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The octahedral pallada(IV)cyclopentane complexes PdX(C4H8)R(bpy) [RX ) MeI (1), EtI
(2), PhCH2Br (3), CH2dCHCH2Br (4); bpy ) 2,2′-bipyridine] may be isolated on oxidative
addition of organohalides to the palladium(II) complex Pd(C4H8)(bpy) in acetone at -20 °C.
The complex PdBr(C4H8)(CF3)(bpy) (5) has been generated in solution but was too unstable
to permit isolation as a solid. Complex 1 occurs as a mixture of isomers in a 4:1 ratio, where
the dominant isomer has the methyl group trans to bpy and the minor isomer has 2-fold
symmetry with the methyl group trans to the iodo ligand. Complexes 2-5 adopt only the
configuration with R trans to X. The complexes exhibit low stability, allowing studies of
decomposition in solution under mild conditions in CDCl3 or CD2Cl2. Formation of the major
products from PdI(C4H8)Me(bpy) (1) and PdI(C4H8)Et(bpy) (2) is assumed to result from
C4H8‚‚‚R coupling at Pd(IV) to give undetected PdIICH2CH2CH2CH2R species which undergo
â-elimination to form alkenes (48% of detected organic products), Pd(0), and HX, with
subsequent protonation of PdIICH2CH2CH2CH2R to give alkanes (39%). Complexes 1 and 2
also give iodopentane (∼12% from 1) and iodohexane (∼9% from 2). The complex PdBr-
(C4H8)(CH2Ph)(bpy) (3) gives phenylpentane (15%), phenylpentenes (66%), toluene (10%),
and butenes (8%); PdBr(C4H8)(CH2CHdCH2)(bpy) (4) and PdI(C4H8)(CF3)(bpy) (5) give
predominantly cyclobutane, together with minor amounts of butenes (4, 5) and propene (4).
Deuteration studies implicate the occurrence of intermolecular hydrogen atom transfer for
elimination of alkenes and alkanes, except for cyclobutane.

Introduction

Studies of the decomposition behavior of organome-
tallic compounds are fundamental to the development
of organometallic chemistry and to a better understand-
ing of the role of metal complexes in organic synthesis
and catalysis.1 The decomposition chemistry of metal-
lacyclopentane complexes of the nickel triad elements
[nickel(II),2 palladium(II),3 platinum(II),4 and platinum-
(IV)4b,5] has been reported, and the relatively recent
development of hydrocarbylpalladium(IV) chemistry6
provides the first opportunity to study palladium(IV)
complexes. For palladium, an element of particular

importance in organic synthesis and catalysis, decom-
position of hydrocarbylpalladium(IV) complexes is char-
acterized by C‚‚‚C bond formation in reductive elimi-
nation reactions,6-8 although detailed mechanistic studies
to date have been confined to PdIMe3(bpy) (bpy ) 2,2′-
bipyridine), which undergoes facile reductive elimina-
tion of ethane.9 The work reported herein was prompted
by several proposals that pallada(IV)cyclic complexes
may be involved in catalysis,10 demonstration of this by
detection of a palladium(IV) intermediate for a palla-
dacyclopentadiene system,11 the remarkable reactivity
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of some pallada(II)cyclopentane complexes to reduce
water to hydrogen with concomitant oxidation of
palladium(II) to palladium(IV),12 and observations
in preliminary studies showing that the decomposition

of PdIVBr(C4H8)(CH2Ph)(bpy) [Pd(C4H8) ) PdCH2CH2-

CH2CH2] occurs under mild conditions in solution.13

Experimental Section

The reagents C4D8Br2,14 Li2(C4R8) (R ) H, D),4a and Pd-
(C4R8)(bpy),15 were prepared as previously described. Solvents
were dried and distilled, and all procedures were carried out
under nitrogen. Microanalyses were performed by the Central
Science Laboratory, University of Tasmania, and NMR spectra
were recorded on a Bruker AM 300 spectrometer with chemical
shifts given in ppm relative to SiMe4 or CF3CO2H.
Synthesis of Pallada(IV)cyclopentane Complexes PdX-

(C4H8)R(bpy). PdI(C4H8)(CH3)(bpy) (1-d0). A 10-fold ex-
cess of iodomethane was added to an orange solution of
Pd(C4H8)(bpy) (0.02 g, 0.07 mmol) in acetone (20 mL) at -20
°C, and the resulting solution was stirred for 5 min to give a
colorless solution. The solvent and volatiles were removed in
a vacuum at -20 °C, and the solid residue was washed with
cold diethyl ether and dried in a vacuum at 0 °C to give the
product as a white solid in quantitative yield. The complex is
unstable at ambient temperature. 1H NMR (CDCl3, -20 °C):
two isomers, δ 9.00 (d, 3J ) 5.2 Hz, 1, H6A), 8.83 (d, 3J ) 5.3
Hz, 1, H6′A), 8.74 (d, 3J ) 4.8 Hz, 0.4, H6B), 8.26 (m, 2, H3,3′A),
8.19 (d, 3J ) 8.2 Hz, 0.4, H3B), 7.98 (m, 2.4, H4,4′A and H4B),
7.60 (m, 2.4, H5,5′A and H5B), 4.33 (m, 0.4, CH2

B), 3.45 (m, 2,
CH2

A), 2.95 (m, 2.4, CH2
B), 2.68 (m, 1, CH2

A), 2.47 (m, 1, CH2
A),

2.14 (m, 0.4, CH2
B), 1.91 (s, 3, PdCH3

A), 1.85 (m, 0.4, CH2
B),

1.69 (m, 2, CH2
A), 1.29 (s, 1.2, PdCH3

B), 1.27 (m, 2, CH2
A). 13C-

{1H} NMR (CDCl3, -20 °C): δ 152.8, 148.7, 147.6, 147.4, 138.7,
138.5, 126.0, 125.8, 123.3, 123.1, 122.9, 60.8, 50.3, 49.0, 36.0,
34.6, 33.9, 25.6, 18.3. Anal. Calcd for C15H19N2IPd: C, 39.11;
H, 4.16; N, 6.08. Found: C, 39.30; H, 4.06; N, 5.83%.
The other complexes were obtained by a similar procedure.

All of the complexes are white solids, soluble in dichlo-
romethane and chloroform, sparingly soluble in acetone, and
insoluble in pentane or hexane.
PdI(C4H8)Et(bpy) (2): iodoethane as reagent. 1H NMR

(CDCl3, -40 °C): δ 8.74 (d, 3J ) 5.0 Hz, 2, H6), 8.22 (d, 3J )
8.4 Hz, 2, H3), 8.03 (“t”, 2, H4), 7.59 (“t”, 2, H5), 4.26 (m, 2,
CH2), 2.70 (m, 2, CH2), 2.27 (q, 3J ) 7.4 Hz, 2, PdCH2CH3),
2.17 (m, 2, CH2), 1.89 (m, 2, CH2), 0.33 (t, 3J ) 7.4 Hz, 3, CH3).
13C NMR (CDCl3, -40 °C): δ 153.0, 149.2, 139.1, 126.7, 123.1,
50.8, 40.6, 35.0, 17.6. Thermal instability prevented mi-
croanalysis.
PdBr(C4H8)(CH2Ph)(bpy) (3): benzyl bromide as reagent;

stable at ambient temperature. 1H NMR (CDCl3, 20 °C): δ
8.44 (d, 3J ) 5.1 Hz, 2, H6), 7.95 (d, 3J ) 7.7 Hz, 2, H3), 7.84
(“t”, 2, H4), 7.34 (“t”, 2, H5), 6.70 (t, 1, Ph) and 6.59 (d, 2, Ph)
overlapping, 6.41 (“t”, 2, Ph), 4.27 (m, 2, CH2), 3.35 (s, 2,
PdCH2Ph), 3.01 (m, 2, CH2), 2.21 (m, 2, CH2), 1.90 (m, 2, CH2).
13C NMR (CDCl3, 20 °C): δ 153.5, 149.3, 145.6, 138.5, 128.2,
126.2 and 122.6 (br), 125.0, 54.3, 43.4, 34.7. Anal. Calcd for
C21H23N2BrPd: C, 51.50; H, 4.73; N, 5.72. Found: C, 51.51;
H, 4.74; N, 5.68.
PdBr(C4H8)(CH2CHdCH2)(bpy) (4): 2-propenyl bromide

as reagent; stable at ambient temperature. 1H NMR (CDCl3,

20 °C): δ 8.65 (br, 2, H6), 8.15 (d, 3J ) 8.3 Hz, 2, H3), 7.95 (“t”,
2, H4), 7.51 (“t”, 2, H5), 5.24 (m, 1, PdCH2CH)CH2), 4.48 (br,
2, CHdCH2), 4.21 (m, 2, CH2), 2.81 (m, 4, CH2 and PdCH2-
CHdCH2), 2.08 (m, 2, CH2), 1.78 (m, 2, CH2). Anal. Calcd
for C17H21N2BrPd: C, 46.44; H, 4.81; N, 6.37. Found: C, 46.26;
H, 4.87; N, 5.92.
PdI(C4H8)(CF3)(bpy) (5): iodotrifluoromethane as reagent;

thermal instability prevented isolation. 1H NMR (CDCl3), -40
°C): δ 8.72 (br, 2, H6), 8.20 (d, 3J ) 6.0 Hz, 2, H3), 8.07 (‘t′, 2,
H4), 7.62 (m, 2, H5), 3.76 (br, 2, CH2), 1.84 (br, 2, CH2), 1.26
(br, 1, CH2), 0.90 (br, 1, CH2).
The deuterio complexes PdI(C4D8)(CH3)(bpy) (1-d8), PdI-

(C4D8)(CD3)(bpy) (1-d11), PdBr(C4D8)(CH2Ph)(bpy) (3-d8), and
PdBr(C4D8)(CH2CHdCH2)(bpy) (4-d8) were also prepared and
were used immediately after synthesis in decomposition stud-
ies.
Decomposition Studies. GC analyses were performed

using an HP 5890 gas chromatograph equipped with an FID
and a 25 m × 0.32 mm BP1 column (4 µm film thickness).
The carrier gas was nitrogen at 2.0 psi. The oven was
programmed to hold at 35 °C for 10 min and then to ramp to
220 °C at 10 deg/min. Data analysis was performed using
DAPA software. GCMS analyses for peak identification were
performed using an HP 5890 gas chromatograph equipped
with an HP5790 MSD and a 25 m × 0.32 mm HP1 column
(0.52 µm film thickness, He at 10 psi). The oven was
programmed to hold at 40 °C for 4 min and then to ramp to
250 °C at 10 deg/min. Mass spectra were recorded over the
range m/z 10-400. Relative GCMS quantification of deuter-
ated species was performed using an HP5890 gas chromato-
graph equipped with an HP 5970 MSD and a Chrompak 25 m
× 0.32 mm CPSIL5CB column (5 mm film thickness, He at
10 psi). The oven was programmed to hold at 40 °C for 4 min
and then to ramp to 200 °C at 10 deg/min. Mass data were
collected by selected ion monitoring (SIM) of molecular ions
at 1.7 Hz.
In a typical single-component decomposition experiment, a

5 mL septum-sealed gastight tube was charged with a solution
(∼0.1 mM) of Pd(IV) complex (1, 3, or 4 in CDCl3, 2 in CD2Cl2,
or 5 in (CD3)2CO) at 0 °C, together with 0.5 mL of toluene (1,
2, 4, 5) or pentane (3) as an internal standard for calculation
of yields of products. Response factors were determined for
iodine-containing products. The tube was warmed to 20 °C
for 30 min (1, 2) or 24 h (3-5) and then cooled to -60 °C. The
liquid phase was analyzed by GC/GCMS, and the results are
presented in Table 1. Studies of 1-d0 and 3-d0 show that
deuterium incorporation from CDCl3 does not occur. Organic
products were examined by 1H NMR and LSIMS mass
spectrometry.
In a typical double-component decomposition experiment,

a 5 mL septum-sealed gastight tube was charged with an
equimolar mixture of 1-d0 and 1-d8 or of 1-d0 and 1-d11 in
CDCl3. The solution was warmed to 20 °C for 30 min and then
cooled to -60 °C. The liquid phase was analyzed by GCMS.

Results and Discussion

Synthesis of Pallada(IV)cyclopentane Complexes.
The new complexes PdX(C4H8)R(bpy) [RX ) MeI (1-d0),
EtI (2), PhCH2Br (3), CH2dCHCH2Br (4), CF3I (5)]
formed on oxidative addition of organohalide to Pd-
(C4H8)(bpy) at -20 °C in acetone (eq 1). Complexes 1

(12) (a) Canty, A. J.; Jin, H.; Roberts, A. S.; Skelton, B. W.; White,
A. H. Organometallics 1996, 15, 5713. (b) Milet, A.; Dedieu, A.; Canty,
A. J. Organometallics 1997, 16, 5331.

(13) Canty, A. J.; Traill, P. R. J. Organomet. Chem. 1992, 435, C8.
(14) Using tetrahydrofuran-d8: Furniss, B. S.; Hannaford, A. J.;

Smith, P. W. G.; Tatchell, A. R. Vogel’s Textbook of Practical Organic
Chemistry, 5th ed.; Longman Scientific and Technical: U.K., 1989.

(15) (a) Diversi, P.; Ingrosso, G.; Lucherini, A.; Murtas, S. J. Chem.
Soc., Dalton Trans. 1980, 1633. (b) Diversi, P.; Ingrosso, G.; Lucherini,
A. Inorg. Synth. 1993, 22, 167.

Pd(C4H8)(bpy) + RX f PdX(C4H8)R(bpy)
1: RX ) MeI
2: RX ) EtI
3: RX ) PhCH2Br
4: RX ) CH2dCHCH2Br
5: RX ) CF3I

(1)
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and 2 are unstable but may be stored at -20 °C for a
few days, complexes 3 and 4 are stable at ambient
temperature, and complex 5 was too unstable for
isolation. Very rapid handling of complex 1 allowed a
microanalysis to be obtained.
All of the complexes exhibit 1H and 13C NMR spectra

consistent with the formulations presented in eq 1, and
for complex 1 only, a mixture of isomers (A, B) in a 4:1
ratio is present (Scheme 1). Complexes 2-5 adopt
configuration B in solution. Configurations A and B
are assignable from integrations and by comparison
with spectra of related complexes such as PdX(C4H8)-
{(pz)3BH} (X ) Br, I).12a 1H NMR spectra are unaltered
over the temperature range -40 to -10 °C. For the 1H
NMR spectrum of PdI(C4H8)Me(bpy) (Figure 1), the
PdMe resonance for isomer A is expected to be upfield
from that of isomer B since PdIMe3(bpy) exhibits PdMe
resonances in a 2:1 ratio with the upfield resonance
being of lower intensity and thus directly assignable to
the methyl group trans to the iodo group,16 and isomer
A exhibits two H6 environments for the 2,2′-bipyridyl

group. Similar isomerism has been observed for the Pt-
(IV) analogue PtI(C4H8)Me(bpy)5 and the bis(diphe-
nylphosphino)methane complexes PtX(C4H8)Me(dppm)
(X ) Cl, I).17 None of the complexes could be obtained
in a form suitable for X-ray structural studies, although
a structural study of a related pallada(IV)cyclic complex,
Pd(C4H8)(SePh)2(bpy), has been performed.18

Decomposition Studies. Results are given in Tables
1 and 2 and may be summarized according to Scheme
2 for organic products formed in yields >5%. Volatile
fluorocarbon products from 5, if formed, could not be
detected, as noted in a previous report of the decomposi-
tion of (trifluoromethyl)platinum(IV) complexes.4b Some
inorganic products were detected by a combination of
1H NMR and mass spectrometric methods, but trace
quantities of other inorganic products (including Pd(0)
from 3-5) cannot be excluded.
Alkene products are present as a mixture of isomers,

consistent with the occurrence of isomerization pro-
cesses either during or after decomposition. The ab-
sence of branching in alkene and alkane products and
of homocoupling of hydrocarbon fragments, e.g. of
bibenzyl from 3, is indicative of the likely absence of
free radical processes.
Major Decomposition Pathways for Complexes

1 and 2. Complexes 1 and 2 decompose at 20 °C in CD2-
Cl2 or CDCl3 to give products resulting predominantly
from coupling between the pallada(IV)cycle and PdR
groups (Table 1): pentenes (∼48%) and pentane (∼39%)
from PdI(C4H8)Me(bpy) (1); hexenes (∼48%) and hexane
(∼38%) from PdI(C4H8)Et(bpy) (2). Iodopentane (∼12%)
and iodohexane (∼9%) are also formed from 1 and 2,
respectively.
A mechanism to account for the major hydrocarbon

products is shown in Scheme 3. Initial dissociation of
iodide (i) to give a five-coordinate (or solvated octahe-
dral) species is as established for reductive elimination
of ethane from PdIMe3(bpy).9 Dissociation of halide
from Pd(IV) is a common feature in the chemistry of
this oxidation state.6,9,16,19-21 Equilibrium between
unstable cations A′ and B′ is expected to occur since the

(16) Byers, P. K.; Canty, A. J.; Skelton, B. W.; White, A. H.
Organometallics 1990, 9, 826.

(17) (a) Tangestaninejad, S.; Rashidi, M.; Puddephatt, R. J. J.
Organomet. Chem. 1991, 412, 445. (b) Rashidi, M.; Shahabadi, N.;
Esmaeilbeig, A. R.; Joshaghani, M.; Puddephatt, R. J. J. Organomet.
Chem. 1994, 484, 53.

(18) Canty, A. J.; Jin, H.; Skelton, B. W.; White, A. H. Submitted
for publication.

(19) Aye, K.-T.; Canty, A. J.; Crespo, M.; Puddephatt, R. J.; Scott,
J. D.; Watson, A. A. Organometallics 1989, 8, 1518.

(20) de Graaf, W.; Boersma, J.; Smeets, W. J. J.; Spek, A. L.; van
Koten, G. Organometallics 1989, 8, 2907.

(21) Markies, B. A.; Canty, A. J.; Boersma, J.; van Koten, G.
Organometallics 1994, 13, 2053.

Table 1. Organic Products Detected from the Decomposition of Pallada(IV)cyclopentane Complexes
PdX(C4H8)R(bpy) in Solution at 20 °C

complex
n-

butane butenes
cyclo-
butane

n-
pentane

n-
pentenes

n-
hexane

n-
hexenes

alkyl
iodide

phenyl-
pentane

phenyl-
pentenes RH

PdI(C4H8)Me(bpy) (1) <1a <1a 39 48b 12c
PdI(C4H8)Et(bpy) (2) 1.5 3.5d 38 48e 9f
PdBr(C4H8)(CH2Ph)(bpy) (3) <1a 8g 15 66h 10
PdBr(C4H8)(CH2CHdCH2)(bpy) (4) 9i 88 3
PdI(C4H8)(CF3)(bpy) (5) 12j 88

a Traces detected. b Ratio pent-1-ene:trans-pent-2-ene:cis-pent-2-ene ) 1:3:1. c Iodopentane. d Ratio but-1-ene:trans-but-2-ene:cis-but-
2-ene ) 25:1:9. e Ratio hex-1-ene:trans-hex-2-ene:cis-hex-2-ene ) 1.3:3:1. f Iodohexane. g Ratio but-1-ene:trans-but-2-ene:cis-but-2-ene )
3.2:1.3:1. h Ratio not determined owing to overlapping peaks. i Ratio but-1-ene:cis-2-butene ) 4.5:1. j Ratio of but-1-ene:cis-2-butene )
11:1.

Figure 1. 1H NMR spectrum of PdI(C4H8)Me(bpy) (1-d0)
in CDCl3 at -10 °C, showing assignments of resonances
for isomers A and B.

Scheme 1. Structures of Pallada(IV)cyclopentane
Complexes 1-5

2048 Organometallics, Vol. 17, No. 10, 1998 Canty et al.
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cations [PdMe2(CD3)(L2){(CD3)2CO}]+ (L2 ) bpy, tet-
ramethylethylenediamine) are fluxional at low temper-
atures.16,20 Reductive elimination from A′ orB′ appears
feasible but may be favored from A′ (ii and iii) since
reductive elimination may involve an agostic interaction
(C),9a and this is expected to be more facile for R in A′

than for a methylene group in the pallada(IV)cyclic ring
of B′. In addition, orbital symmetry considerations22
favor C4H8‚‚‚R reductive elimination from configuration
A or A′, allowing the N-Pd-S angle (N trans to R) to

(22) Braterman, P. S. J. Chem. Soc., Chem. Commun. 1979, 70.

Table 2. Major Organic Products Detected from the Decomposition of Mixtures of Deuterioisomers for
Complexes 1 and 4 in Solution at 20 oC

mixture major hydrocarbon products (mole ratio)a

PdI(C4H8)(CH3)(bpy)
1-d0

+ PdI(C4D8)(CH3)(bpy)
1-d8

d0,d1,d8,d9-pentanes (27:16:35:22)
d0,d7-pentenes (1:1)

PdI(C4H8)(CH3)(bpy)
1-d0

+ PdI(C4D8)(CD3)(bpy)
1-d11

d0,d1,d11,d12-pentanes (25:18:32:25)
d0,d10-pentenes (1:1)

PdBr(C4H8)(CH2CHdCH2)(bpy)
4-d0

+ PdBr(C4D8)(CH2CHdCH2)(bpy)
4-d8

d0,d1-propenes (1:1)
d0,d8-cyclobutanes (1:1)
d0,d1,d7,d8-butenesa

a Mole ratios of minor products not reliably determined.

Scheme 2. Major Products Formed on the Decomposition of Pallada(IV)cyclopentane Complexes at 20 °C
in Solutiona

a Formation of undetected finely divided Pd(0) from 3-5 cannot be excluded. Similarly, small quantities of other inorganic or
organometallic products from 1-5 cannot be excluded. b For simplicity of presentation, only isomer B is shown here (see Scheme
1).

Scheme 3. Proposed Mechanism for Formation of Hydrocarbon Products from 1 and 2
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increase from ∼90 to ∼180° to give the square-planar
palladium(II) product D.
Reductive elimination is expected to be followed by

an equilibrium involving iodide coordination (iv), with
â-elimination from the cation to give an alkene and HI,
and HI attack (vi) on the neutral complex E to give an
alkane. Steps iv-vi are by direct analogy with the
proposal by Yamamoto et al. for the decomposition of
trans-PdX(Et)(PMe3)2 (X ) O2CCH2Cl, O2CCHCl2, O2-
CCl3, SPh, SCOMe, Cl, Br, I).23 Step v involves â-elim-
ination from the methylene group of a (formerly)
palladacyclic ring rather than from R, and deuteration
studies are consistent with this (Table 2) and also show
that alkane formation (step vi) requires intermolecular
hydrogen transfer. Thus, the formation of d0,d1,d11,d12-
pentanes from a mixture of PdI(C4H8)(CH3)(bpy) (1-d0)
and PdI(C4D8)(CD3)(bpy) (1-d11) is consistent with for-
mation of HI and DI from the ring or methyl groups.
However, formation of d0,d1,d8,d9-pentanes from PdI-
(C4H8)(CH3)(bpy) (1-d0) and PdI(C4D8)(CH3)(bpy) (1-d8)
requires formation of DI from the ring to generate the
d1,d9-pentanes.
The acid formed in â-elimination (step v) could also

conceivably cleave Pd-C bonds of 1 or 2 directly (A).
However, although cleavage of a palladacyclic Pd-C
bond to give “PdIVR(C4H9)” could lead to reductive
elimination of pentane (from 1) or hexane (from 2), at
least some cleavage of the Pd-R bond is expected to
occur to give RH, and this product is not observed in
the decomposition of 1 or 2.
Formation of iodopentane from 1 and iodohexane from

2 may occur via C‚‚‚I reductive elimination from PdI-
(CH2CH2CH2CH2R)(bpy) (E). There appear to be few
precedents for this; e.g., [Pd(µ-Cl)(CH2Ph)(PPh3)]2 de-
composes in CDCl3 at 65 °C to form PhCH2Cl24 and C‚‚‚I
reductive elimination occurs for Pt(IV) complexes5,25
such as the bis(diphenylphosphino)ethane complex
PtIMe3(dppe).25
Decomposition of PdBr(C4H8)(CH2Ph)(bpy) (3)

and the Formation of Butenes from Complexes
3-5. Formation of phenylpentane and phenylpentenes
from the decomposition of 3 is expected to occur via the
same mechanism as for C5 and C6 hydrocarbons from 1
and 2, respectively (Scheme 3). Formations of ap-
preciable quantities of butenes from 3-5 and very small
quantities of butenes from 1 and 2 are assumed to occur
via a common mechanism. Deuteration studies show
that intermolecular hydrogen transfer from palladacy-
clic groups occurs in the formation of butenes from 4
(Table 2), in particular the formation of d1-butenes from
a mixture of PdBr(C4H8)(CH2CHdCH2)(bpy) (4-d0) and
PdBr(C4D8)(CH2CHdCH2)(bpy) (4-d8). These results
are consistent with proposals that elimination of butenes
from metallacyclopentanes requires intermolecular hy-
drogen transfer via “M-H” species because intramo-
lecular â-hydrogen elimination processes are not favored

by geometries for this ring size (eq 2).4d It has also been

demonstrated that intramolecular hydride transfer
between hydrocarbyl groups occurs in some dimeric Pd-
(II) complexes.26

Unlike the case of “hydrogen transfer” in the form HX
to give alkanes from PdIICH2CH2CH2CH2R (step vi in
Scheme 3), the hydrogen atom transferred to pallada-
(IV)cyclopentane intermediates is more likely to be
hydridic (step ii in Scheme 4). Formation of a transient
PdII-H species, e.g. during â-elimination (step v in
Scheme 2 and subsequently step iv in Scheme 4), may
lead to hydride transfer to the electrophilic Pd(IV)
species A′ orB′ (B′ arbitrarily chosen for Scheme 4 since
complexes 2-5 adopt configuration B) giving “PdIVH-
(C4H8)R(bpy)” prior to C‚‚‚H coupling (step iii in Scheme
4) to give PdII(CH2CH2CH2CH3)R(bpy) followed by
â-elimination to give butenes (step iv in Scheme 4).
Reductive elimination from the latter Pd(II) complex is
not expected to occur; e.g., PdEt2(bpy) decomposes by
â-elimination27 and the electronegative CF3 group (as
R in 5) is not favored for reductive elimination from Pd-
(II).28 A model for “PdIVH(C4H8)R(bpy)” is known in
Pt(IV) chemistry, where a stable species containing the
“MIVHC3N2” moiety occurs in [Pt2(µ-H)Me6(L2)2]+ (L2 )
4,4′-di-tert-butyl-2,2′-bipyridine).29
Major Decomposition Products from Complexes

4 and 5. In addition to butenes as minor products
(discussed above), the major organic product is cyclobu-
tane, accompanied by propene (from 4) and the palla-
dium(II) products [Pd(η3-C3H5)(bpy)]Br (from 4) and
PdI(CF3)(bpy) (from 5). Reductive elimination of cy-
clobutane directly from octahedral species A or A′ is
favored over B or B′ on orbital symmetry grounds22 and
is assumed here to most likely occur from a five-
coordinate (or solvated) intermediate A′ in view of the
importance of halide dissociation in the decomposition
of palladium(IV) complexes. In addition, for the η1-allyl
complex 4, this may allow concomitant η3-coordination
of the allyl group during elimination.

(23) (a) Kawataka, F.; Kayaki, Y.; Shimizu, I.; Yamamoto, A.
Organometallics 1994, 13, 3517. (b) Yamamoto, A. J. Organomet.
Chem. 1995, 500, 337.

(24) Gretz, E.; Sen, A. J. Am. Chem. Soc. 1986, 108, 6038.
(25) (a) Goldberg, K. I.; Yan, J.-Y.; Winter, E. L. J. Am. Chem. Soc.

1994, 116, 1573. (b) Goldberg, K. I.; Yan, J.-Y.; Breitung, E. M. J. Am.
Chem. Soc. 1995, 117, 6889.

(26) Albéniz, A. C.; Espinet, P.; Lin, Y.-S. Organometallics 1997,
16, 4030.

(27) Sustmann, R.; Lau, J. Chem. Ber. 1986, 119, 2531.
(28) Tatsumi, K.; Hoffmann, R.; Yamamoto, A.; Stille, J. K. Bull.

Chem. Soc. Jpn. 1981, 54, 1857.
(29) Hill, G. S.; Puddephatt, R. J. J. Am. Chem. Soc. 1996, 118, 8745.

Scheme 4. Proposed Mechanism for the Formation of Butenes
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Conclusion

The new class of organopalladium(IV) complex re-
ported herein exhibits low stability, ideal for studies of
decomposition under mild conditions that demonstrate
new decomposition pathways for palladium(IV). Al-
though complexes 1-5 exhibit different decomposition
products, their decomposition is dominated by C‚‚‚C
reductive elimination as an early step in the process
(Scheme 2). Reductive elimination via C4H8‚‚‚R cou-
pling from PdX(C4H8)R(bpy) occurs for RX ) MeI (1),
EtI (2), and PhCH2Br (3), followed by decomposition
from monoalkylpalladium(II) species; for RX ) CH2d
CHCH2Br (4) and CF3I (5), direct elimination of cy-
clobutane is the dominant process. This difference in
behavior may result from the inability of the latter R
groups to form agostic interactions with the vacant site
in [Pd(C4H8)R(bpy)]+, and/or for R ) CH2CHdCH2, an

alternative PdIV(η3-allyl) interaction may occur which
may disfavor reductive elimination and favor the forma-
tion of the PdII(η3-allyl) product.
The deuteration studies provide evidence for inter-

molecular hydrogen transfer (as “H+”) in the decomposi-
tion of monoalkylpalladium(II) complexes to alkanes
and for intermolecular hydrogen transfer (as “H-”) in
the decomposition of metallacyclopentanes to butenes.
The latter concept, pioneered by Whitesides,4d deserves
wider recognition than appears to be currently given
when mechanisms in organic synthesis and catalysis are
considered.
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