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[Pd(acac)(MeCN),]BF, has been observed to catalyze selective substituted

styrenes dimerization and addition norbornene polymerization.
Theoretical calculations based on BP86 density functional theory have

been carried out to clarify the precatalyst activation mechanism.

Transition-metal-catalyzed olefin oligomerization and
polymerization reactions constitute one of the most important
industrial processes for forming polyolefins and a-olefins.”™ In
the past decades, the late transition-metal palladium(ll) and
nickel(ll) catalysts for olefin polymerization have attracted
considerable attention in both the academic and industrial
fields due to their low electrophilicity and more heteroatom
tolerance.”™ Oligomerization (and polymerization) catalysis
typically involves either a sensitive organometallic precursor or
activators such as aluminum alkyls, usually with exclusion of
air and water, with MAO being the activator of choice here.>®

Exceptions are cationic palladium-(ll) complexes such [Pd(ng-

allyl)(L),lY (Y = BF, PFs, SbFs, BAF, etc),”™®
[(LAL)PdMe(solv)]BAF  (LAL=a-diimine, P~O, solv = MeCN,
dmso),>"™° [(a-diimine)Pd((CH,);C(O)OCH5)1BAF,’

[PA(NCCH3),1(BF,),,* > [Pd(PPh3)s(NCCH3)](BF,),, " [(a-

diimine)Pd(NCCHs),]1[BF,],,%°  [(a-diimine)Pd(p-OH)1,[BF,],,%
which require no cocatalyst for their activation toward olefins
oligomerization and polymerization. Aluminum alkyls free
cationic Pd-catalyzed systems with O—O-chelating ligands
(O—0 = B-diketonates or carboxylates) have shown promising
results for oligomerization of ethylene,28 selective dimerization
of styrene,zg_33 polymerization of norbornene and its
derivates.>*° However, these Pd-catalyzed systems needed
an additional Lewis acid such as BF;-OEt,, In(OTf); or Cu(OTf),
to generate active catalytic species.

During study of stoicheiometric dimerization of methyl
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acrylate Tkatchenko et al reported that a new complex,
[Pd(acac)(MeCN),]BF, (1), could be recovered from the
reaction mixture (yield 67%).37 Further, it was demonstrated
that this complex can be used as effective precursor for
synthesis of cationic palladium(ll)-acetylacetonate complexes
bearing organophosphorous or diimine Iigands384'1. In spite of
this, the catalytic behaviour of 1 in olefins oligo-
/polymerization reactions was not studied. Moreover, in
earlier studies similar complexes [Pd(acac)(LAL)]BF, (LAL=a-
diimines, phosphines)‘lH13 did not show activity in norbornene
polymerization without co-cocatalyst addition.

Here, we report on the convenient synthesis of bench-stable
[Pd(acac)(MeCN),]BF, and on its reactivity toward substituted
styrenes dimerization and norbornene polymerization
including under air conditions. The protocol was found to be
simple, efficient, selective, and affording the target products in
moderate to excellent yields.

Synthesis and Characterization. Following the synthetic route
reported previously by our group (for
bis(arylphosphine)acetylacetonate complexes)43 1 can be
easily synthesized in excellent yield by the reactions of
Pd(acac), with boron trifluoride etherate and MeCN in toluene
or benzene. Complex were fully characterized by 'y, B, F
and *C NMR, FTIR spectroscopy as well as elemental analysis.
In *"H NMR spectrum coordination of water impurities in CD;CN
was detected as well as exchange between CD3;CN and MeCN.
The molecular structure of 1 was determined by single-crystal
X-ray diffraction analysis¥. Complex shows square planar
structure with BF, anion being near the central methine group
of the k’0,0-acac ligand (dy¢.,=2.574 A) (see ESI).

Reactivity and Catalysis. The catalytic performance of 1 in
norbornene (NB) polymerization is summarized in Table 1,
Figures S2 and S3 (see ESI) showing moderate activities in the
order of 1-10-10° gene mol,,(f1 h™. Vinyl polynorbornene (PNB)
has received considerable attention owing to its dielectric and
mechanical properties for technical application as an interlevel
dielectric in microelectronics applications.“‘H16 Polymerization
of norbornene in the presence of 0.01 mol% of 1 smoothly
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Table 1. Polymerization of norbornene .

] 3
n 5 4 n
2,7-linked 2,3-

Entry® Neat [UmMol ] solvent [NB]o/[Pd]o [Blo/[Pd]o Time [min] Yield [%] | Activity'® M
1 8.9 CH,Cl, 1000 0 120 52 2.4-10* 1.0
2 8.9 CH,Cl, 1000 0 240 87 2.0-10* 1.6
3 0.9 CH,Cl, 10000 0 240 95 2.2:10° —
4 0.9 toluene 10000 0 120 34 1.6-10° 24
5 0.9 toluene 10000 10" 25 8 1.8-10° 0.8
6 0.9 toluene 10000 20" 25 12 2.7-10° 1.8
7 0.9 toluene 10000 40" 25 16 3.6-10° 1.9
8 0.9 toluene 10000 20" 10 9% 5.4-10° —
9 0.9 CH,Cl, 10000 20" 5 89 1.0-10 —

@ o= 1mL, t =25 °C " BF;-OFt, as co-catalyst was used. 'In units of (g of PNB) (mol of Pd)™* h™* 14 p1,-10°, obtained by capillary viscosimetry using the Mark—
Houwink coefficients a = 0.56, K = 7.78 - 107 dL/gs“’65 fel Polymers obtained were insoluble

proceeded in CH,Cl, at room temperature for 2 h to give
polynorbornene (yield 95%).

The use of toluene as solvent slightly decrease activity from
2.2to0 1.6-10° gpng Mol pdfl hfl(entry 4). The time course of the
polymerization vyield showed a catalytic activity slowly
decrease from 3-10° at a reaction time of 30min to 2-10° gonB
mol pdfl h™*after 4 hours of reaction (Fig. S2). A linear relation
between activity and the initial molar ratio of monomer to
precatalyst of up to NB/Pd of 8000 was found (Fig. S3), while a
dramatic decrease of catalyst activity beyond this ratio was
observed. [Pd(acac)(MeCN),]BF, can also be activated by
treatment with BF;-OEt, to polymerize norbornene (entry 5-9),
showing excellent catalytic activities up to 1.0-10” gene molpgf1
h™. As expected, the catalytic activity of 1 increased rapidly
with increases in B/Pd ratios. We assume, that the increasing
amount of the BF;-OEt, cocatalyst shifts the equilibrium from
fluorine-bridged
increases the ionic character of the palladium species.41 Most
samples PNBs 1,2,4-
trichlorobenzene. The IR spectra of the PNBs revealed the
missing absorption of a double bond at 1600-1700 cm™ and
the existence of vibration bands of bicyclics of norbornene at
941 cm_l, indicating that the PNBs are not ROMP polymers.‘w'48
1H NMR spectrum of the PNB is in a range from 0.5 to 3.0
ppm, and no traces of any double bond at 5-7 ppm are
observed. Five broad resonances are observed at 27-57 ppm
in 13C NMR spectrum of the PNB. Unfortunately, the broad,
unresolved nature of the spectra made it difficult to assign

inactive species to the active form and

of obtained are soluble in

exact stereochemistry to the enchainment of norbornene in
the polymers with absolute certainty. On the basis of the
assignments in previous works, the resonances of methenes
and methines appear at 28-33 ppm for C5 and C6, 33—37 ppm
for C7, 37-43 ppm for C1 and C4, 45-49 ppm for C3 and
C249’50, and the peaks at very low field (52-57 ppm) are result
of C7 Iinkage‘r’l’52
bond metathesis

. The existence of a C7 linkage as a result of o-
in the PNB obtained by the cationic

. L 51,52 .53
zirconium and palladium™ catalyst was reported. Two

2| J. Name., 2012, 00, 1-3

broad halos in the WXRD patterns of the polymers at 26 values
of 9.8-12.1 (peak 1) and 17.5-19.5 (peak 2), are characteristic
for PNB™ and the polymers were confirmed to be non-
crystalline. Peak 1 can be regarded as a reflection of the
interchain or intersegment distance of the polymer, while peak
2 can be regarded as a reflection of the intrachain distance.
The interchain distance was calculated according to eqn:
dinterchain = 1.22 - 1/2sin 0, and was 9.8-10.0 A. We assume
that o-bond metathesis gives insoluble cross-linking PNB
samples obtained by the cationic palladium catalyst. DSC
analysis shows multiple transitions of the PNB derived from
the 1, and it is impossible to determine the glass transition
temperatures. The difficulty of determining the glass transition
temperature of vinyl polynorbornene has been attributed to
the fact that it is located close to the temperature range where
decomposition tends to set in.

Dimerization of substituted styrenes by 1 is summarized in
Table 2. Diverse Ni-, Co-, and Pd-catalyzed co- and hetero-
dimerizations of ethylene and styrene have been developed.
These new catalytic systems have been successfully applied to
selective C—C bond formation.>* Furthermore, enantioselective
syntheses of commercial anti-inflammatory
drugs such as ibuprofen, and the total syntheses of natural
products with intricate methyl-bearing stereogenic centers
have been reported using these catalytic systems. This
reaction could be a test reaction to develop various co- and
heterodimerization reactions.’? In addition, it could vyield
various 1,3-diphenyl-1-butene derivatives. Vinylarenes were
converted with 1 highly chemo- and stereospecifically to the
head-to-tail dimer (E)-1,3-diaryl-1-butene as the exclusive
dimerization product. In contrast to reactions with
norbornene, complex 1 activated by treatment with 5 eq of
BF;-OEt, showed formation of polymeric products due to
cationic oligomerization and polymerization of vynilarenes
initiated by Lewis acid.

non-steroidal

This journal is © The Royal Society of Chemistry 20xx
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Table 2. Dimerization of substituted styrenes.

/| X 1(0.1mol%)

— rt,12h
Entry Styrene (R=)? Selectivity™ [%] TON' [%]
1 H 90 880
2 4-Me 91 940
3 4-Bu 89 400
4l H 67 28170

5lllf] 4-Me polymer —
L] 4-'Bu polymer —
71 H 76 19110

[ Styrene (22.7 mmol), [Pd(acac)(MeCN),]BF4 (0.0227 mmol), no solvent was
used, t = 25 °C ! Selectivities were calculated using isolated yields of dimers. The
crude products were analyzed by GC. Trimers were also detected. < molgy/molpa.
4 BF;-OFt, as co-catalyst was used, [B]:[Pd] = 5:1. tel Styrene (175 mmol),
[Pd(acac)(MeCN),]BF; (5.83 pmol), t = 50 °C, 5 h. [ Styrene (29 mmol),
[Pd(acac)(MeCN);]BF,4 (1.45 umol), 0.1 h. Rapid formation of polymer was
observed after addition of BF3-OEt,

Precatalyst Activation. We were interested in elucidating the
mechanism of this (poly)dimerization reaction. As generally
believed, for both norbornene polymerization and styrene
dimerization the active species is a Pd-H intermediate, it is
worth noting that, two distinct pathways are possible for the
insertion of the first molecule of substrate (Scheme 1). The
alkene can undergo migratory insertion into either a Pd-C
bond (path |, BFsz-assisted) or a Pd-O bond (path I,
metallacycle ring expansion mechanism). Formation of Pd-«k'C-
acac in neutral palladium acetylacetonate complexes is well-
known.>® Moreover, for similar KZN,N—diketiminato palladium
complex formation of metal-carbon was shown to proceed
easily at ambient temperature to give thermodynamically
more stable ch,N—complex with azaallyl Iigand.56 In order to
distinguish between these two pathways of the reaction, the
DFT computational studies were performed at the BP86/def2-
TZVP&def2-SVP level (Fig. S4, see ESI)*’. Starting with BFs-
adduct A, the first step of the catalytic reaction involves
transformation of K2—O,O—acety|acetonate to pseudo r]3—a||y|
intermediate B, which leads to the formation of m-complex C
with y-bonded acetylacetonate ligand (Scheme 1). Attempts to
locate a transition state linking complex A and B failed. In the
next step, coordinated styrene insertion into the Pd—C bond
occurs with an activation barrier is equal to AE = 28.3 kcal/mol.
According to the calculated energy surface, this process is
exothermic, AE = -11.5 kcal/mol. From D, the St-acac adduct
can dissociate to give the Pd-hydride intermediate. No DFT
calculations were performed on the mechanism for B-
hydrogen elimination, but it is likely that the agostic alkyl
complexes may serve as starting points for B-hydrogen
elimination. We also considered the kinetic barriers to the
alternative metallacycle ring expansion mechanism of the K2
0,0-acetylacetonate ligand, starting from m-complex E (see
path I, scheme 1). Styrene insertion occurs through E-TS (AE
= 40.7 kcal/mol) stabilized by tetrahedral intermediate F to
give pseudo-allyl complex G. Thus, alkene insertion into the

This journal is © The Royal Society of Chemistry 20xx

Pd-0O bond was found to be endothermic AE = 8.6 kcal/mol.
Clearly, BFs;-assisted acetylacetonate activation is preferred
both kinetically and thermodynamically.

Path | Cation of 1 Path Il
Y PN
X %O
S
BFs

Scheme 1. The Insertion of the First Molecule of Styrene with 1. The effect of the
solvent and the counterion was neglected in the present study.

In the reaction mixture 1 and St ([St]o:[Pd]o = 4:1) after 20 h in
CH5NO, two products with m/z = 200 (M*), and 202(M*) were
observed by GC-MS that originate from one styrene insertion
into the Pd-C bond of acetylacetonate ligand followed by B-
hydride elimination. Styrene dimers and BF,(acac) were also
detected. *C-NMR spectrum of the reaction mixture after 2 h
showed styrene coordination to complex 1 (broad signals at
112 ppm), O,0-chelated acetylacetonate (187.0 ppm), and
formation of small amounts of dimers. After 20 h *C-NMR
spectrum was dominated by the signals of the styrene dimers.
In addition, resonances were found for a complete set of
signals of the transformed acac ligand (ppm): 204.4 (C=0, non-
coordinated, keto-acac), 197.7 (BF,(acac) ﬁ'agment),58 192.4,
and 192.2 (C=0, non-coordinated, enol-acac). Whereas, for
norbornene *C-NMR spectrum showed only precursor 1 and
formation of white polymer in tube were observed.
Interestingly, we have observed that solutions of 1 in CHCl;,
CH,Cl,, CH3;NO, decomposes partially after several hours with
formation of black residue (in GC/MS spectra of the solutions
BF,(acac) was detected), while in solid state complex is air
stable for months. This results suggest a catalyst activation
pathway by BF; abstraction from tetrafluoroborate anion. BF
adducts in which the anion coordinates in a monodentate
monoconnective fashion to transition metal cations are quite
common.>*®° Moreover, in the absence of stabilizing ligands
cationic palladium complexes mostly exist in the form of
(L)oPd(p-F)BF; species.g'24 On the other hand, only few

J. Name., 2013, 00, 1-3 | 3
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examples of tetrafluoroborate anion boron—fluorine bond
activation, yielding a boron trifluoride have been described for
zr® and Ga* complexes. In support of such a proposition,
fluoride abstraction from BF; by [(Ph3P)sPdCI]'[BF,]” have also
been reported63. Calculations at the BP86/def2-SVP&def2-
TZVP level of theory were conducted on a model palladium
complex to confirm this trend (Scheme 2). The exchange of
fluoride from BF} to [Pd(acac)(MeCN),]* is not favorable
(AE=+37.4 kcal/mol). We assume, that under catalytic
conditions dissociation of MeCN could facilitate the release of
BF; (e.g., in the form of BF;-MeCN) from
[Pd(acac)(MeCN)(L)]BF,. As shown in Scheme 2, in this case
reaction becomes more exergonic. Detection of BF,(acac) in
reaction mixture also supports discussed pathway since
reaction of BF;-OEt, with neutral palladium acetylacetonate
complexes is known to give this product.43 As mentioned
above addition of BF;-OEt, cocatalyst to 1 increases the activity
of catalyst system more than 10 times (Table 1, entry 5-9;
Table 2, entry 4), so one can calculate that elimination of BF;
from tetrafluroborate anion is <1 mol%. On the basis of the
experimental observations and theoretical calculation
described above, it appears that the catalytic reaction is driven
by anion destruction followed by attack of boron trifluoride to
KZ-O,O-acetyIacetonate ligand bonded to palladium in 1
involving the formation of neutral palladium fluoride complex
as activation by-product.

+
O, _NCMe o CO\Pd/NCMe " CO\Pd/NCMe
Pd — —
o ™ o o*  “FBF, Bt o N
L 1E, kcal/mol
MeCN 0 13.9 374
none 0 -28.9 5.4

Scheme 2. Energy Changes (AE°, kcal/mol) in Catalyst Activation Pathway by BF;
Abstraction from Tetrafluoroborate Anion. Evaluated by DFT Calculations (BP86).

In summary, we have reported novel route for synthesis and
structurally characterized [Pd(acac)(MeCN),]BF,. In the
presence of a norbornene or vinylarenes 1 catalyzes their
polymerization or dimerization. The proposed pathway for the
formation of the active Pd-C bond is consistent with DFT
calculations. We are interested in further work to explore the
application of the complex and its analogues in catalysis and
the examination of the reaction mechanism.

This work was supported by Government Assignment for
Scientific Research from the Ministry of Education and Science
of the Russian Federation (No. 4.353.2014/K).
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1.07. CCDC 1414861.

1 W. Kaminsky, Catal. Today, 2000, 62, 23—-34.

2 S. Mecking, Coord. Chem. Rev., 2000, 203, 325-351.

3 D.S. McGuinness, Chem. Rev., 2011, 111, 2321-41.

4 ). Eisch, Organometallics, 2012, 31, 4917-4932.

4| J. Name., 2012, 00, 1-3

10

11
12

13

14

15

16

17

18

19

20

21
22

23

27

28

29

30

31

32

33

34

35

36

37

38

S. D. Ittel, L. K. Johnson and M. Brookhart, Chem. Rev., 2000,
100, 1169-1203.

Z.Guan and C. S. Popeney, in Topics in Organometallic
Chemistry, 2009, pp. 179-220.

B. L. Goodall, in Topics in Organometallic Chemistry, 2009,
vol. 26, pp. 159-178.

Z. Dong and Z. Ye, Polym. Chem., 2012, 3, 286.

J. P. Mathew, A. Reinmuth, J. Melia, N. Swords and W. Risse,
Macromolecules, 1996, 29, 2755-2763.

H. V. Tran, R.J. Hung, T. Chiba, S. Yamada, T. Mrozek, Y.
Hsieh, C. R. Chambers, B. P. Osborn, B. C. Trinque, M. J.
Pinnow, S. A. Macdonald, C. G. Willson, D. P. Sanders, E. F.
Connor, R. H. Grubbs and W. Conley, Macromolecules, 2002,
35, 6539-6549.

M. Arndt and M. Gosmann, Polym. Bull., 1998, 41, 433—-440.
J. H. Choi, J. K. Kwon, T. V. RajanBabu and H. J. Lim, Adv.
Synth. Catal., 2013, 355, 3633—3638.

M. D. Walter, R. A. Moorhouse, S. A. Urbin, P. S. White and
M. S. Brookhart, J. Am. Chem. Soc., 2009, 131, 9055-69.

M. D. Walter, P. S. White and M. S. Brookhart, Chem.
Commun. (Camb)., 2009, 6361-3.

K. Curran, W. Risse, M. Hamill, P. Saunders, J. Muldoon, R.
Asensio de la Rosa and I. Tritto, Organometallics, 2012, 31,
882-889.

A. Chemtob and R. R. G. Gilbert, Macromolecules, 2005, 38,
6796—-6805.

L. K. Johnson, S. Mecking and M. Brookhart, J. Am. Chem.
Soc., 1996, 118, 267-268.

L. K. Johnson, C. M. Killian and M. Brookhart, J. Am. Chem.
Soc., 1995, 117, 6414-6415.

S. Mecking, L. K. Johnson, L. Wang and M. Brookhart, J. Am.
Chem. Soc., 1998, 120, 888—899.

E. Drent, R. van Dijk, R. van Ginkel, B. van Oort and R. I. Pugh,
Chem. Commun. (Camb)., 2002, 0031, 744—745.

A.Sen and T. W. Lai, Organometallics, 1982, 1, 415-417.

A. Sen and T.-W. Lai, J. Am. Chem. Soc., 1981, 103, 4627—-
4629.

F. Blank, H. Scherer and C. Janiak, J. Mol. Catal. A Chem.,
2010, 330, 1-9.

Z. Jiang and A. Sen, Organometallics, 1993, 12, 1406-1415.
Z. Jiang and A. Sen, J. Am. Chem. Soc., 1990, 112, 9655-9657.
W. J. Tao, J. F. Li, A. Q. Peng, X. L. Sun, X. H. Yang and Y. Tang,
Chem. - A Eur. J., 2013, 19, 13956-13961.

M. S. Winston, P. F. Oblad, J. a Labinger and J. E. Bercaw,
Angew. Chem. Int. Ed. Engl., 2012, 51, 9822-4.

V. S. Tkach, D. S. Suslov, G. Myagmarsuren and F. K. Shmidt,
Russ. J. Appl. Chem., 2007, 80, 1419-1423.

T. Tsuchimoto, S. Kamiyama, R. Negoro, E. Shirakawa and Y.
Kawakami, Chem. Commun. (Camb)., 2003, 2, 852—853.

J. Peng, J. Li, H. Qiu, J. Jiang, K. Jiang, J. Mao and G. Lai, J.
Mol. Catal. A Chem., 2006, 255, 16—18.

V. S. Tkach, G. Myagmarsuren, D. S. Suslov, M. Mesyef and F.
K. Shmidt, Catal. Commun., 2007, 8, 677-680.

G. Myagmarsuren, V. S. Tkach, F. K. Shmidt, M. Mohamad
and D. S. Suslov, J. Mol. Catal. A Chem., 2005, 235, 154-160.
D.S. Suslov, V. S. Tkach, M. V. Bykov and M. V. Belova, Pet.
Chem., 2011, 51, 157-163.

J. A. Olson, T. A. P. Paulose, P. Wennek, J. W. Quail and S. R.
Foley, Inorg. Chem. Commun., 2008, 11, 1297-1299.

G. Myagmarsuren, K. Lee, O. Jeong and S. Ihm, Catal.
Commun., 2003, 4, 615-619.

G. Myagmarsuren, K. Lee, O. Jeong and S. Ihm, Polymer
(Guildf)., 2005, 46, 3685—3692.

I. Guibert, D. Neibecker and I. Tkatchenko, J. Chem. Soc.
Chem. Commun., 1989, 1850-1852.

P. Dotta, P. G. A. Kumar, P. S. Pregosin, A. Albinati and S.
Rizzato, Organometallics, 2003, 22, 5345-5349.

This journal is © The Royal Society of Chemistry 20xx

Page 4 of 6



HEH-RSCIAdvances: | s

Journal Name COMMUNICATION

39 D.S. Suslov, M. V. Bykov, M. V. Belova, P. A. Abramov and V.
S. Tkach, J. Organomet. Chem., 2014, 752, 37-43.

40 D.S. Suslov, M. V. Pakhomova, M. V. Bykov and V. S. Tkach,
Russ. J. Gen. Chem., 2014, 84, 2291-2293.

41 D.S. Suslov, M. V. Pahomova, P. a. Abramov, M. V. Bykov
and V. S. Tkach, Catal. Commun., 2015, 67, 11-15.

42 V.S. Tkach, D. S. Suslov, N. V. Kurat’eva, M. V. Bykov and M.
V. Belova, Russ. J. Coord. Chem., 2011, 37, 752—756.

43 V. S. Tkach, D. S. Suslov, G. Myagmarsuren, G. V. Ratovskii, A.
V. Rohin, T. Felix and F. K. Shmidt, J. Organomet. Chem.,
2008, 693, 2069-2073.

44 F. Blank and C. Janiak, Coord. Chem. Rev., 2009, 253, 827—
861.

45 K. L. Makovetskii, Polym. Sci. Ser. C, 2008, 50, 22—-38.

46 E.S. Finkelshtein, K. L. Makovetskii, M. L. Gringolts, Y. V.
Rogan, T. G. Golenko, V. G. Lakhtin and M. P. Filatova, J. Mol.
Catal. A Chem., 2006, 257, 9-13.

47 J. P. Kennedy and H. S. Makowski, J. Macromol. Sci. Part A,
1967, 1, 345-370.

48 X. Mi, Z. Ma, N. Cui, L. Wang, Y. Ke and Y. Hu, J. Appl. Polym.
Sci., 2003, 88, 3273-3278.

49 M. Arndt, R. Engehausen, W. Kaminsky and K. Zoumis, J. Mol.
Catal. A Chem., 1995, 101, 171-178.

50 M. Arndt-Rosenau and I. Beulich, Macromolecules, 1999, 32,
7335-7343.

51 C. Karafilidis, H. Hermann, A. Rufifiska, B. Gabor, R. J.
Mynott, G. Breitenbruch, C. Weidenthaler, J. Rust, W.
Joppek, M. S. Brookhart, W. Thiel and G. Fink, Angew. Chem.
Int. Ed. Engl., 2004, 43, 2444—6.

52 C. Karafilidis, K. Angermund, B. Gabor, A. Rufinska, R. J.
Mynott, G. Breitenbruch, W. Thiel and G. Fink, Angew. Chem.
Int. Ed. Engl., 2007, 46, 3745-9.

53 J. Deng, H. Gao, F. Zhu and Q. Wu, Organometallics, 2013,
32, 4507-4515.

54 T.V.RajanBabu, Chem. Rev., 2003, 103, 2845-2860.

55 S. Baba, T. Ogura and S. Kawaguchi, Bull. Chem. Soc. Jpn.,
1974, 47, 665-668.

56 X. Tian, R. Goddard and K. R. Porschke, Organometallics,
2006, 25, 5854-5862.

57 F. Neese, Wiley Interdiscip. Rev. Comput. Mol. Sci., 2012, 2,
73-78.

58 M. Guerro, T. Roisnel and D. Lorcy, Tetrahedron, 2009, 65,
6123-6127.

59 W. Beck and K. Suenkel, Chem. Rev., 1988, 88, 1405-1421.

60 I. Krossing and |. Raabe, Angew. Chem. Int. Ed. Engl., 2004,
43, 2066-90.

61 D.J. Nielsen, K. J. Cavell, B. W. Skelton and A. H. White,
Inorganica Chim. Acta, 2003, 352, 143-150.

62 C. Bour, J. Monot, S. Tang, R. Guillot, J. Farjon and V.
Gandon, Organometallics, 2014, 33, 594-599.

63 M. R. Mason and J. G. Verkade, Organometallics, 1992, 11,
2212-2220.

64 Y. Huang, J. Chen, L. Chi, C. Wei, Z. Zhang, Z. Li, A. Liand L.
Zhang, J. Appl. Polym. Sci., 2009, 112, 1486—-1495.

65 J. Zhang, W. Gao, X. Lang, Q. Wu, L. Zhang and Y. Mu, Dalton
Trans., 2012, 41, 9639-45.

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5

Please do not adjust margins




RSC Advances

dimerization —
A R 4-\ polymerlzatlonm
7\ P il \

O--BF;
<4

- /NCMe
':Pd\
@) NCMe

+ BF3 + Sub

FEELL LR R i i e

Sub = @ . \\—@R, R = t-Bu, Me, H

Page 6 of 6



