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Summary 

Addition of the tnphenylphosphonmm cyclopentadrenyhde to tetralns- 
(methoxycarbonyl)palladiacyclopentadiene yields the monomeric complex 
(cpyhd)[PdC4(COzMeJ ] NMR spectra of the cyclopentadienyl nng protons 
mdicate unsymmetrical nng coordmation. A crystallographic molecular struc- 
ture determmatron has shown that mtramolecular separations between phospho- 
mum phenyl rings and palladiacycle methyl carboxylate groups restnct the Pd 
to the lower reDon of the ylide nng. Bond lengths urlthm the yhde ring appear 
to mdicate allylic coordmation 

rntruduction 

Whrle the trrphenylphosphonium cyclopentadlenyhde (cpyhd) has been known 
for several years [ 1] its use as a hgand has been restricted to a narrow series of 
carbonyl complexes with Group VIA metals and then adducts [2-51. Aromatac- 
rty of the cyclopentadiemde rmg serves to stabibze the zwrtterromc form of the 
ybde [S]_ Accorcimgly, spectroscopxc evidence obtamed for complexes of the 
form M(cpylid)(CO)JM =. Cr, MO, W) indicate qs coordmation for the nng unth 
the yhde bondmg ostensrvely as a substrtuted cyclopentacbenyl hgaud. 

We now report the syntheses and structure of a new cpyhde complex, (cpyhd) 

%&xzsentm Deprrbnmt of talw. --Univexsity of Colorado. Boulder. Cdoredo 80302 

_ CUSA). 
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[PdC4(C0,Me),], obtamed by addition of the hgand to the ohgomeric palladra- 
cyclopentadiene complex [Pd& (C02Me), ], 

Resuhs and discussion 

Ohgomenc tetrahs(methoxycarbonyl)palladiacyclopentadiene (I) IS readily 
formed by addition of dnnethyl acetylenedlacarboxylate to tns(dibenzyhdene- 
acetone)dipalladmm [‘7-g] Treatment of I with neutral hgands has been report- 
ed to yield monomeric pahadiacyclopentadiene complexes [ lO-121 For pur- 
poses of the present mvestrgation the tnphenylphosphonmm cyclopentadienyl- 
ide was used to form the complex (cpyhd) [Pd&(CO&e),] (II) m 79% yreld 
The NMR spectrum of the cyclopentadiene rmg 111 II IS considerably different 

P$ - --a 1 
i n 

iPdi_u’ i 
i A,j 

- (Ph3PC,H : -4 r PdC,(CO,b*e!,~ 

(II) 
I 
I d 
t i* 

9 = Cq”e (1) 

from spectra reported for the Cr, MO and W carbonyl complexes f4] At 25°C 
nng proton resonances appear as two six hne multiplets at 6 5 58 and 6.15 ppm 
(A& G-57 ppm) (Frg 1) This AA’BB’X pattern differs considerably from the 
four lme AZ Bz patterns observed for the Cr, MO and W complexes whrch exhibit 
smaller chemical shift differences (As = 0 26 to 0 27 ppm) and no apparent 
couphng to the phosphorus Phosphorus couphng 1s clearly observed m the spec- 
trum of II wrtb J(P-H(a)) 3 6 Hz for the signal at 6 6.15 ppm and W-H(b)) 
3.2 Hz for b protons at 6 5 59 ppm (Fig 2). Values of J(PH(a)) 5 6 Hz and 
J(P-H(D)) 3-6 Hz have been reported for the free yhde where an AA’BB’X pat- 
tern IS also observed wrth A6 0.17 ppm and assignment of a and b protons based 
on the magnrtude of phosphorus couplmg [ 13 J The consistent mcrease m A6 
from free ligand and the pentahapto complexes to 111s mterpreted in terms of a 
decrease m coordination symmetry of the cyclopentadienyhde nng 

The zwittenomc structure for the yllde may be represented m terms of delo 
cahzed allyhc structures w:thin the nng. Divalent palladmm has a strong affinity 
for ahyhc hgands, and such coordination may contribute to the unusually large 
separatxon between a and b proton resonances. Three pot.entraI modes of aIIylic 
coordmatron exist: 
f 1) Rrgid, symmetrical q3 -coordination: 
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(2) Fluxlonal phosphonmm-q3-ally1 coordmatxon. 

Ph3P 

(3) Fluxlonal vmylphosphonmm-r]3-allyl coordmatlon 

Smce the plane of the cyclopentadlene rmg m all forms above would be normal 
to the palladlacyclopentadlene plane, dlfferentlatlon between various coordma- 
tion geometnes would amount to dsplacement of the Pd from the nng center 
with shght alteration of ring carbon--carbon distances from values consstent 

3.56 
(6~1 

COEH: 

G&i 
t15Hl 

H(a H(W 

6 15 
(2Hl 

343 
(6H) 

!-- 
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with a completely delocalized structure Also, the energy requvement for Inter- 
conversion of hmltmg structures m fluxlonal forms (2) and (3) would be qurte 
mmunal. To examme the posslblllty of a fluxlonal structure for II NMR spectra 
of the rmg were taken over the temperature range from 25°C to -97°C at which 
pomt crystalhzatlon from solution occurs The results of this study are summar- 
lzed m Table 1 W&e the _&A’ BB’ pattern remams essentlallq unchanged the pow- 
tions of the a and b proton resonances and As show a shght temperature depen- 
dence Whrle this may possibly indicate a fluxlonal structure, the magmtude of 
the spectral change over the temperature range does not permit unambiguous 
mterpretatron 

To ldentlfy the geometry of II m the sohd state a crystallographic molecular 
structure determmation has been camed out Views of the complex molecule 
are presented 111 Fig 3 and 4 with atomic positronal and thermal parameters con- 
tamed m Table 2 Intramolecular bondmg parameters are contamed m Table 3 
As antlclpated from the spectral properties of the complex the Pd 1s bound un- 
symmetncaily to the nng. The longer Pd-C distances are associated with the 
yhdrc carbon C(1) and the adjacent nng carbon C(2) with values of 2 447(6) and 
2 429(6) 4, respectively Shorter values of 2 399(6), 2 334(6) and 2 340(6) % 
are four.d to carbons C(3), C(4) and C(5). These values together ulth the bondmg 
pattern wrthm the ring are consistent with a Iocahzed coordrnatron geometry 
described by form (3) Carbon-carbon bond lengths for bonds C(2)-C(3) and 
C(l)-C(5) approach angle bond values, whrle the other lengths wrthm the nng 
are consistent with delocalized multrple bonds The P-C(i) length of 1776(g) A 
rs shorter than P-C lengths for the phenyl carbons which range from 180 to 
1.81 A, but substantially longer than the value of l-718(2) S reported for the 
free yhde [ 141 The unsymmetrical coordmatlon to the nng appears certainly 
related to close mtramolecuIar contacts between phosphonmm phenyl rmgs and 
methyl carboxyIate substituents associated with palladlacyclopentadlene car- 
bons C(6) and C(9) Stenc infzzractlons between these groups elunmate forms 
(1) and (2) as potent& geometnes for the complex and suggest that regular 
penfuhapto coordmatlon to the Pd m (cpyl~d)[PC,(CO,Me),] 1s unlikely 

The structural features of the palladlacycle moiety are sunllar to those of 
fcontcnued on p 99) 

TABLE 1 

THE TEVPERATURE DEPENDENCE OF THE CHEMICAL SHIFT DIFFERENCE BETWEEN PROTONS 
xi(a) Ah13 H(b)= 

-9i 6 24 5 86 038 
-90 6 23 5 84 0 39 
-ii3 6 19 5 79 0 40 
-58 6 15 5 72 043 
--t2 6 Id 5 70 044 

--5 6 13 566 045 
25 c.12 667 045 

(6 IS>* (5 58) b (0 6715 

= Mm Lp the tivcnt lntrbllr <CD3lcosDCl3 = SIX ma. b ~~ fn CDW- 
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TABLE3 

BOXDIYG PARAh¶ETERS FOR (cpyhd) (PdCq(C02He)q] 

Atoms Dxstaaet (a) AtOtlZS Distance <A) 
- 

W-c(l) 2447s) C(2)-a3) 147(l) 

Pd-C(2) 2429(6) C<3hc(4) 142<2: 
W-C(J) 2399(6) Ctr)--C(5) 139(l) 
Pd-C<4) 2334(6) CahC(5) 146(l) 

W-C(5) 2 340(6) p--c(l) 1776(S) 
Pd-CCB) 1955(5) C(6)--c(7) 138(l) 
Pd-C(S) 198415) C(7ea8) 144(l) 

C<l)-a2) 140(l) C(6)-a9) 137<1) 

H(a) 

‘-‘-: J (HcP)= 3 6 
I r--t--l 

H(b) 

J(NPb3 2:-‘- 
: r-?--q 
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Structure determination 
Photographic examina tion of crystals of (cpylid) [PdC&OtMe)4] indicated 

monoclinic sy;nmetry 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 (h 
0_7107 a) were used to give refined lattice constants of a 10.596(3), b 23.519(5), 
c 15.547(3) A and 0 123.2?(4)“. An experimental density of 1.46(l) g cmm3 
agrees with a calculated value of 1.468 g cme3 for four molecules per unit cell. 
Data were collected by the 6-28 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 refmement. The structure was 
solved by conventional Patterson and Fourier techniques *. Phenyl rings were 
refmed as rigid groups with an assumed carbon-carbon bond length of 1.392 B_. 
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=O length of 1.24 A, and C-C lengths of 1.36 
and 1.46 r\ for the carboxylate and methyl carbons. The disordered atoms were 
refmed with isotropic thermal parameters throughout the refinement, all other 
nongroup atoms were refined anisotropically. Group carbon atoms were refined 
with individual isotropic them& 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 PO and iF,1 .values for the-3027 reflections.used in the 
refinement is available **. .. 
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