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              Reactions of Tris(tribenzylidene acetylacetone)―

                       tripalladium with Triarylpnicogens

                           Jugo KOKETSU*and Yoshio ISHII*

                                (Received March 26,1980)

                The complex tris(tribenzylidene acetylacetone)tripalladium, Pd 3

             (TBAA)8i reacts with triarylpnicogens(ArsE, E=P, As and Sb)to

            gibe Pd(AraE)4 and free olefinic ligand. The rate of the exchange

            reaction is studied by monitoring the decrease in the amount of the

            c。mp1も 盆l und。 。 the c。nditi。n whi。h。n、ure・th。 p、eud・-first・ 。der reac-
               

            tion. Tie pseudo-first order rate constants(koas)vary with the ligand

            concentration〔Ar8E〕. A linear plot of(koas/〔14raE〕 ‐ka)一 ■vs. ligand

            concentrations was found by assuming the steady-state approximation,

            and this indicates a reaction mechanism having two paths, one is

            associative with the ligand (rate constant;ka)and the other is a

            dissociative path. The rate constants of the associative path(ka)vary

            with Ph$E in the order PhgSb>Ph$As>Ph$P. This order implies that

            the n-acceptability of the pnicogen ligands plays an important role in

            the reaction of Pd(0)complex. Exactly the same treatment of the

            rate measurement was applied to the reaction between tetraphenylcyclo-

            butadiene palladium chloride dimer,〔PdCl2(Ph,C4)〕2, and triarylpnico-

            Bens, and the reaction mechanism was confirmed to be the same as in

            the case of the Pd(0)complex. The. reactivity order of the pnicogen

            ligands in an associative path of the reaction is found to be PhsP>

            Ph8As>Ph8Sb. Therefore, it seems that theσ 一donor ability of the

            pnicogen ligand is important in the reaction of Pd(][)complex.

1. Introduction

    The complex, Pd8(TBAA)a, was prepared by Ishii's groups'and found to be an

interesting zerovalent Pd complex containing only olefinic ligands. This complex

is stable in air and useful as a starting material for the preparation of various Pd(0)

complexes. Concerning the reaction of this complex, oxidative addition reaction, and

complex formation reactions with malefic anhydride, dimethylacetylene dicarboxylate

and p-quinone have been investigated.1'The ligand exchange reaction of the complex

with pnicogen ligands, however, has not yet been investigated except for the reaction

with triphenylphosphine.1' The kinetic study of the ligand exchange reaction of
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Pd。（TBAA）。with triary1pnicogen wi11give usefu1information about the reactivity of

the Pd一（0） comp1ex and of the pnicogen 1igands too． The re1ative σ一donor and

π一acceptor properties of the pnicogen 1igands vary depending on the c1ass of the

meta1and on the meta1oxidation state．Genera11y speaking，meta1s in oxidation

state皿。r higher form essentia11y pureσ一bon早、with the pnicogen1igands，and meta1s

in oxidation state O or1ower formσwithπ一bond with the pnicogen1igands．2〕

Therefore，it is expected－that in the reaction of Pd。（TBAA）。with pnicogen1igand，

theπ一a㏄eptabi1ity of the pnicogen atoms affect the exchange rate in a striking

mamer．In order to compare the effect of the oxidation state of the meta1ion，we

chose tetrapheny1cyc1obutadiene pa11adium dimer，〔PdCL（Ph，C、）〕、，as an examp1e of

Pd（皿）comp1ex．This comp1ex is known to react with triary1pnicogens to give bis

（triary1pnicogen）pa11ad－ium d－ich1oride．a）

2．Experimenta1
   Materia1s．Tris（tribenzy1idene acety1acetone）tripa11adium，■〕and tetrapheny1cyc1o－

butadiene pa11adium dimer3〕were prepared as in the1iteratures． Triary1pnicogens

were obtained by the reaction of the corresponding aryImagnesium bromide with

trich1oropnicogens．AI1the so1vents were dried over ca1cium hydride and disti11ed

before use．

   Kinetic pro㏄d－ure． The rate of the1igand exchange reactions were measured

spectrophotometrica11y．A Hitachi200－10spectrophotometer was used to fo11ow the

change in absorbance with time．In a typica1experiment，3．0m1of the comp1ex

so1ution in desired medium was p1aced in a ce11of1－cm path1ength in a thermostatted

ce11compartment and was a11owed to therma11y equi1ibrate（ca．5min．）．The reaction

was started by adding a ca1cu1ated amount（at1east lO fo1d excess）of the1igand

so1ution by using a microsyringe．Immediate1y after injection of the1igand so1ution，

the reaction so1ution was mixed through1y by pumping the so1ution with2m1syringe．

Absorbance changes in characteristic absorption of these comp1exes with time were

monitored ti11at1east5ha1f－1ives．Pd、（TBAA）、and一〔Pd－C1，（Ph，C、）〕、have their

characteristic absorptions at530nm（ε＝15，000）and395nm（ε二9，000），respective1y．

Typica11y，the concentration of the comp1ex was2．O×10－5mo1／1，and the1igand

concentrations were varied from0．5×10－8mo1／1to6．O×10－3mo1／1．From the absorb－

ance changes，good1inear p1ots of In（ん一λ。。）against time were obtained and the

pseudo－first order rate constants（島あ、）were ca1cu1ated from the s1ope of these1ines，

whereんis the absorbance at time玄andλ。。is the absorbance at5ha1f－1ives．The

reaction of Pd。（TBAA）、with tripheny1stibine in benzene at higher temperatures

than8℃was too fast to study kinetica11y by this method・The poor so1ubi1ity of

〔PdC1、（Ph，C、）〕。in most organic so1vents inc1uding benzene forced us to study the

reaction in methy1ene ch1oride on1y．

   Id－entification of Reaction Products． The comp1ex Pd宮（TBAA）。（0，5069，0．33

mmo1e）and Ph．P（1，509，11．5mmo1e）were disso1ved in diethy1ether and a11owed to

react for24hrs at room亡emperature，and the comp1ex Pd（Ph．P）。was obtained
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a1most quantitative1y（96％），and further purified by recrysta11yzation from methy1ene

ch1oride．The other Pd（Ar，E）、comp1exes were prepared simi1ar1y．The simi1ar

reaction of〔PdC1、（Ph，C、）〕，with triary1pnicogens in methy1ene ch1oride gave（Ar，E）、

PdC1，comp1exes in quantitative yie1ds．The e1ementa1ana1yses and some physica1

properties of Pd（Ar．E）。and（Ar．E）。PdC1里are shown in Tab1eユ．

Table1． E1ementa1ana1yses and physica1properties of Pd（L）4and PdC1。（L）。

CH－Ana1ysis
L     Co1or  m．P．（℃）

C％ （Ca1c．） H％（Ca1c、）

Pd（L）。

PdC1，（L）。

Ph．p

Ph．As

Ph．Sb

（かC1C6H4）3p

（かC1CoH4）8As

（かC1C6H4）宮Sb

（かMeCoH4）。P

Ye11ow

Ye11ow

Green

Orange

Ye11ow

Ye11ow

Orange

（かMeC6H4）。As Ye11ow

（かMeC6H4）8Sb Brown
Ph3P       Ye11ow

Ph3As      Ye11ow

Ph3Sb      Ye11ow

105～ユ06

 300目）

 300・〕

95～98

175～177

245～251

248～25ユ

143～ユ46

206～209

293～294

240・）

 ユ76・）

74．6（75．84）

62，2（64．94）

54．3（56．94）

55．6（55．ユ2）

49．9（49．57）

44．6（44．76）

76．3（76．2ユ）

67．3（67．20）

59．5（59．81）

61．4（61．61）

54．5（54．75）

48．7（48．94）

5，25（5．23）

4．85（4．54）

3．14（3．98）

3．26（3．08）

2．52（2．77）

2．85（2．50）

6．24（6，40）

5．63（5．65）

5．42（5．02）

4．52（4．31）

3．78（3．83）

3．30（3．42）

a）Dec．Point．

3． Resu1ts and－discussion

   The pseudo－first ord－er rate constants（々。o∫）of the reaction of Pd。（TBAA）。with

Ph．P at15．O and22．O℃in benzene are shown

in Tab1e2． The re1ation of后。b∫with the

concentration of Ph島P（L）is shown in Fig．1．

The resu1ts shown in Fig．1demonstrate that

there are two reaction paths，one is associa－

tive with the 1igands and the other is a

Ta阯e2、 Pseudo＿first order rate constants

for the reaction of Pd品（TBAA）3

with Ph3P at15．0and22．O℃in
benzene

o
X

100

80

60

40

〔L〕×ユ03

尾。ろ5×108（sec．．■） 20

at15．ぴC at22．ぴC

0，487

ユ．216

2．424

3．684

4．816

6．000

9．74一』O．07

ユ8．33＝』0．06

30．6 ＝』0，1

39．4土ヒ0，2

46．8一』O．5

54．6 ニヒ0．5

／

26．O＝』0．1                0

40．3一≡0，9

65．9＝ヒ0．8        Fig．1．

82．7一』O．8

98．9ニヒ0．9

ユエ5．0土ユ．0

ユ   2   3   4   5   6

    〔L〕×103（moI／1）

Variation of the pseudo－first

order rate constants with the

1igand concentration in ben－

zene at15．0 （○）and22．ぴC
（●）．

（3）
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dissociative path invo1ving initia1c1eavage of Pd－o1efin bond as shown in Eq．1．

           却、≒却・1

                                    （A）

                                 ・／

                                                              （1）
                                    k2

                       L埼                                              faSt

                                                         Pd（L）。                                    d（L）

                                              n L

By assuming the steady state approximation to the intermediate A，the rate1ow is

obtained（Eq．2）．

           。＿舳〔工〕〔com伽〕十后。〔工〕〔。。m伽〕    （2）
                  后一。十ん〔工〕

thus，

                  為ユ后、〔工〕
           后θあ、二       十ん〔工〕                   （3）
                 后一、十ん〔工〕

In the case of the1igand concentation being very high，后，〔工〕》冶一工，后。あ、＝后、十后〔工〕was

obtained．The gradient part of the p1ot in Fig．1gives the rate constant of the

associative path（后、），whi1e the intercept of this extrapo1ated1ine gives the rate

constant of the dissociative path（石ユ）． Equation3can be rearranged to the Eq．4．

           （后θろ。／〔工〕一尾。）一1＝尾＿、／后ユ局，十〔工〕／后、                        （4）

The1inear corre1ation of（々。あ∫／〔工〕＿々”）一工with

〔L〕shown in Fig．2confirms the va1idity of

the proposed mechanism．From the intercept

of the p1ots in Fig．ユ，后、was obtained and

proved to be the same va1ue within experi－

menta1error as that obtained from the s1ope

of the1ine in Fig．2．The same treatment of

the pseudo－first order rate constants can be

appIied to the reactions between Pd。（TBAA）、

and the other triary1pnicogens．The rate

constants，后。and后ユat a variety of tempera－

tu「es in severa1 sO1vents are tabu1ated in

Tab1e3．

   Exact1y the same treatment of the rate

measuremnt was app1ied to the reaction of

〔PdC1。（Ph，C、）〕，with pnicogen 1igands，and

（・ O．4

○
昌

＼ 0．3

』 0．2

一

毛

50・1

Fig．2．

▲

 1  2  3  4  石  6
     〔L〕×103（m6I／一）

P1ots of（后。ろ5／五一ん）＾ユagainst

the 1igand concentration in

benzene at15．0（△）and22．ぴC
（▲）．

the simi1ar competition reaction mechanism was confirmed．In this case the reaction

was performed in methy1ene ch1oride because of poor so1ubi1ity of this comp1ex in

benzene．The reaction of phosphine1igands with this compIex is too fast to fo1Iow

by the method used in this experiment．The resu1ts are shown in Tab1e4．The

                                    （4）            Memoirs of Chubu
                                                           Institute of Techno1ogy
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Tab1e3．Kinetic data for reaction of Pd3（TBAA）8with
        triary1pnicogen in benzene

ユ0ブ

Ligand Temp（℃） 尾σ（mO1／1．SeC．） 々、（1／SeC．）

Ph．p

Ph．As

Ph．Sb

（かC1CoH。）8P

（力一MeCoH。）3P

（かC1CoH4）3As

（クーMeCoH4）3As

（カーC1CoH4）3Sb

（かMeC6H4）田Sb

8．O

ユ210

15，0

19，0

22，0

15．0a）

15．0b）

8．O

ユ2，0

15，0

19，0

22，0

15．O・）

15．Ob〕

8．O

ユ5，0

15．O

ユ5，0

15．0

8．0

8．0

3．22一＝O．07

4．53±0，06

6．36＝1＝0，08

9．ユ7＝』0．08

ユ3．7土O，1

 3．52±ヒ0，07

 3．32ニヒO．07

 3．29＝』0，04

 4．86＝』0，05

 6．86±O．08

ユO．ユ ±』0．ユ

エ3．7±ヒ0．1

 3．92一＝O．07

3．41土O．07

34．5 一＝O．ユ

 6．79＝』O．09

 3．96＝ヒ0，04

 7．78一ヒ0，09

 5．02一三O．07

35．7 ＝ヒO．1

32．9 ＝L0．1

 6．54一三O．05

ユ0．32土O．08

17．04一ヒO．08

27．ユ8土0．09

32．9 一＝0，1

32．2＝』0，1

40．1 一』0．1

 6．91±0．08

10．6 一＝0．08

21．4 ＝ヒO．06

28．8 ＝』0，1

39．2 ±ヒO．1

32．9 一＝0，1

39．6一ヒO．ユ

 6．91＝」O．09

27．6±O．2

20．7 一＝0．ユ

25．6 一』O．1

20．7 ±ヒ0．1

 6．91土』0，08

 6，9ユ＝ヒO．08

a） In1，ユ，ユーtrich1oroethane、

Tab1e4．

b） In1，2－dich1oroethane．

Kinetic data for the reaction of〔PdC1目（Ph4C。）〕2with

triary1pnicogen in dich1oromethane

Ligand Temp（℃） ん（mO1／1・SeC．） 々。（1／SeC．）

Ph．P

Ph．As

（かC1CoH4）8As

（かMeCoH4）3As

Ph．Sb

（力一C1CoH4）8Sb

（ヵ一MeCoH4）3Sb

10．0

ユ2，0

17，2

19，5

22．2

ユ8，0

18，0

18，0

22，0

26，5

30，0

18，0

18．0

Too fast to fo11ow

44．7一＝O．2

47．O ＝ヒO．3

54．1 ニヒO．2

58．5 一：0，2

61．7 ±O．2

 3．57＝ヒ0，05

6ユ．5 ＝』0．1

0．92土0．Oユ

 1．13一」O．Oユ

 ユ．38一＝0．1

 1．43一ヒO．1

0．46土0．01

 ユ．38＝』0．02

3，50＝ヒO．07

4．4土0．1

8．ユ土0．1

9．6±0，2

12．〇 一ヒ0．2

ユエ．5＝ヒ0．ユ

10．9 一＝0，1

11．3＝ヒO．1

12．6 ＝ヒO．ユ

20．0 ±』0，2

28．8＝』0，2

11．5＝」0．1

ユ2．5 三ヒO．ユ

same mechanism mentioned above has been proposed for the reaction ofη4－hetero－

dieneiron tricarbony1compomds with pnicogen1igands4〕and a1so for the reaction of

η4－enoneiron tricarbony11，3，5－cyc1oheptatriene with pnicogen1igands．5）In the reac一

                                     （5）
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tions of Pd。（TBAA）。and〔PdC1。（Ph．C。）〕。with pnicogen1igands，the experimenta1

resu1ts can be exp1ained comp1ete1y by this mechanism．The existence of the

intermediate A is not proved，but the observation of the resonance from free1igand

in Pd。（TBAA）。NMR spectraユ）imp1ies the presence of the intermediate A．The

nature of the1igands has no effect on the dissociative process，therefore，the rate

constants，后。’s，are a1most constant at each temperature．Because of the non－ionic

property of this exchange reaction，it was expected that the po1arity of the so1vent

wou1d not great1y inf1uence the rates．However，the rate constants后、’s increase with

increasing po1arity of the so1vent，and this fact presumab1y means that the m㏄cupied

site on the Pd meta1wi11be occupied－by the so1vent，and this interaction of Pd

meta1with the so1vent wi1口ncrease with increasing po1arity of the so1vent used and

acce1erate the dissociation step． Concerning the reaction rate of the associative

process in this reaction，the reactivity order of the tripheny1pnicogens was found to

be Ph．Sb＞Ph．As＞Ph．P．This is the reverse order of the nuc1eophi1icity and．basicity

of the triphenyIpnicogens．。一7－8） In each pnicogen1igand，e1ectron withdrawa1su．bstit－

uents acce1erate the associative process．  It has been observed．that the e1ectron

density on the manganese atom in C．H．Mn（CO）。Ph割E，decrease in the order Ph，Sb＞

Ph．As＞Ph正川）This fact ind－icates the1arge pnicogen atom a㏄epts strong1y the

e1ectron density from manganese atom．And theπ二parameter determined by Graham

using the carbony1stretching force constants in Ph，EMn（CO）、and Ph，EMo（CO）、a1so

fa11s in the order Ph．Sb＞Ph．As＞Ph．P．11〕0n the contrary，in an associative path of

the reaction between〔PdC1，（Ph，C、）〕，and－pnicogen1igands，the reactivity order is

comp1ete1y inversed compared with the case of Pd、（TBAA）。．So it seems that in the

reaction of Pd（皿）compIex，theσ一donar abi1ity of the pnicogen1igands is important，

and a1so an e1ectron withdrawa1substituent retards an associative reaction．In the

reaction of tripheny1pnicogens with Fe（0）comp1ex，such as Fe（CO）、（η4－PhCH・・CHCH

＝NAr），4〕the reactivity order has been reported to be Ph，P＞Ph，As二Ph，Sb，and it

was conc1uded that the nuc1eophi1icity of the1igands affects th夕associative step in

the reaction． But in the case of the reaction of Pd（0）comp1ex，the e1ectron accepta－

bi1ity，i．e．π一acceptabi1ity of the pnicogen atom p1ays an important ro1e in determining

the rate of the associative step．The activation parameters are shown in Tab1e5．

The activation energies are high for the dissociation process and the1arge1ogA

va1ues a1so are indicative of the one mo1ecu1ar dissociative process．For the associa一

TabIe5．Arrhenius parameters of the dissociative and associative steps

島              后ユ
Comp1ex    Ligand

△Ea（Kca1／mo1）1ogA △Ea（Kca1／mo1）1ogA

Pd3（TBAA）3a〕   Ph3P    16．1土0．9  ユ2．7土0．7
                                              2ユ．〇一：1．O
                Ph3As   16．8土0，6  13．2土0．5

〔PdC12（Ph4C4）〕2b） Ph3As    4．5土O，2  4．8土0．2
                                              ユ7．3＝』0．9
                Ph田Sb     5．9土0．7   4．ユ±0．5

17．1＝ヒ0．8

13．9±0．9

a） In benzene． b） In dich1oromethane．

（6） Memoirs of Chubu
Institute of Techno1ogy
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土ive step of the reaction of〔PdC1、（Ph，C、）〕、，sma111og A va1ues indicate bi－mo1ecu1ar

associationstep．The1arge1ogAva1uesfortheassociativestepofthereactionof
Pd。（TBAA）、seems to be unusua1．But the Pd畠（TBAA）。is trimc1ei compユex and the

exchange rection1eads to the formation of mononuc1ear comp1ex Pd（Ph，E）、，there

must be a1arge increase in the tota1entropy of the system．This1arge entropy

increase might effect the activation entropy of the associative step．The so1vent

effect on the associative step of the reaction of Pd、（TBAA）、is a reversed－order

compared to the case of the dissociative step． This fact ind－icates that deso1vation

from Pd、（TBAA）畠participates in the rate determining step of the associative step．

Unfortunate1y，the poor so1ubi1ity of〔PdC1、（Ph，C、）〕，in most organic so1vents

prevents us from studying the so1vent effect on the reaction with pnicogen1igands．
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