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Summary

Addition of the triphenylphosphonium cyclopentadienylide to tetrakis-
(methoxycarbonyl)palladiacyclopentad:iene yields the monomeric complex
(cpyhid)[PAC,(CO.Me;] NMR spectra of the cyclopentadienyl ring protons
mndicate unsymmetrical nng coordination. A crystallographic molecular struc-
ture determination has shown that intramolecular separations between phospho-
mum pheny! nngs and palladiacycle methyl carboxylate groups restrict the Pd
to the lower region of the ylide ring. Bond lengths within the yhide ring appear
to indicate allylic coordination

Introduction

While the tnnphenylphosphonium cyclopentadienylide (cpylid) has been known
for several years [1] its use as a igand has been restricted to a narrow series of
carbonyl complexes with Group VIA metals and their adducts [2—5]. Aromatic-
ity of the cyclopentadienide ring serves to stabilize the zwittertomic form of the
yhde [6]. Accordingly, spectroscopic evidence obtamed for complexes of the
form M(cpylid)(CO)3(M = Cr, Mo, W) indicate ° coordination for the ring with
the yhide bonding ostensively as a subst:tuted cyclopentadieny! hgand.

We now report the synthesis and structure of a new cpyhde complex, (cpylid)
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[PAC;(CO;Me); ], obtained by addition of the higand to the oligomeric palladia-
cyclopentadiene complex [PAC,{CO.Me), 1,

Resuits and discussion

Ohgomenc tetrakis(methoxycarbonyl)palladiacyclopentadiene (1) 1s readily
formed by addition of dimethy! acetylenediacarboxylate to tris(dibenzylidene-
acetone)dipalladium [7—8] Treatment of I with neutral ligands has been report-
ed to yield monomeric palladiacyclopentadiene complexes [10—12} For pur-
poses of the present investigation the triphenylphosphonium cyclopentadienyl-
1ide was used to form the complex (cpylid) [PAC;(CO.Me),;] (II) in 79% yield
The NMR spectrum of the cyclopentadiene nng in II 1s considerably different
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from spectra reported for the Cr, Mo and W carbonyl complexes 4] At 25°C
nng proton resonances appear as two six line multiplets at § 5 58 and 6.15 ppm
(A6 G.57 ppm) (Fig 1) This AA'BB’X pattern differs considerably from the
four line A, B, patterns observed for the Cr, Mo and W complexes which exhibit
smaller chemical shift differences (A8 = 0 26 to 0 27 ppm) and no apparent
coupling to the phosphorus Phosphorus coupling 1s clearly observed in the spec-
trum of II with J(P—H(a)) 3 6 Hz for the signal at § 6.15 ppm and J(P—H(b))
3.2 Hz for b protons at § 5 58 ppm (Fig 2). Values of J(P—H(a)) 5 6 Hz and
J(P—H(p)} 3.6 Hz have been reported for the free ylide where an AA'BB'X pat-
tern 1s also observed with A6 0.17 ppm and assignment of a and b protons based
on the magnitude of phosphorus coupling [13] The consistent increase in Ad
from free ligand and the pentahapto complexes to 1II 1s interpreted in terms of a
decrease 1n coordination symmetry of the cyclopentadienylide ring

The zwitternionic structure for the yhde may be represented 1n terms of delo-
calized allyhe structures within the nng. Divalent palladium has a strong affimity
for allylic hgands, and such coordination may contribute to the unusually large
separation between a and b proton resonances. Three potential modes of allylic
coordination exist:
(1) Rig;id, symmetrical > -coordination:
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(2) Fluxional phosphonium-n*-allyl coordination.
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(3) Fluxional vinylphosphonium-n?-allyl coordination

2
+
—_—
5 i 4

Pc Pd
SN /N
Since the plane of the cyclopentadiene ring 1n all forms above would be normat
to the palladiacyclopentadiene plane, differentiation between various coordina-

tion geometries would amount to displacement of the Pd from the ring center
with shght alteration of ring carbon—carbon distances from values consistent
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Fig: 1. The NMR spectrum of fopsiid {PECHCO Meis} in CDCI; a1 35°C.
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with a completely delocalized structure Also, the energy requirement for inter-
conversion of limiting structures in fluxional forms {2) and (3) would be quite
mimmal. To examine the possibility of a fluxional structure for II NMR spectra
of the ring were taken over the temperature range from 25°C to —97°C at which
pont crystalhzation from solution occurs The results of this study are summar-
1zed 1n Table 1 While the AA’ BB’ pattern remains essentially unchanged the posi-
tions of the a and b proton resonarices and Ad show a shight temperature depen-
dence While this may possibly indicate a fluxional structure, the magnitude of
the spectral change over the temperature range does not permit unambiguous
mterpretation

To 1dentify the geometry of Il in the sohd state a crystallographic molecular
structure determmation has been carried out Views of the complex molecule
are presented m Fig 3 and 4 with atomic positional and thermal parameters con-
tained in Table 2 Intramolecular bonding parameters are contained in Table 3
As anticipated from the spectral properties of the complex the Pd 1s bound un-
symmetrncally to the nng. The longer Pd-—C distances are associated with the
yhdic carbon C(1) and the adjacent ring carbon C(2) with values of 2 447(6) and
2 429(6) A, respectively Shorter values of 2 399(6), 2 334(6) and 2 340(6) &
are fourd to carbons C(3), C(4) and C(5). These values together with the bonding
pattern within the ring are consistent with a localized coordination geometry
descrnibed by form (3) Carbon—carbon bond lengths for bonds C(2)—C(3) and
C(1)—C(5) approach single bond values, while the other lengths within the nng
are consistent with delocalized multiple bonds The P—C(1) length of 1 776(9) A
1s shorter than P—C lengths for the pheny! carbons which range from 1 80 to
1.81 A, but substantially longer than the value of 1.718(2) A reported for the
free ylide [14] The unsymmetrical coordination to the ring appears certainly
related to close mtramolecular contacts between phosphonium phenyl rings and
methyl carboxylate substituents associated with palladiacyclopentadiene car-
bons C(6) and C(9)} Stenc interactions between these groups eliminate forms
(1) and (2) as potential geometnes for the complex and suggest that regular
pentahapto coordination to the Pd mn (cpyhd){PC4{(CO;Me),] 1s unhkely

The structural features of the palladiacycle moilety are similar to those of

(continued on p 99)

TABLE 1

THE TEMPERATURE DEPENDENCE OF THE CHEMICAL SHIFT DIFFERENCE BETWEEN PROTONS
H(a) AND H®) 2

Temperature Chemacal shaft (6 ppm)
ey
H(a) (H(2 5)) H(b) (H(3.4)) as (ppm)
—87 6 24 5 86 0 38
—90 6 23 5 84 0 39
—78 619 579 0 40
—58 615 572 043
—42 6 14 570 044
—5 613 568 0 45
25 612 6.67 045
©152? (5 58)% ©oon®

2 Measured mn the solvent mixture (CD3)3;COJCDCl3y = 5/1 vol. b Measured In CDCl3.
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TABLE 3
BONDING PARAMETERS FOR (cpyhd) [PdC4(CO2Me)3)

Atoms Dhstance (A) Atoms Distance (A)
Pa—C(1) 2.4477(6) C(2)—C(3) 1 47(1)
Pd—C(2) 2 429(6) C(3)y—C4) 1 42(23
PaA—C(3) 2.399(6) C(2)—C(5) 1 39(1)
Pd—C(4) 2.334(6) C(1)>—C(5) 1 46(1)
Pd—C(5) 2 3140(6) P—C(1) 1 776(9)
Pd—C46) 1 955(5) C(6X—C(7) 1 38¢1)
Pd—C(9) 1 984¢5) C(7)—C(8) 1 44(1)
C(1)—C(2) 1 40(1) C(8)y—C(9) 1 37(1)
Hg
Hp
Phapt
Hy
H(a) hd H(b)
=1 J(HgP)=36 HHsPR3 2[ "
D pmren regemn
B ——f- E

[]
-3=F~
.
e
2
t

e ey

HHgp )= J(Hgp )=
HHgp)=2 5

1 i 1 i

v2 €0 58 56 &
Fig 2. Proton mignals of the cyeclopentadienylide ning at 25°C}n CDCl3
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Fig. 4. Perspective view of the complete (¢pylid) [PdC3(CO2Me)s} molecule.

other metallocycles [15]. Much interest has been devoted to the observed dispar-
ity (usually 0.03—0.04 A) between metal—carbon bond lengths within metallo-
cycle rings [16]. A similar difference is found in the PdC,(CO;Me), ring where
Pd—C distances of 1.955(5) and 1.984(5) A are found. The carbon—carbon bond
lengths within the ring appear to indicate that dm—pm bonding is an lmportant
effect in palladiacycles as in related rhodacycles [17].

Experimental

Materials
Tnphenylphosphomum eyclopentadienylide was prepared by the procedure
of Ramirez [1]. Tetrakis{methoxycarbonyl)palladiacyclopentadiene was pre-
' pared by treating excess dimethyl acetylenedicarboxylate with tris(dibenzylidene-
~ acetone)dipalladium(0) in acetone [10—12]. NMR spectra were recorded on a.
JEOL-C-GOHL spectrometer usmg tetramethylsxlane as an internal standard

. Preparatton of ¢ trxphenylphosphomum cyclopentadxenylxde)tetmkzs( mnthoxy- :
", carbonyl)palladiacyclopentadiene (II) :
~ Triphenylphosphonium cyclopentadlenyhde (130 mg, 0.40 mmol) and tenra-
o lus(methoxycarbony})pallad1acyclopentad1ene ) (153 mg; 0.40 mmol) were
... suspended in dry acetone (20 ml). The mixture was stirred. at'room temperature )
“.for 1 h..The suspensxon ‘gradually. became a brown solution which was then fil- .
- tered to remove metallic palladium. The- filtrate was condensed under reduced
pressure and et.hyl ether added drquxse to the react:on mxxture Complex II
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Structure determination

Photographic examination of crystals of (cpylid) [PdC,(CQO.Me);] indicated
monoclinic symmetry with an extinction pattern consistent with space group
P2,/c. A crystal was mounted and aligned on a Picker automated diffractometer.
The angular settings of 18 strong reflections centered using Mo-K,, radiation (A
0.7107 A) were used to give refined lattice constants of a 10.596(3), & 23.519(5),
¢ 15.547(3) A and $ 123.27(4)°. An expetimental density of 1.46(1)gcm™>
agrees with a calculated value of 1.468 g cm™ for four molecules per unit cell.
Data were collected by the §—26 scan technique. The intensities of a total of
5128 independent reflections were measured, of which 3027 were observed, cor-
rected for absorption effects, and included in the refinement. The structure was
solved by conventional Patterson and Fourier techniqueés *. Phenyl rings were
refined as rigid groups with an assumed carbon—carbon bond length of 1.392 &.
The oxygen and methyl carbon atoms associated with palladiacyclopentadiene
carbon C(12) were found to suffer from a two fold rotational disorder. Atoms
with occupancy factors of 0.5 were placed in the six disordered positions (4 oxy-
gen, 2 carbon) with an assumed C=0 length of 1.24 &, and C—O lengths of 1.36
and 1.46 A for the carboxylate and methyl carbons. The disordered atoms were
refined with isotropic thermal parameters throughout the refinement, all other
nongroup atoms were refined anisotropically. Group carbon atoms were refined
with individual isotropic thermal parameters. Upon completion of the refinement
the conventional R factor was 0.086. A final difference Fourier revealed only
diffuse regions of residual electron density in the vicinity of the methyl carbox-
ylate groups. An expanded account of the structure determination and a com-
plete table of the final atomic positional and thermal parameters of the structure,
and a table containing the F, and-IF | values for the 3027 reflections used in the
refinement is available ¥*,
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