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Mesityl- and Pentachlorophenyl-nickel(n1) Complexes with the Cyclic
Alkoxyvinyl Group or Alkyl(alkoxy)carbene Ligand : the Relative Bronsted
Acidity and the Rotational Barrier about the Nickel-Carbon Bend

By Masanori Wada,* Kenji Sameshima, Koéichi Nishiwaki, and Yoshikane Kawasaki, Department of
Petroleum Chemistry, Osaka University, Suita, Osaka 565, Japan

1
Cyclic «-alkoxyvinylnickel(ll) complexes of the types trans-[NiRLz((':=CHCHZCH20)] and trans-{NiRL,-

i ]
(C=CHCH,CH,CH,0)] (R = CgH,Me;-2,4,6 or C¢Cls and L = PMez or PMe,Ph) have been prepared from
trans-[NiRL,X] (X = Cl or Br) and 2,3-dihydro-5-lithiofuran or 2,3-dihydro-6-lithiopyran. Treatment of these
complexeﬂvith aqueous perchloric acid gives the corresponding cationic cyclic carbene complexes, trans-

I | i
[NiRLz((I:CHzCHZCHzo)][CIO4] and trans-[NiRL,(CCH,CH,CH,CH,0)][CIO,]. The carbene complexes of
trans-Ni(CgH2Me;-2,4,6) L, have a lower Brgnsted acidity than those of trans-Ni(C¢Cls)L, and the barriers to
rotation of the cyclic alkoxyvinyl groups and the cyclic alkyl (alkoxy)carbene ligands about the Ni—C bond are lower

for the former complexes than for the latter.

the CgH,Me3-2,4,6 group.
WELL characterized organo(alkoxy)carbene complexes
are now known for many transition metals.!™® We
earlier reported the preparation and properties of some
organonickel(11) carbene complexes of types frans-
[Ni(C4Cls)(PMe,Ph){C(OR’)CH,R}][ClO,] ¥® and trans-
[Ni(CqCly) (PMe,Ph),{C(OR)R"'}][CIO,] (R” is an aryl
group).® Typically, these complexes have fairly rigid
bonding and stereochemistries. The former species can
be readily and reversibly deprotonated to give a-alkoxy-
vinyl complexes, trans-[Ni(C¢Cl;)(PMe,Ph),{C(OR')=
CHRY}], and an acid-base equilibrium mixture is obtained
on mixing the two types, see equation (i).5:"# Analo-
gous reactions have been observed for the corresponding
palladium(11) and platinum(11) complexes.”.8

CH,R SR
Mla -“c\ + Base or [Mlg-C
OR’ OR’
CHR CHR
M1,-C + H—Base |or [Mg-*C (i
OR’ OR’

[M]x and [M]g represent different trans-MXL, moieties

The methyl{alkoxy)carbene complexes exist as an
equilibrium mixture of two isomers in solution {equation
(ii)] due to hindered rotation about the C(carbene)-O
bond t on the H n.m.r. time-scale.5 In the analogous
palladium(11) and platinum(1r) complexes ?# and érans-
[Ni(CgH,Me,-2,4,6) (PMe,Ph),{C(OMe)Me}][C1O,] 1 only
the Z isomer is present. The rotation of cyclic alkyl-
(alkoxy)carbene ligands about the C-Ni bond is hindered

+ Throughout this paper, we have omitted to represent the
partial double-bond character of the C(carbene)—0O bond.

These results are intepreted in terms of the stronger trans influence of

at low temperatures, where the ligands are oriented
perpendicularly to the nickel co-ordination plane.®® In
the palladium(1r) and platinum(i1) complexes, such a
hindered rotation could not be observed down to —80
°C.8

Me Me
/ + /
[M]-*C\ = [MI-"C (ii)
0 0—R’
/
R
Z isomer E isomer

The nickel complexes exhibit a characteristic weak
band attributable to the so-called d—d transition in their
electronic spectra.® The position of alkyl(alkoxy)-
carbene ligands at the top of the spectrochemical series
was interpreted as being due to the presence of Ni-
C(carbene) = bonding, whereas the «-alkoxyvinyl groups
lie at the lowest position of all the carbon ligands in this
series,%® probably because of the optimum o-bonding
polarity in the Ni-C(vinyl) bond.?-8

In the present work, we determine the effect on some
of the above properties of changing the secondary
ligands in nickel «-alkoxyvinyl and alkyl(alkoxy)-
carbene complexes.

RESULTS AND DISCUSSION

Preparation of Complexes.—Five- and six-membered
cyclic a-alkoxyvinyl complexes and alkyl(alkoxy)carbene
complexes of four organonickel(11) units, (a)—(d), were
prepared according to the reactions shown in Scheme 1
where  (a) = rans-Ni(CgH,Me,-2,4,6)(PMe,),, (b) =
trans-Ni(CgH,Mey-2,4,6) (PMe,Ph),, (¢) = trans-Ni(C¢Clg)-
(PMey),, and  (d) = trans-Ni(C4Cl;)(PMe,Ph),. The
analytical, physical, and spectral data for the new
organonickel(11) complexes are summarized in Tables 1
and 2. The vinyl complexes of #rans-Ni(CgH,Me,-
2,4,6)L,, (1a), (1b), (2a), and (2b), are less stable than
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HCL -~
Ou (aq) [Ni]—+C/j Clo,
\,
0
(3a)-(3c¢)
HCLO, (aq)

[Ni]—*c\o ) Clo, "~

(4a) - (4c)

ScueME 1 [Ni] denotes trans-Ni(CeH Me;-2,4,6)(PMe,), (a), trans-Ni(C,HMe,-2,4,8)(PMe,Ph), (b), and #rans-Ni(C,Clg) (PMey), (c);
X = Clor Br. Analogous derivatives of rans-Ni(C,Clg)(PMe,Ph), (d) have been prepared.®®

those of trans-Ni(C¢Cl;)L, (L = PMe,; or PMe,Ph), (1c),
(1d), (2c), and (2d), and assume a brown colour on
storage for 1 month in air at room temperature. In
dichloromethane, they remain unchanged for only 1 or
2d. CAUTION: The carbene complexes (3a), (3b), and
{4b) decomposed explosively on heating.

TasLE 1
Analytical and physical data for the complexes
Analysis (%) @

) . M.p.c 3(C=C) ¢/
Complex ~ C H CIb (6./°C) cm™?

(1a) 56.8 8.8 117—118 1 550s
(57.2) (8.6)

(1b) 66.2 1.5 98104 1 546s
(66.8) (7.3)

(1¢) 36.4 43 33.6 169—170 1 558s
(36.3) (4.4) (33.5)

(2a) 58.2 9.0 122—123 1576s
(58.1) (8.8)

(2b) 66.8 7.7 9495 1573s
(67.1) (7.5)

(2¢) 37.9 4.7 325 154—158 1579s
(37.6) (4.6) (32.6)

(3a) 455 7.2 148
(45.7) (7.1) 130—131

(3b) 56.7 6.4
(55.8) (8.3)

(3¢) 30.7 3.9 341 153—154
(30.5) (3.8) (33.8)

(4a) 465 175 1.2 118—122
(46.8) (7.3) (6.9)

(4b) 56.4 6.6 122—126
(56.5) (8.5)

(4¢) 319 4.2 328 144145
(BL7) (41) (33.0)

@ Calculated values are given in parentheses. ¢ The chlorine
analyses of some complexes could not be undertaken due to
their explosive nature. ¢ With decomposition % vacuo. 9 1In
Nujol.

The *H n.m.r. spectra of all the nickel complexes show
a triplet (1:2:1) of resonances due to the phosphine
methyl protons and are consistent with #ans square-
planar configurations. In accord with the cationic
properties of carbene complexes, the resonances of
phosphine methyl and carbene oxymethylene protons
were in general observed at lower field than those of the
corresponding neutral vinyl complexes. Of the CgH,-
Mey-2,4,6 protons, the m-H chemical shift clearly
distinguished between the cationic (carbene) and the

neutral (vinyl) complexes, as found previously for
derivatives of frans-Ni(CgH,Me,-2,4,6)L,.10.11

Relative Bronsted Acidity.—The Bregnsted acidities of
the carbene complexes were determined by 1H n.m.r.
spectroscopy.”® When complexes (lc) and (3d) were
mixed in 1 : 1 mole ratio in CD,Cl, the spectrum showed
the presence of all four species, (1c), (1d), (3¢), and (3d),
as expected from the acid-base equilibrium (i). The
equilibrium lies slightly in favour of the formation of
(lc) and (3d) (K = 0.45). When the complexes (1b)
and (3d) were mixed the spectrum showed the presence
of only (3b) and (1d). Although overlap of resonances
between complexes often precluded the determination of
accurate equilibrium constants, the order of relative
Brgnsted acidities of the carbene complexes could be
established, as summarized in Scheme 2. This Scheme
also includes the results for methyl(methoxy)carbene
complexes.”1® Apparently, the carbene complexes of
trans-Ni{CgH,Me,-2,4,6)L, are less acidic than those of
trans-Ni(C4Cl;)L,, and changing the cis tertiary phos-
phine ligand, PMe; or PMe,Ph, has little effect on
the acidity, although the PMe,; complexes are invariably
slightly more acidic than the corresponding PMe,Ph
complexes. The least acidic carbene complex investi-
gated here is (3b), which is as acidic as the piperidinium
cation. Thus, its conjugate base, (1b), is as basic as
piperidine and hence probably one of the most basic
neutral carbon species known.

Since acidity is related to the difference in free-energy
between the acid and its dissociated system, the lower
acidity of the carbene complexes of #rans-Ni{(CgH,Me,-
2,4,6)L, may be attributed to one of the following
properties: () the CgH,Me;-2,4,6 group induces a larger
partial negative charge on the #rans alkoxyvinyl group to
destabilize the complex (trans influence); (i7) the CgH,-
Me,-2,4,6 group increases the n-donor ability of the
nickel in order to stabilize the Ni-C(carbene) bond
through d,—p, bonding; or (44} a combination of these
two. Theli.r. spectra (Table 1) of alkoxyvinyl complexes
of trans-Ni(CgH,Me,-2,4,6)L,, (1a), (1b), (2a), and (2b),
showed the v(C=C) band at a lower frequency than that of
the trans-Ni(C4Cl;)L, complexes, (lc), (1d),® (2c), and
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TABLE 2
Hydrogen-1 n.m.r. spectral data for the complexes & ?
Complex P-Me o-Me m-H p-Me OCH, C=CH or +CCH, Other CH, protons
(1a) 0.98 (t) [6.9] 2.48 (s) 6.46 (s) 2.10 (s) 3.97 (t) [8.8] 4.48 (br) ca. 2.37 (m) °
(1b) 1.15 (t) [7.1] 2.27 (s) 6.47 (s) 2.15 (s) 3.74 (t) [9.5] 4.28 (qnt) [2.3]¢ ca. 2.25 ém) o
(1c) 1.07 (t) [7.6] 4.08 (t) [9.0 4.55 2.43 (m)
(2a) 0.99 (t) [6.8) 2.45 (s) 6.48 (s) 2.12 (s) 3.87 (t) [4.9] 4.27 (qnt) [3.00¢  1.69—1.97 (m)
(2b) 1.22 (t) [6.5) 2.30 (s) 6.45 (s) 2.14 is) 3.44 ﬁt) [5.1] 3.98 (br) L gg &n’x)).
T
(2¢) 1.12 (t) [7.5) 3.88 (t) [5.0] 4.32 (t) [3] 1.68—2.04 (m)
(3a) 1.05 (t) [8.0] 2.48 (s) 6.68 (s) 2.16 (s) 5.26 ﬁt) (7.7« 3.63 2.15 (qnt) [7.5] ¢
(3b) 1.34 (t) [1.7] 2.62 (s) 6.74 (s) 2.23 (s) 4.54 (t) [7.5] 2.45 (t) [7.5) 1.03 (qnt) [7.5]
(3¢c) 1.20 (t) [8.9] 5.34 (t) [7.8] ¢ 37758]1(1:[2 o 2.25 (qnt) [7.5]
(4a) 1.06 (t) [8.3] 2.47 (s) 6.64 (s) 2.17 (s) 4.95 (t) [4.8] [3.'49 (m) 1.71—2.09 (m)
(4b) 1.32 (t) [8.2] 2.64 (s) 6.74 () 2.22 (s) 4.24 (t) [56.3] 2.47 (m) 0.67 (qnt) [6.4],
1.11 (qnt) [6.4]
(4¢) 1.24 (t) [8.3] 5.09 (t) [4.9] 3.60 (m) 1.78—2.13 (m)

@ Chemical shift (8, p.p.m.) in CH,Cl, or CD,Cl, at 28 °C. The coupling constants (Jp or Ju, Hz) are given in square brackets*

s = Singlet, t = triplet, qnt = quintet, m = multiplet, tt = tnplet of triplets, br = broad.

are given in ref. 8. ¢ Overlapped with other resonance. ¢ Jp &

(24) ® respectively, although the difference in each case
was small. These results tend to support features (¢) or
(%) above, although a comparison of the rotational
barriers of the cyclic alkoxyvinyl groups and the cyclic
carbene ligands is more informative.

Rotational Barriers of Cyclic Alkoxyvinyl and Alkyl-
(alkoxy)carbene Ligands.—The barriers to rotation (AG?)
of these ligands about the C-Ni bond were obtained from

~ s
[Ni]—* > INl=*c > INl=T¢
\ \ \
0 0 Y
/
CH,
(4c) (4d) (n
SHy
[Nil="C > [Ni]—’c\o > INil- ¢ X
° 0
/
CHy
(4a) (4b) (1

ScHEME 2 Relative Bronsted acidity of cationic carbene complexes. For definition of [Ni] see caption to Scheme 1; (d) =

5 Data for (1d), (2d), (3d), and (4d)
~ Ja. *Data for CDCl, solution. / Jg. ¢ Jp.

changing the trans phenyl group from CgCl; to CgHyMes-
2,4,6, a decrease in the value of AG! was observed for
both the vinyl and the carbene complexes [(2b) vs. (2d),
(8b) vs. (3d), and (4b) vs. (4d)]. The lower barrier for
(2b) than (2d) is in accord with the stronger inductive
effect (frans influence) of the CgH,Me,-2,4,6 group, which
should cause an elongation of the érans Ni—C(vinyl)
bond. The analogous trend observed for the carbene

Me
+
x H—N/_\ Me > [Ni]—*@ Z [Ni]—‘@

Me
(pKa= 7-4) (3c) (3d)
[Nil— C [Nil— C/j H2 )
(3a) (3b) (pKo=11-2)

trans-

Ni(C¢Cls) (PMegPh),; [Ni] = (d) for complex (I) and (b) for (IT)

the temperature-dependent 'H n.m.r. spectra of the
ortho-methyl protons of the C;H;Mez-2,4,6 group and/or
the methyl protons of the PMe,Ph ligands. The results
are summarized in Table 3.

We believe that the barrier to rotation results from the
steric hindrance between the vinyl group or the carbene
ligand and the tertiary phosphine ligands at the cis
positions.!* This assumption explains the smaller AG?
values for the five-membered cyclic carbene complexes,
(3a), (3b), and (3d), than those for the corresponding six-
membered cyclic carbene complexes, (4a), (4b), and (4d)
respectively, as well as the smaller values for the PMe,
complexes, (2a), (3a), and (4a), than those for the
PMe,Ph complexes, (2b), (3b), and (4b) respectively. On

complexes suggests that features (s) or (#47) (see above)
are responsible for the lower acidity of carbene complexes
of trans-Ni(CgH,Me,-2,4,6)L,. The rotational barrier for
carbene complexes is always higher than that for the
corresponding vinyl complexes. This is in accord with
the presence of d,—p, bonding in the Ni-C(carbene)
bond, and supports case (44%).

It now seems possible to explain why #rans-[Ni-
(CeCl;)(PMe,Ph),{C(OMe)Me}][ClO,] exists as an equili-
brium mixture of two isomers (Z and E), while #rans-
[Ni(CgH Me;-2,4,6) (PMe,Ph),{C(OMe)Me}][CIO,] exists
only in the form of the Z isomer. We assume that the
carbene methyl group exerts greater steric hindrance
than the nickel atom in relation to the methoxy-methyl
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group, that the Ni-C(carbene) bond in the CiH,Me,-
2,4,6 complex is sufficiently long to allow the carbene
ligand to assume the Z form, but that the corresponding
bond in the C¢Cl; complex is so short that it causes a
considerable steric interaction between the nickel atom
and the methoxy-methyl group. This argument con-
trasts with that of Cross and co-workers,12 who studied
cis-[PtCly(PMe,Ph){C(OEt)CH,Ph}] (Z isomer) and
deduced the possibility of a Pt * * + H (of OCH,) bonding
interaction, in which the platinum atom was electro-

TABLE 3

Barriers to rotation of cyclic alkoxyvinyl and alkyl(alkoxy)-
carbene ligands about the C~Ni bond to frans-NiRL,

Coalescence AGHyp,
Complex temperature/K kcal mol™ ¢
(1a) <190
(1b) <190
(1d) <193%
(2a) 201 ¢ 10.5
(2b) 217 ¢ 10.6
(2d) 2345 11.8¢
(3a) 216 ¢ 10.7
(3b) 227 b.e 11.2
(3d) 243 ® 12.0 ¢
(4a) 258 ¢ 12.8
(4b) 262 13.2
267 ¢ 13.3

(4d) 288 % 14.44

a1 cal = 4.18 J. ?Coalescence temperature of P—CHj
resonance of PMe,Ph ligands. ¢ Coalescence temperature of
0-CH,; resonance of CgH,Me;-2,4,6 group. ¢ From ref. 8.
¢ This value is more accurate than that quoted in ref. 5 (11.7
kcal mol™).

philic. If such a situation existed in our methyl-
(methoxy)carbene complexes the proportion of the Z
isomer in #rans-Ni(C¢Cl;)L, would have been greater
than that in #rans-Ni(C4gH,Me,-2,4,6)L,.

EXPERIMENTAL

Hydrogen-1 n.m.r. spectra were obtained on a JEOL
model JNM-PS-100 spectrometer operating at 100 MHz,
using SiMe, as internal standard. Infrared spectra were
recorded on a Hitachi 215 spectrophotometer. The re-
agents frans-[Ni(CgH,Me;-2,4,6)(PMe,),Br] 1* and trans-
[Ni(C¢H,Me,-2,4,6) (PMe,Ph),Br] 1 were prepared as de-
scribed previously.

trans-[Ni(C4Clg) (PMe,),CI).—An  ethereal solution of
pentachlorophenyl-lithium * was prepared from hexa-
chlorobenzene (5.70 g, 20 mmol) and a 15% n-hexane
solution of n-butyl-lithium (12.5 cm3, 20 mmol) in dry
diethyl ether (200 cm?®). The two reagents were mixed at
ca. —15 to —20 °C under a nitrogen atmosphere to give a
pale yellow solution, to which was added #trans-[NiCly-
(PMe,),] (5.64 g, 20 mmol) in small portions at —60 °C.
The mixture was allowed to warm to room temperature over
2.5 h, and was then stirred continuously for 1 h. The
solvent was evaporated and the residue extracted with
dichloromethane-water containing ammonium chloride.
The dichloromethane extract was washed repeatedly with
water. The volatile materials were removed under reduced
pressure and the residue was recrystallized from acetone or
ethanol to give brown crystals of the product; yield 6.84 g
(69%), m.p. 235 °C (decomp.) (Found: C, 29.2; H, 3.9;
Cl, 42.8. C,H,CINiP, requires C, 29.1; H, 3.7; Cl,
42.9%); 'H n.m.r. (CH,Cl,), 3 1.09 p.p.m. (t, PMe, Jp 8.3

J. CHEM. SOC. DALTON TRANS. 1982

Hz). The complex crystallized very slowly from solution
and often as poorly formed crystals, in spite of the analy-
tical and spectroscopic purity. It is reasonably stable in a
variety of organic solvents in air.

All the following preparations were carried out under a
nitrogen atmosphere, unless otherwise noted.

—_—y
trans-[Ni(CgH,Me;y-2,4,6) (PMe,) 2(C=CHCH2CH2C'))] ,
(la).—To an ethereal suspension of the lithium reagent,

Li—é=CHCH,CH26, prepared from 2,3-dihydrofuran (0.28
g, 4 mmol) and a 159, n-hexane solution of n-butyl-lithium
(2.5 cm?, 4 mmol) in dry diethyl ether (5 cm3) at 0 °C, was
added a dry diethyl ether (15 cm3) solution of #rans-[Ni-
(C¢H,Me;-2,4,6)(PMeg) ,Br] (0.820 g, 2 mmol) at —50 °C.
The mixture was warmed to —15 °C over 1 h to give a clear
yellow solution, which was washed repeatedly with cold
water containing ammonium chloride. The solvent was
removed under reduced pressure, and the residual yellow
solid was recrystallized from methanol without heating
above 40 °C to give yellow crystals of (1a); yield 0.479 g
(60%)- ———

trans-[Ni(CqH,Me,-2,4,6) (PMe,Ph),(C=CHCH,CH,0)],
(1b).—This complex was prepared in 45%, yield in a manner
similar to (la) using #rans-[Ni(CgH,Me;-2,4,6) (PMe,Ph),Br]
(0.534 g, 1 mmol) dissolved in dry benzene (10 cm?)—diethyl
ether (10 cm?®), and was recrystallized from diethyl ether (3
cm?)-—ethanol (10 cm?). —M

trans-[Ni(C4Cl;) (PMe,),(C=CHCH,CH,0)], (1c).—This
complex was prepared in 589, yield in a manner similar to
(1a) using frans-[Ni(CgCl;)(PMe,;),Cl] (1.48 g, 3 mmol)
dissolved in dry benzene (15 cm?3)-diethyl ether (15 cm3),
and was recrystallized in air from acetone (20 cm?)—-methanol
(15 cm?).

trans-[Ni(CgH,Me,-2,4,6)(PMe,),(C=CHCH,CH,CH,0)],

(2a).—To a solution of 2,3-dihydropyran (1.54 g, 18.3 mmol)
in dry diethyl ether (10 cm?®) containing NNN’N’-tetra-
methylethylenediamine (1 cm3?) was added a 159, n-hexane
solution of n-butyl-lithium (9.3 ¢cm3?, 15 mmol) at 0 °C.
The mixture was stirred at room temperature overnight
to give a white-orange suspension. A solution of trans-
[Ni(C¢H Me;-2,4,6)(PMe,),Br] (5 mmol) in dry benzene (15
cm?) was added at —10 °C. The mixture was allowed to
warm to 0 °C over 2 h, and was washed repeatedly with cold
water containing ammonium chloride. The organic layer
was separated, the solvents were evaporated under reduced
pressure, and the residue was recrystallized from diethyl
ether (15 cm3)-methanol (50 cm?) without heating above 40
°C to give yellow crystals of (2a); yield 1.411 g (68%,).

trans-[Ni(C¢H,Me;-2,4,6) (PMe,Ph) 2(C'=CHCHZCH2CH,CI))] .
(2b).—This complex was prepared in 439, yield in a manner
similar to (2a) using frans-[Ni(C,H,Me,;-2,4,6) (PMe,Ph),Br]
(5 mmol). —

trans-[Ni(C4Clg) (PMe,) ,(C=CHCH,CH,CH,0)], (2c).—This
complex was prepared in 629, yield in a manner similar to
(2a) using frans-[Ni(C¢Cl;)(PMe,),Cl] (3 mmol). It could
be recrystallized in air from acetone (20 cm?)-methanol (20
cm3).

trans-[NiRL,(CCH,CH,CH,0)][CO,], (3a), (3b), (3¢), and
tmns-[NiRL2((ECHZCHECHZCHz(l))][CIO,], (4a), (4b), (4c).—
To a solution of (la) (0.399 g, 1 mmol) in diethyl ether

(10 cm?), was added dropwise 609, aqueous perchloric acid
(ca. 0.05 cm?3) with stirring at 0 °C. The resulting yellow
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precipitate was recrystallized from ethanol to give yellow
crystals of (3a); yield 0.260 g (529%). Complexes (3b),
(3c), (4a), (4b), and (4c) were prepared in 56, 76, 34, 57,
and 629, yields respectively, in a similar manner but using
(1b), (1c), (2a), (2b), and (2c), respectively as reagent.

[1/1188 Received, 27th July, 1981]
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