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Homogeneous Ziegler ±Natta catalysis has become very
important in recent years.[1] In addition to the many reported
catalysts based onmetallocenes with metals fromGroup 4 and
related systems, a variety of Ziegler ±Natta systems of late

Amines were distilled from CaH2. Alkynes were degassed, flushed with
argon, and stored over molecular sieves (4 ä). All experiments were
carried out under an argon atmosphere.

Catalysts 1 and 2 were synthesized according to a literature procedure.[14a,b]

Imines 4b ± h and 5 were isolated after distillation of the crude hydro-
amination mixtures and were characterized by NMR spectroscopy, MS, IR
spectroscopy, and elemental analyses. Identification of all other products
was performed by comparison with authentic products. Compounds 4 a and
4 i were synthesized according to the procedures in references [16] and [9],
respectively.

Example of a typical hydroamination experiment (4b, Table 2, entry 2): A
solution of 1-octyne (3.2 mL, 2.4 g, 21.5 mmol) and tert-butylamine
(3.5 mL, 2.4 g, 32.2 mmol) was treated with 1 (0.15 g, 0.43 mmol,
2 mol%) in toluene (6 mL). This mixture was heated to 85 �C and distilled
under vacuum after 24 h. Product 4 b was obtained at 48 ± 49 �C (0.1 mbar);
yield: 2.9 g (75%, �98% (GC) anti-Markovnikov product); 1H NMR
(400 MHz, CDCl3): �� 0.85 (t, 3H, CH3), 1.14 (s, 9H, C-CH3), 1.21 ± 1.34
(m, 8H, CH2), 1.46 (m, 2H, CH2), 2.20 (m, 2H, CH2), 7.56 ppm (t, 3J�
5.35 Hz, 1H, CH); 13C NMR (100 MHz, CDCl3): �� 14.0 (CH3), 22.6, 26.4,
29.1, 29.2 (CH2), 29.6 (C-CH3), 31.7, 36.4 (CH2), 56.4 (Cq), 159.3 ppm (CH);
IR (neat): ��C�N: 1671 cm�1; MS (EI, 70 eV): m/z� 184 [M��1], 183 [M�],
168 [M��CH3], 99 [C7H15

�], 84 [C4H9NCH�], 57 [C4H9
�]; elemental

analysis C12H25N calcd (%) C 78.62, H 13.74, N 7.64; found C 78.19, H 13.99,
N 7.42.
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transition metal catalysts have significantly contributed to the
expansion of this field, especially those derived from com-
plexes with chelating imine ligands.[2] In all such systems,
regardless of whether they are based on the early or late
d-metal components, the catalytically active species is an
alkylmetal complex cation LnMR� (or its ion-pair equiva-
lent[3]). In the case of the ubiquitous use of methylalumoxane
(MAO) activation, this is usually generated in situ by
alkylation of the corresponding metal dihalide derivative,
followed by transfer of an alkyl anion equivalent. A variety of
other activator components, for example B(C6F5)3, R3C�, or
R3NH�,[4] have also been used successfully for this purpose.

We have previously developed an alternative method of
activation of homogeneous Ziegler ±Natta catalysts contain-
ing metallocenes with transition metals from Group 4 and
related systems: Treatment of the butadienezirconocene
complexes 1 with B(C6F5)3 results in the formation of the
zwitterionic metallocene systems 3 (Scheme 1). These systems
are active neutral single-component catalysts for olefin

Scheme 1. Formation of 3 by addition of B(C6F5)3 to 1.

polymerization that do not require the addition of further
activating components.[5] The systems 3 have allowed some
detailed mechanistic studies of the alkene C�C coupling steps
taking place at such catalyst systems.[6] We report here, to our
knowledge for the first time, the preparation of a related
zwitterionic ™butadiene-borate∫ Ziegler ±Natta catalyst sys-
tem of a late transition metal by addition of the electrophilic
borane B(C6F5)3 to a butadienenickel(0) complex.

This development may be of specific importance in view of
some recent observations made with late transition metal
Ziegler ±Natta catalysts. Treatment of bis(imine)halogenoco-
balt(��) chelate complexes 4 with MAO[7, 8] led to the reduction
to the respective CoI complexes 5 rather than to alkylation
(Scheme 2).[9, 10] Subsequent alkylation of 5 followed by
methyl anion abstraction must then lead to a �-alkyl ligand
free cation which can be considered a direct precursor of the
active catalyst species, although it lacks the essential metal ±

Scheme 2. Reduction of 4 to give 5 and subsequent alkylation.

carbon � bond.[11] One potential explanation for the observed
catalytic olefin polymerization features of this system is based
on the assumption that the activating Lewis acid might have
been added to a cationic intermediate [L]nCo(ethylene)�

complex (see Scheme 2). Our new reaction, in which a
bis(imine)nickel chelate complex participates, represents a
vinylogous analogue of such an activation pathway in which a
�-alkyl group does not participate.

Treatment of [{biacetylbis(2,6-diisopropylphenylimine)}-
NiBr2] with the oligomeric ™butadiene-magnesium∫ re-
agent[12] gave the known (�4-butadiene)nickel complex (8 a ;
Scheme 3).[13] The addition of B(C6F5)3[14] to 8 a took place
cleanly to yield the chelate complex 9 a (81% yield of isolated

Scheme 3. Formation of the catalysts 9a and 9b for the polymerization of
ethylene.

product). Single crystals of 9 a for the X-ray structure analysis
were obtained from benzene (Figure 1). The structure of 9 a
shows the presence of the bis(imine) chelate ligand stabilizing
the central Ni atom (Ni�N1 1.920(1), Ni�N2 1.951(1) ä). The
C�N bonds in the five-membered metallacycle are short
(C11�N1/C21�N2 1.289(2), C11�C21 1.493(2) ä). The planes
of the bulky aryl groups are rotated considerably from the
plane of the central metallacycle, but in different directions
(dihedral angles C14-C13-N1-C11 �107.4(2), C24-C23-N2-
C21 76.0(2)�), a structural feature that evidently occurs
because of the unsymmetrical substitution pattern at the
remaining ligand at the Ni center. The bulky B(C6F5)3 reagent
adds regioselectively at the terminal C4 carbon atom of the
former butadiene ligand (C4�B 1.672(3) ä); the cisoid
arrangement of the butadiene framework is preserved. Thus
9 a contains an anti-configurated monosubstituted �3-allyl
ligand (Z-configurated at the C2�C3 bond). The bulky borate
group is rotated as much as possible away from the core of the
nickel complex[15] (Ni-C3-C4-B 176.0(1)�, the Ni�C4 distance
is 2.803(2) ä). The Ni�C1 (2.007(2) ä) and Ni�C3 bonds
(2.048(2) ä) are slightly longer than the central Ni�C2 bond
(1.968(2) ä) of the (�-allyl)nickel group. C1 and C3 of the �-
allyl group lie almost in the bis(imine)nickel plane (N1-Ni-C3
169.1(1), N2-Ni-C1 172.4(1)�). The C1�C2 and C2�C3 bonds
are equal in length (1.401(3) ä, C1-C2-C3 120.4(2)�), the
C3�C4 bond as expected is longer (1.490(3) ä).
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Figure 1. Stucture of complex 9 a. Selected bond lengths [ä] and angles [�]:
Ni-C1 2.007(2), Ni-C2 1.968(2), Ni-C3 2.048(2), Ni-C4 2.803(2), Ni-N1
1.920(1), Ni-N2 1.951(1), C1-C2 1.401(3), C2-C3 1.401(3), C3-C4 1.490(3),
C4-B 1.672(3), B-C31 1.659(3), B-C41 1.665(3), B-C51 1.653(3), N1-C13
1.448(2), N1-C11 1.289(2), C11-C21 1.493(2), C21-N2 1.289(2), N2-C23
1.449(2); C1-Ni-C2 41.3(1), C1-Ni-C3 73.7(1), C1-Ni-N1 103.5(1), C1-Ni-
N2 172.4(1), C2-Ni-C3 40.8(1), C2-Ni-N1 141.2(1), C2-Ni-N2 131.4(1), C3-
Ni-N1 169.1(1), C3-Ni-N2 101.1(1), N1-Ni-N2 82.7(1), Ni-C1-C2 67.9(1),
Ni-C2-C1 70.9(1), Ni-C2-C3 72.7(1), Ni-C3-C2 66.5(1), Ni-C3-C4 103.7(1),
C1-C2-C3 120.4(2), C2-C3-C4 127.2(2), C3-C4-B 114.4(1), C13-N1-Ni
124.7(1), C11-N1-Ni 114.5(1), C11-N1-C13 120.8(1), N1-C11-C21
114.5(2), C11-C21-N2 114.2(1), C23-N2-Ni 126.2(1), C21-N2-Ni 113.4(1),
C21-N2-C23 120.2(1); for further values see text.

NMR spectra indicate an analogous structure of complex
9 a in solution. The signal patterns of the two bis(imine)
ligands differ owing to the presence of the substituted �3-allyl
ligand (1H and 13C NMR: signals of the methyl groups at ��
1.16/1.15 and 19.5/18.4 ppm, respectively). The �-allyl group
shows characteristic 13C NMR resonances at �� 54.3 (C1),
110.9 (C2), and 100.7 ppm (C3), and there is a broad signal
(�� 26 ppm) corresponding to the C4 atom bound to the
boron atom. The 1H NMR spectrum of 9 a shows the typical
signals for �-allyl groups at �� 2.57 (1-Hsyn), 2.69 (1-Hanti), and
4.88 (2-Hmeso) with typical coupling constants of 7.2 Hz
(3J(Hsyn,Hmeso)) and 14.3 Hz (3J(Hanti,Hmeso)), and signals of
the diastereotopic hydrogen atoms 4-H/4-H� at �� 2.00 and
1.03 ppm. The acenaphthenequinonebis(imine)-derived com-
plex 9 b was prepared analogously. It shows very similar
spectroscopic features, and thus must be considered to have
an analogous anti-configurated �-allyl unit.

Complexes 9 a and 9 b are active Ziegler ±Natta single-
component catalysts for ethylene polymerization, which
do not require the presence of an additional activator
component; however, some triisobutylaluminum was added
as a ™scrubbing agent∫ in the experiments on a pre-
parative scale, as is usually done to prevent catalyst des-
activation by hydrolysis pathways at the very low metal
complex concentrations that were employed. At 25 �C
and a monomer pressure of 2 bar, polyethylene(PE) was
formed with the 9 a catalyst with an activity (a) of
159 kg(PE)mol(Ni)�1 h�1bar(ethene)�1. The catalyst 9 b is

only slightly less active under the same conditions (a� 106).
The resulting polyethylene has a branched structure, as
typically formed with such homogeneous organometallic
Ziegler ±Natta nickel catalysts.[2, 16]

The catalysts 9 a and 9 b are the first examples of the
successful application of the metal/butadiene/borane activa-
tion method to generate active homogeneous Ziegler ±Natta
catalyst systems based on typical late transition metal com-
plexes. The isolated and structurally characterized complexes
may be structurally and chemically related to the active
intermediates in the recently disclosed ™alkyl group free∫
Ziegler ±Natta systems (Scheme 2).[7, 8] It appears that the
addition of an activator component, such as B(C6F5)3 or even
potentially MAO, to a suitable metal alkene � complex might
be a suitable general method for forming (or generating in
situ) active homogeneous Ziegler ±Natta-type catalysts for
alkene polymerization.

Experimental Section

9a : A solution of B(C6F5)3 (198 mg, 387 �mol) in toluene (15 mL) was
added dropwise with stirring to a solution of the butadienenickel complex
8a (200 mg, 387 �mol) in toluene (15 mL) at �78 �C. The mixture was
warmed to room temperature and then stirred for 2 h. The solvent was
removed in vacuo and the residue suspended in pentane (20 mL). The
product was collected by filtration, washed with pentane (2� 20 mL), and
dried in vacuo. Yield of 9a : 321 mg (81%), m.p. 212 �C (decomp);
elemental analysis (%) calcd for C50H46BF15N2Ni (1029.4): C 58.34, H 4.50,
N 2.72; found: C 58.64, H 4.81, N 2.76; 1H NMR ([D8]toluene, 600 MHz,
298 K): �� 7.26 (t, 1H), 7.09 (d, 1H), 7.05 (m, 2H), 6.96 (2d, 2H; aryl), 4.88
(m, 1H; 3J� 14.3 Hz and 7.2 Hz, allyl 2-H), 4.21 (br., 1H; 3-H), 2.69 (d, 1H;
1-Hanti), 2.57 (d, 1H; 1-Hsyn), 2.00, 1.03 (br. each 1H, 4-H/H�) 3.73, 2.98, 2.64,
2.29 (sept., each 1H; -CHMe2), 1.57, 1.49, 1.12, 1.01, 0.98, 0.97, 0.92, 0.77 (d,
each 3H; -CH(CH3)2), 1.16, 1.15 ppm (s, 3H each, N�C-CH3); 13C NMR
([D6]benzene, 150.8 MHz, 298 K): �� 173.1, 172.5 (-C�N-), 148.1 (1JC,F�
240 Hz), 138.4 (1JC,F� 250 Hz), 136.7 (1JC,F� 250 Hz; o-, p-, m-B(C6F5)3),
143.1, 141.1 (arom. C1), 138.2, 137.6, 137.5, 136.0 (arom. C2, C6), 128.0,
127.8, 124.2, 124.1, 123.8, 123.5 (arom. CH), 110.9 (allyl-C2), 100.7 (C3),
54.3 (C1), �26 (br., C4), 30.6, 29.5, 29.1, 28.6 (-CHMe2), 24.4, 24.2, 24.0,
23.9, 23.3, 22.7, 22.2, 22.1 (-CH(CH3)2), 19.5, 18.4 ppm (-N�C-CH3).

X-ray crystal structure analysis of 9a : C50H46BF15N2Ni ¥ 0.5C6H6, Mr�
1068.46, dark red crystal 0.50� 0.40� 0.30 mm, a� 14.550(1), b�
23.070(1), c� 15.141(1) ä, �� 99.91(1)�, V� 5006.5(5) ä3, �calcd�
1.418 gcm�3, �� 4.82 cm�1, empirical absorption correction via SORTAV
(0.795�T� 0.869), Z� 4, monoclinic, space group P21/n (no. 14), ��
0.71073 ä, T� 198 K, 	 and 
 scans, 31004 reflections collected (� h, k,
l), ((sin�)/�)� 0.65 ä�1, 11452 independent (Rint� 0.035) and 9345 ob-
served reflections (I� 2�(I)), 659 refined parameters, R� 0.040, wR2�
0.93, max. residual electron density �0.43 e A�3, hydrogen atoms calcu-
lated and refined as riding atoms. Data set was collected with a Nonius
Kappa CCD diffractometer, equipped with a rotating anode generator
Nonius FR 591, for programs used see reference [17].

CCDC-180390 contains the supplementary crystallographic data for this
paper. These data can be can be obtained free of charge via www.ccdc.ca-
m.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: (�44)1223-
336033; or deposit@ccdc.cam.ac.uk).

9b : Treatment of 8 b (200 mg, 326 �mol) with B(C6F5)3 (16.7 mg, 326 �mol)
was carried out analogously to that for 9 a. Yield 9b : 334 mg (91%), m.p.
182 �C (decomp); elemental analysis (%) calcd for C58H46BF15N2Ni
(1125.5): C 61.90, H 4.12, N 2.49; found: C 62.09, H 4.57, N 2.40; 1H NMR
([D6]benzene, 600 MHz, 298 K): �� 7.40 (t, 1H), 7.20 (d, 1H), 7.19 ± 7.13
(m, 4H; Ph), 7.13, 7.08, 6.62, 6.59, 6.54, 6.47 (acenapht. H), 5.10 (1H; allyl
2-H), 4.64 (1H; 3-H), 2.99 (1H; 1-Hanti), 2.87 (1H; 1-Hsyn), 2.32, 1.45 (br.,
each 1H; 4-H/H�), 4.04, 3.41, 3.17, 2.84 (sept., each 1H; -CHMe2), 1.57, 1.53,
1.45, 1.20, 1.03, 0.96, 0.77, 0.74 ppm (d, each 3H; -CH(CH3)3).
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Photoactivatable Synthetic Ras Proteins:
™Baits∫ for the Identification of Plasma-
Membrane-Bound Binding Partners of Ras**
J¸rgen Kuhlmann,* Andreas Tebbe, Martin Vˆlkert,
Melanie Wagner, Koji Uwai, and Herbert Waldmann*

The regulation of cell growth and differentiation by
proteins of the Ras superfamily[1] requires the correct
subcellular distribution of the small GTP-binding proteins
(GTP� guanosine triphosphate).[2] The biological function of
Ras is strictly dependent on its correct translocation to the
plasma membrane, and this localization is directly linked to
posttranslational S-farnesylation and S-palmitoylation of Ras.[3]

The real mechanism of translocation is still the subject of
debate. On the one hand for K-RasB, which embodies a
polycationic hexalysine stretch and a farnesyl thioether at the
C terminus, a model was proposed in which unspecific but
highly anionic ™sites∫ (formed at least in part by the lipid
bilayer) at the plasma membrane instead of a classical specific
proteinaceous receptor are responsible for association of this
Ras isoform with the plasma membrane.[4] On the other hand
for H- and N-Ras, which have S-farnesyl and S-palmitoyl
substituents at the C terminus, a membrane-trapping model[5]

was postulated in which a prenyl protein specific palmitoyl-

Polymerization reactions: A 1-L glass autoclave was charged with toluene
(200 mL) and triisobutylaluminum (0.5 mL). The mixture was stirred
(700 rpm), thermostated at 25 �C, and saturated with ethylene (2 bar). The
polymerization reaction was started by the injection of a solution of the
respective zwitterionic complex in toluene, generated in situ by treatment
of 8 a or 8b (ca. 35 �mol) with an equimolar amount of B(C6F5)3 in toluene
(8 mL). After 1 h the reaction was quenched by adding aqueous HCl in
methanol (15 mL). The polymer was precipitated with additional methanol
(100 mL), collected by filtration, washed with 6� aqueous HCl (100 mL),
water (200 mL), acetone (50 mL), and then dried in vacuo.
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