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Since Mond etal. discovered [Ni(CO),] in 1890, the
carbonyl ligand has been widely used as a supporting ligand
or substrate in organometallic chemistry. Besides common
terminal coordination, it is well-known that the carbonyl
group can bridge multiple metal nuclei: p, p;, and py
coordination modes have been recognized. For this reason,
the CO ligand has a unique status, particularly in cluster
chemistry.” Many complexes containing isoelectronic NO™
ligands have also been prepared, and it has been demon-
strated that NO" ligands can adopt various coordination
modes similar to those observed for CO.F! In contrast,
although the properties of BO™, another isoelectronic alter-
native to CO, have so far attracted considerable attention,
a transition-metal complex containing a BO™ ligand was not
been prepared until recently, probably as a result of the
instability of free monomeric BO™, in contrast to CO and
NO.M

In 2010, Braunschweig et al. succeeded in the synthesis of
the first platinum complex with a terminal oxoboryl ligand
through the elimination of Me;SiBr from a siloxyboryl
ligand.”! Not only did they elucidate the structural and
spectroscopic properties of the BO™ ligand, but also its
reactivity, and they demonstrated the Lewis basic nature of
the BO™ ligand by the formation of a Lewis acid-base adduct
with B(C¢F5):.%! They also showed that the abstraction of the
bromide ligand from trans-[(Cy;P),BrPt(B=0)] (Cy =cyclo-
hexyl) resulted in cyclodimerization, which led to the
formation of a four-membered B,0, skeleton.”! The forma-
tion of the B,0, linkage is most likely due to the highly
polarized nature of the B'=0~ bond. In contrast, CO ligands
tend to dimerize by the formation of a u-CO ligand.

Although bridging coordination was elucidated for the
isoelectronic BF ligand by Vidovic and Aldridge,® it has
never been reported for the BO™ ligand, except in the case of
a hypothetical dicobalt complex, [Co,(CO)4s(n-CO)(u-BO),],
by density functional theory (DFT) calculations.”! Herein, we
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report the first synthesis and the properties of a triruthenium
cluster capped by a ;-BO ligand.

We previously studied the reactivity of a triruthenium
complex capped by a p;-BH ligand in terms of C—S bond
scission!® and B—C bond formation'™ on the Ru; plane.
Recently, we showed the preferential formation of the
triruthenium complex 2a, which contains a p;-n*-BC, ring,
upon the irradiation of the alkyne complex 1 with visible light
(Scheme 1).1'% In contrast to irradiation with visible light, UV
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Scheme 1. Transformation of 1 upon photoirradiation.

irradiation of 1 resulted in the formation of complex 3 with
a perpendicularly coordinated alkyne through the elimination
of dihydrogen. Since complex 3 adopts a coordinatively
unsaturated 46-electron configuration, it was anticipated that
3 shows further reactivity similar to that of other (L )-alkyne
complexes toward small molecules.!'"!?!

When 3 was heated in the presence of H,O at 50°C,
complex 4, whose Ru; plane was capped by both ps;-alkyne
and p;-BO ligands, was obtained exclusively [Eq. (1)]. Unlike
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free BO, which was only detected at low temperature in an
argon matrix,”¥! the p;-BO ligand in 4 was robust toward
moisture and heat. In fact, 4 was readily purified by column
chromatography on alumina. Braunschweig et al. also noted
that the terminal oxoboryl group was stable toward heating at
100°C and irradiation with a Hg/Xe arc lamp.”!
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Figure 1. Molecular structure of 4 with thermal ellipsoids at the 30%
probability level. Selected bond lengths [A] and angles [°]: Ru(1)-Ru(2)
2.7464(7), Ru(1)-Ru(3) 2.7450(7), Ru(2)-Ru(3) 2.8220(7), Ru(1)-B(1)
2.415(8), Ru(2)-B(1) 2.234(8), Ru(3)-B(1) 2.273(8), Ru(1)-C(2)
2.233(6), Ru(2)-C(1) 2.035(6), Ru(2)-C(2) 2.246(7), Ru(3)-C(1)
2.021(6), Ru(3)-C(2) 2.242(6), B(1)-O(1) 1.239(9), C(1)-C(2)
1.391(9); Ru(2)-Ru(1)-Ru(3) 61.846(17), Ru(1)-Ru(2)-Ru(3) 59.053(17),
Ru(1)-Ru(3)-Ru(2) 59.101(17).

The molecular structure of 4 was determined by an X-ray
diffraction study (Figure 1).! Although the positions of the
hydrido ligands were not determined during the Fourier
synthesis, we could infer from the '"H NMR spectrum that
they are located at the Ru(1)-Ru(2) and Ru(1)-Ru(3) edges,
as described below. The three ruthenium nuclei form an
isosceles triangle with sides of 2.7467(7), 2.7450(7), and
2.8220(7) A. The Ru—B bond lengths (2.415(8), 2.234(8), and
2.273(8) A) are noticeably larger than the M-B distances
reported for p- and ps-borylene complexes (1.90-2.19 A).["
In particular, the Ru(1)-B(1) length of 2.415(8) A implies
that the interaction between Ru(1) and B(1) is considerably
weak. This value is comparable with the W—B bond lengths in
the distorted p-borylene complexes [CpM(CO){u-B=N-
(SiMe;),}W(CO)s] (Cp =1’-CsHs; M = Co, 2.433 A; M =Rh,
2.423 A).1)

Although the B(1)-O(1) distance (1.239(9) A) is slightly
longer than the values reported for terminal BO ligands
(1.210(3), 1.197(6) A),>% it is significantly shorter than the
B—O bond length in the p;-ethoxyborylene complex [{Cp*Ru-
(u-H)}5(u5-BOEY)] (Cp* =0>-CsMes; 1.374(13) A).l%) These
values strongly indicate a multiple-bonding interaction
between the B(1) and O(1) atoms.

The alkyne ligand in 4 is located above the Ru(2)-Ru(3)
edge in a perpendicular manner as in the parent alkyne
complex 3. This coordination mode is characteristic for
a trinuclear alkyne complex that adopts a 46-electron config-
uration."! Thus, the perpendicular coordination geometry of
the alkyne ligand suggests that the oxoboryl ligand formally
acts as a one-electron donor in 4. The C(1)—C(2) bond
(1.391(9) A) is slightly elongated by 0.04 A from that of 3.1
The “C NMR spectroscopic signals of the alkyne ligand in 4
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(C™, 6 =55.9 ppm; C°*, 5 = 174.9 ppm) showed a remarkable
upfield shift by approximately 25 ppm in comparison with
those of 3 (C", §=82.7 ppm; C*™, 6=199.0 ppm). These
observations suggest that the alkyne ligand receives enhanced
back donation from the metal centers, probably because of
strong donation from the p;-BO ligand. This behavior is
consistent with the nature of the terminal BO™ ligand, which
has extremely strong o-donation but very weak m-accepting
ability, as revealed by DFT calculations.”

The alkyne ligand in 3 moves around the trinuclear site in
the same way as in other (L )-alkyne complexes synthesized
by us."®) Owing to this motion, one broad signal was observed
for the Cp* groups of 3 in the '"H NMR spectrum at ambient
temperature. This signal decoalesced into two sharp signals
with an intensity ratio of 2:1 at —80°C. In contrast, the
"H NMR spectrum of 4 displayed two sharp signals for the
Cp* groups at 0 =2.00 and 1.62 ppm with an intensity ratio of
2:1 even at 100°C. These results show that the mobility of the
alkyne ligand in 4 is considerably lower than that of the
alkyne ligand in 3. The decreased mobility of the alkyne
ligand in 4 is also probably due to the strong o-donating
nature of the p;-BO ligand.

In the IR spectrum, two sharp absorptions were observed
at 1672 and 1623 cm™', which were assignable to v('’BO) and
v("'BO), respectively. They underwent a bathochromic shift
to 1639 and 1588 cm ™! upon the incorporation of **O through
the reaction of 3 with H,'®O (see Figure S6 in the Supporting
Information). The v(BO) frequencies are considerably
smaller than the v(BO) values reported for [(Cy;P),BrPt(B=
0)] (1853, 1797 cm™ )P and the computed values for the
hypothetical p-BO ligand in [Co,(CO)¢(u-CO)(u-BO),]
(1771, 1779 cm™1).’! The shift to a lower frequency upon
bridging coordination is common for CO groups, and the
frequencies of 1672 and 1623 cm ™' are comparable to those
reported for Ws-CO ligands, which range from 1600 to
1730 cm ™.

A broad "B signal for the p;-BO group was observed at
0=42.7 ppm in the "B NMR spectrum. Thus, a significant
upfield shift of the ''B signal was observed relative to that of
the p3-BH group in 3 (0 =138.9 ppm). A similar trend was
also observed for [(Cy;P),BrPt(B=0)]: the 'B signal of the
BO™ group was observed at 6 =17 ppm, whereas the "B
resonance for the parent siloxyboryl group occurred at 6 =
32 ppm.’! The hydrido signal of 4 was observed at 0=
—3.25 ppm as a sharp singlet. This chemical shift indicates
that the bonding interaction between the hydrido ligands and
the B atom is negligible.

To gain deeper insight into the p;-BO group, we carried
out a DFT study. The B—O bond was estimated to be slightly
longer by 0.03 A, and the optimized structure exhibited
reasonable agreement with the molecular structure (see
Figure S3 in the Supporting Information). Natural bond
orbital (NBO) analysis revealed that the Wiberg bond index
for the B—O bond is 1.5570, which clearly shows the multiple-
bonding interaction between the B(1) and O(1) atoms. The
DFT calculation also showed remarkable polarization
between the B(1) and O(1) atoms: whereas the O(1) atom
was negatively charged (—0.88144), the natural charge at the
B(1) atom was largely positive (0.93811).
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This polarized structure was confirmed by the protonation
of 4, which led to the exclusive formation of the cationic ;-
hydroxyborylene complex 5 [Eq. (2)]. The ''B NMR signal of
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5 at 0=66.8 ppm was substantially shifted downfield as
compared to that of 4. The chemical shift was comparable to
that of a neutral ps-methoxyborylene complex (0=
77.7 ppm).'®! On the other hand, the chemical shifts of the
3C NMR signals of the alkyne ligand in 5 were similar to
those observed for the ps-BO complex 4 in spite of the
cationic nature of 5 (C",  =54.7 ppm; C*, § =177.6 ppm),
probably because of the localization of the cationic charge at
the boron atom. A similar trend was observed in the
protonation of a face-capping pyridine complex to yield the
corresponding cationic pyridinium complex.!"”!

The treatment of 5 with NEt,H at 80°C resulted in the
regeneration of 4. This transformation shows that the ps-
BOH" group in 5 is substantially protic, and that p;-BO can be
regarded as a stable conjugate base. Thus, the reversible
formation of 5§ implies that proton migration from the ps-
BOH group of the hydroxyborylene intermediate A to the
metal center could be a key step for the formation of 4
(Scheme 2). We have already reported the facile conversion
of a u;-BH group into a pu;-BOMe group upon the treatment
of [{Cp*Ru(pu-H)}s(us-BH)] with methanol.'! Thus, it would
be reasonable that the hydroxyborylene intermediate A is
initially formed by the reaction of 3 with H,O, accompanied
by the elimination of dihydrogen.
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Scheme 2. Plausible mechanism for the formation of 4 and 2b.
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When the reaction was carried out in a closed flask, hardly
any of the oxoboryl complex 4 was obtained. Instead, complex
2b with a p;-1*-BGC, ring containing a B(OH) moiety was the
preferential product. Complex 2b was isolated and fully
characterized by 'H, *C, and ''B NMR spectroscopy. Because
of the presence of the OH group on the boron atom, the
positions of the B(1) and C(2) atoms in the BC, ring could be
unambiguously determined by X-ray diffraction analysis,
unlike for the previously published disordered structure of
2a. The structural parameters of 2b (Figure 2), notably the
long B—C bond distances of approximately 1.67 A, are similar
to those calculated for 2a.

Figure 2. Molecular structure of 2b with thermal ellipsoids at the 30%
probability level. Selected bond lengths [A] and angles [°]: Ru(1)-Ru(2)
2.8026(5), Ru(1)-Ru(3) 2.8603(5), Ru(2)-Ru(3) 2.8293(5), Ru(1)-B(1)

2.132(5), Ru(1)=C(1) 2.126(4), Ru(2)-C(1) 2.132(4), Ru(2)-C(2)
2.090(5), Ru(3)-B(1) 2.125(5), Ru(3)-C(2) 2.070(4), B(1)-C(1)
1.679(6), B(1)-C(2) 1.705(6), B(1)-O(1) 1.425(6), C(1)-C(2) 1.513(6);

) ), 513(
Ru(2)-Ru(1)-Ru(3) 59.938(12), Ru(1)-Ru(2)-Ru(3) 61.043(10), Ru(1)-
Ru(3)-Ru(2) 59.019(12), C(1)-B(1)-C(2) 53.1(2), B(1)-C(1)-C(2) 64.3
B(1)-C(2)-C(1) 62.6(3).

@),

The formation of 2b in the reaction carried out in a closed
vessel implies that the uptake of eliminated dihydrogen
occurred effectively. Whereas 4 does not react with H,, 3
reacts readily with H, (1 atm) to yield 2a through the
formation of the coordinatively saturated (||)-alkyne complex
1 (see Figure S13 in the Supporting Information). Thus, the
formation of 2b strongly indicates that the hydroxyborylene
intermediate A is produced initially and can be trapped by the
accumulated hydrogen.

In conclusion, the first trinuclear complex capped by a ;-
BO ligand was synthesized by the reaction of a ps-borylene
complex with water. The unusual ;-BO ligand was clearly
established by X-ray diffraction analysis as well as by
"B NMR and IR spectroscopy. The Lewis basic nature of
the 1;-BO ligand was shown by protonation at the oxygen
atom to form the cationic complex 5. The results described
herein provide a possibility for extending BO chemistry to the
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field of transition-metal clusters, as already seen for the
isoelectronic CO and NO ligands. We are currently studying
the detailed mechanisms of these transformations and further
exploring the reactivity of the p;-oxoboryl ligand.

Experimental Section

General considerations regarding the experimental procedures, the
X-ray diffraction study, and the DFT calculation are provided in the
Supporting Information.

Preparation of 4: Complex 3 (36.8 mg, 44.7 umol), THF (10 mL),
and H,O (1 mL) were placed in a 50 mL Schlenk tube equipped with
a reflux condenser connected to an argon line and sealed with
a paraffin bubbler, and the solution was heated at 50°C for 24 h with
vigorous stirring. The solvent was then removed under reduced
pressure, and the residual solid was extracted with toluene (2 mL) and
purified by column chromatography on alumina (Merck, Art. No.
1097). After the first brown band (containing complex 3) in the
column had been removed with toluene, the second green band
(containing 4) was collected with THF as the eluent. Drying under
reduced pressure afforded 4 as a dark-green solid (30.0 mg, 80 %
yield). "H NMR (400 MHz, [Dg]THF, 25°C): § = —3.25 (s, 2H, RuH),
1.62 (s, 15H, CsMes), 2.00 (s, 30H, CsMes), 5.48 (d, Juyu=7.6 Hz, 2H,
0-Ph), 6.49 (t, Jyg="7.6 Hz, 1H, p-Ph), 6.72 (dd, Jyy=7.6, 7.6 Hz,
2H, m-Ph), 9.56 ppm (s, 1H, PhCCH); "B{'H} NMR (128.7 MHz,
[D¢]benzene, 25°C): 6=42.7 ppm; IR (KBr): 7 =1672 (v(*’BO)),
1623 cm ™' (v("'BO)).

Preparation of 2b: Complex 3 (38.5mg, 46.7 umol), THF
(10 mL), and H,0O (1 mL) were placed in a S0 mL Schlenk tube
equipped with a J. Young valve, and the solution was heated at 50°C
for 24 h with vigorous stirring. The solution was then removed under
reduced pressure, and the residual solid was extracted with toluene
(2 mL) and purified by column chromatography on alumina (Merck,
Art. No. 1097). After the first brown band (containing 3) in the
column had been removed with toluene, the second orange band
containing 2b was collected with THF as the eluent. Drying under
reduced pressure afforded 2b as an orange solid (16.1 mg, 41 % yield).
'HNMR (400 MHz, [D|THF, 25°C): 6=-23.44 (dd, Jyyu=44,
4.4 Hz, 1H, RuH), —19.71 (dd, Jyy =44, 44 Hz, 1H, RuH), —18.77
(dd, Jyn=44,4.4Hz, 1H, RuH), 1.59 (s, 15H, CsMes), 1.73 (s, 15H,
CsMes), 1.87 (s, 15H, CsMes), 3.39 (s, 1H, OH), 6.97 (t, Jyu =7.6 Hz,
1H, p-Ph), 7.09 (dd, Jyy=7.6, 7.6 Hz, 2H, m-Ph), 7.17 (d, Jyu=
44Hz, 2H, o-Ph), 725ppm (s, 1H, PhCCH); "B{'H} NMR
(128.7 MHz, [D¢]benzene, 25°C): 6 =57.6 ppm.

Received: July 26, 2013
Published online: September 20, 2013

Keywords: borylene ligands - bridging ligands -
cluster compounds - oxoboryl ligands - ruthenium

[1] L. Mond, C. Langer, F. Quincke, J. Chem. Soc. Trans. 1890, 57,
749-753.

[2] P.J. Dyson, J.S. McIndoe, Transition Metal Carbonyl Cluster
Chemistry, Gordon and Breach Science Publishers, Amsterdam,
2000.

[3] T. W. Hayton, P. Legzdins, W. B. Sharp, Chem. Rev. 2002, 102,
935-991.

[4] L. Andrews, T. R. Burkholder, J. Chem. Phys. 1991, 95, 8554 —
8560.

gngewandte
Ch

[5] H. Braunschweig, K. Radacki, A. Schneider, Science 2010, 328,
345-347.

[6] H. Braunschweig, K. Radacki, A. Schneider, Chem. Commun.
2010, 46, 6473 —6475.

[7] H. Braunschweig, K. Radacki, A. Schneider, Angew. Chem.
2010, 722, 6130-6133; Angew. Chem. Int. Ed. 2010, 49, 5993 —
5996.

[8] D. Vidovic, S. Aldridge, Angew. Chem. 2009, 121, 3723 -3726;
Angew. Chem. Int. Ed. 2009, 48, 3669 —3672.

[9] X. Gong, Q. Li, Y. Xie, R. B. King, H. F. Schaefer III, Inorg.
Chem. 2010, 49, 10820-10832.

[10] a) R. Okamura, K. Tada, K. Matsubara, M. Oshima, H. Suzuki,
Organometallics 2001, 20, 4772-4774; b) T. Takao, H. Suwa, R.
Okamura, H. Suzuki, Organometallics 2012, 31,1825-1831;c) T.
Kaneko, H. Suwa, T. Takao, H. Suzuki, Organometallics 2013, 32,
737-740.

[11] a) R. Tenjimbayashi, E. Murotani, T. Takemori, T. Takao, H.
Suzuki, J. Organomet. Chem. 2007, 692, 442 —454; b) M. Moriya,
A. Tahara, T. Takao, H. Suzuki, Eur. J. Inorg. Chem. 2009, 3393 —
3397; ¢) T. Takao, M. Moriya, M. Kajigaya, H. Suzuki, Organo-
metallics 2010, 29, 4770-4773.

[12] a) S. Rivomanana, G. Lavigne, N. Lugan, J.-J. Bonnet, Inorg.
Chem. 1991, 30,4110-4112; b) J.-J. Peng, S.-M. Peng, G.-H. Lee,
Y. Chi, Organometallics 1995, 14,626—-633;c) A. K. Smith, R. A.
Harding, J. Chem. Soc. Dalton Trans. 1996, 117-123; d) S.
Rivomanana, C. Mongin, G. Lavigne, Organometallics 1996, 15,
1195-1207; e) M. J. Mays, P. R. Raithby, K. Sarveswaran, G. A.
Solan, Dalton 2002, 1671-1677.

[13] Crystal data for 4: space group P2,/n (No. 14), a =10.8663(8),
b=203379(17), c¢=16.4440(12) A, B=101.3660(17)°, V=
3562.8(5) A%, Z=4, paa=1566Mgm>,  u(Moy,)=
1.283 mm™!; of the 38009 reflections that were collected, 8111
were unique (R;,, =0.1356), R, =0.0661 [/ >20(])], wR,=0.1597
[I>20(I)]. Crystal data for 2b: space group P1 (No. 2), a=
11.0295(7), b=12.2613(8), c=17.4055(9) A, a=105.5120(18),
B=91.3900(18), y = 107.090(2)°, V=2154.4(2) A, Z=2, pouiea =
1.440 Mgm >, u(Mog,)=1.069 mm™'; of the 21608 reflections
that were collected, 21536 were unique (R;,,=0.0393), R, =
0.0451 [I>20(])], wR,=0.1172 [I>20(I)]. CCDC 951625 (4)
and 951626 (2b) contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via www.
ccde.cam.ac.uk/data_request/cif.

[14] Structural data for 17 complexes with a p-borylene ligand and 20
complexes with a ps-borylene ligand were obtained from the
Cambridge Structural Database System Version 5.34 (November
2012 + 2 updates); F. H. Allen, Acta Crystallogr. Sect. B 2002, 58,
380-388.

[15] a) H. Braunschweig, M. Forster, K. Radacki, F. Seeler, G. R.
Whittell, Angew. Chem. 2007, 119, 5304 -5306; Angew. Chem.
Int. Ed. 2007, 46,5212 -5214;b) H. Braunschweig, M. Forster, K.
Radacki, F. Seeler, Chem. Eur. J. 2009, 15, 469—473.

[16] E. Sappa, A. Tiripicchio, P. Braunstein, Chem. Rev. 1983, 83,
203-239.

[17] G. Zeng, S. Sakaki, Inorg. Chem. 2012, 51, 4597 —4605.

[18] a) T. Takao, S. Kakuta, R. Tenjimbayashi, T. Takemori, E.
Murotani, H. Suzuki, Organometallics 2004, 23, 6090-6093;
b) M. Nagaoka, T. Takao, H. Suzuki, Organometallics 2012, 31,
6547 -6554; c) M. Nagaoka, T. Shima, T. Takao, H. Suzuki, J.
Organomet. Chem. 2013, 725, 68-75.

[19] T. Kawashima, T. Takao, H. Suzuki, Angew. Chem. 2006, 118,
7777-7780; Angew. Chem. Int. Ed. 2006, 45, 7615-7618.

Angew. Chem. 2013, 125, 12100-12103

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.angewandte.de

emie

12103


http://dx.doi.org/10.1039/ct8905700749
http://dx.doi.org/10.1039/ct8905700749
http://dx.doi.org/10.1021/cr000074t
http://dx.doi.org/10.1021/cr000074t
http://dx.doi.org/10.1126/science.1186028
http://dx.doi.org/10.1126/science.1186028
http://dx.doi.org/10.1039/c0cc01802c
http://dx.doi.org/10.1039/c0cc01802c
http://dx.doi.org/10.1002/ange.201002300
http://dx.doi.org/10.1002/ange.201002300
http://dx.doi.org/10.1002/anie.201002300
http://dx.doi.org/10.1002/anie.201002300
http://dx.doi.org/10.1002/ange.200901022
http://dx.doi.org/10.1002/anie.200901022
http://dx.doi.org/10.1021/ic101215v
http://dx.doi.org/10.1021/ic101215v
http://dx.doi.org/10.1021/om010609o
http://dx.doi.org/10.1021/om201186z
http://dx.doi.org/10.1021/om3012079
http://dx.doi.org/10.1021/om3012079
http://dx.doi.org/10.1016/j.jorganchem.2006.08.070
http://dx.doi.org/10.1002/ejic.200900519
http://dx.doi.org/10.1002/ejic.200900519
http://dx.doi.org/10.1021/om100329r
http://dx.doi.org/10.1021/om100329r
http://dx.doi.org/10.1021/ic00022a005
http://dx.doi.org/10.1021/ic00022a005
http://dx.doi.org/10.1021/om00002a009
http://dx.doi.org/10.1021/om950835w
http://dx.doi.org/10.1021/om950835w
http://dx.doi.org/10.1107/S0108768102003890
http://dx.doi.org/10.1107/S0108768102003890
http://dx.doi.org/10.1107/S0108768102003890
http://dx.doi.org/10.1107/S0108768102003890
http://dx.doi.org/10.1002/ange.200701142
http://dx.doi.org/10.1002/anie.200701142
http://dx.doi.org/10.1002/anie.200701142
http://dx.doi.org/10.1002/chem.200801820
http://dx.doi.org/10.1021/cr00055a001
http://dx.doi.org/10.1021/cr00055a001
http://dx.doi.org/10.1021/ic202499u
http://dx.doi.org/10.1021/om049237k
http://dx.doi.org/10.1021/om300371g
http://dx.doi.org/10.1021/om300371g
http://dx.doi.org/10.1016/j.jorganchem.2012.12.002
http://dx.doi.org/10.1016/j.jorganchem.2012.12.002
http://dx.doi.org/10.1002/ange.200603447
http://dx.doi.org/10.1002/ange.200603447
http://dx.doi.org/10.1002/anie.200603447
http://www.angewandte.de

