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Regioselective insertion of 2-vinylpyridine in niobium and tantalum
aryloxide complexes: an alternate route to pyridylalkyl metallacyclesy i
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A series of niobium and tantalum aryloxide complexes
containing pyridylethyl ligation have been synthesized via
2-vinylpyridine insertion to metal hydride complexes.

Hydride derivatives of niobium and tantalum containing aryloxide
ligands have been demonstrated to catalyze the hydrogenation of a
variety of arene substrates.' From many strategies available for the
synthesis of transition metal hydrides, two successful procedures
have been reported for the synthesis of niobium and tantalum
hydride complexes involving high-pressure hydrogenolysis®> and
treatment of the corresponding chloro aryloxides with "Bu;SnH in
the presence of a donor phosphine.® By using the second method, a
series of aryloxide complexes [M(OCgH3R,-2,6),(Cl);_,(H), L]
(M = Nb, Ta;R = 'Pr, ‘Bu, Ph; n = 1-3; L = donor ligand) have
been prepared.® A study of the reactions of these hydride
complexes with olefins and alkynes has provided a better
understanding of mechanistic details of the catalytic hydrogena-
tion reaction* We have shown that the reaction of
[Ta(OC6H3iPr2-2,6)2(H)2C1(PMe2Ph)2] with styrene produces
1 equiv of PhEt, H, and the dehydrogenation product
[Ta(OC¢H;'Pr-n*-CMe=CH,)(OC¢H; Pr,-2,6)CI(PMe,Ph),].*  In
this work we report the reaction of Group 5 metal hydride
aryloxide complexes with 2-vinylpyridine.

The reactions of a series of four mixed chloro bis/tris aryloxide
complexes la—¢ and 3 with "BusSnH in the presence of
2-vinylpyridine were investigated. In all cases, the products
were obtained by reacting a suspension of complexes la—c
or 3 in hydrocarbon solvent with 2 equiv of 2-vinylpyridine
(Scheme 1). To this solution, 2 equiv of "BusSnH was added.
The reaction proceeds first with H/Cl exchange giving
[M(OAr),HCl4—,(C;H7N),] (Where n = 2 for M = Taand n = 3
for M = Nb) and "Bu;SnCl.* Attempts to use other sources of
hydride such as LiBH; and NaBH,4 were not successful. The
2-vinylpyridine olefin then inserts into the metal-hydride bond.
Depending on the steric hindrance of aryloxide, a second H/Cl
exchange may occur followed by a second 2-vinylpyridine
insertion into the Ta-H bond. After stirring for 15 hours at
room temperature the products were isolated in powder form
as follows: yellow [Ta(OC6H3Priz-2,6)2(n2-C7H8N)2C1] (2a);
yellow |_Ta(OC6H2Pri2-2,6-Br-4)2(n2-C7H8N)2C1] (2b);  tan
|_Ta(OC6H3Ph2-2,6)2(n2-C7H8N)C12] (2¢); or golden orange

+ Electronic supplementary information (ESI) available: synthesis, and
characterization, for compounds 2a-c¢ and 4. See http://www.rsc.org/
suppdata/cc/b4/b416536e/

1 This paper is dedicated with the most sincere gratitude to the memory of
our mentor and friend Ian P. Rothwell, Richard B. Moore Distinguished
Professor of Chemistry.

*rcorbin@purdue.edu

[Nb(OC6H3Pri2-2,6)3(n2—C7H8N)C1] (4) (Scheme 1). In all cases
the products reflect a regioselective insertion with hydride
migration to the B -carbon resulting in a 4-membered pyridylalkyl
metallacycle. Regioselective insertion is believed to result from a
kinetic effect dependant upon the electronic and steric nature of
the olefin substrate and metal complex.” These products are
strikingly different from that obtained when Group 5 metal
hydride aryloxide complexes are reacted with styrene, despite
similarity with 2-vinylpyridine, signifying the importance of the
nitrogen heteroatom.

Compounds 2a and 2b contain two pyridylethyl ligands. This
suggests that the second H/Cl exchange occurred along with the
second 2-vinylpyridine insertion into the Ta—H bond. It seems that
increased stability arising from pyridine chelation after the first
2-vinylpyridine insertion prevents o-bond metathesis between the
pyridylethyl ligand and a second hydride ligand. Attempts to react
more than 2 equiv of 2-vinylpyridine/"Bu;SnH failed to replace the
third chloride atom.

An ORTEP drawing of the tantalum complex 2a is given in
Fig. 1. Compound 2a has a pseudo pentagonal bipyrimidal
geometry with a seven-coordinate Ta center. The two aryloxides
are axial with an average Ta—O distance of 1.925 A. The chloride
and two 1>-C;HgN ligands are equatorial with Ta—Cl, Ta—Cyye,
and Ta—N,,. distances of 2.493(1), 2.275, and 2.245 A, respectively.
The bite angle of the pyridylethyl ligand N31-Ta-C321 is
60.10(2)°. The cis C-Ta—C pyridylethyl ligand geometry present
in the solid state seems to be maintained in solution as indicated by
NMR. Spectra from VT NMR experiments recorded between 25
and 100 °C indicate a structure consistent with the geometry of the
solid. The crystal structure and NMR spectra indicate that
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Scheme 1 Preparation of compounds 2a—c and 4.
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Fig. 1 An ORTEP drawing of [Ta(OC¢H;Pry-2,6),(C;HgN),Cl], 2a,
with thermal ellipsoids drawn at 50% probability level. Selected bond
lengths (A) and bond angles (°): Ta—O1 1.923(3), Ta—02 1.927(3), Ta—Cl
2.4934(1), Ta-N31 2.237(4), Ta-N41 2.253(4), Ta-C321 2.284(5), Ta—
C421 2.266(5); C321-Ta—C421 79.1(2), N31-Ta—C321 60.10(2), N41-Ta—
C421 60.48(2), O1-Ta-02 174.26(1), N31-Ta-N41 162.55(1), O1-Ta-Cl
87.07(9), O2-Ta-Cl 87.22(1).

hydride, presumably originating from "BusSnH, ends up on the
terminal carbon atom. To further confirm the source of hydride
the reaction was carried out using la, 2-vinylpyridine, and
"Bu;3SnD. The isolated product was I_Ta(OC(,H;Prz-Z,6)2(CH(py)-
(CH,D)),Cl] confirming that "BusSnH is the source of hydrogen at
the B-carbon.

The seven-coordinate compound 2b adopts a pseudo pentago-
nal bipyrimidal arrangement of ligands about the tantalum metal
center. An ORTEP drawing of complex 2b is given in Fig. 2.
Compound 2b also contains two pyridylethyl ligands featuring a
structure similar to that of 2a. The presence of the Br atom only
shortens the Ta—O bond length slightly by 0.026 A compared to
2a.

Fig. 2 An ORTEP drawing of [Ta(OC¢H,'Pr,-2,6-Br-4),(C;HgN),Cl],
2b, with thermal ellipsoids drawn at 50% probability level. Selected bond
lengths (A) and bond angles (°): Ta—03 1.904(3), Ta—04 1.894(3), Ta—Cl
2.5064(1), Ta-N11 2.240(4), Ta-N21 2.258(4), Ta—C17 2.283(5), Ta—C27
2.278(5); C17-Ta—C27 77.77(2), N11-Ta—C17 60.56(2), N21-Ta—C27
60.58(2), 0O3-Ta-O4 173.78(2), NI11-Ta-N21 162.59(2), O3-Ta-Cl
86.35(1), O4-Ta-Cl 88.34(1).

Fig. 3 An ORTEP drawing of [Ta(OCsH;Phy-2,6),(C;HgN)CL], 2c,
with thermal ellipsoids drawn at 50% probability level. Selected bond
lengths (A) and bond angles (°): Ta-O1 1.8891(2), Ta—0O2 1.8705(2), Ta—
ClIl 2.3900(7), Ta—CI2 2.3976(7), Ta-N1 2.215(2), Ta-C7 2.229(3); Ol-
Ta-02 95.57(8), N1-Ta-C7 61.91(1), ClI-Ta-CI2 85.48(3), O1-Ta-Cll
172.63(6), 02-Ta-N1 156.1509), O1-Ta—C7 97.33(9), C7-Ta—Cl1 85.05(8).

For compound 2¢, it seems that steric hindrance of 2,6-
diphenylphenoxide ligands prevent a second H/Cl exchange.
Hence, only one 2-vinylpyridine inserts. The use of excess
2-vinylpyridine/*Bu;SnH failed to initiate replacement of an
additional chloride ligand. An ORTEP drawing of complex 2¢ is
given in Fig. 3. Compound 2c has a pseudo octahedral geometry
with a six-coordinate tantalum center. The two aryloxides are cis
with a O1-Ta-O2 angle of 95.57(8)°. The frans influence is
observed where the Ta—O1 (trans to Cl) bond is longer than the
Ta—O2 (trans to py) bond by 0.018 A.

The niobium complex, 4 with one pyridylethyl ligand was
isolated. The use of excess 2-vinylpyridine/"BusSnH failed to
replace the second chloride atom. An ORTEP drawing of complex
4 is given in Fig. 4. Compound 4 adopts a pseudo octahedral
geometry with a six-coordinate Nb center. The three aryloxides are

Fig. 4 An ORTEP drawing of [Nb(OC6H3iPr2—2,6)3(C7H8N)Cl], 4, with
thermal ellipsoids drawn at 50% probability level. Selected bond lengths
(A) and bond angles (°): Nb-NI 2.293(3), Nb-C7 2.266(4), Nb-Cl
2.4003(1), Nb-O1 1.910(2), Nb-O2 1.874(3), Nb-O3 1.907(2); N1-Nb-C7
60.86(1), NI-Nb—ClI 80.63(8), O1-Nb-02 91.80(1), O2-Nb-0O3 90.58(1),
O1-Nb-0O3 177.45(1), N1-C2-C7 109.1(3), O1-Nb-N1 93.10(1).

This journal is © The Royal Society of Chemistry 2005

Chem. Commun., 2005, 1194-1196 | 1195



in a mer arrangement with two sets of Nb-O distances. The Nb-
02 distance is slightly shorter than Nb-O1 and Nb-O3 by 0.035 A.

While many metal complexes containing n>-pyridylalkyl ligands
have been reported,® to our knowledge, compounds 2a—c and 4 are
the third example of Group 5 pyridylalkyl compounds.” A series of
related M>-(N,C)-pyridine tantalum complexes have also been
reported.® Furthermore, this work represents the third synthetic
methodology for preparing pyridylalkyl derivatives. The other two
are C-H bond activation and organolithium/Grignard-reagent
metathesis.*”

The presence of chelating pyridine ligands has allowed the
isolation of compounds 2a-¢ and 4 by preventing o-bond
metathesis that was seen in reactions with styrene. These
compounds present a rare example of Group 5 pyridylalkyl
complexes and the first to be characterized crystallographically.§

Support provided by the National Science Foundation (Grant
no. CHE-0078405). The authors wish to acknowledge Professor
Mahdi M. Abu-Omar for his help in the preparation of this
manuscript.

Rex A. Corbin,* Brandon E. Dusick, Khamphee Phomphrai,
Phillip E. Fanwick and Ian P. Rothwell

Department of Chemistry, Purdue University, 560 Oval Drive,
West Lafayette, Indiana, USA 47907. E-mail: rcorbin@purdue.edu;
Fax: 1 (765) 494-0239; Tel: 1 (765) 496-3491

Notes and references

§ Crystal data. 2a: C3sHsoCIN>O,Ta, M = 783.24, triclinic, a = 12.1330(3),
b = 12.3876(3), ¢ = 13.9642(4) A, o = 98.8630(10), f = 115.4240(10),
y = 101.1690(10)°, U = 1791.75(18) A*, T = 150 K, space group P1I (no. 2),
Z =2, peatea = 145 g em™3, Mo-Ka (. = 0.71073 A), u(Mo-Ko) =
3.139 mm !, 17886 data collected, 8312 unique data (R, = 0.057),
R(F,) = 0.042, R(F,%) = 0.102. 2b: C3gH3Br,CIN,O,Ta, M = 941.04,

triclinic, a = 12.2625(7), b = 12.7572(8), ¢ = 14.0939(11) A, o = 111.989(3),
B = 101.730(4), y = 102.1003)°, U = 1900.02) A>, T = 150 K, space
group P1 (n0.2), Z = 2, pegea = 1.64 g em 3, Mo-Ko. (2. = 0.71073 A),
u(Mo-Ko) = 5.046 mm !, 12828 data collected, 8833 unique data
(Rine = 0.050), R(F,) = 0.042, R,(F,>) = 0.084. 2¢-2C¢Hg:
Cy3H34CLNO,Ta, M = 1004.84, triclinic, a = 11.4442(4), b = 11.7997(4),
¢ = 17.5214(5) A, o = 82.0975(19), f = 84.3171(18), y = 75.1193(17)°,
U =2259.97(13) A3, T = 150 K, space group PI (n0.2), Z = 2, peaiea = 1.48
g cm >, Mo-Ko (4 = 0.71073 A), u(Mo-Ko) = 2.563 mm !, 22282 data
collected, 10513 unique data (R;, = 0.035), R(F,,) = 0.030, R,V(F(,z) = 0.063.
4: CysH5oCINNDO3;, M = 766.31, monoclinic, « = 16.4650(10),
b = 13.6886(7), ¢ = 18.7548(9) A, « = 90, f = 107.69(3), 7 = 90°,
U = 402694) A3, T = 150 K, space group P2,/n (no. 14), Z = 4,
Peated = 1.26 gecm 3, Mo-Ko (4 = 0.71073 A), u(Mo-Kar) = 0.388 mm ™!,
37822 data collected, 9506 unique data (R, = 0.095), R(F,) = 0.064,
R,(F,}) = 0.162. CCDC 255067-255070. See http://www.rsc.org/suppdata/
cc/b4/b416536¢/ for crystallographic data in .cif or other electronic format.
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