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Reactions of Ni(CHjy),(bpy) (1), Ni(C,H;),(bpy) (2) (bpy=2,2"-bipyridine), trans-Ni(CHj),(triethylphos-
phine), (3), Ni(CH,),(1,2-bis(diphenylphosphino)ethane) (4), and Ni(CHj,),(1,3-bis(diphenylphosphino)propane)
(5) with alkyl or aryl halides, R°"COY (Y=Cl, Br, OCH;, OCOGC:H;), and CS, have been investigated.
The reactions of NiR,L, with alkyl or aryl halides are classified into three types of reactions by their reactirn
products: Type A: NiR,L,+RX—>NiX(R’)L,+R-R, Type B: NiR,L,+ R’X—alkane (RH)+ olefin (R’'(-H)),
and Type C: NiR,L,+R’X—>NiR(X)L,+R-R’. Complexes 1 and 2 undergo mainly Type A reaction.
Complex 3 gives Type A reaction product on treatment with C¢H;Br, but it gives Type B recaction product
on treatment with C,H;Br. On the other hand, 4 undergoes Type C reaction on interaction with C;H;ClL
The recactions with R’"COY (Y=CIl, Br, OPh, OCOPhL) are classiffed into two types of rcactions by their
reaction products: Type D: NiR,L,+R’COY—NiY(R)L,+ RCOR’ and Type E: NiR,L,+R’COY—>NiY(R')L,
+RCOR. Complexes 1—3 undergo mainly Type D reaction, whereas complexes 4 and 5 mainly Type E
reaction. The difference in the reaction route is discussed on the basis of presence or absence of vacant
coordination site for attack by R’COY. The reaction of 4 with CS, affords Ni(CS,)(1,2-bis(diphenylphos-
phino)ethane) with evolution of a reductive elimination product, ethane, whereas the reaction of 3 with CS,
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gives a 1:1 adduct of 3 and CS,.

Although chemistry of organonickel complexes has

been developed in the past two decades,’ examples
of isolated dialkylnickel(II) complexes?-?) are still lim-
ited and chemical reactivities of the dialkylnickel com-
plexes have been poorly understood in comparison with
the chemical reactivities of much more stable dialkyl-
platinum(IT) complexes. Our research group has been
dealing with the dialkylnickel(II) complexes and has
reported isolation and chemical reactivities of the di-
alkylnickel(IT) complexes.27-% As an extension of the
study on the dialkylnickel(II) complexes, we have
examined chemical reactivities of the following dialkyl-
nickel(IT) complexes, NiR,L,, with organic halides and
their analogues (R’X and R'COY) and CS,. We now
report the results of the reactions.
NiMe,(bpy) (1), NiEty(bpy) (2), trans-NiMe,(PEtg),
(3), NiMey(dpe) (4), NiMe,(dpp) (5). Me—CH,,
Et=C,H;. bpy=2,2'-Bipyridine. PEt;=triethylphos-
phine. dpe=1,2-Bis(diphenylphosphino)ethane. dpp=
1,3-Bis(diphenylphosphino)propane.

To clarify the process of the reaction of NiR,L,
with R’X is particularly important, since it often in-
duces C-C coupling between R and R or R and R’
which is considered to be a crucial elemental step
of Ni-catalyzed C-C coupling reactions between metal
alkyls (e.g., RMgX) and organic halides.1®

Results and Discussion

Reactions with R'X. Table 1 shows results of
the reactions of complexes 1—4 with R’X. It includes
results of a previously reported reaction of 2 with
C,H,Cl11) The reactions listed in Table 1 can be
classified into the following three types of reactions
according to their products,

Type A: Formation of the reductive elimination

product, R-R, and NiX(R')L,.
NiR,L,+R’X—NiX(R")L,+R-R.

Type B: Hydrogen migration from R’ to R to

release alkane, RH, and olefin, R'(-H).
NiR,L,+R'X—»RH-+4R’'(-H).

Cross coupling of R and R’ to form
R-R’ and NiR(X)L,.
NiR,L,+R'X—NiR(X)L,+R-R’.

Each type of reaction is discussed below.

Type A: The reaction of 1, a homologue of 2,
with 2-chlorotoluene leads to the evolution of the re-
ductive elimination product, ethane, which is accom-
panied by formation of NiCl(2-tolyl)(bpy), similarly
to the reaction of 2 with chlorobenzene.l) The re-
sults indicate that the Ni-R bonds in NiR,(bpy) is
activated by interaction with haloarene to induce the
reductive elimination of R-R,

Type C:

NiR,(bpy) + chloroarene —
NiCl(aryl) (bpy) + R-R. (1)
Since it is known that electron transfer from Ni in
NiR,(bpy) to an electron accepting ligand causes acti-
vation or weakening of the Ni-R bonds,??:12) we assume
that the elimination of R-R is promoted by the electron

transfer from nickel to the coordinating chloroarene
in reaction intermediates such as

Cox |

L and (bpy)Ni--X-R’ (or R’-X).
(bpy)NiC I
R R
6 6’

In the intermediate 6, the haloarene coordinates with
nickel through the aromatic ring and an electron
migration from Ni to z* orbital(s) of chloroarene is
assumed. On the other hand, in the intermediate 6’,
chloroarene (R'X) approaches to Ni through the elec-
tron-withdrawing halogen atom or positively charged
R’ carbon bonded to X. When the reductive elimi-
nation takes place, the reaction is considered to be
followed by a rapid oxidative addition of chloroarene
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to Ni° species.

An alternative reaction mechanism involving oxi-
dative addition of chloroarene to NiR,(bpy) to form
a quadrivalent Ni(R),(aryl)(Cl)(bpy) species and elim-
ination of R-R from the intermediate is also conceiv-
able. However, this mechanism is less plausible as
judged from selective formation of R-R and no lib-
eration of the cross coupling product, R—aryl, although
formation of such a four valent nickel species as a
reaction intermediate is assumed as for the Types B
and C reactions (vide infra).

The reaction of 1 with 2-chlorotoluene requires a
somewhat higher temperature than for a similar reac-
tion of 2,11 reflecting stronger Ni-R bonds in 1 than
in 2.29)

When an alkyl halide, /-butyl chloride, was em-
ployed in the reaction with 2, the reaction also led
to liberation of R-R, butane, with formation of a
reddish brown complex, which may be assignable to
NiCl(¢-butyl)(bpy). Attempts to isolate this complex
failed due to its instabilities, and prolonged reaction
caused formation of light green NiCly(bpy) (proved
by IR) and evolution of isobutene and a smalil amount
of isobutane which are considered to be formed through
the thermal decomposition of the ¢-butyl-Ni complex.
When poly(vinyl chloride) is employed in the reaction
with 2, the chloro(alkyl)nickel complex produced,
£CH,—CH(NiCl(bpy))>, (see experimental), has some
stabilities and can be used for further reaction with
CO to afford an acylnickel group pending in poly(vinyl
chloride),

2 | (CH,-CHCI), ——

{CH,-CH(NiCl(bpy))}, + R-R (2
{CH,~CH(NiCl(bpy))), + CO —
¢CH,~CH(CONiCl(bpy))}». (3)

In the case of the activation of the Ni-Et bonds
in 2 by the alkyl halides, formation of the intermediate
complex of type 6 is not possible and the reaction is
considered to proceed through formation of the inter-
mediate of type 6'.

Similar reductive climination of R-R in the PEt,-
coordinated dimethylnickel complex 3 is also induced
by the interaction with an haloarene, bromobenzene.
The reductive elimination is again accompanied by
the formation of an oxidative addition product, frans-

1) reductive elimination
i
2) oxidative addition

Me-Me 4 NiBr(Ph) (PEt,), (4)

NiBr(Ph) (PEt,),, which was prepared by Morrell and
Kochi!® through a different recaction pathway. The
formation of a small amount of toluenc in the reaction
of 3 with PhBr suggests that the following cross cou-
pling reaction (Type C reaction) partially occurs,

3 + PhBr -

Ph
Br.. Me
i .Me | /Ph
3 + PhBr — L2Ni\ or L_,Ni\
Me | “Br
Me
7a 8a

Reactions of NiR,L, with

R’X, R’COY, and CS, 2149
— (NiBr(Me)(PEt,),) + CH,C,H,. (5)

9a

In the above rcaction, formation of a bromo(methyl)-
nickel complex 9a is assumed. However, detection of
9a was not feasible.

Type B: When propyl bromide is employed in the
reaction with 3, a similar inductive effect of the alkyl
bromide on the reductive elimination of R-R, ethane,
was observed. However, in this case, methane and
propylene became the major gaseous products, sug-
gesting that occurrence of hydrogen migration from
the propyl group to the methyl group on a Ni'V species
formed by oxidative addition of propyl bromide to 3.

Me
| CH,
3 + G;H,Br —— | (PEt,),Ni —_—
| \Br
Me
8b
/Br
(PEt3)2Ni\ + CH, + C;H,
Me
9b
1 C3;H;Br
Br
| Br
(PEt3)2Ni<
| ~CH;
Me
10b
CH, + C;Hy + NiBr,(PEt,),
Scheme 1.

The formation of C;H, in this reaction indicates that
certain hydrogen abstraction reaction by the C,H,
group in the intermediate species takes place. Al-
though the number of isolated Ni!¥ complexes is not
large,*Yvar ious Pt'V complexes including alkylplatinum-
(IV) complexes are known'® and the results of the
reaction of 3 with propyl bromide is most straight-
forwardly explained by assuming the Ni'V intermediate
as shown in Scheme 1. The agreement of the amount
of CH, evolved with that of C;H, supports the mech-
anism shown above.

Type C: 1In the case of the reaction of 4 with PhCl,
a cross coupling reaction such as expressed by Eq.
5 constitutes the main reaction route, and a complex
of type 9, NiCl(Me)(dpe) (9c), is formed as the main
nickel product.

Ph
. Me
a | /Ph
4 ++ PhCl — i .Me or (dpe)Ni
(dpe)Nig | \cl
\Me Me
7c 8c
—— NiCl(Me)(dpe) + CH,C¢H; (6)

The partial formation of ethane and NiPh(Cl)(dpe)
(proved by acidolysis) indicates that the reductive



2150

elimination of Me-Me in 8c or the reductive elim-
ination induced by PhCI as discussed for the reactions
of 1 and 2 with aryl halides also takes place (see Ex-
perimental),

minor rou—ti) [6, 6/’ or 80]
—> Me-Me + NiCl(Ph) (dpe). )

In contrast to the reaction of 4 with PhCIl, that
with an alkyl halide, ethyl bromide (No. 9), affords
the cross coupling product, propane, in only a small
yield, and the reaction causes evolution of other gase-
ous products which are produced through the Type
A (ethane) and Type B (methane and ethylene) reac-
tion routes.

The results shown above indicate that subtle dif-
ferences in the structures of the dialkylnickel complex
and R’X cause a considerable change in the reaction
route. It may be noted that the intermediate formed
in the reaction of a diphosphine-coordinated dialkyl-
nickel complex with alkyl halide having f-hydrogen
has a trend to undergo the hydrogen shift reaction
(or p-elimination reaction) from R’ to R, and this
may be related to the fact that the C-C coupling
catalyzed by nickel-phosphine complexes does not give
good results when alkyl halides are used as the react-
ants.10)

Reactions with R'COY. Table 2 shows results of
the reactions of the dialkylnickel(II) complexes with
acyl halides and their analogues, R’COY. It includes
some previously reported results®®) of the reactions of
NiR,L, with R’COY. The reaction listed in Table
2 can be classified into the following two types of
reactions according to the product distribution:

4 + PhCl

Type D: Formation of asymmetric ketone, RCOR’,
and NiX(R)L,.
NiR,L, + R'COY - NiY(R)L, + RCOR’
Type E: Formation of symmetric ketone RCOR,

accompanied by formation of NiX(R')Ls,.
NiR,L, + R’COY — NiY(R’)L, + RCOR.

Each type of the reaction is discussed below.

Type D: Complexes 1—3 undergo Type D reaction
on treatment with R’COY or its analog (Nos. 1—9
in Table 2). The formation of these products is ex-
plained by assuming the following four-center mecha-
nism.

o
|
Y—C—R’
NiR,L, + R’COY — | L,Ni—R
|

R
11
—— NiY(R)L, + RCOR’ (8)
Scheme 2.

The isolation of NiY(Et)(bpy) in Nos. 2 and 3 indi-
cates that NiY(Et)(bpy) is less reactive toward R'COY
than 2. The isolation of NiMe(OCOPh)(PEt,), in
No. 8 also indicates the isolated complex is not reactive
toward (C¢H,CO),0. When an excess of C,H;COCI
is added, complex 3 is transformed to #rans-NiCl,-
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(PEty),, suggesting that NiCl(Me) (PEty), initially form-
ed reacts further with G,H;COCIL

In most cases, the formation of RCOR’ and NiY-
(R)L, is accompanied by evolution of alkanes (RH
and R-R) and alkene (ethylene from 2), indicating
that activation of the Ni-R bond on interaction with
R’'COY takes place. The formation of RCOR in Nos.
1 and 9 suggests that Type E reaction occurs partly.
R'COR’ obtained in Nos. 5—7 seems to be formed
through oxidative addition of R’COY to Ni® complex-
(es) which is formed in the reaction system, e.g.,

-CcOo
NiL, + R’COY —— NiY(COR’)L, — NiY(R’)L.
| |

4
R’COR’

Type E: The diphosphine-coordinated dialkylnick-
el(IT1) complexes, 4 and 5, undergo Type E reaction
to afford RCOR. In the case of the reaction of 4
with PhCOCI1 (No. 10), the complex of the type NiY-
(R)L, is isolable. NiCly(dpe) obtained in No. 11 is
considered to be formed by a reaction of initially
formed NiCl(Et)(dpe) with C,H;COCIL

The formation of RCOR clearly indicates migration
of CO frem R’COCI to NiR,L,. As for the process
to produce RCOR, we consider the following two
mechanisms.

R
oxidative addition | /Y
NiR,L, + R'COY ——— = | LN
| \COR’
R
12

R R
. | Y
. L—Ni<R’ — |L-Ni
| “co | R
R COR
13 14

+L
—— RCOR + NiY(R")L,
Scheme 3.

NiR,L, —— NiL,(catalyst) + 2R(RH, R-R, R(-H), etc.)
15

_COR’
15 + R'COY — |L,Ni
\y

16
NiR,L, + 16 — RCOR + NiY(R’)L, + 15(catalyst)
Scheme 4.

Scheme 3 involves oxidative addition of R'COX to
NiR,L, to form a Ni'" species 12, decarbonylation
from the R’CO- ligand in 12, insertion of the CO
ligand into the Ni-R bond, and reductive elimination
of RCOR from the four-valent nickel intermediate.
Ruddick and Shaw showed that pyrolysis of PtCl(Me),-
(COMe)(PMe,Ph), gave acetone and trans-PtCl(Me)-
(PMe,Ph), as the sole products.l®®)

In Scheme 4, we assume initial formation of Ni®
complex, NiL,, by thermal decomposition of NiR,L,.
The Ni® species thus formed is assumed to react with
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R'COY to give the oxidative addition product 16,
which further reacts with NiR,L, to yield RCOR with
resumption of NiL,, which thus serves as a catalyst
to carry the decarbonylative CO transfer agent. Oxi-
dative addition of RCOX to Ni® complexes is well
known,'” and we previously reported!® formation of
RCOR and the NiY(R’)L, type complex by reactions
of an acylnickel(IT) complex, trans-Ni(COMe) (phthal-
imido) (PEt,;), (Y=phthalimido), with NiR,(bpy) (R=
Me, Et).
Ni(COMe)Y (PEt,), + NiR,(bpy)
— RCOR -+ NiMeY(PEt,),
Y = phthalimido

At the moment, we have no strong evidence to prove
or disprove the mechanisms. However, the decar-
bonylation reaction from the coordinatively saturated
12 to 13 seems to require partial or full dissociation
of the bidentate diphosphine ligand. Therefore, if we
take into account the previously observed fact®) that
the diphosphine ligands have much higher coordinating
abilities toward nickel complexes than PEt; and bpy,
the present observation that Type E reaction does not
proceed with the dialkylnickel(II) complexes having
the weakly coordinating PEt; or bpy ligand but with
the complexes having the strongly coordinating dpe
or dpp ligand seems not compatible with the mecha-
nism shown in Scheme 3. Moreover, if the reaction
proceeds by Scheme 3, the reaction would give RCOR’
besides RCOR.

If we assume Schemes 2 and 4, the variation of
the products depending on the nature of the dialkyl-
nickel(IT) may be explained by the presence or absence
of an open coordination site in the dialkylnickel com-
plexes for interaction with R’COY to form the active
intermediate 11. Complexes 1 and 2 having the flat
bpy ligand possess an open vacant site for R'COX
at their apical positions as can be seen on the CPK
molecular model, and 3 has a trend to liberate the
PEt, ligand as shown by variable temperature NMR
spectroscopy” which shows a rapid exchange between
the coordinating PEt, ligand and free PEt; in solutions
even at low temperatures (e.g., —60 °C). Under these
circumstances, R’"COY has an access to coordinate to
Ni in 1—3, and thus can undergo Type D reaction.
On the other hand, the bulky and strongly coordinating
diphosphine ligands in 4 and 5 block the coordination
site in the nickel dialkyls. Therefore, the production
of the unsymmetrical ketone RCOR’ in the reactions
of 4 and 5 with R’COY is hindered, and complexes
4 and 5 take a different reaction course as shown in
Scheme 4.

Reaction with CS,. The reductive elimination of
R-R from 4 is induced by interaction with CS,, and
the Ni(0) complex thus formed takes up one molecular
of CS, per the nickel complex,

4 + CS, — Me-Me + Ni(CS,)(dpe). 9)
69% 17(849%,)

Baird and Wilkinson reported formation of a similar
CS, adduct of Ni(PPh,), by a reaction of Ni(PPhy),
with CS,.»» An absorption band at 1190 cm=! in
an IR spectrum (KBr) of 17 is comparable with re-

Reactions of NiR,L, with R’X, R’COY, and CS,
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ported »(C=S) vibrations of Ni(CS,) (PPhy), (1196, 1117
cm1 in CS,),!® Pd(CS,)(PPhy), (1193 cm~! in CS,),'¥
and Pd(CS,)(dpe) (1178, 1167, 1152 cm~1).29 The
CS, in 17 is strongly coordinated with Ni, and it is
not replaced even by CO at latm. The reaction
of 3 with CS,, on the contrary, does not lead to the
reductive elimination of R-R, but it gives a 1:1 adduct
of 3 and CS, as shown by elemental analysis of the
adduct. IR spectrum of the adduct shows new bands
at 1430, 1270, and 605 cm~!, suggesting a different
mode of the coordination of CS, to Ni from that in 17.

Experimental

Manipulation, Material, and Analysis. Manipulation of
complexes and reactions were carried out under atmosphere of
N, or Ar or under vacuum. Complexes 1—5 were prepared
according to literature.»” Solvents were dried over Na,
distilled under N,, and stored under N,. Microanalysis of
C, H, N, and S was performed by Mr. T. Saito of our re-
search laboratory. The amount of gas produced was meas-
ured with a Toepler pump and the gas collected was analyzed
by GLC using a Shimadzu GC-3BT gas chromatograph.
IR and NMR spectra were recorded on a Hitachi Model
295 infrared spectrometer and a JEOL JNM-PS-100 spec-
trometer, respectively.

Reaction with R’X (cf. Table 7). No. 7: 2-Chloro-
toluene (3 cm3) was added to a tube containing 360 mg
(1.5 mmol) of deep green 1 at —78 °C. After the tube was
evacuated, the mixture was warmed to 50 °C and stirred
for 3h at the temperature. Evolution of 1.23 mmol of
C,H, (849, per 1) and a small amount of CH, was observed.
The reddish brown precipitate formed was filtered off and
crystallized from acetone (yield=250 mg, 739,). The red-
dish brown complex was characterized as NiCl(2-tolyl) (bpy)
by comparing its IR spectrum with that of an authentic
sample prepared according to literature.l!®)

No. 3: (CH,),CCl (3 cm®) was added by trap-to-trap
distillation to a tube containing 176 mg (0.64 mmol) of deep
green 2 by using a vacuum line. When the green solution
was stirred at room temperature, a smooth reaction proceeded
to give a brown solution and a precipitate. At this point,
evolution of butane was checked by GLC. Further stirring
of the reaction mixture at room temperature for 3 d gave
a greenish gray precipitate. Analysis of the gas phase showed
evolution of gases shown in Table 1. The gaseous and liquid
materials in the reaction system was removed by evaporation
under vacuum and the gray precipitate was identified as
NiCl, (bpy) from its IR spectrum.?d

No. 4:2V When 2 (230 mg, 0.86 mmol) was added into
a THF solution (20 cm?®) of poly(vinyl chloride) (M.W.=
103000, 1.0 g, 16 mmol), the deep green homogeneous solu-
tion initially obtained rapidly changed to a deep red color
with evolution of butane (0.60 mmol). The nickelated poly-
(vinyl chloride) was recovered by adding hexane, washed
with hexane repeatedly, and dried under vacuum. The visible
spectrum of the nickelated poly(vinyl chloride) showed a
strong band assignable to a CT band at 535 nm (e=2X
103), the A, and & values being the same as that of a low
molecular weight analogue of the polymer-nickel adduct,
NiEt(Cl) (bpy)® (Anax=>533 nm, e=2x10%). The reaction
of the nickelated poly(vinyl chloride) with carbon monoxide
was carried out as follows. Carbon monoxide (atmospheric
pressure) was introduced into a vessel containing a THF
solution of the nickelated poly(vinyl chloride). After stirring
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the solution for 20 min, the polymer was recovered by adding
hexane to the THF solution and dried under vacuum. The
infrared spectrum of the product of the reaction with carbon
monoxide showed a »(C=0) band at 1640 cm~1. The in-
frared spectrum of a low molecular weight analogue of
£{CH,-CH(CONIiCl(bpy)) }», Ni(COEt)Cl(bpy),'® shows the
»(C=0) band at 1660 cm~'. The carbonylated complex,
{CH,~CH(CONiCl(bpy))}, reacts with methanol to give a
£CH,~CHCOOCH,), monomer unit introduced into poly
(vinyl chloride) as proved by IR (»(C=0)=1730 cm~1). This
also supports the formation of {CH,~CH(CONiCl(bpy))}x-

No. 5: Bromobenzene (82x 1073 cm?® 0.78 mmol) was
added into a diethyl ether (2 cm?®) solution of 3 (120 mg,
0.36 mmol) at —50°C. After evacuation of the reaction
vessel, the reaction mixture was stirred at room temperature
for 1d. GLC analysis showed formation of gaseous and
liquid products shown in Table 1. A yellow precipitate
obtained by adding hexane to the reaction mixture was
collected by filtration and dried under vacuum to yield 57 mg
(369%) of a yellow solid, which was characterized as trans-
NiBr(Ph)(PEt,), by comparing its IR and NMR spectra
with those of an authentic sample prepared according to
literature.'®

No. 6: Propyl bromide (0.10 cm?, 1.1 mmol) was added
into a toluene (1 cm?®) solution of 3 (120 mg, 0.37 mmol).
The reaction mixture was stirred at room temperature for
12 h. GLGC analysis showed the formation of the gaseous
and liquid products shown in Table 1. After removing
toluene under vacuum, the complex formed was crystallized
from a mixture of diethyl ether and hexane to yield reddish
purple crystals (120 mg, 0.26 mmol, 719%), which were char-
acterized as {rans-NiPry(PEt;), from its IR spectrum and
elemental analysis. The reactions of 3 and 4 with EtBr
(Nos. 7 and 9) were carried out analogously.

No. 8: A mixture of 4 (380 mg, 0.79 mmol) and chloro-
benzene (6 cm3) was stirred at room temperature for 5 d.
Analysis of the gaseous and liquid products by GLC showed
evolution of 0.90 mmol of CH,, 0.11 mmol of C,H;, and
0.39 mmol of toluene. Addition of hexane to the reaction
mixture gave a brownish yellow precipitate. The precipitate
was dissolved in THI and a yellow solid (260 mg) was re-
covered by addition of hexane to the THF solution. H
and 3'P {1H}-NMR spectra showed that it contained NiMe-
(Cl)dpe as a chief component and NiCl,(dpe) and NiPh(Cl)-
dpe (¢f. No. 10 in Table 2, vide infra) as minor. The ratios
between these three complexes were determined as 79:7:14
from the arca ratios of their peaks in 3P {*H}-NMR spec-
trum. Attempts to separate these compounds have not been
successful. Acidolysis of 46 mg of this yellow solid gave
0.08 mmol of CH, and 0.01 mmol of C;H; in accord with
its 3'P {"H}-NMR data. An authentic sample of NiMe(Cl)-
dpe was prepared scparately from a 1:1 reaction of 4 with
HCI according to the procedure shown below.

To a THF (25 cm?®) solution of 4 (500 mg, 1.0 mmol),
a THF (5 cm3) solution of dry HCI (0.95 mmol) was added
dropwise at — 50 °C.  After stirring for 30 min at this tem-
perature, the solvent was reduced to 10 cm?® by evaporation.
The yellow solid thus obtained was filtered, washed with
hexane, and dried under vacuum. Recrystallization from
THF-diethyl ether (1:1) gave orange yellow crystals of
NiMe(Cl)dpe (160 mg). Found: G, 64.2; H, 5.3; Cl, 7.5%,.
Calcd for C,,H,,CINiP,: C, 63.9; H, 5.4; CI, 7.0%. 'H-
NMR (N, N-dimethylformamide-d;): 6=0.1 (5H, multiplet,
CH,-Ni), 1.9—2.8 (4H, multiplet, CH,-P), and 7.3—8.1
(20H, multiplet, CHy-P). 3P {H}-NMR(CH,CI,): 67.7
(d, Jp-p=8Hz) and 43.7 (d, /=8 Hz) ppm from external
PPh,.
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Reaction with R°'COY (cf. Table 2). No. 7: When a
mixture of 1 (110 mg, 0.42 mmol) and PhCOCI (0.16 cm?,
1.4 mmol) in THF (1.5 cm®) was stirred at room temperature,
the color of the solution changed instantly {rom deep green
to purple. The color of the solution, then, turned to brown
gradually with formation of a brown precipitate. The GLC
analysis after 1 d showed formation of ketones and other
products shown in Table 2. Reactions Nos. 2 and 3 were
carried out analogously as reported in our previous paper.8?)
Reactions Nos. 4—9 were also carried out analogously. The
nickel complexes obtained in Nos. 5 and 8 were characterized
by comparing their IR spectra with authentic samples.5?)

No. 70: Toluene (5cm?®) and PhCOCI (0.15 cm3) were
added into a reaction vessel containing 0.30 g of 4 at —196
°C. After evacuation of the vessel, thc reaction mixture
was stirred at room temperature for 1d. GLC analysis
of the gas and liquid phase indicated the formation of the
gaseous and liquid products shown in Table 2. The yellow
precipitate formed during the reaction was collected by
filtration and crystallized from a mixture of THF and diethyl
ether. The nickel complex thus isolated was identified as
NiCl(Ph)dpe from its elemental analysis and IR and NMR
spectra. The same complex was prepared by a ligand ex-
change reaction of known NiCl(Ph)(PPh,),*®» with dpe.
Found: C, 67.2; H, 5.1; Cl, 6.2. Caled for Cy,H,CINiP,:
C, 67.5; H, 5.1; CI, 6.2. IR(KBr, cm~'): 1560s, 1460vs,
320 m. M NMR: 6=1.6—2.8 (4H, multiplet, CH,-P), 6.6
(3H, o, m- or m, p-H of Ni-CgHj;), 6.9—8.2 (22H, multiplet,
C:H;-P and o- or m-H of Ni-CH;). 3'P {'H}-NMR-
(CH,Cl,): 60.3 (d, Jo-p=20Hz) and 43.4 (d, j=20 Hz)
ppm from external PPh,. Reactions Nos. 11—14 were
carried out analogously. NiCly(dpe) obtained in No. 11
was characterized by comparing its IR spectrum with that
of an authentic sample.??

Reaction with CS,. Toluene (6 cm®) and CS, (0.10
cm?, 1.7 mmol) were added into a vessel containing 4 (0.28
g, 0.58 mmol) at —196 °C. After evacuation of the vessel,
the reaction mixture was stirred at room temperature. After
1 h, formation of a green precipitate was observed. Analysis
of the gas phase by gas chromatography indicated formation
of 0.40 mmol (699,) of ethane and a small amount of CH,.
The green precipitate was collected by filtration, washed
repeatedly with diethyl ether, and dried under vacuum to yield
260 mg of Ni(CS,)(dpe). Found: C, 61.6; H, 4.7; S, 12.2.
Caled: C, 60.8; H, 4.5; S, 12.0. The complex was soluble
in CH,Cl,, but it decomposes in the solvent as judged from
IR spectra of a solid recovered from the CH,CI, solution.
Ni(CS,)(dpe) was sparingly soluble in other solvents, and
recrystallization has not been succesful.

The reaction of 3 with CS, was carried out analogously
by using 0.19 g (0.60 mmol) of 3 and 0.078 cm?® (1.30 mmol)
of CS, at —25°C for 2 d (solvent=2 cm?® of diethyl ether).
The pale brown precipitate was collected by filtration at
—30 °C, washed with diethyl ether at —30 °C, and dried
under vacuum to yield 220 mg (85%,) of a nickel complex
having an approximate composition of NiMe,(PEt,),(CS,).
Found: C, 43.9; H, 9.4; S, 16.29%. Calcd: C, 44.9; H,
9.0; S, 16.09%. Acidolysis of NiMe,(PEt,),(CS,) gave
methane quantitatively.
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