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Bismuth is a rare case of a nearly nontoxic heavy element that
is used in medical applications.!"! Nitrogen-containing com-
pounds play an important role in many biologically active
systems as well as in organic building blocks, new materials,
and fine chemicals.”) Bismuth amido complexes are well
established in main-group chemistry® and we studied the
beneficial influence of chelating N-ligands on the reactivity of
bismuth some years ago.”) Related complexes have been
proposed as key intermediates in important catalytic pro-
cesses and especially in the fixation and activation of nitro-
gen.! At the same time insertion reactions of carbonyl and
alkene compounds into metal-nitrogen bonds have been
known for lanthanides and for early and late transition metal
complexes. However, the insertion of carbon—carbon and
carbon-oxygen bonds into the metal-nitrogen bond has not
been well studied with main-group compounds. This may be
attributed to the poor reactivity of compounds with nitrogen
bonds, although Ando et al. reported the reaction of bismuth
amide with heterocumulenes.”! Lappert and co-workers
described the addition of amminostannanes to a variety of
alkynes and alkenesland also aminosilylation and amino-
phosphination reactions with highly electrophilic substrates.*!
Recently Hartwig and co-workers reported transammination
of alkenes and vinylarenes by rhodium(I) amides.”) The
insertion of an alkyne into a molybdenum-amide bond has
also been described."”! The work reported in this paper was
fueled by the design and synthesis of main-group complexes
with the focus on their reactivity toward insertion reactions.!'!]
We report the syntheses and structural characterization of a
bismuth amide complex and its reaction with aldehydes,
ketones, alkenes, and alkynes.

The reaction of 1,8-bis[(trimethylsilyl)amino]naphthalene
with Bi(NMe,);" led to the well-defined bismuth amide
complex [1,8-C;(H¢x(NSiMe;),BiNMe,] (1) in good yield
(Scheme 1).

Complex 1is an orange solid, which is soluble in n-hexane,
THEF, and toluene and crystallizes in the monoclinic space
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Scheme 1. Preparation of 1.

group P2,/n with a trigonal pyramidal coordination geometry
around the bismuth center (Figure 1).®) The N-Bi-N bond
angles sum to 281.42°, and hence indicate that the stereo-
chemically active lone pair is in the apical position. The Bi—N

Figure 1. Crystal structure of 1, with thermal ellipsoids set at 50%
probability. Hydrogen atoms are omitted for clarity. Selected bond
lengths [A] and angles [°]: Bi1T—N1 2.150(1), Bil-N2 2.176(1), Bil—
N3 2.179(1); N1-Bi1-N2 85.02(7), N1-Bi1-N3 100.06(7), N2-Bi1-N3
96.34(6).

bond lengths for 1 (average 2.168 A) are comparable to those
in structurally characterized Bi(NMe,);.'” The ™M NMR
spectrum of 1 exhibits two singlets, at 0=0.25 and
2.48 ppm, for the SiMe; and NMe, groups, respectively.

The reaction of 1 with 2-benzoylpyridine proceeded
smoothly at 25°C in n-hexane to give product 2 in 83%
yield (Scheme 2). Complex 2 is monomeric in the solid state
and crystallizes in the triclinic space group P1 (Figure 2).1"%
The coordination environment around the bismuth atom is
distorted trigonal pyramidal with bond angles in the range of
83.46(12) to 97.03(11)° around the bismuth atom. The Bi—O
bond length (2.089 (2) A) is in the range of a Bi—O single
bond when compared with other structurally characterized
bismuth compounds. The Bi—N4 (donor side-arm) distance
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Scheme 2. Preparation of 2 and 3.

Figure 2. Crystal structure of 2, with thermal ellipsoids set at 50%
probability. Hydrogen atoms are omitted for clarity. Selected inter-
atomic distances [A] and angles [°]: Bi1—O1 2.089(2), Bi1—N1 2.194(3),
Bi1—N2 2.123(3), Bi1---N4 2.615(4), O1—C17 1.405(4); O1-Bi1-N1
85.44(11), O1-Bi1-N2 97.03(11), N1-Bi1-N2 83.46 (12), Bi1-O1-C17
125.4(2).

of 2.615(4) A is considerably longer than the Bi—N bond
lengths of the ligand (2.194(3) vs. 2.123(3) A).

The 'H and C NMR spectra also indicate the formation
of an addition product in which 2-benzoylpyridine is inserted
into the Bi—N bond of 1 to form 2. The '"H NMR spectrum of 2
exhibits two different resonances, at 6 =0.47 and 0.32 ppm,
for the SiMe; groups and a singlet at 6 =1.59 ppm for the
NMe, substituent. The *C NMR spectrum of 2 shows an
upfield-shifted carbonyl resonance, corresponding to the
inserted ketone, which appears at 6=948ppm (0=
193.7 ppm for the starting material).

In a similar manner, a n-hexane solution of 1 smoothly
reacted with 3-pyridinecarboxaldehyde at room temperature
to afford crystalline 3 in 75 % yield (Scheme 2).

The characterization of 3 indicated that the insertion of 3-
pyridinecarboxaldehyde occurred selectively into the Bi—N
bond of 1. Complex 3 crystallizes in the triclinic space group
P1 with two molecules in the asymmetric unit and a trigonal
pyramidal coordination environment around the bismuth
atom with bond angles of 83.96(8) to 91.85(9)° (Figure 3).1"%
The Bi—O bond length in 3 (2.10(2) A) is in the range of Bi—O
single bonds in known examples (2.058 and 2.109 A in
[Bi(ONp);(Py),]).¥ Also for this structure, the Bi—N4
distance (2.891(4) A) is considerably longer than the Bi—N
bond lengths of the ligand (2.170(2) and 2.164(2) A).

The 'H NMR spectrum of 3 exhibits singlet resonances for
the dimethylamine and quaternary CH protons, at 6 =1.89
and 5.05 ppm, respectively. The three methyl groups of the
SiMe; ligands appear at 6 = 0.3 and 0.26 ppm. The *C NMR

www.angewandte.org

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Figure 3. Crystal structure of 3, with thermal ellipsoids set at 50%
probability. Hydrogen atoms (except for those of C17) and disorder in
one SiMe; group are omitted for clarity. Selected interatomic distan-
ces [A] and angles []: Bi1—O12.10(2), BiI—N1 2.170(2), Bi1—N2
2.164(2), Bi--N4 2.891(4), O1—C17 1.388(4); O1-Bi1-N1 83.96(11),
O1-Bi1-N2 91.85(9), N1-Bi1-N2 84.02 (9), Bi1-O1-C17 113.70(18)

spectrum of 3 shows a singlet resonance at 6 =89.23 ppm,
which can be assigned to the carbonyl group of the inserted
aldehyde.

The driving force for the formation of compounds 2 and 3
is the formation of the Bi—O bond.™! Additionally, the
intramolecular coordination between bismuth and nitrogen
(Figures 2 and 3) may play an important role for the stability
of these compounds. To extend these findings to bismuth-
carbon bonds, we treated 1 with an alkene and an alkyne,
while aware that the Bi—C bond is considerably weaker
(143 kImol )"l than the Bi—O bond. The reaction of 1 with
2-methyl-2-propenenitrile in n-hexane at 25°C gave the
yellow complex 4 in 74 % yield (Scheme 3). Like the other
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Scheme 3. Preparation of 4.

structures, 4 is monomeric in the solid state and crystallizes in
the monoclinic space group P2,/c.The bismuth atom in 4 again
has the anticipated trigonal pyramidal coordination geometry.
Moreover, the crystal structure of 4 reveals that the bismuth
atom and the NMe, group are arranged on the same side of
the molecule. This might be caused by the packing of the
molecules in the crystal. The C17—C20 bond length of
1.540(5) A is in the range of normal C—C single bonds
(Figure 4).1%!

The '"H NMR spectrum of 4 shows two peaks correspond-
ing to the non-equivalent CH protons of the methylene group
(0=2.43 and 4.53 ppm) and two singlets for NMe, and Me
(6 =2.08 and 1.17 ppm). The *C NMR spectrum indicates the
presence of a new resonance (0 =62.6 ppm), which can be
assigned to the carbon atom that binds to the bismuth atom.

The reaction of 1 with diethyl acetylenedicarboxylate at
25°Cin a 2:1 molar ratio resulted in the yellow product 5 in
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Figure 4. Crystal structure of 4, with thermal ellipsoids set at 50%
probability. Hydrogen atoms are omitted for clarity. Selected inter-
atomic distances [A] and angles [°]: Bi1=N1 2.171(3), Bi1—N2 2.155(3),
Bil--N4 2.936(6) Bi1—C17 2.341(3), N4—C20 1.462(5), C17-C20
1.540(5); N1-Bi1-C17 100.15(12), N2-Bi1-C17 94.37(12), N1-Bi1-N2
84.95(12), C20-C17-Bi1 100.5(2), N4-C20-C17 112.8(3).

55% yield (Scheme 4, Figure 5).¥ Complex 5 is monomeric
in the solid state and crystallizes in the triclinic space group P1
with a trigonal pyramidal geometry at the bismuth atom. The
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Scheme 4. Preparation of 5.

Figure 5. Crystal structure of 5, with thermal ellipsoids set at 50%
probability. Hydrogen atoms are omitted for clarity. Selected inter-
atomic distances [A] and angles [°]: Bi1—N1 2.178(3), Bi1—N2 2.20(30),
Bil--O1 2.70(40), Bi1—C18 2.29(8), C18—C19 1.381(5); N1-Bi1-C18
92.2(5), N2-Bi1-C18 103(6), N1-Bi1-N2 81.64(16).

structure reveals that the addition resulted in a Z orientation
of bismuth and the amide relative to the double bond. The
Bi—O1 (carbonyl O atom) distance (2.70(40) A) is compara-
ble with Bi—Ogypony distances in other known structures
(2.56-2.86 A).I"7

Moreover, during the formation of 5 the exchange of one
of the OEt groups with a NMe, substituent occurred. In the
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BC NMR spectrum, the carbon atoms of the resulting C=C
double bond in 5 resonate at d=169.3 and 174.4 ppm,
respectively.

In summary, the chemistry described herein provides a
facile and direct synthesis of substituted bismuth compounds
in good yields with excellent regioselectivity. The chemistry
shows easy formation of compounds incorporating Bi—O and
Bi—C bonds. The reported synthesis is expected to be
advantageously employed in organic and organometallic
syntheses.

Received: March 3, 2009
Revised: March 31, 2009
Published online: May 13, 2009

Keywords: alkenes - alkynes - amides - bismuth - regioselectivity

[1] a) G. G. Briand, N. Burford, Chem. Rev. 1999, 99, 2601 -2658;
b) N. Yang, H. Sun, Coord. Chem. Rev. 2007, 251, 2354 —2366.

[2] C. Silvestru, H. J. Breunig, H. Althaus, Chem. Rev. 1999, 99,
3277-33217.

[3] a) M. Veith, Z. Naturforsch. B 1978, 33, 1-6, M. Veith, Z.
Naturforsch. B 1978, 33, 7-13; b) M. Veith, B. Bertsch, Z.
Anorg. Allg. Chem. 1988, 557, 7-22; c) M. Veith, O. Reckten-
wald, E. Humpfer, Z. Naturforsch. B 1978, 33, 14-19; d) M.
Veith, M. Grosser, V. Huch, Z. Anorg. Allg. Chem. 1984, 513,
89-102; e) U. Wirringa, H. W. Roesky, M. Noltemeyer, H.-G.
Schmidt, Inorg. Chem. 1994, 33, 4607-4608; f) M. Veith, B.
Bertsch, V. Huch, Z. Anorg. Allg. Chem. 1988, 559,73 -88; g) M.
Veith, Angew. Chem. 1987, 99, 1-14; Angew. Chem. Int. Ed.
Engl. 1987, 26, 1-14; h) W. Clegg, N. A. Compton, R.J.
Errington, N. C. Norman, N. Wishart, Polyhedron 1989, 8,
1579-1580; i) M. J. S. Gynane, A. Hudson, M. F. Lappert, P. P.
Power, J. Chem. Soc. Dalton Trans. 1980, 2428-2433; j)N.
Burford, C. L. B. Macdonald, K. N. Robertson, T. S. Cameron,
Inorg. Chem. 1996, 35, 4013 -4016.

[4] a)J. L. Fauré, H. Gornitzka, R. Reau, D. Stalke, G. Bertrand,
Eur. J. Inorg. Chem. 1999, 2295-2299; b) C. Cui, H. Hao, M.
Noltemeyer, H.-G. Schmidt, H. W. Roesky, Polyhedron 2000, 19,
471-474.

[5] a) C. M. Kozak, P. Mountford, Angew. Chem. 2004, 116, 1206—
1209; Angew. Chem. Int. Ed. 2004, 43, 1186-1189; b) R.
Pryadun, D. Sukumaran, R. Bogadi, J. D. Atwood, J. Am.
Chem. Soc. 2004, 126, 12414-12420; c) Y. Ohki, M. D. Fryzuk,
Angew. Chem. 2007, 119, 3242-3245; Angew. Chem. Int. Ed.
2007, 46, 3180-3183.

[6] a) F. Ando, T. Hayashi, K. Ohashi, J. Koketsu, J. Inorg. Nucl.
Chem. 1975, 37, 2011-2013; b)F. Ando, Y. Kohmura, J.
Koketsu, Bull. Chem. Soc. Jpn. 1987, 60, 1564 —1566.

[7] T. A. George, M. F. Lappert, J. Organomet. Chem. 1968, 14,327 -
337.

[8] R.H. Cragg, M. F. Lappert, J. Chem. Soc. A 1966, 82—85.

[9] P. Zhao, C. Krug, J. F. Hartwig, J. Am. Chem. Soc. 2005, 127,
12066 -12073.

[10] E.Katayev,Y.Li, A. L. Odom, Chem. Commun. 2002, 838 —839.

[11] A. Jana, H. W. Roesky, C. Schulzke, A. Déoring, Angew. Chem.
2009, 121, 1126-1129; Angew. Chem. Int. Ed. 2009, 48, 1106 —
1109.

[12] a) W. Clegg, N. A. Compton, R. J. Errington, G. A. Fisher, M. E.
Green, D. C. R. Hockless, N. C. Norman, Inorg. Chem. 1991, 30,
4680-4682; b) U. N. Nehete, H. W. Roesky, V. Jancik, A. Pal, J.
Magull, Inorg. Chim. Acta 2007, 360, 1248 —1257.

[13] Crystallographic details: A shock-cooled crystal was selected
and mounted under nitrogen atmosphere using the X-TEMP2

www.angewandte.org

Chemie

4519


http://dx.doi.org/10.1021/cr980425s
http://dx.doi.org/10.1016/j.ccr.2007.03.003
http://dx.doi.org/10.1021/cr980083q
http://dx.doi.org/10.1021/cr980083q
http://dx.doi.org/10.1002/zaac.19885570101
http://dx.doi.org/10.1002/zaac.19885570101
http://dx.doi.org/10.1002/zaac.19845130610
http://dx.doi.org/10.1002/zaac.19845130610
http://dx.doi.org/10.1021/ic00099a001
http://dx.doi.org/10.1002/zaac.19885590107
http://dx.doi.org/10.1002/ange.19870990104
http://dx.doi.org/10.1002/anie.198700013
http://dx.doi.org/10.1002/anie.198700013
http://dx.doi.org/10.1016/S0277-5387(00)80339-3
http://dx.doi.org/10.1016/S0277-5387(00)80339-3
http://dx.doi.org/10.1039/dt9800002428
http://dx.doi.org/10.1021/ic951532x
http://dx.doi.org/10.1016/S0277-5387(99)00390-3
http://dx.doi.org/10.1016/S0277-5387(99)00390-3
http://dx.doi.org/10.1002/ange.200301712
http://dx.doi.org/10.1002/ange.200301712
http://dx.doi.org/10.1002/anie.200301712
http://dx.doi.org/10.1021/ja0469939
http://dx.doi.org/10.1021/ja0469939
http://dx.doi.org/10.1002/ange.200605245
http://dx.doi.org/10.1002/anie.200605245
http://dx.doi.org/10.1002/anie.200605245
http://dx.doi.org/10.1016/0022-1902(75)80943-2
http://dx.doi.org/10.1016/0022-1902(75)80943-2
http://dx.doi.org/10.1246/bcsj.60.1564
http://dx.doi.org/10.1016/S0022-328X(00)87672-X
http://dx.doi.org/10.1016/S0022-328X(00)87672-X
http://dx.doi.org/10.1039/j19660000082
http://dx.doi.org/10.1021/ja052473h
http://dx.doi.org/10.1021/ja052473h
http://dx.doi.org/10.1039/b201389d
http://dx.doi.org/10.1002/ange.200805595
http://dx.doi.org/10.1002/ange.200805595
http://dx.doi.org/10.1002/anie.200805595
http://dx.doi.org/10.1002/anie.200805595
http://dx.doi.org/10.1021/ic00024a046
http://dx.doi.org/10.1021/ic00024a046
http://dx.doi.org/10.1016/j.ica.2005.12.005
http://www.angewandte.org

Communications

4520

www.angewandte.org

[T. Kottke, D. Stalke, J. Appl. Crystallogr. 1993, 26, 615-619].
The structures were solved by direct methods (SHELXS) and
refined on F* using the full-matrix least-squares methods of
SHELXL [G. M. Sheldrick, Acta Crystallogr. Sect. A 2008, 64,
112-120]. Cell parameters and R-values with [I>20(])]:
1:space group P2,/n; a=9.9870(9), b=12.5984(12), c=
16.938(2) A; B=93.3040(10)°; wR2=0.0325; R1=0.0158;.
2:space group P1; a=9.597(2), b=9.836(2), c=17.485(3) A;
a=74.103), f=82.87(3), y=79.75(3)°; wR2=0.0691; R1=
0.0272. 3:space group P1; a=10.8242(7), b=15.9185(10), c =
16.6061(10) A;  a=104.2030(10), f=922510(10), y=
96.9070(10)°; wR2=0.0465; R1=0.0207. 4: space group P2,/c;
a=11113(2), b=21.808(4), c=12.1382) A; B=11436(3)%;
wR2=0.0494; R1=0.0249. 5: space group P1; a=12.7227(14),
b=13.3719(15), ¢=18236(2) A; a=94.0560(17), f=

91.5292(17), y=98.822(2)°; wR2=0.0671; R1=0.0270. More
details about the crystallographic data and the refinement can be
found in the Supporting Information. CCDC 721257 (1), 717832
(2), 721258 (3), 717833 (4), and 721259 (5) contain the
supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

[14] T. A. Hanna, G. Keitany, C. Ibarra, R.D. Sommer, A.L.

Rheingold, Polyhedron 2001, 20, 2451 -2455.

[15] See the Supporting Information.
[16] N. C. Norman, Chemistry of Arsenic, Antimony, and Bismuth,

Blackie Academic & Professional, London, 1998.

[17] G. G. Briand, N. Burford, M. D. Eelman, T. S. Cameron, K. N.

Robertson, Inorg. Chem. 2003, 42, 3136 -3141.

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angew. Chem. Int. Ed. 2009, 48, 4517 —4520


http://dx.doi.org/10.1107/S0021889893002018
http://dx.doi.org/10.1016/S0277-5387(01)00857-9
http://dx.doi.org/10.1016/S0277-5387(01)00857-9
http://dx.doi.org/10.1021/ic0261934
http://www.angewandte.org

