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Summary 

Treatment of Ni(acac)2 (acac = acetylacetonato ligand) 

with AlPhS-Et20 in the presence of PRS gave PhNi(acac)(PR3)n 

(n = 1; R = Ph(g, cycle-CoHll(g, Et(s; n = 2; R = Et(s). The 

pyrolysis of& in toluene gave one equivalent of biphenyl indicating 

that oxidative addition of PPhS to Ni involving the P-C bond 

cleavage took place. Reactions of f - z with organic halogen 

compounds (RI-X) afforded cross coupling products, Ph-R'. Complexes + 

A- 3 reacted with olefinic compounds such as Cli2=CH2. CH3CH=CH2, 

CH3COOCH=CH2, CHSOCOCH=CHR. C6HSCH=CH2, and CH2=CHCH2X (X = OCOCHS, 

OCOH, Br, OH, 0C6HS, and 0CH2CH=CH2) to give pRenyl-substituted 

organic compounds. Examination of the reaction products suggests 

that these substitution reactions may proceed mainly through 

(i) olefin coordination to Ni, (ii) insertion of olefin into 

Ph-Ni bond, and (iii) B-elimination reactions to yield olefinic 

products. In the arylation of vinyl acetate and ailylic compounds, 

phenyl-substituted hydrocarbon products were obtained in fairly 

high yields suggesting that the C-O or C-X bond cleavage reaction 

is taking place. 
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~~&ed by tra&ition~metal~compou&;~a'specieS having-a m&tat- ._~ _ 

to-&bon ofbond is oftenlbelieved to play ti imPortant role.as. 
_-_- _...‘. _, .. 

a key intermediate_-- In-this respect, *he study of the-reactions ._ : _.~-. . . 
between isolated alkyl, aryl or'hydrido transition metal complexes 

_and clefinic compounds .i.s expected to afford a clue for understanding 

the mechanism of catalysis [l]. This paper concerns firstly 

the preparation of a series of a new type.ofphenylnickel complexes 

and secondly their reactions with various olefinic compounds to 

give, mainly, phenylated olefins. 

Arylnickel complexes stabilized with tertiary phosphine ligands 

have been prepared by two routes: one is arylation of nickel 

halides with aryl Grignard reagents [2] and another is oxidative 

addition of an aryl or aroyl halogen compound to zero valent nickel 

complexes [3-S]. AS an extension of our studies on the preparation 

of transition metal alkyl complexes using alkylaluminums as alkylating 

agents 191, triarylaluminums were empioyed to prepare arylnickel 

complexes. In contrast to the alkylaluminuns which have been 

successfully used in the preparation of a variety of new alkyl- 

transition metal complexes, surprisingly little has been reported 
* 

on the application of arylaluminums to the syntheses of aryl- 

transition metal complexes [lo]. Several of a new series of phenylnickel 

complexes of the type PhNi(acac)(PR3), Cacac = the chelated 

acetylacetonato ligand) were isolated from the system consisting 

of triphenylaluminum etherate. nickel acetylacetonate. and 

tertiary phosphine, PR,. 
s 

This has been briefly communi cated [ll]. 

These phenyl complexes are more stable than the previously 

reported complexes of the t,ype PhNiX(PR3)2 with monodentate 

halogen or pseudohalogen ligands, X, and react with carbon monoxide 

to give new isolable benzoylnickel complexes, which will be the 

subject of a separate report [lzj. 



Recently attention has been.focused on the utilization of 

transition metal compounds for organic synthesis under mild 

conditions. With this view, aryl substitution of olefinic compounds, 

for instance; has been extensively studied using palladium compounds 

[l, 13-201. Sources of the aryl group used in these studies are 

arylmercurials [14], aryl halides [15-181, aromatic hydrocarbons 

Cl91 s or aryl&mines [20], and mechanisms of arylation proceeding 

through processes involving the formation of arylpalladium 

intermediates have been postulated for these reactions. Arylation 

of olefins using isolated aryltransition metal complexes, on the 

other hand, has been limited only to a brief study with PhkBr(PPhS)2 

(M = Ni and Pd) [6]. The phenylnickel complexes, PhNi(acac)(PR3)n, 

prepared in the present study were found to react with various 

olefins at ambient conditions to yield phenyl-substituted organic. 

compounds in which the phenyl group is attached predominantly 

to the terminal olefinic carbon. 

Results and discussion 

Preparation and properties of PhNi(acac)(PR&, 

Treatment of nickel acetylacetonate with triphenylaluminum 

etherate in diethyl ether in the presence of a tertiary Phosp&e 

at or below room temperature afforded phenylnickel complexes, 

PhNi(acac)(PR3),. 

Ni(acac)2 + mAlPh3-Et20 + nPR3 
Et20 

- PhNi(acac)(PR3)n (1) 

R = Ph, m = l/2, n = 1 .l,R=Ph (n=l) - 

R = cycle-C6Hll, m = n = 1 $ R = cycle-C6Hll (n = 1) 

R = Et, m = 1, n = 2 2 R = Et (n = 2) 

In order to obtain the best yields of the phenyinickel complexes, 

the use of molar ratios of the reagents as shown in equation (1) 

seems to be most suitable. It is noted that only one-half mole of 

triphenylaluminum per mol of nickel acetylacetonate was necessary 
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whentriphenylphosphine,wa% used , .~ile~an:equimol;:amount of- -.::;* : 

aluminu&as needed in:the. &se of cyClohexylphosphine--(hereafter 
. . _ 

--denoted-asPCy3) and triethylphosphine.(PEt.J complexes. Inthe _ 

case of PEt 
3' 

complex:2 coordinated with-two phosphine .ligands was 

obtained only--&hen &do-mol]of PEtg~per Ni(a:acac)2_was used, otherwise 

an intractable, oily-material resulted. Complex 2 was recrystallized 

from a mixture of dichloromethane and.diethyl ether in the 

presence of excess of.triethylphosphine: Crystallization of Jin 

the absence of added triethylphosphine afforded a phenyl complex 

containing only one PEt3 ligand; PhNi(acac)PEt3, 5. Analytical 

data and physical properties of complexes l..2 are sumnarized in 

Table 1. Treatment of complexes l-2 with an excess of gaseous HCl 

in diethyl ether (&and 2) or hexane (2J afforded one mol of 

benzene per mol of the complex. 

Similar reactions using alkylaluminums in place of AlPh3-Et20 

in equation (1) have been reported to afford analogous alkylnickel 

complexes, RNi(acac)Ln, where R = Me, Et, and iso-Eu, L = PCy3 

(n=l)[Zl]; R = Me, L = PPh3 (n=Z) and R = Et, L = PPh3 (n=l)[22]; 

and R = PhCH2, L = PPh3, P(CH2Ph)3, and PCy3 (n=l>[23]. Preparation 

of an analogous p-tolylnickel complex also was attenpted using 

tri-p-tolylaluminum in place of triphenylaluminum for each phosphine 

ligand. Although some products containing a nickel-bonded 2:tolyl 

group were obtained, their purification so far has been unsuccessful. 

IR and 'H-NXR spectra of PhXi(acac)(PR_Jn 

Infrared spectra of the phenylnickel complexes 1, 2, and 2 

resemble each other except for the bands assignable to the phosphine 

ligands. As a typical example, the characteristic bands of complex 

-1 
2 were assigned as follows: 3025 cm , v(C-H) of the phenyl group; 

2900 and 2825 -1, v cr. as(CH2) and vs(CH2) of PCy3: 1580,.1560, .1513, 

-1 
1444, and 1395 cm , v(C=O) and v(C=C) of the acac ligand, V(M) 

of phenyl. or 

bands of this 

6(C-H) of.PCy3_ The detailed assignments of the IR 

type of complex have.been. carried out on MeNi(acac)PMe3. 
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'~ Ln which the band at 553 cm-l was assigned to the stretching of 

Ni-C .o-bond [24]. In the present phenylnickel complexes, many 

bands due to the phosphine ligands around this area prevented the 

assignment of the bands of Xi-C a-bond. 

1 H-h&R spectral data of 2-2 are summarized in Table 2. The 

assignment of the signals due to the phenyl ligand attached to 

nickel was performed with reference to those of arylcopper(T) 

compounds [ZS]. Protons of the two acac-methyl groups appeared 

as a pair of singlets in the cases of L and _? at room temperature 

indicating that these complexes have a square-planar configuration 

in solution. The singlets at higher field were assigned to the 

protons of the methyl group (a) and the lower ones to (b) as the 

chemical shifts of the acac methyl 

protons are known to be sensitive 

to the nature of the ligand at their 
\‘x_ Ho,’ 1 

(b)H@ - 
Ph 

cis position in the complexes of the type Pd(acac)XL [26]. 

The 'H-hTR signals of the PPh3-coordinated complex l_ 

broadened only slightly on raising the temperature to 60-C, 

indicating that the exchange of the acac methyl protons is very 

slow at room temperature and accelerated only slightly at higher 

temperatures. The 31P-NMR spectrum of l_ in toluene at -70°C 

shows a singlet of half width 12 Hz at 42.7 ppm downfield from 

the external PPh3 reference. 'The signal shifts to a higher field 

of 36.1 ppm with broadening to a half width of 65 Hz on raising 

the temperature to 25OC. These results, together with the experimentally 

determined molecular weight of &in benzene, show that the 

triphenylphosphine ligand in &is dissociated only to a minor 

extent and that the exchange takes place between the coordinated 

and uncoordinated PPh5 ligand without affecting the square planar 

configuration of the nickel complex. Similar dissociation behavior 

of the coordinated ligands, acac and PPh5, dissociating and 

exchanging in different rates independently of each other, has 

(Continued on p. 366) 
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show c&y & sharp singlet signal- for.the a&c methyl.protons in 
.- : 

a~temperature range between.-80'C and 160°C.. The J'P-Mi&spe&um 
: 

ofA in toluene at -70°C-showed a broad singlet (half siidth = 72 Hz) 

at 8.3 ppm (downfield from the external PPh3 reference) which 

shifted to the higher field with broadening on r&sing.the temperature 

tith eventual disappearance of the signal at 2S°C. These JIP-NMR 

spectral observations suggest that PEt -3 ligand in 2 is exchanging 

on the NMR time scale evan at -7OOC and very rapidly at room 

temperature. The fact that the 'H-NMR spectrum ofzin benzene 

at room temperature shows a triplet-quartet-pattern which is 

typical for the PEt3-coordinated complex in which the PEt3 ligand 

is rapidly exchanging further supplements the observation made 

in the 31 P-NMR spectrum. The reason for the appearance of the 

acac methyl proton ofsas a sharp singlet may be due either to 

the equivalence of the acac methyl protons in the five-coordinated 

configuration of 3_or to accidental coincidence of the chemical 

shifts of the two acac methyl protons. Regarding the four-coordinated 

complex 4 the latter e_xplanation is more reasonable. 

Pyrolysis of the-phenylnickel complexes 

Pyrolyses of PhNi(acac)PPh= & and PhNi(acac)(PEt3)2 z,,,either 

in the solid state or h toluene solution, gave benzene and biphenyl 

(Table 3). The amount of biphenyl produced by the pyrolysis of 

1 was much more than the expected value accounting for the presence rrl 

of one phenyl group per nickel especially when the pyrolysis was 

conducted in toluene. It is natural to assume that the phenyl 

group of triphenylphosphine also is involved in the decomposition 

of 1. Y Taking_ into acco-mt that there is some precedent for the 

oxidative addrtion of.triphenylphosphine fnvolving P-C bond 
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PYROLYSIS OF PhNi(&ac)(P~), 

Complex Solvent Temp.<=‘C) Time(k) Products(mol/mol of complex) 

Ph-H Ph-Ph 

A none 170 0.33 0.03 0.60 

L toluene 95 3 0.04 0.97 

2 none r.t.e-160 - 0.19 0.32 

3 toluene 95 50 - a) 0.14 

aj Not measured. 

cleavage [29], we consider it reasonable to assume the following 

reaction scheme involving the oxidative addition of the PPh3 

ligand to nickel for the present system. 

- Ph-Ph (2) 

_ 

In order to obtain further support for the participation of PPh3 

in the pyrolysis of l_, MeNi(acac)(PPh3)2 and EtNi(acac)PPh5 [22] 

were heated at 95OC in ethylbenzene and toluene, respectively, and, 

albeit in low yield, toluene (3 %) and ethylbenzene (4 %), respectively, 

were detected in the pyrolyzed solution by GLC analyses. 

Reactions of PbNi(acac)(PR& with organic halogen compounds 

Phenyl complexes l_, z, and zreacted with organic halogen. 

compounds (R'X) at room temperature to yield cross-coupled products 

Ph-R'. 

PhNi(acac)(PR3)n + R'X - Ph-R* + NiX(acacj(PR3jn (3) 

The IR spectrum of the residual solid of the reaction mixture 

indicated the absence of the starting phenyl complex and the presence 



case these-byproducts_ were Zn fact identified. 

-'Reactions of PhNi(acac)(PR,)_'with olefins 

Reaction with ethyiene and propylene The pheBylnicke1 

complex containing‘the triphenylphosphine ligbd, A, reacted with 

ethylene and propylene at atmospheric pressure at room temperature 

in diethyl ethersuspension to give a series of phenylated 

organic compounds. Table 5 lists the~product distribution of 

these reactions. AIthough about one-balf of the phenyl complex 

seems to have been decomposed to give benzene and biphenyl in the 

reaction of ethylene, the rest of the phenyl complex was converted 

into styrene, ethylbenzene, trans-stilbene, and 1,2_diphenyIethane. 

TABLE 4 

a) 
REACTIONS OF PkNi(acac)(PR3), WITR ORGANIC PULOGEN COMPOUNJS (R.-X) 

comple2s R'-X Product Ph-RVb' 

(mol/mol of complex) 

PkNi(acac)PPk3 & CR31 0.14 

PhNl(acac)PPk3 A CH3coc1c) o-15 

PhNi(acac)PPh3 L c6H5coclc) trace 

PkNi(acac)PCy3 2~ CR31 0.20 

PkNiCacac)PCy3 2 CR31 o.3?d) 

Pk%i(ac2c)Pc$3 -c? CB3CB2Br 0.21 

PkM(acac)PQ3 2 
CR3CR2r 

0.25 

PhNi(acac)(PEt3)2 2 CR31 0.20 

a) Reactions with R'-X were carried out at room temperature for one day. 

b) In addition to Pk-R', biphenyl was produced as well. c)-In dietkyl 

ether 2a solvent. d) Reaction temperature &a elevated slowly from 

-30°C to room temperature; Other-products vere bipkenyl(0.28 mol/mol 

.I& complex) and benzene (O-01)- 
,. 
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TAaLE 5 

_RRAIXIONS OFE~XYLENEA~PROPYLENEWIT?TI PHmmLNIcxEL CO?IPLExRs=) 

~OlflfiIl Complex Organic products Cmol/mo: of complek) 

cE12=cFi2 PhCE=CH2 ph*2'=3 - trans-PhCR=CRPh PhCR2CH2Ph PbH Ph-Ph 

--. 

PhNi(acac)PPh3 & 0.19 z- 0.11 0.05 0.06 0.05 0.21 

PhNi(acac)Pcy3 2 0 0.01 0 0.07 0.06 0.17 

PhUi(aca~)(PEt3)~-~ 0 0 0 0 0.05 0x&b) 

m2=CRCIi3 PhCR=CHCR3 PhCR2CR2CR3 Ph(CR3)C=CR2 PhR Pb-Ph 

cis traas 

PbXi(acac)PPh3 1 a.02 0.55 0.03 0.M 0.00 0.04 

PbNNi(acac)PCy, 2 0 0.02 0 0 0 0 

PhNi<acac)<PEt3)2 2 0 0.02 0 0 0.05 O.lZb) 

a) Reactions were carried out under 1 atm of olefin at room temperature for 2 days either in 

Et20 suspensi& (J. and 2) or solution (3). b) In order to avoid the contribution from the unreacted 

phenyl complex, the system was zreated with YCl prior to the measurement of this value. 

Formation of these products can be explained by assuming the 

following reaction paths consisting of conventional insertion and 

%-elimination steps (Scheme). Ethylene coordinates to the 

phenylnickel complex and is inserted into the phenyl-nickel bond 

to give a S-phenylethylnickel intermediate, from which styrene and 

ethylbenzene are formed by g-elimination and disproportionation. 

A portion of the styrene thus formed reacts further with the 

phenylnickel complex in fashion similar to that suggested for 

ethylene to give stilbene and 1,2_diphenylethane (vide infra). -- 

Tn the case of propylene, similar results in terms of product 

distribution have been obtained by Heck [14] in the arylation of 

propylene with the %rylpalladium salt" which was prepared in situ 

from ArHgOCOCH, and Pd[OCOCH3)2. A slightly higher selectivity 

for the direction of phenyl addiiion in the present system (terminal 

addition/internal addition = 10.0) than in the Heck's system 

(5.3) was observed. 

In contrast to complex L, phenyl complexes containing 

alkylphosphines. 3 and& are reluctant to react with ethylene 



and propylene, as shown in Table 5. This fact suggests that the 

coordination of olefin to nickel is important in initiating the 

reacti_on. ComplexII, which con&a&a-less electron-donating 
: 

phosphine ligand than 3 and3 and is more electron deficient, 

may be more susceptible to coordination with olefin as a base 

than the other alkylphosphine-coordinated complexes. 

Rektions with other substituted olefins The results of 

the reactions of PhNi(acac)PPh+& with styrene, methyl acrylate, 

and vinyl acetate are summarized in Table 6. 

trans-Stiblene was the sole phenylated product of the reaction 

with styrene, although nearly one-half of a mole of phenylnickel 

complex was'decomposed to giv_e benzene and biphenyl-concurrently 

with the phenylation of styrene. Similar results have been reported 

by Heck [14] and Otsuka et al [6] using a mixture of PhHgOCOCH3 _-- 

and PdW~312. and MBr(Ph)(PPh.S)g (M = Ni and Pd), respectively. 

The mechanism involving the insertion pf styrene_into phenyl-nickel 

-bond followed by $%~iminat.Qm m& also be operative.in this reaction. 
:’ 

+thyl acrylate &as phenylated and'h&ogenated on reaction 

uitk&to ave l-phenyl-2-methoxycarbonylethane. The yield was 



TABLE6 

REACTIONS OF S~BSTITUTEO OIEFINS R-CH=CX2 WITH PhKiCacac)PPL, a) 

Substituted Olefin Reactiqn Organic products (moljwl of complex) 

R = Substitutent timr (days) RCH=CHPh RCH2CH2Ph others PhH Ph-Ph 

Styrene (Ph) 4 0_56(trans) 0 0 0.0s 0.20 

Methyl acrylate (COCKYE,) 2 0 0.45 0 trace trace 

Vinyl acetate (OCOCR,) 7 O.lZ<trans) 0 PhCH=CH, a.02 0 

- . 0_19(cis) 0.08 

a) Reactions vere carried out in neat olefins at room temperature. 

only 0.45 mol per no1 of phenyl complex used and the fate of the 

rest of the phenyl group is uncertain. The result differs from 

those reported using PhHgOCOCH3/Pd(OCOCH3)2 [14] or PhNiBr(P?hgJ2 

[6] where methyl cinnamate was the sole product_ Although the 

source of the proton to afford the hydrogenated product in the 

present system is uncertain, the mechanism of terminal addition 

of the phenyl group which is common to the other phenylation 

reaction may also be operative in this reaction. 

The formation of cis- and trans-phenyl-3-acetox)-ethene in the 

reaction of vinyl acetate with 1 may be accounted for by a conventional 

insertion-B-H abstraction mechanism, while the formation of sty-rene 

can be rationalized by assuming the &acetoxy abstraction Process 

as postulated by Heck [SO]. As in the reaction of ethylene and 

propylene, phenyl complexes zand swere unreactive to vinyl 

acetate indicating, again, the importance of coordination of vinyl 

acetate-to nickel at the initial stage of the reaction_ 

Reactions with allylic compounds 

As shown in Table 7, Lreacted with CH2=CHCH2X (X = HCOO, 

CH$OO, Br,,OH. OPh, and 0CH2CH=CH2) to afford allylbenzene 

generally in high yields. Although the similar reactions of ally1 

halides with "phenylpalladium r' to give allylbenzene have been 

reported by Heck [31], the present results of the reactions of 



CH2=CKCH2Br 1 0.75 - 

cH2=cmH20E 1 0.76 0.07 (PhCE2CR2CHO) 

~=CECR..WB 1 6 . 72 - 

(cH2=CRCE12)20 1 0.23 O-80 (PbE) 

a) Reactions were carried out in neat ally1 compounds at room temperature. 

ally1 carboxylates and alcohol are strikingly different from those 

of Heck who obtained phenyl-substituted ally1 compounds which 

may be accounted for by the insertion-s-hydride elimination mechanism 

[14, 31, 321. The present allylbenzene formation in the reaction 

of Awith various allylic compounds may have all proceeded through 

the common reaction path as postulated by Heck for l&e rea~~t%on of 

ally1 halide with S'arylpalladium'g, which involves the insertion 

of the ally1 group into the phenyl-nickel bond followed by 

&elimination of X from an intermediate A (eq. 4). 

-G12=CHCH2X + Ph-M - ~hCH,~W!X] - CH2=CHCH2Ph + X-M (4) 

M (A) 

The &elimination involving the abstraction of alkoxy group (when 

X = OPh and 0CH2CH=CH2) has precedent for the reaction of a,Wdi- 

methylally benzyl ether with RuCl2(PPh3)3 to give PhCHO and 

ECH3)2=q I331. In &pportof this mechanism, a yellow complex, 

which nas proven to contain a PhO-Ni moiety on the basis of 

production of &r&sole on its tseawnt with methyl iodide, was 

isolated in the present reaction system with X.= OFTI. 
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The presence of a by-product of phenylpropionaldehyde in 

the reaction of ally1 alcohol with ; (Table 7) indicates a partial 

occu&ence of the B-hydride elimination of intermediate A in Eq.4 

in addition to the main path of B-hydroxy abstraction. 

Experimental 

1) General 

All reactions and manipulations were carried out under dry, 

oxygen-free nitrogen or in vacua using Schlenk type flasks. 

Filtrations were carried outithrough siphons with sintered-glass 

disks under positive pressure of nitrogen. 

Solvents such as diethyl ether, hexane, tetrahydrofuran (THF) 

and toluene were dried;and purified by distilling over sodium 

wire and stored under nitrogen. 

Organic halogen compounds, and 

over calcium hydride under reduced 

etherate, AlPhS-Et20, was prepared 

olefins were purified by distilling 

pressure. Triphenylaluminum 

from PhMgBr and AlClS according. 

to the reported method [34;. Anal., Found: Al, 8.37, C27H2iOAl 

calcd.: .41,S.12 %. On acidolysis, benzene (104 % on the basis of 

the formula) and diethyl ether (79 %) were detected. 

The micro analyses of carbon and hydrogen were performed 

by Mr. T. Saito of our Laboratory using Yanagimoto CHN Autocorder 

Type MT-Z. 

Infra-red spectra were recorded on a Hitachi model 295 

spectrometer using KBr disks prepared under inert atmosphere. 

NMR spectra were measured on a JNM-PS-100 spectrometer by Mr. 

Y. Nakamura of our Laboratory. 

The organic products by various reactions of Pmi(acac)- 

(PE3jn -were quantitatively analyzed by GLC using toluene, 

ethylbenzene or anisole as an internal standard. Authentic 

sampIes for identification of reaction products such as 

PhCH=CH2, PhCH2CH=Clii, tm-PhCH=CHPh,etc.,were used as purchased 



-t& a Shimadzu GC-3&or G&6A gas chrotitography using.:~SbC-550;: 

TCP and/or PEG-ZOM columns and hydrogen or helium & a_ carrier 

gas. Molecular weights of PhNiNi(acac)PPh3 and ?hNi(acac)PCy3 were . 

measured &yoscopically in benzene under nitrogen. 

2) Preparation of PhXi(acac)PPh3 
: 

To the mixture of Ni(acac)2 (20.5 g, 8.0 mmol), PPh3 (2.2 g, 

8.4 mmol) and &ethyl ether (50 ml) cooled at-30°C, A1Ph3-Et20 

11.4 g, 4.2 mar) was added. The initial light green suspension 

immediately turned to a yellowish green suspension. On raising 

the temperature to room temperature, the system changed to a 

brown suspension in 20 min. The system %=a further stirred for 

2 hr.. at room temperature to complete the reaction_ The 

precipitate was filtered off, washed with a mixture of diethyl 

ether and he.xanem[l:l in volume). The leROn yelloh’ porzder thus obtained 

weighed 2.0 g (SO % of the theoretical amount based on Ni(acac)2 

used). and was analyzed as PhNi(acac)PPh3. The p0auct was 

soluble in THF, benzene. chloroform, and toluene, and recrystallized 

from diethyl ether-THF (lrl in volume) to give yellow crystalline 

powder. Analytical data and physical properties are listed in 

Table 1. 

31 Pieparation of PhNi(acac)PCy3 

In a 100 ml SchlenG apparatus were placed Ni,'acac12 (5.14 g, 

20 mmol), tricyclohexylphosphine (5.60 g, 20 mmol) and diethyl 

ether Cl00 ml). Solid AlPh3-Et20 (7.80 g, 25 mmol) was added 

portionwise to the mixture cooled at -30°C with stirring_ 

On raising the temperature of the system gradually to_-20°C, 

the initial greenish yellow suspension darkened and finally a 

.-dark brown solution with a yellow:precipitate resulted. The 

system was further stirred at -lO°C for 2 hrs. The yellow 
: 



-.precipitate was filtered, washed with diethyl ether, and 

dried in vacua. The yellow powder thus obtained, weighed 

3.45 g. The second crop of the yellow complex was obtained by 

further evaporation of the solvent from the mother liquor followed 

by cooling at -78°C. The total yield of PhNi(acac)(PCy3) was 5.65 g 

(55 % of the theoretical amount based on Ni(acac)2 used)_ The 

product was recrystallized from THF to give a yellow crystalline 

powder. Analytical data and physical properties are listed 

in Table 1. I 

4) Preparation of PhNi(acac)(PEt,),_ 

In a 100 ml Schlenk apparatus were placed Ni(acac)2 (5.14 .g, 20 mm01 

triethylphosphine (6.5 ml, 43 mmol) and diethyl ether (100 ml). The 

light green precipitate of nickel acetylacetonate turned to 

blue in a minute after mixing,indicating the formation of an 

adduct [Ni(acac)2(PEt3)2]. After the mixture was cooled to 

-40°C, the solid AlPh3-Et20 (6.8 g, 21 mmol) was added to the 

mixture with stirring, to give 2 pale yellow suspension. On 

raising the temperature of the system, it turned to a yellowish 

brown suspension at -20°C and then to a wine red solution. After 

stirring for 1 hr, the solution was filtered and the filtrate 

was condensed to one-third of the initial volume. After being 

kspt for 1 day at -7S°C, the red crystals which had formed were filtered, 

washed with diethyl ether at -78“C and dried in vacuum. The yellowish 

orange powder of PhNi(acac)(PEt3)2 weighed 4.85 g (52 % of 

the theoretical amount based on Ni(acac)2 used). Recrystallization 

from a 1 : L mixture of dichloromethane and diethyl ether 

in the presence of triethylphosphine gave red prisms. Analytical 

data and physical properties are listed in Table 1. 

5) Preparation of PhNi(acac)PEt3 

Recrystallization of PhNi(acac)(PEt3)2 from diethyl ether 

in the absence of extra triethylphosphine gave red crystals. 

The red crystals turned to lemon yellow powder on prolonged 

I, 



: ~Ph_&(aoac)PPh3 (O-08 g,.O_179 mmol<:&s heated at.170°C:b 

vacua-for 20 minut.es to afford a black oil. .- The organic pyrolysis 
: 

-products uere identified-as benzene (O.OO6 mm011 and biphenyl CO-108 

~>;-'~s;;~ -2*s- **3;-&q+ p&e- ~+&5aP 35 ~?m3ZaGk 

oil nsi?lg tozuene as a?2 int&2-na~ st2ndarb. PyrfAysis of PhNi (acac)- 

(PEt=]2 in the solid state was carried out similarly using O-137 g 

(0.291 mmol) of the complex. 

b) Pyrolysis in toluene 

A toleae solution of Ph!X(acac)PPh3 (QJXK g, O-192 mmoL) 

was heated at 95OC b vs 

changed from yellow through 

products were identified as 

<O-1% Hz9Q13, 

for 2 hrs. The color of the solution 

red, -then to blzck- The pyrolysis 

benzene (0.0144 mmol) and biphenyl 

Pyrolysis of PhNi(acac)(PEt3)2 (0.153 g, 0.324 mmoll in toluene 

was carried out simiIarly in vacua, heating at 9S°C for 51 hrs. 

A considerable amount of the starting phenylnickel complex remained 

undecompesed. In order to obtain accurately the amount of 

biphenyl produced by pyrolysis, the system was treated with gaseous 

HCl prior to the GLC analysis. This procedure affords benzene 

quantitatively from the unreacted phenylnickel complex which is 

known to give biphenyl on thermal treatment, e.g., pyrolysis in 

the GLC injection room. The net amount of biphenyl produced 

through pyrolysis was found to be 0.045 mmol (28 %)_ 

73 Reactions of phNi(acac‘)(PR,]_ with organic halogen compounds 

To a flask containing Ph?Ji(acac)PPh3 (0.354 g, 0.678 nmol). 

ethyl iodide (2 ml) was added by a vacuum distillation. The 

initially red solution gradually turned to a red suspension in 



One d&y on-stirring at room temperature. Ethylbenzene (0.170 mm&) 

was formed, as i_udrz_ed by GLC analysis. Formation of ethylene, 

athane and biphenyl alsu Was detected qualitatively hy GU: analysis, 

The other reactions of PhNi(acac)(PR$n with various organic 

halogen compomds were carried out in Gmilar fashion. 

S) Reactions of Pb?KCacacj(PR=], uith various olefins 

Since the method is general. a typical reaction will be described 

below and the organic reaction products are listed in Table 5-7. 

a) Reactions with ethylene.and- propylene 

A 200 ml flask containing PhNi(acacjPPh3 CU.37 g, 0.745 mmol) 

aXi& .~e+~ &be--r- (2 m>:- -was degasssX& b y t-he frssze-the.~ me.t,hed_ 

The flask was filled with 1 atm. of ethylene at room temperature 

and the mixture was stirred for 2 days. The initially lemon yellow 

suspension turned to yellow orange. The reaction products were 

analyzed by GLC. The other reactions of phenylnickel complexes 

with ethylene and propylene were carried out similarly_ In the 

case of PhNi(acac)(PEt3)2, a considerable amount of the starting 

phenyl complex remained unreacted on the reaction with ethyfene 

or propylene. The amount of biphenyl produced in the reaction 

was measured accurately by the method described in (6-b). 

b) Reactions with other olefinic compounds. 

To a flask containing PhNi(acac)PPh3 (0.435 g, 0.874 mmol), 

vinyl acetate (1.5 ml) was added by a vacuum distillation and 

the mixture was stirred at room te?qerature for 7 days> The initiaL$ 

lemon yellow suspension remained unchanged all through the 

reaction. The reaction products were analyzed by GLC. Similarly 

carried out were the other reactions of PhNi(acac)(PR3)n with 

vinyl acetate, methyl acrylate, ally1 acetate, ally1 formate, 

ally1 bromide, ally1 phenyl e%er and diallyl ether. The reactions 

with styrene and ally1 alcohol were carried out similarly in the 

presence of diethyl ether as solvent. Methyl hydrocinnamate, 

the reaction product between Phhi(acac)PPh3 and methyl acrylate, 



1 R: F. Heck; Organotransition Metal Chemistry, Academic Press, 

Xeu York and London; 19.74;and references: cited therein; . . 

2 .?-Chatt-&d B. E. Shati, J. Chem.. Sot., (196ti).1718. 

3 D. R- Fahey, .J. -A&r: Chem. Sot., 92 (1970) 402. 
. . . 

4 X Hidai, T- Kashiwagi, T. Lkeuchi;~and~Y. U&da. 3_ Organometal- 

them-. 30 (19_71) 279. 

.5 D.-H. Ger1achi.A. R. Kane; G. W. Parsball, J. P. Jesson, 2nd 

E. L. Muetterties,'J- Amer. Chem. Soc.,93 (1971) 3543. 

6 S. Otsuka, A.~Nakamura, T. Yosbida, M. Naruto, and K. Ataka, 

J. Amer. Chem. Sot., 95 (1973) 3150. 

7 G- N. Parshall~J. Amer. Chem. Sot., 96 (1974) 2360. 

8 D. R. Fabey and J. E. Nahan, 3. Amer. Cbem. Sot.; 99 (1977) 2501. 

9 T- Ito, H. Tsuchiya, and A. Y-to, Bull. Chem. Sot. Japan, 

50 (1977) 2501,and references cited therein. 

10 T- Mole and E. A- Jeff&y, Organoalumiaium Compounds, Elsevier, 

Amsterdam, 1972. 

U- K- lhruy-, .T- Lto, ad A. Yamamoto, 3. Organometal. Chem., 

90 (1975) C28. 

I.2 K. Maruyama, T. Ito, and A. Y -to, J. Organometal. Chem., 

submitted for publication. 

13 P. M. Mait1is, The Organic Chemistry of P.alledium, Vol. 2, Academic - 

Press, New York and London, 1971. 

14 R. F- Heck, 3. Amer. Chem- Sot., 93 (1971) 6896. 

15 H. A. Dieck and R. F. Heck, J. Amer. Chem. Sot., 96 (1974) 1133. 

16 J- B-~ Melpolder and k. F. Heck, J. Org. Chern., 41 (i976) 265. 

i7 K. Moe, T. M&oroki, and A. 02&i, Bull.'Chem. Sot; -Japan, 46 

(1973) &OS. *. 
_-. -. 

18 A. J. Chalk and‘S. A..Magennis, -J. Org. chem.,.41~~(19~6)_273.‘~ ’ 



19 I. Moritani and Y. Fujiwara, Synthesis -(1973) 524. 

20 F. Akiyama, S. Teranishi, Y. Fujiwara, and H. Taniguchi, J. 

Organometal. Chem.. 140 (1977) C7. 

379 

21 P. W, Jolly, K. Jonas, C. lZ&ger, and Y.-H. Tsay, 3. Organometal. 

Chem., 33 (1971) 109. 

22 A. Yamvno to, T. Yamamoto, T. Saruyama, and Y. Nakamura, J. Amer. 

Chem. Sot., 95 (1973) 4073- 

23 K. Jacob, E. Pietzner, S. Vastag, and K.-H. Thiele, 2. Anorg. 

Allg. Chem., 432 (1977) 187. 

24 H.-F. Klein and H. H. Karsch, Chem. Ber.,l06 (1973)1433. 

25 A. Baici, A. Camus, and G. Pellizer, J. Organometal. Chem., 26 

(1971) 431. 

26 S. Baba, T. Ogura, and S. Kawaguchi, Bull. Chem. Sot. Japan, 47 

(1974) 665. 

27 T. Yamamoto, T. Saruyama, Y. Nakamura, and A. Yamamoto, Bull. Chem. 

Sot. Japan, 49 (1976) 589. 

28 T. Ito, T. Kiriyama, Y. Nakamura, and A. Yamamoto, Bull. Chem. Sot. 

Japan, 49 (1976) 3257. 

29 D. R. Fahey and J. E. Xahan, J. Amer. Chem. Sot., 98 (1976) 4499, 

and references cited therein. 

30 R. F. Heck, J. Amer. Chem. Sot., 90 (1968) 5535. 

31 R. F. Heck, J. Amer. Chem. Sot., 90 (1968) 5531. 

32 R. F. Heck, J. Amer. Chem. Sot., 90 (1968) 5526. 

33 R. G. Salomon and J. tI. Reuter, J. Amer. Chem. Sot., 99 (1977) 4372. 

34 T. Xole. Aust- J. Chem., 16 (1963) 794. 

35 W. R. R. Park and G. F. Wright, J. Org. Chem., 19 (1959) 1435. 

36 F. W. Semmler, Ber., 42 (1909) 589. 

37 L. F. Fieser and K. Fieser, Reagents for Organic Syntheses, 

Vol. 1, p-524, John Wiley and Sons, Inc., Nev York, 1967. 


