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Reaction of P(¢-Bu); with PtCl, results in the formation of (P(#-Bu);H),PtCl, (1) and the internally metalated complex
trans-PtCl(C,HgP(1-Bu),)P(t-Bu); (2). P(s-Bu); also reacts with PtClL,(C{HsCN), or with Na,PtCl, to form 1 and 2 but
under similar conditions it does not react with PtCl,(COD), PdCl,(C¢HsCN),, PdCl,(COD), and Na,PdCl, react with
P(1-Bu); to give trans-PdCl,(P(#-Bu);), (3) which is converted at room temperature into the metalated complex trans-
PdCI(C4HP(2-Bu),)P(s-Bu), (4). Compounds 3, 4, and (P(¢-Bu);H),PdCl, (5) are obtained from the reaction of P(¢-Bu);
with PdCl,. The products have been characterized by analytical data, molecular weight, and conductance measurements
and by 'H and *'P NMR, infrared, and electronic spectral studies.

Introduction

Intramolecular metalation®* of aromatic carbon atoms in
coordinated phosphine and phosphite ligands has been ex-
tensively studied during the last 5 years. It is now well
recognized that complexes of many transition metals con-
taining arylphosphine>’ and aryl phosphite®® ligands undergo
ortho metalation. There are also many examples of intra-
molecular metalation of'%!? alkyl and alkoxy groups attached
to an aromatic ring. There are, however, only a few examples
known of intramolecular metalation of a purely aliphatic
carbon. Intramolecular metalation of alkyl groups has been
postulated'*!® in the reactions

C1,Pt[P(C,H,),], + Li(Carb-R) - LiCl + HCl
+ [(C,H,),PCH,CH, |Pt(Carb-R)P(C, H,), (1

[(CH,),PCH,CH,P(CH,),],Ru
= [(CH,),PCH,CH,P(CH,),]Ru[CH,(CH,)PCH,CH, P-
(CH;),JH (2

Shaw and co-workers have reported!® that the n-propyl group
in the complexes trans-[PtCl,(P(z-Bu)(»n-Pr),),] and
trans-[PtCL,{P(z-Bu),(n-Pr)},] is metalated when the complexes
are heated for several hours. However, it is not known whether
the metalation occurs at the C-2 or the C-3 position. It has
been suggested'! that internal metalation is promoted by the
presence of bulky substituents on phosphorus and by the
formation of five-membered rings on metalation, Kiffen and
co-workers'® have shown that chloro-bridged diplatinum(II)
complexes of the type Pt,Cl,L,, where L = P(n-Bu);, P(n-Pr),,
PPr,Ph, and PPrPh,, undergo hydrogen—deuterium exchange
at the C-3 position of the n-butyl or the n-propyl group. The
rate of such exchange is markedly higher for the complex
Pt,Cl,(P(n-Pr)(z-Bu),), which also undergoes slow hydro-
gen—deuterium exchange at the C-2 position as well at the
tert-butyl groups. These results suggest that the exchange
reaction proceeds via internal metalation of the coordinated
phosphine. However, no internally metalated intermediates
could be isolated. In continuation of our investigations!”!¥ on
the reactions of tri-zert-butylphosphine with transition metals,
we have found that tri-zert-butylphosphine undergoes a facile
reaction with platinum(II) or palladium(II) chloride to form
stable internally metalated complexes containing four-
membered rings. Herein we report on the preparation and
characterization of these complexes. While this work was in
progress, Shaw and co-workers reported!®® the C-metalated
iridium(III) complexes [Ir{P(z-Bu),(C¢H,O)}{P(s-Bu)-
(CsH40)(CMe,CH,)}] and [Ir(CO){P(z-Bu),(C,H.O)}{P(t-
Bu)(C¢H,0)(CMe,CH,)}]. After the completion of this work,
the metalation of di-zert-butylneopentylphosphine by plati-

num(II) has been reported.'*®
Results and Discussion

Tri-tert-butylphosphine reacts with platinum(II) chloride,
at room temperature, to form tri-tert-butylphosphonium
tetrachloroplatinate(II) (1) and the internally metalated
phosphine complex trans-chloro{2-methyl-2-(di-terz-butyl-
phosphino)propyl]tri-zerz-butylphosphineplatinum(II) (2).
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The identities of the products were established by analytical
data, by conductance and molecular weight measurements,
and by 3P and 'H NMR, infrared, and electronic spectral
measurements. Analytical, conductance, and molecular weight
data are given in Table I. The NMR data are given in Table
I1

Formulation of 1 as ((z-Bu);PH),PtCl, is confirmed by
analytical, conductance, and spectral data. Conductance data
show it to be a 2:1 electrolyte? in nitromethane. Its 'H NMR
spectrum consists of two doublets in the 1:27 ratio. The
low-field doublet (\J(P-H) = 464 Hz) can be assigned to the
proton directly bonded to the phosphorus and the upfield
doublet (3J(P-H) = 14.8 Hz) to the tert-butyl protons. As
shown in Table II, the 'H and the proton decoupled P NMR
data for 1 are in excellent agreement with those for ((z-
Bu),PH)CI and ((z-Bu);PH)[ZnCl,(P(¢-Bu),)]. The 'J(P-H)
values for the (z-Bu);PH™* cation compare well with the 1J-
(P-H) values reported?'?? for the R;PH* cations. The infrared
spectrum of 1 in the 4000-200-cm™ region showed bands
similar to those observed for P(z-Bu); as well as additional
bands at 2382, 885, and 323 cm™!. The 2382- and 885-cm™
bands can be assigned respectively to the P~H stretching and
P-H bending frequencies®® of the ((z-Bu);PH)* cation, and
the 323-cm™ band can be assigned to the antisymmetric Pt—Cl
stretching frequency? of the PtCl,> anion. The P-H
stretching frequency for ((¢-Bu);PH)CI and ((z-Bu);PH)-
[ZnCl;(P(-Bu);)] was observed at 2410 and 2394 cm™!,
respectively; the P-H bending frequency was observed at 900
and 868 cm™!, respectively. The UV-visible spectrum of 1,
in dichloromethane, showed absorptions at 20703 cm™ (e 20),
24894 cm™ (€ 38.6), and 31113 cm™! (e 100), which are in
accord with the reported spectrum?® for the PtCl,>~ anion.
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Table I. Analytical, Conductance, and Molecular Weight Data
% C % H % Cl Mol wt? Conduct-
Compd Mp, °C Caled Found Caled Found Calcd Found Caled Found ance?
((t-Bu),PH),Ptlevd 170 dec 38.75 38.76 7.60 7.83 19.06 18.33 132
PtCI(C ,H P(z-Bu),)(P(z-Bu),)¢ 239 dec 45.44 45.53 8.43 8.52 5.58 6.03 634 601 10
PdCL,(P(¢-Bu),), 209 dec 49.51 49.78 9.36 9.47 12.18 12.35 580 528 20
PACI(C,H P(s-Bu),)(P(r-Bu),) 142 dec 52.82 52.74 9.81 9.96 6.49 6.39 545 510 10
((z-Bu),PH),PdCl, 100 dec 44.01 44.26 8.56 8.73 21.70 21.59 112

? In benzene; concentration range 1072 to 1073 M.

b1n 0! cm? mol'!; 10°% M solution in nitromethane. € % Pt: calcd, 26.23; found,

25.75. 29 p: calcd, 8.33; found, 8.16. ¢ % Pt: calcd, 30.75; found 30.80.

Table II. 'H and *'P NMR Data
'H NMR data 31P NMR data
Compd 8(C-H)? s(P-H)®  J(P-C-C-H)¢ J(P-H)4 sf J(Pi-P)¢  J(P-P)¢’

P(r-Bu), -1.26% 10.0 ~60.9

((-Bu),PH)C1 ~-1.72b -7.3b 15.0 464 -46.3

((z-Bu), PH), (PtCl,) -1.80% ~7.40 14.8 464 —40.0

((z-Bu),PH), (PdCl,) —1.72b —8.4b 15.0 476 ~43.2

PtCI(C, H,P(t-Bu),)P(s-Bu), -1.620 12.4 —66.8° 2680 383
-1.56b 11.5 +12.80 2360 382
—1.48P 12.7

PdCL(C, H P(-Bw),)(P(-Bu),) -1.35b 13.6 ~61.8
-1.21% 12.0 +11.8
-1.17% 14.0

PACl, (P(t-Bu),), -1.53¢ 12.6° -83.6

((t-Bu),PH)[ ZnCl, (P(t-Bu),)] -1.72b —-6.93% 15.0 474 -44.6
—1.59b 12.5 -37.4

% In ppm relative to Me,Si= 0; benzene solutions for nonionic compounds; CH,Cl, solutions for ionic compounds. b A 1:1 doublet.

€A 1:2:1 triplet. < InHz. € 3J(P-H) + SJ(P-H).
CH, Cl, solutions for ionic compounds.

The analytical data and the measured molecular weight of
2 agree well with the proposed formulation. The conductance
data show it to be a nonelectrolyte in nitromethane. Pro-
ton-decoupled *'P NMR spectrum of 2 unequivocally es-
tablishes the presence of two nonequivalent phosphorus nuclei,
each showing coupling with each other as well as with the !*°Pt
nucleus. The downfield doublet is assigned to the unmetalated
phosphine on the basis of the chemical shift of the free
phosphine, and the upfield doublet to the metalated phosphine
which is expected to experience an increase in electron density
from the methylene group bonded to the metal. 'J(Pt—P) and
2J(P-P’) values observed for 2 are in accord with the values
reported'®!! for other internally metalated phosphine com-
plexes of platinum(II). The large value of 27(P—P’) shows that
the two phosphorus nuclei are trans®>?’ to each other.

The proton NMR spectrum of 2 is also consistent with the
proposed formulation. The spectrum exhibits 3 distinct sets
of doublets in the ratio of 18:27:6. These doublets are assigned,
respectively, to the two tert-butyl protons on the metalated
phosphine, to the tert-butyl group of the unmetalated phos-
phine, and to the two methyl groups attached to the third
tertiary carbon of the metalated phosphine. In addition to
these doublets, a few other very low intensity peaks are also
evident in the spectrum which may be assigned to the
methylene protons which are nonequivalent and can experience
additional coupling with the '**Pt nucleus. The infrared
spectrum of 2 showed a medium intensity band at 248 cm™
which can be assigned to the stretching frequency of the Pt—Cl
bond trans to a Pt—C bond. The low value of the Pt—Cl
stretching frequency in 2 is in accord with the reported Pt—Cl
stretching frequencies'®!! in compounds containing a Pt—Cl
bond trans to the Pt—C bond.

In view of the normal synthetic route to complexes of the
type trans-PtX,L,, where L is a tertiary phosphine, the reaction
of P(z-Bu); and Na,PtCl, was carried out. Surprisingly, no
trans-PtCl,(P(-Bu);), was isolated. Instead, the internally
metalated phosphine complex (structure 2) and ({¢-
Bu);PH),PtCl, were the only products obtained. The reaction

f In ppm relative to 85% H,PO, = 0; benzene solutions for nonionic compounds;

of PtCl,(CsHsCN), and the phosphine also gave the metalated
product 2. However, PtCl,(COD), COD = cycloocta-1,5-
diene, did not undergo any reaction with tri(ters-butyl)-
phosphine. In any of the reactions of P(#-Bu); with Pt(II),
no evidence was found for the presence of cis- or trans-
PiCl,(P(¢-Bu);), in the reaction products even when shorter
reaction periods were used.

Reaction of PdC1,(COD) with tri-tert-butylphosphine af-
forded a solid which was characterized to be trans-PdCl,-
(P(2-Bu);), (3) by elemental analyses, molecular weight and
conductance measurements, and infrared and NMR mea-
surements. The conductance and molecular weight data show
it to be a molecular species. The proton NMR spectrum of
3 consisted of a 1:2:1 triplet characteristic of mutually trans
phosphine groups,!%?? with 3J(P-H) + 3J(P-H) = 12.6 Hz.
The infrared spectrum of 3 showed a single Pd—Cl stretching
frequency at 366 cm™' similar to that exhibited by trans-
PdX,PR; complexes.”®' The proton-decoupled *'P NMR
spectrum of 3 showed a single peak. In benzene solution, 3
is slowly converted into the internally metalated phosphine
complex, trans-chloro[2-methyl-2-(di-tert-butylphosphino)-
propylltri-zert-butylphosphinepalladium(1I) (4). The identity
of the metalated complex was established by analytical and
molecular weight data as well as by spectroscopic data. The
proton NMR spectrum of 4 is similar to that of the platinated
phosphine complex consisting of three distinct sets of doublets
in 18:27:6 ratio. Just like the platinum complex, these doublets
are assigned to the metalated phosphine zert-butyl groups, the
unmetalated phosphine, and the methyl groups attached to the
third tertiary carbon of the metalated phosphine. Some very
low intensity peaks were also observed in the spectrum which
can be attributed to the methylene group bonded to the
palladium atom. The proton-decoupled 3'P NMR spectrum
exhibited the presence of two kinds of phosphorus nuclei,
consistent with one metalated and one unmetalated phosphine.
However, unlike the metalated platinum(II) complex 2, the
palladium(II) complex 4 does not show coupling between the
two phosphorus nuclei, which indicates that the coordinated
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phosphine in the metalated palladium complex is labile. The
low v(p4cy) value? of 250 cm™ observed for 4 is consistent with
the proposed trans structure. Reaction of tri-tert-butyl-
phosphine with Na,PdCl, or PAdCl,(C¢H;CN), also resulted
in the initial isolation of the trans-PdCl,(P(¢-Bu);), complex;
which subsequently underwent internal metalation in benzene,
at room temperature, to give 4 and ((¢-Bu),PH),PdCl, (5).

The reaction of PdCl, and P(¢-Bu); yielded a mixture of
trans-PdCl,(P(z-Bu);), (3), the metalated complex trans-
P4CI{C,HgP(¢-Bu),}P(z-Bu); (4), and the ionic compound
((+-Bu);PH),PdCl, (5). The identity of the tetrachloro-
palladate salt was established by elemental analyses, con-
ductivity data, and spectral measurements. Its conductance
in nitromethane showed that it is a 2:1 electrolyte.® Its
infrared spectrum showed characteristic bands at 2300, 905,
and 349 cm™ due to the P-H stretching,”* P-H bending,” and
Pd—Cl stretching’ frequencies, respectively. The electronic
spectrum of § in methylene chloride showed bands at 32260
cm! (e 2525), 43700 cm™! (e 8795), and 50000 cm™! (e >
10000) which are very similar to those observed in the
electronic spectra of solutions of Na,PdCl, or K,PdCl, in
CH,Cl,. The proton NMR spectrum showed two doublets in
the ratio of 1:27, quite characteristic of the tri-tert-butyl-
phosphonium cation. The proton-decoupled *'P NMR
spectrum of 5 showed a single resonance at 43 ppm downfield

from orthophosphoric acid, consistent with the chemical shifts -

of [(z-Bu);PH]Cl and ((z-Bu),PH),PtCl, which are —~46.3 and
-40.0 ppm, respectively.

The reaction of tri-tert-butylphosphine with platinum(II)
or palladium(II) chloride can, therefore, be represented as
shown below. The fact that trans-PdCl,(P(z-Bu),), can be

MCI, + 2P(t-Bu), — trans-MCl,(P(z-Bu),),
trans-MCl, (P(t-Bu),), » MCI(C, H,P(t-Bu), )P(+-Bu), + HCl
2HCI + trans-MCl, (P(z-Bu),), ~ ((+-Bu),PH),MCl,

isolated at room temperature whereas the analogous platinum
complex is not isolable under similar conditions implies that
the platinum complex undergoes internal metalation at a much
faster rate than the palladium complex. In a study of internal
metalation of platinum(II) and palladium(II) complexes of
the type trans-MCl,L,, where M = Pt or Pd and L = P(s-
Bu)(p-tolyl),, P(#-Bu)(n-Pr),, P(¢-Bu),Ph, P(¢-Bu),(p-tolyl),
or P(¢-Bu),(n-Pr), Shaw and co-workers!? found that the
platinum(IT) complexes undergo internal metalation upon
heating but the corresponding palladium(II) complexes remain
unchanged. Failure of the palladium(II) complexes to undergo
internal metalation has been attributed to the reluctance of
palladium(II) to undergo oxidative addition to form the
palladium(IV) intermediate. Our results on the metalation
of tri(rert-butyl)phosphine are in accord with this suggestion.

Facile metalation of tri-tert-butylphosphine by platinum(IT)
as well as by palladium(II) is in marked contrast with the
stability of platinum(II) and palladium(II) complexes of
tri-o-tolylphosphine.>* Tolman35% has introduced the concept
of ligand cone angle to measure the steric effects of substituents
in phosphorus ligands and he has calculated the cone angles
for a large number of phosphorus ligands. According to the
cone angle values proposed by Tolman, tri(er¢-butyl)phosphine
is more sterically hindered than the mixed terz-butylphosphines
used by Shaw and co-workers,!? but it is less bulky than
tri-o-tolyl?hosphine for which a cone angle of 195° has been
proposed.’>3 In view of the marked tendency of tri(tert-
butyl)phosphine to form internally metalated complexes which
contain a four-membered ring we believe that tri-tert-bu-
tylphosphine has much greater steric requiremént than tri-
o-tolylphosphine. From a crystallographic study of the
complex anion (NiBr;P(¢-Bu),)~ the Ni-P(z-Bu); cone angle
has been determined to be 180 & 2°.'7 Thus the cone angle
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for tri-o-tolylphosphine should be significantly smaller than
that proposed by Tolman,

Experimental Section

Reagents and Chemicals, Tri-tert-butylphosphine was prepared
as described previously.’® All operations involved in the reactions of
tri-tert-butylphosphine and subsequent handling of the products were
carried out either in a glovebox under an atmosphere of oxygen-free
dry nitrogen or in a conventional vacuum system. All solvents were
dried by standard methods and stored appropriately prior to use.
Platinum(IT) and palladium(II) salts were obtained from Johnson
Matthey and Mallory Ltd. Cycloocta-1,5-diene and benzonitrile
com:gl;xes of Pt(II) and Pd(II) were prepared by literature meth-
ods.?" .

Physical Measurements. Elemental analyses were performed by
M.H.W. Laboratories, Garden City, Mich., by Galbraith Laboratories,
Knoxville, Tenn., or by Alfred Bernhardt Microanalysis Laboratorium,
West Germany. Infrared spectra were recorded either on a Beckman
IR-12 or on a Perkin-Elmer 180 spectrophotometer. Spectra of the
complexes were measured in the solid state. Samples were prepared
either as KBr or Csl disks or as mulls in Nujol or halocarbon oil. 3'P
NMR spectra were obtained with a Bruker HFX-90 Fourier transform
spectrometer and 'H NMR spectra were recorded on Varian A-60
and HA-100 spectrometers. All spectral measurements were carried
out at ambient temperatures. Electronic spectra were recorded on
a Cary 118 spectrophotometer. Conductance measurements were
made on a Yellow Springs Instrument Model 31 conductivity bridge
using a conductivity cell with platinized platinum electrodes. Molecular
weights were measured with a Hitachi Perkin-Elmer 115 osmometer.
Melting points were determined with a Gallenkamp melting point
apparatus in glass capillary tubes and are uncorrected.

Reaction of Tri-tert-butylphosphine with Platinum(II) Chloride. (a)
A yellowish solution with some suspended solid was formed when a
mixture of P(¢-Bu); (2 mmol) and PtCl, (1 mmol) in 25 mL of benzene
was stirred for 3 days. Filtration gave a light orange solid and a light
yellow solution. The solid was washed with benzene and dissolved
in dichloromethane. Upon adding hexane or petroleum ether to this
solution, a very light orange solid was obtained which was characterized
as ((#-Bu);PH),PtCl,, yield 90%. The light yellow filtrate was
evaporated to give a pale yellow solid which was recrystallized from
hexane to give a pale white solid which was found to be PtCl-
(C4H3P(1-BU)2)P(1-BU)3, yield 70%.

(b) When the above reaction was carried out in dichloromethane,
an orange-red solution containing some dark solid was formed. After
filtration and evaporation of the filtrate, a cream colored solid was
obtained which was dissolved in dichloromethane. Upon adding hexane
to the solution, ((¢-Bu);PH),PtCl, was obtained as a pale orange
precipitate, yield 85%. Concentration of the filtrate gave PtCl-
(C4H3P(t-Bu)2)P(t-Bu)3, leld 70%.

Reaction of Tri-tert-butylphosphine with Dichlorodibenzonitrile-
platinum(II). A yellow solution was formed when PtCl,(C¢H;CN),
(1 mmol) and P(z-Bu); (2 mmol) were stirred in 25 mL of benzene
for 3 h. The solution was filtered and evaporated to give a light yellow
solid which was recrystallized from hexane to give PtC1(C,H;P(¢-
Bu),)P(z-Bu),.

Attempted Reaction between Tri-tert-butylphosphine and Di-
chlorocycloocta-1,5-dieneplatinum(II). No reaction was observed when
PtCl,(COD) and P(z-Bu), in 1:2 mole ratio were stirred in benzene
or in dichloromethane at room temperature for up to 7 days.

Reaction of Tri-tert-butylphosphine with Sodium Tetrachloro-
platinate(II). P(s-Bu); (2 mmol) and Na,PtCl, (1 mmol) were stirred
in 25 mL of methanol to give a red-orange solution. A tan solid was
obtained after filtration and evaporation. Extraction of the solid with
hexane gave a light yellow solution and an orange-brown solid. The
light yellow solution yielded PtCY{C,HgP(¢#-Bu),}P(¢-Bu,). The or-
ange-brown solid was recrystallized from a mixture of dichloromethane
and hexane to give [(+-Bu);PH],PtCl,. Similar products were obtained
from the reaction of P(¢-Bu), and K,PtCl,.

Reaction of Tri-zert-butylphosphine with Dichlorocycloocta-1,5-
dienepalladium(II). (a) P(z-Bu); (2 mmol) and PdCl,(COD) (1 mmol)
were stirred in 25 mL of dichloromethane for 2 days to give a
red-orange solution. Filtration and subsequent evaporation of the
filtrate yielded an orange solid which was recrystallized from hexane
to give trans-PdCL,(P(z-Bu);),, yield 50%.

(b) A dark red solution was formed when PdCl,(COD) and P-
(#-Bu),, in 1:2 mole ratio, were stirred in benzene for 24 h. Upon
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removing the solvent a yellow-orange solid was obtained which was
extracted with hexane to give a yellowish orange solution and an orange
solid which was characterized to be ((¢-Bu);PH),PdCl,. Removal
of the solvent from the yellowish orange solution gave a yellow solid
which was found to be a mixture of trans-PdCl,(P(s-Bu),), and
PdCI(C4HgP(s-Bu),)(P(z-Bu);) as shown by its 3'P NMR. It was
dissolved in benzene and the solution was stored at room temperature
for 1 week. Removal of the benzene and treatment of the resulting
solid with hexane gave a pale yellow solution and a yellowish orange
residue. Pale yellow PdCI(C,HsP(z-Bu),)(P(s-Bu);) was isolated by
evaporating the hexane solution. The yellowish orange solid was found
to be ((z-Bu);PH),PdCl,.

Reaction of Tri-tert-butylphosphine with Sodium Tetrachloro-
palladate(IT). P(z-Bu); (2 mmol) and Na,PdCl, (1 mmol) were stirred
in 25 mL of CH,Cl, for 24 h. A deep red solution was formed initially
which later became yellow. Filtration yielded a yellow-orange filtrate
from which a yellow solid was obtained upon removing the solvent.
The solid was recrystallized from hexane to give a pale yellow solid
which was characterized to be trans-PdCl,(P(¢-Bu);),, yield 60%.
When methanol was used as a solvent, approximately the same yield
was obtained at a much shorter reaction period. Reaction of K,PdCl,
and P(z-Bu)s, under similar conditions, gave a poor yield of trans-
PdClz(P(f-BU);;)z.

Reaction of Tri-zert-hutylphosphine with Dichlorodibenzonitrile-
palladium(II). Reaction of PdCl,(C¢HsCN), and P(#-Bu), in 1:2 mole
ratio, in CH,Cl; with stirring for 3 h, gave trans-PdCl,(P(z-Bu),),
in 80% yield.

Reaction of Tri-zerz-butylphosphine with Palladium(II) Chloride.
(a) P(z-Bu); (2 mmol) and PdCl, (1 mmol) were stirred in 25 mL
of dichloromethane for 3 days to give a dark-colored solution.
Filtration gave a red-brown solution which when stripped of solvent
gave a dark brown solid. The solid was extracted with hexane or
petroleum ether giving a light yellow filtrate and a brownish orange
solid which was found to be ((¢-Bu);PH),PdCl,. The light yellow
filtrate yielded a pale yellow solid which was found to be a mixture
of trans-PdClz(P(t-Bu)g)z, and PdCl(C4HgP(I-Bu)z)P(t-BU):;.

(b) When the above reaction was carried out in benzene, a greenish
yellow solution was initially formed. Upon filtering the solution and
evaporating the filtrate, a mixture of trans-PdCl,(P(z-Bu);),, ((1-
Bu);PH),PdCl,, and PdCI(C,H;P(s-Bu),)P(z-Bu); was obtained.
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