such an
unusual geometry of the complex is attributed to a substantial contribution
from the ionic form [73-2-MeC,H_,Pd]*[PdCl,]1? [13-2-MeC;H,Pd]".

The allyl group is coordinated by the Pd(1) atom in such a way that the cen-
tral atom, C(4), of this ligand is situated on the other side of the coordination
plane relatively to the C(1A) and C(3A) atoms of the acetate bridges (I in Ta-
ble 3). Such orientation of the allyl group is probably caused by steric factors,
as in the geometry found for the complex there are no shortened contacts
between atoms of the acetate and dipyvaloyl-r-allyl ligands.

The difference between the Pd—C(3) and Pd—C(5) distances (2.14(1) A in
both cases) to the terminal atoms and the Pd—C(4) distance (2.11(1) &) to the
central atom of the w-allyl is insignificant as it lies within 3¢, although the val-
ues found agree with those observed in the binuclear complex with the same
ligand [1], where the greater accuracy has shown a difference in these dis-
tances: Pd—C(terminal) 2.187(8) and 2.148(3) A, Pd—C(central) 2.096(3) A.

The m-allyl plane is tilted to the coordination plane of Pd(1) at an angle of
109.5°, which is close to the theoretically calculated value (102—114°) [17]
and found in other complexes with a similar coordination of the Pd atom (e.g.
107.5° in [13-C,3H,,0,PdCI], [1]).

The bond lengths in the dipyvaloyl-r-allyl ligand coincide with those
reported in ref. 1. Its two chemically equivalent halves show some differences
in the torsion angles (C(4)C(3)C(2)0(5) 12.1°, C(4)C(5)C(6)0O(6) 19.8°, C(4)-
C(3)C(2)C(1) 13.4° and C(4)C(5)C(6)C(7) 21.9°), which are probably due to
crystal field effects.

Studies of the chemical properties of complexes I have shown that their ace-
tate residues, like those in the starting palladium acetate [5] are very mobile.
Under the action of acids they are readily replaced by other acidic ligands. The
metal—carbon bond is normally unaffected in these reactions. With benzoic
acid Ia converts to bis(1,3-dipyvaloyl-r-allyl)trispalladium(II) u-tetrabenzoate;
IR spectrum: »(C=0) = 1688, v,;(COO0) = 1556, vs(COO) = 1392 cm ™’ (solu-
tion in CHCl;, UR 20 instrument).

From a solution of Ia in CF;COOH a complex was isolated in which there
was one Pd atom per one bispyvaloyl-w-allyl ligand and one trifluoroacetate
residue (»(C=0) = 1685 cm ™). Also there is a very strong band at 1660 cm™!
which is likely to be due to the antisymmetric valence vibrations of the tri-
fluoroacetate group: ¥(C—F) = 1165, 1205 cm™! (vaseline oil, Specord IR 71
instrument).

Under the same conditions Ib gives trifluoroacetate with the bisbenzoyl-
w-allyl ligand. IR spectrum: v(C=0) = 1665, »(COO) = 1645, »(C—F) = 1180
cem™! (vaseline oil, Specord IR-71).

The IR spectrum of the azide complex, probably dimeric. with bridging azido
groups, produced by the interaction of a toluene solution of HN; with Ia, con-
tains a very strong band v(N;) = 2100 ecm ™!, and »(C=0) = 1680 cm™! (vaseline
oil, Specord IR 71). '

Complex Ia metallates cyclopentadiene when heated in it, to give a fully
organometallic compound:
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Heating of Ia in acetylacetone results in the substitution of both the acetate
and bispyvaloyl-r-allyl ligands and the formation of palladium acetylacetonate.

Experimental

The starting pyrylium salts were synthesized by the known methods
[18,19].

1. Bis(1,3-dipyvaloyl-m-allyl)trispalladium(Il) u-tetraacetate (Ia)

0.6 g of 2,6-di-t-butylpyrylium perchlorate and 0.7 g of palladium acetate in
20 m! of glacial acetic acid were heated to reflux under stirring. A solution of
0.2 g of CH3;COONa in 4 ml of water was then added, boiling was continued for
12 min, and the solution was filtered while hot. After 3 h the precipitate
formed was filtered off. Large red-brown crystals were obtained, 0.75 g (75%).
Found: C, 40.75; H, 5.69. C;,H.,C,,Pd; caled.: C, 41.10; H, 5.54%.

2. Bis(1,3-dibenzoyl-w-allyl)trispalladium(II) u-tetraacetate (Ib)

0.33 g of 2,6-diphenylpyrylium perchlorate and 0.22 g of palladium acetate
in 10 ml of glacial acetic acid were heated under stirring for 10 min to 160°C,
then a solution of 1 g of CH;COONa in 1 ml of water was added. The resulting
voluminous precipitate was filtered off, washed with an ether/hexane mixture
and dried on the filter. The product was purified by reprecipitation from
CHC]; with hexane. Yield: 0.3 g (90%). Found: C, 17.72; H, 3.52; Pd, 30.91.
C,,H330,,Pd caled.: C, 47.91; H, 3.61; Pd, 30.30%.

3. Bis(1,3-di(2,4,5-trimethyltenzoyl)-r-allyl)trispalladium(Il) p-tetraacetate
(Ic) ‘

0.2 g of 2,6-di(2,4,5-trimethylphenyl)pyrylium perchlorate and 0.16 g of
palladium acetate in 7 ml of glacial acetic acid were heated to reflux, and then
a solution of 0.05 g of CH;COONa in 1 ml of water was added, boiling was con-
tinued for 3 min, and the solution was filtered while hot. The golden-coloured
precipitate obtained on cooling was isclated and recrystallized from acetic acid.
Yield: 0.1 g (28%). Found: C, 52.44; H, 5.74; Pd, 25.42. C;,H,0,,Pd; caled.:
C, 53.01, H, 5.01, Pd, 26.22%.

4. Bis(1,3-dicymantrenoyl-w-ullyl)trispalladium(II) p-tetraacetate (Id)

1.95 g of 2,6-dicymantrenoylpyrylium perchlorate and 1.12 g of pailadium
acetate in 100 ml of glacial acetic acid were heated to reflux under stirring.
0.5 g of sodium acetate in 20 ml of water was added to the resulting dark
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cherry-coloured solution and heating was discontinued. After change of the
reaction mixture colour to yellow, the precipitate was filtered off, washed with
ether and hexane, and dried on the filter. The product was purified by recrys-
tallization from chloroform. The complex is sensitive to light. Yield of the
crude product: 1.7 g (60%). Found: C, 39.10; H, 2.53, Mn + Pd, 34.89. C;,H,-
0,,Mn, Pd; caled.: C, 38.56; H, 2.19; Mn + Pd, 34.62%.

5. Bis(1,3-dipyvaloyl-w-allyl)trispalladium(II) u-tetrabenzoate

0.2 g of Ia and 0.12 g of benzoic acid in 7 m! of benzene were refluxed for
2 min; the solution was filtered off while hot from the precipitated metallic
palladium. After concentration by evaporation in air, 2 ml of hexane was added
to the resinous residue formed with grinding with a glass rod. After evaporation
of hexane the grey-orange solid product (0.2 g) was recrystallized from nitro-
methane while cooling on an ice/salt bath. Yield of the analytically pure prod-
uct: 0.04 g (16%). Found: C, 52.83; H, 5.42; Pd, 26.37. C;;H4,0,,Pd; calced.:
C, 53.29; H, 5.09; Pd, 25.82%.

6. Interaction of Ie with CF;COOH

0.4 g of Ia was dissolved in 2 ml of trifluoroacetic acid. Water was added and
a yellow precipitate obtained was filtered off, washed with water to neutral
reaction, dried in air and recrystallized from isooctane. Yield: 0.29 g, m.p.
195°C. Found: C, 42.34; H, 4.65; F, 13.77%. C,sH,,0,FPd calcd.: C, 42.02,

H, 4.90; F, 13.30%.

7. Interaction of Ia with AN,
1 ml of a toluene solution of HN; (C = 0.036 g/ml) was added to 0.08 g of Ia

in 4 ml of toluene, then the solution was filtered off from the dark-grey precip-
itate formed (Handle with care! Explosive palladium azide). From the filtrate,
while adding hexane, an orange precipitate was obtained which was filtered off,
washed with hexane, dissolved on the filter in CHCl; without drying and repre-
cipitated with hexane. Yield: 0.03 g (49%), m.p. 90—91°C. Found: C, 43.99;
H, 6.43; N, 11.23. C,;H,,0,N,Pd calcd.: C, 43.70; H, 5.89; N, 11.76%.

8. Interaction of Ia with cyclopentadiene

0.2 g of Ta in 3.6 ml of freshly distilled cyclopentadiene was kept on a water
bath at 50°C for 30 min. The dark blue crystals precipitated after cooling were
filtered off, dissolved in the minimum amount of chloroform and then a
10-fold excess of petroleum ether was added. After concentration by evapora-
tion in air to the initial volume, the crystals precipitated were filtered off.

The compound was identified by elemental analysis and by comparison of its
IR spectrum with that of the authentic sample [2]. Yield: 0.06 g (40%), m.p.
168—173°C. Found: C, 56.18; H, 7.24. C,;H,,0,Pd calcd.: C, 56.78; H, 6.84%.

9. X-ray study of Ia

Crystals of Ia are monoclinic, at room temperature a = 14.748(4), b =
11.464(2), c = 15.639(4) &, f=129.9(1)°, V = 2027.0(8) A%, dcm.. = 3.01
g/cm?®, space group P2,/c. Cell parameters and intensities of 2840 reflections
with F2 > 2¢ were measured with a Syntex P2, 4-circle automatic diffractome-
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ter (A Mo-K,,, graphite monochromator, 20, = 54°).

The structure was solved by a heavy-atom method and refined by a least-

squares technique in a full-matrix anisotropic approximation. No attempts to
localize the hydrogen atoms have been made. The final R factor is 0.043 (Rg =
0.064) for 2731 reflections with |F > 60. Atomic coordinates and B;; param-

eters of anisotropic temperature factors are given in Table 4.

References

1

2

L.Yu. Ukhin, V.I. I’in, Zh.I. Orlova, N.G. Bokii and Yu.T. Struchkov, J. Organometal. Chem., 113

(1976) 167.

L.Yu. Ukhin, 2h.l. Orlova, V.I. I’in, A.l. Pyshchev and G.N. Dorofeenko, Koordin. Khim,, 4 (1978)
5,772,

M_R. Churchill and R. Mason, Nature, 204 (1964) 777.

S.D. Robinson and B.L. Shaw, J. Organometal. Chem,, 3 (1965) 367.

T.A. Stephensen, S.M. Morehause, A.R. Powell, J.P. Heffer and G.W. Wilkinson, J. Chem. Soc., (1962)
3632.

L.Yu. Ukhin, Zh.I. Orlova, N.A. Dolgopolova, A.l. Pyshchev and V.V. Krasnikov, Paper at the 1st All-
Union Conference on Qrganometallic Chemistry, Moscow, September 1979,

G. Allegra, G. Casagrande, A. Immirzi, L, Porri and G. Vitulli, J. Amer. Chem. Soc., 92 (1970) 289.
E. Ban, P.-t Chen, T. Jack, S.C. Nybeerg and J. Poweli, J. Chem. Soc. Chem. Commun., (1973) 368.
A. Ducruix, H. Felkin, C. Pascard and G.K. Turner, J. Chem. Soc. Chem. Commun., (1975) 615.

Y. Kobayashi, Y. litaka and H. Yamaraki, Acta Crystallogr. B, 28 (1972) 899,

R.G. Holloway, B.R. Penford, R, Colton and M.Y. McCormic, J. Chem. Soc. Chem., Commun., (1976}
485,

L.G. Kuz’mina, Yu.T. Struchkov, Koordin. Khim., 5 (1979) 1558.

J. Donohcoe, The Structure of Elements, Wiley, New York, 1979, p. 216.

V.G. Andrianov, B.P. Biryukov and Yu.T. Struchkov, Zh, Strukt. Khim., 10 (1973) 1129.

C.G. Pierpont and H.H. Downs, Inorg. Chem., 14 (1975) 343.

P_M. Bailey, E.A. Kelley and P.M. Maitlis, J. Organometal. Chem., 144 (1977) C52.

S.F. Kettle and R. Mason, J. Organometal. Chem., 5 (1966) 573.

V.V. Mezheritskii and G.N. Dorofeenko, Khim. Geterotsikl. Soed., (1970) 232.

L.Yu. Ukhin, V.V. Krasnikov and G.N. Dorofeenko, Koordin. Khim., 4 (1978) 455.



