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

with AlPh -Et20 in the presence of PR3 gave PhNi(acac)(PRs)n

3
(n = 1; R = Ph(}1), cyclo-C6H11Qg), Et(3); n = 2; R = Et(43)). The
pyrolysis of.}’in toluene gave one equivalent of biphenyl indicating

that oxidative addition of PPh3 to Ni involving the P-C bond

cleavage took place. Reactions of 1-3 with organic halogen

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

l'—_é reacted with olefinic compounds such as CH2=CH2, CH3CH=CH2,

CHSCOOCH=CH2, CH30COCH=CH CGHSCH=CH2, and CH2=CHCH2X X = OCOCHS,

2>
OCOH, Br, OH, OCcHc, and OCH,CH=CH,) to give phenyl-substituted
organic compounds. Examination of the reaction products suggests
that these substitution reacticns 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 allylic compounds,

phenyl-substituted hydrocarbon products were obtained in fairly

high yields suggesting that the C-0 or C-X bond cleavage reaction

is taking place.

359




' f‘ Introductlon ;,

premoted by tran51t10n metal compounds,'a-spec1esrhav1ng e metal—
'to~carbon 0-bond is often belleved to play an 1mportant role as
i a key 1ntermedlate-; In thls respect ;he study of the reactlons
between 1501ated alkyl aryl or hydrldo tran51t10n metal complexes N
Vand e1ef1n1c compounds is expected to afford a- clue for understand1ng
">the mechanlsm of catalys1s [1] Thls paper concerns flrstly
the preparat;on of a ser1es of a new type of phenylnlckel complexes
and secondly thelr reactlons w1th var10u5 olef1n1c compounds to
give, mainly, phenylated olef1ns.

Arylnickel complexes stabilized with tertjary 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 compodnd to zero valent nickel
complexes’[3-8]. As an>extensioﬁ of our s;udies on the preparation
of t:ansition metal alkyl.complexes using alkylaluminums as alkylating
agents [9], triarylaluminums were empioyed to'pfepare arylnickel
complexes. Ih contrast to the alkylaluminums which have been
successfully used in the pfeparation of a variety of new alkyl-
transition metal complexes, surprisingly little hasvbeen reported
on the‘;pplication of arylaluminums to the syntheses of aryl-
transition metal complexes [10]. Several of a new series of phenylnickel
complexes of the type PhNi(acac) (PR;)  (acac = the chelated
acetylacetonato ligand) were isolated from the system consisting
of triphenylaluminum etherate, nickel acetylacetonate, and
tertiary phosphine,‘PRs. This has been bfiefly communieated [11].
These phenyl complexes are more stable than the previouSly
reported complexe; of the type PhNiX(PR3)2 with mono@entatee
halogen or pseudoﬁalogen ligands, X, and react Qifh carbon monoxide
to give new isolaﬁle ﬁenzoylnickel comélexes,'whicﬁ wili be the

subject of a separate report [12].



 'Reéent1y 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,
foi instance, has been extensively studied using palladium compounds
f1, 13-20]. Sources of the aryl group used in these studies are

afylmercurials [14], aryl halides [15-18], aromatic hydrocarbons

{15}, or arylamines [20], and mechanisms of arylation proceeding
through processes involving the formation of arylpalladium
intermediates have been postulated for these reactions. Arylation
of olefins using d

other hand, has been limited only to a brief study with PhMBr(PPhS)2
(M = Ni and Pd) [6]. The phenylnickel complexes, PhNi(acac)(PRS)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)(PRsln

Treatment of nickel acetylacetonate with triphenylaluminum
etherate in diethyl ether in the presence of a tertiary'phosphine
at or below room temperature afforded phenylnickel complexes,

PhNi(acac)(PRs)n.

Et,0
Ni(acac)2 + mAlPhs-EtZO + nPR, ———-g——--PhNi(acac)(PRs)n (1)
R=Ph,m=1/2,n=1 LR=Ph (n=1) -
R = cyclo-C6H11, m=n-=1 2R = cyclo-CGH11 n=1)
R=Et,m=1, n = 3ZR=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 moi of nickel acetylacetonate was necessary
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-rwhen tr1pheny1phosph1ne was used whlle an equ1molar amount of

v'alumlnum was noeded in- the case of cyclohexylphosphlne (hereafter :
'fdenoted as.PCy;) and trlethylphOSPnlne (PEts) complexes. “In- the i
case of PEtS, comnlex coordlnated w1th tuo phosphlne 11gands was
'obta1ned only when two mol of PEt -per Nl(acac)2 ‘was used otherwlse
an 1ntractab1e, o11yAmatena1 resulted., .Complex §, was recrystalllzed
from a mixture of dichloromethénefand;diethyl ether in the

présence of excess of .triethylphosphine.- Crystallization of 3 in

" the absence of added triethylphosphivrie afforded a phenyl complex
containing onlykone'PEt3 ligand,‘PhNi(acac)PEtS, 4. Analytical

data and physical properties of complexes 1-4 are summarized in-

. Table i. Treatment of complexes 1-3 with an excess of gaseous HCl

in diethyl ether (l,andlé) or hexéne (2) afforded one mol of
benzene per mol of the complex.

Similar reactions using alkylalumimms in place of AlPh-Et 0
in equation (1) have been reported to afford analogous: alkylnickel
complexes, RNi(acac)Ln, where R = Me, Et, and iso-Bu, L = PCy3
(m=1)[21]; R = Me, L = PPh3 {n=2) and R = Et, L = PPh3 (n=1)[22];

and R = PhCH,, L = PPhS, P(CHZPh)S, and PCy, (n=1)[23]. Preparation

23
of an analogous p-tolylnickel complex also was attemptéd’using
tri-p-tolylaluminum in place of triphenylaluminum for each phosphine
ligénd. Although some products confaining a nickel-bonded p-tolyl
group were obtained, their purification so far has been unsuccessful.

IR and lH-NMR spectra of PhNi(acac)(PRSln

Infrared spectra of the phenylnickel complexes i, 2, apd‘i
resemble each other except for the bands assignable to fhe phosphine
ligands. As a typical example, the characteristic bands of complex
z’were assigned as follows: SGZS cm-l, v{C-H) of the phenyl group;
2000 and 2825 cm 1, v, (CH,) and v_(CH,) of PCyy: 1580, 1560, 1513,
1444, and 1395 ca™!, v(C=0) and V(C=C) of the acac ligand, V(C=C)
of phenyl,rpr 6(C-H)>of_PCy35 The_ge;éi}gdréésignmenﬁs of‘the IR

bands of this type of complex have been carried out on MeNi(aqac)PMes,
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- in which the band at 533 cm ! was assigned to the stretching of
: ﬁifc_q-bond [24]. 1In the present phenylnickel complexes, many
bandsjdue to the phosphine ligands around this area prevented the
assigﬁment of the bands of Hi-C o-bond.
1H-NMR spectral data of 1-4 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(I)

coqpounds [25]. Protons of the two acac-methyl groups appeared

as a pair of singlets in the cases of 1 and 2 at room temperature

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

protons of the methyl group (a2) and the lower ones to (b) as the

chemical shifts of the acac methyl
(@HCe o PR,
- /7 TN\
protons are known to be sensitive HC | Ni )
N7 N
to the nature of the ligand at their (b)H_C/C =0 Ph
3

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

The lH-NMR signals of the PPhs—coordinated complex 1
broadened only slightly on raising the temperature to 60°C,
indicating that the exchange of the acac methyl prbtons 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 25°C. These results, together with the experimentally
determined molecular weight of 1 in benzene, show that the
triphenylphosphine ligand in i’is dissociated only to a minor
extent and that the exchange takes place between the coordinated
and uncoordinated PPh3 ligand without affecting the square planar
configuration of the nickel complex. Similar dissociation behavior
of the coordinated ligands, acac and PPhS, dissociating and

exchanging in different rates independently of each other, has

(Continued on p. 366)
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1 observed m'ewlcacac)Pph [27] a.nd PhCON (acac)PPh [12]

ijd(acac)({Lacachy'((—acac denotes the acac llgand bonded to ther

'7"metal through 1ts central carbon) also is known to behave 51m11ar1y [28]
The H—NMR spectra of the PEt -coordlnated complexes 3 and 4

‘show - on1y a sharp 51ng1et s1gna1 for: the acac methyl protons 1n

a temperature range between -80°C aﬁd +60°C The ) -NMR spectrum

; of 3in toluene at -70°C showed a broad 51nglet (half wrdth 72 Hzi

-, at 8. 3 ppm (dOW"lfleld from the external PPh reference) wfuch

;hlfted to the hlgher fleld with broadenlng on'ralslng,the temperature

witﬁ eventualiaieappearenée of the signal at 25°C. These 31p_m

spectral observatiens suggest that PE’t_:3 VligAand'r in 3 is exchanging

on the'NMR timeVScale evan at -70°C and verf rapidly at room

tem@erature. ,Ihe fact that the 1H-NMR spectrum of 3 in benzene

at room'temperatﬁre éhows'a triplet-quartet pattern which is

typlcal for the PEt, -coordinated complex in which the PEt, ligand

is rapidly exchanclng further supplements the observation made

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

acac methyl protoﬁ of 3 as 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

4, the latter explanation is more reasonable.

corplex

girolysis of the.-phenylnickel complexes

Pyrolyses of Pth(acac)PPh 1 and Pth(acac)(PEts) , erther
in the solid state or in toluene solution, gave benzene and biphenyl
(Table 3). The amount of biphenylrproduced by the pyrelysis of
l’ﬁaeEﬁﬁch more than the expected value accounting for the presence
of one phenyl group per nickel especially when the pyrolysis was

vtonducted'in toluene. It is ratural to assume that the phenyl
: group of triphenylphoéphine also ie involved in the decomposition
of 1. Takrng into account tha* there is some precedent for the -

ox1dat1ve addftlon of trlphenylphosphlne ;nvolv1ng P Cc bond
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 TABLE:3

PYROLYSIS OF PhNi(acac) (BRy)

Complex Solvéﬁt Temp. (°C) Time Chr) Products(mol/mol of complex)
Ph~H Ph-Ph
1 none 170 0.33 0.03 0.60
1 toluene 95 3 0.04 0.97
3 none r.t.~160 — 0.19 0.32
3 toluene 95 50 — 3 0.14

a) 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.

H,C\. ° H,C 2
C — PPh N
25N s N I
HC\I‘ /N]_\ — HC\( Ni ——e Ph-Ph (2)
by C =0 Ph u C,c‘:’o/ Ph
3 1 3

In order to obtain further support for the participation of PPh3

in the pyrolysis of 1, MeNi(acac)(PPh3)2 and EtNi(acac)PPh3 [22]

were heated at 95°C 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 PhNi(acac)(PRs_)_r with organic halogen compounds

Phenyl complexes 1, 2, and 3, reacted with organic halogen -
compounds (R*X) at room temperature to yield cross-coupled products

Ph-R*.

PhNi (acac) (PR + R'X ——————= Ph-R' + NiX(acac)(PRs)n (3)

S)n
The IR spectrum of the residual solid of the reaction mixture

indicated the absence of the starting phenyl complex and the presence



5liproducts. Howeve

of ‘the- sp°c1es fbrmuIated as N1X(acac)(PR3) ' In these reactlons S

.1b1pheny1’was fbrmed as the ma1n by-product other than the cr055 coupllng

e the y1e1ds of the coup11ng products here not f,"
'Eso h1gh (Table 4)- Therremalnzng phenyl group may ‘have heen ’
nverted into b1pheny1 and benzene as 1n the thermo;ys1s Inione

‘,'case these byproducts were’ 1n “fact. 1dent1f1ed.

'A:Reactlons of- Pth(acac)(PR ) W1th olef1ns-f

Reactlon Wlth ethylene and propylene . The phenvlnickel

complex conta1n1ng the tr1pheny1phosph1ne 11gand 1, reacted w1th :
ethylene and propylene at atmospherlc pressure at room temperature
in dlethyl ether,suspen51on to give a series of phenylated

organic compounds. Table 5 lists thelproduct distribution of
these :eectioné.  Although about one-half of the phenyl complex
seems to-have béen—decomposed fe,giye'benzene and biphenyl in the
reaction of ethylene, the fest of ihe phenyl eomplex was converted

1nto styrene, ethylbenzene, trans-stilbene, and 1,2-diphenylethane.

TABLE 4

. a)
REACTIONS OF PhNi(acac)(PR3)n WITH ORGANIC HALOGEN COMPOUNDS (R'-X)

Complex R*-X Product Ph~R' b)
(mol/mol of complex)

PbNi(acac)PPhy; 1 CH,I 0.14
PhNi(acac)PPh, 1  CH,coc1® 0.15
PhNi(acac)PPh, 1 csnscocf) trace
PhNi(acac)PCy3 2 CB3 0.20d)
PhNi(acac)PCV3 2 CE3 -0.37
Ph¥Ni(acac) PCy3 2 CH3 2 - 0.21
PhNiacac)PCy, 2 CH,CH,I 0.25
PhNi(acac)(PEt3 2 3 CH31 0.20

a) -Reactions with R'-X were carried out at room temperature for one day.
b) In addi;ion to Ph~R', biphenyl was produced as well. c¢) In diethyl
ether as solvent. d) Reaction temperature was elevated slowly from
~36°C to room tempe*ature. Other “products were biphenyl(o 28 mol/mol
_of complex) and benzene (0.01).
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TABLE 5 : :
" _REACTIONS OF ETHYLENE AND PROPYLENE WITH PHENYLNICKEL COMPLEXES®)

"Olafin Complex . Organic products (mol/moil of complex)

- CH,=CH, ~ PhCH=CH, PhCH,CH; trans-PhCH~CHPh PhCH,CH,Ph PhH  Ph-Ph
PhNi(acac)PPh, 1L 0.19 .- 0.11 0.05 0.06 0.05 0.21
PhNi(acac)PCy; 2 O o.o1 o 0.07 0.06 0.17
PhNi(acac) (PEt,), 3 0 0 o o 0.05 0.04%

CH,,=CHCH = = -
, 3 PhCH=CHCH, PhCH,CH,CH,  Pn(CH,)C-CH, PRH _ Pa-Ph
cis traos
PhNi(acac)PPh, 1 0.02 0.55 0.03 0.e6 - 0.08 0.04
PhNi(acac)PCy, 2 O 0.02 0 0 0 o
PENI(acac) (PEty), 3 O 0.02 0 0 0.05 0.12"

2) Reactions were carried out under 1 atm of olefin at room temperature for 2 days either in
E:ZO suspension (1 and 2) or solution (3). b) In order to avoid the contribution from the unreacted

phenyl complex, the system was treated with HCl 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
B-elimination steps (Scheme). Ethylene coordinates to the
phenylnickel complex and is inserted into the phenyl-nickel bond
to give a B-phenylethylnickel intermediate, from which styrene and
ethylbenzene are formed by B-elimination and disproportionation.

A portion of the styrene thus formed reacts further with the
phenylnickel complex in fashion similar to that suggested foir
ethylene to give stilbene and 1,2-diphenylethane (vide infra).

n the case of propylene, similar results in terms of product
distribution have been obtained by Heck [14] in the arylation of
propylene with the arylpalladium salt" which was prepared in situ
from AngOCOCH3 and Pd(OCOCHs)Z. A slightly higher selectivity
for the direction of phenyl addition in the present system (terminal
addition/internal addition = 10.0) than in the Heck's system

(5.3) ;ﬁs observed.

In contrast to complex 1, phenyl complexes containing

alkylphosphines, 2 and 3, are reluctant to Teact with ethylene



Scheme " ] ,
. CH,=CH, + Ph-Ni(II) —= - Ph-wl(n) RSSITION . [pHCH,CH,-Ni(II)]
— - B-elimination L - PhCH,,CH.
CH,=CHPh S S 27s
Ph-Ni (IT) .<EE:E$£EEJ-—-phCH=CH2.+ [H-Ni(ID)]

l insertion

[PhCHZQH—Ni(II)] B-eliminaeion

Ph

[H-Ni(II}] + PhCH=CHPh

PhCHZCHZPh

- (In the scheme Ph-Ni(II) stands for PhNi (acac)PPh,)

" and propylene, as shown in Table 5. Thls fact suggests that the
'coordlnatlon of ole in to nlckel is 1mportant in 1n1t1at1ng the
reactlon. Complex wh1ch conta1ns a less e1ectron donat1ng
phosph1ne 11gand than 2 and 3 and ;s more electron def1c1ent
‘may be more susceptlble to coordlnatlon with olefin as a base

than the other alkylphosphlne-coordlnated complexeb.

Reactions with other substituted olefins The results of

the reactions of PhNi(aeac)PPhszkg with styrene, methyl acrylate,
and vinyl acetate are summarized in Table 6.

trans-Stiblene was the sole phenylated product of the reaction
‘with styrene, alfnough nearly one-half of a mole of phenylnickelr
complex was’ decomposed to g1ve benzene and b1pheny1 concurrently
with the phenylatlon of styrene. Similar results ‘have been reported
by Heck [ié] and Otsuka et al. [6] using a mixture of PhHgOCOCHs v

and PA(OCOCH,),, and MBr(Ph) (PPh;), (M = Ni and Pd), respectively.

3)2
7 The mechanism involving the insertion of styrene»into phenyi-nickel .
-bond followed by B;eiimination'me}velso be.opefative’in‘this rééction.
Méthyi acfyiAEe'§a3 phenyleted'and:niﬁfegenatea on reection
uithfl’te giverl—éhenyl-z—methbxycaibonylethane. The yiéla:was
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TABLE- 6

. a
REACTIONS OF SUBSTITUTED OLEFINS RrCH=CHz WITH Pth(acac)PPh3 )

Substituted Olefin Reaction Organic products (mol/mol of complex)

R = Substitutent tima (days) RCH=CHPh RCHZCHZPh others - PhH Ph-Ph
tyrene (Ph) 4 0.56(trans) O o] 0.08 0.20
Methyl acrylate (COOCH3) 2 1] 0.45 0 trace trace
Vinyl acetate (OCOCH3) 7 0.12(trans) O PhCH=CH2 0.02 g

0.19(cis) 0.08 °

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

only 0.45 mol per mol of phenyl complex used and the fate of the
rest of the phenyl group is uncertain. The result differs from
those reported using PhHgOCOCHS/Pd(OCOCHS)2 [14] or PhNiBr(PPhS)2 ]
[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 opgrative in this reaction.

The formation of cis- and trans-phenyl-2-acetoxyethene in the
reaction of vinyl acetate with 1 may be accounted for by a conventional
insertion-B-H abstraction mechanism, while the formation of styrene

can be rationalized by assuming the B-acetoxy abstraction process
as postulated by Heck [30]. As in the reaction of ethylene and
propylene, phenyl complexes z,and é{were 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, 1 reacted with CH2=CHCH2X (X = HCOO,
CHSCOO, Br, .OH, OPh, and OCHZCH=CH2) to afford allylbenzene
generally in high yields. Although the similar reactions of allyl
halides with ""phenylpalladium" toigive allylbenzene have been

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



- Products’ ;ﬁéx;@- of complex) :

A1yl compound

© mmamcneca, | etheca
CH,=CHCH,0COCH, - 3 0.89 —
CH,=CHCH,0COH 1 0.82 —
ca,= CHCH,Br = 1 ' 0.75 —
CH,,=CHCH, 08 1 0.76 . 0.07 (PhCH,CH,CHO)
CB,,=CHCH,, 0Pk ! F.7Z —_
(CH,=CHCH,)) ,0 1 0.23 0.80 (PhH)

a) Reactions were carried out in neat 211yl compounds at room temperature.

allyl carboxylates and a;cohol are strikingly different frém those
of Heck who oi)taihed phenyl-substituted al;yl compound; which

_ may be accounted for by the insertion-B-hydride elimination mechanism
{14, 31, 32]. The present‘ allylbenzene formation in the reaction

of 1 with various allyiic compounds may have all proceeded through
the common reaction path as postulated by Heck for the reaction of
allyl halide wifh Yarylpalladium', which involves the insertion

of the gllyl group into the phenyl-nickel‘bond followed by

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

-CH,=CHCH

5 LX + Ph-M — E’hCH2=(‘:HCH2x] ——= CH,=CHCH,Ph + X-M  (4)

Y w
The B-elimination involving the abstraction of alkoxy group (when
= OPh and OCH,CH=CH,) has precedent for the reactio;x of a,oa-di-
methylallyl benzyl ether with RuC1,(PPh;}; to give PhCHO and
{CHz) ,C=CHCH; [33]. In support of this mechanism, a yellow complex,
which was proven to contain a PhO-Ni moiety on the basis of
productz.on of anisole on its treatment withk methyl iodide, was

isolated in the present Teaction system with X OFh.



] - ‘The presence of a by-product of phenylpropionaldehyde in
the reaction of allyl alcohol with ] (Table 7) indicates a partial
" occurrence of the B-hydride elimination of intermediate A in Eq.4

in addition to the main path of 8-hydroxy abstraction.

Experimentzl
1} General
All reactions and manipulations were carried out under dry,

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

Filtrations were carried out: through siphons with sintered-glass
disks under positive pressure of nitrogen.

Solvents ;uch as diethyl ether, hexane, tetrahydrofuran (THF)
and toluene were dried;and purified by distilling over sodium
wire and stored under nitrogen ’

Organic halogen compound;, and olefins were purified by distilling
over calcium hydride Qnder reduced pressure. Triphenylaluminum
etherate, AlPhs-Et 0, was prepared from PhMgBr and AlCl3 according .
to the reported method [34]. Anal., Found: Al, 8.37, CZZHZsOAl
calcd.: Al,8.12 %. 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-2.

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 Lazboratory.

The organic products by various reactions of PhNi(acac)-
(Pstn were quantitatively analyzed by GLC using toluene,
ethylbenzene or anisole as an internal standard. Authentic
samples for identification of reaction products such as

PhCH=CH PhCHZCH=CH2, trahs—PhCH=CHPh,etc.,were used as purchased

2,
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c1s and rans—PhCH--CHCH3 'c1,

3COOC(Ph)-CH; here prepared accordlng

"to the methods descrlbed in. the 11terature [35 37] GLC was recorded';’

fytfans-CH cooca_Cth _and CH

'5on a Shlmad?u ac- SBT or GC 6A gas chromatography u51ﬁg .SDC-550,
TCP and/or PEG- ZOM columns and hydrogen or he11um as a carrier-
':gas., Molecular welghts of Pth(acac)PPh and DhN:.(acac)PCy3 were
:{measured cryoscop1ca11y in benzene under nltrogen.

Z) PreE ratlon of Phxl(acac)PPh

3

To the mlxture of Nl(acac)2 (20 S g, 8.0 mmol), PPh 2.2 g,

5 (
8.4 mmol) and diethyl ether (50 ml) cooled at -30° C A1Ph3 EtZO

(1.4 g, 4.2 mmo!) was added.. The initial light green suspension k
immediately turned to a yellowish green suspension. On raising

the temperatﬁie to foom eemperature, the system changed to a
brown-SUSPension in 20 min. The system was further stirred for

2 hr. atrreem temperature to complete the_reaction. The

preciﬁitate Qas filtered off, washed with a mixtufe of diethyl

" ether and hexene*(lﬁl in volume). The lemon yellow powder thus obtained
weighed'z_o g‘(SO % of the theoretical amount based on Ni(aca’c)2

used), -and was anaifzed as PhNi(acac)PPhs. ‘ The product was

soluble in THF, benzene, chloroform, and toluene, and recrystallized
from diethyl ether-THF (1:1 in volume) to give yellow crystalline
pewder. Analytieel data and physical properties are listed in

Table 1.

3) Preparation of PhNi(acac)PCy3

In a 100 ml Schlenk apparatus were placed Ni{acac)2 {(5.14 g,
20 mmol), tricyclohexylphosphine (5.60 g, 20 mmol) and diethyl

ether (100 mi). Solid AlPh;-Et,0 (7.80 g, 25 mmol) was added

3
portionwise to the mixture'cooled at -30°C with stirring.

On raisiﬁg the temperature of the system gradeal;x toA—ZO?Q,
the initial greenish yellow $q$pension darkehee and finally a
fderk brownfsqlution ﬁith.a yel}ee:feecipitate;feeuited. The

syétem was further stirred at -10°C for 2 hrs. The yellow



;précipitgte'was filtered, washed with diethyl ether, and

driéﬁ in vacuo: 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.

’

4) Preparation of PhNi(acac)(PEtBAZ_

In 2 100 m1 Schlenk apparatus were placed Ni(acac)z (5.14 g, 20 mmol),
triethylphosphine (6.5 ml, 435 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)z(PEts)z]. After the mixture was cooled to
-40°C, the solid AlPh.-Et,0 (6.8 g,'21 mmol) was added to the
mixture with stirring, to give a pale yellow suspension. On
raising the temperature of the system, it turned to a yellowish
brown suspension at -20°C and them 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
kept for 1 day at -78°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 : 1 mixture of dichloromethane and diethyl ether
in the presence of triethylphosphine gave red prisms. Analytical

data and physical properties are 1listed in Table 1.

S) 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

1]



63 Pyroryses of:-;sm{a’cac;{éx;;frf‘

_ a3 Pyrclyszs in the solzd state

Pth(acac)PPh- (0 08" g, 0 179 mmol) was heated at 170 C -in

L:vacuo for 20 mlnutes to affbrd a black 011. The organ1c pyrons1s
'products were 1dent1f1ed as benzene (0 006 mmol) and biphenyl (9.108

| mmoly by GL€ amalysis of t:he- diethyl ather solution of the biack

o1l using toluene as an internal stenda:é. Pyrolysis of PhNi(acac)-

(_PEtj)2 inbthe solid state was carried out similarly using 0.137 g

(0;291 mmol) - of the complex.-

b) Pyrolysis in toluene

A toluene solution of Ph&i(acaclpphs (0.095 g, 0.192 mmol)

was heated at 95°C ip vacuo for 2 hrs. The color of the solution

changed from yellow through red, then to black. The pyrolysis
products were identified as benzene {0.0144 mmol) and biphenyl
{3.186 mmol}.

Pvrolysis of PhNi(acac)(PEt3)2 (0.153 g, 0.324 mmol) in toluene
was carried out similarly in vacuo, heating at 95°C for 5I hrs.
A considerable amount of the starting phenylnickel complex remained
undecompo;ed. In order to obtain accurately the amount of
biphenyl produced by pyrolysis, the system was treated with gaseous
HC1 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 %). -

7} Reactions of PhNi{acac}{PR,} ., with organic halogen compounds

To a flask containing PhNi(acac)PPh3 (0.354 g, 0.678 mmmol),
ethyl icdide {2 ml)} was added by a vacuum distillation. The

initially red solution gradually turned to a red suspension in
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' Gﬁg 6$quﬁ-stirfing at rToom temperéiure. Ethylbenzene (0.170 mmol)
was foried\ asriudgpd by GLC amalysis. Formation of ethylene,
é{hine';nd biphenyl also was detected gualitatively hy GLC analysis.
The othér reactions of PhNi(acac)(PRs)n with various organic

halogen compounds were carried out in similar fashion.

8} Reactiomns aof ?hﬂi(acac)(?kslr with 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 fiask containing PhNi(acac)PPh; (0.37 g, 0.745 mmol)
and diethyl sther 2 ol) wes degassed by the freeze-thaw methed .
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 yeliow 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)(PEts) » a considerable amount of the starting

2
phenyl complex remained unreacted on the reaction with ethylene
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 temperatuxe for 7 days. The initialﬁf
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, allyl acetate, allyl formate,
allyl bromide, allyl phenyl ether and diallyl ether. The reactions
with styrene and allyl aiaohol were carried out similarly in the
presence of diethyl ether as solvent. Methyl hydrocinnamate,

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