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The design of organic ligands that, when chelated or bound to

metals, assemble to form structures that may have potential for

use as selective catalysts and filtérsy molecular wires and
switches? or electronic devicésontinues to be a major topic in
the field of supramolecular chemist§® Ligands particularly
attractive are the oligopyridines, since they retain the well-
documented ability of the 2;Dipyridine system to chelate a wide
range of metald. Most of the methods used to synthesize
functionalized oligopyridines (bipyridines, terpyridines, etc.) are
based on Pd- or Ni-catalyzed heteroarytC coupling reactiorfs
or on the Kitnke-Pott$ or Friedlander strategi€swhich often
require multistep constructions. Here we report a one-step
synthesis of symmetrical, annelated '8bstituted 2,2bi-
pyridines by means of cobalt(l)-catalyzed {22 + 2] cycload-
ditions between 5-hexynenitriteand 1,3-diyne® (Scheme 1§.
Cocyclization betweenl and 1,4-bis(trimethylsilyl)-1,3-
butadiyne 2a) catalyzed by CpCo(CQ)produced a 77% yield
of pyridine 3; significantly, the regioisomeric pyriding (Figure
1) was not observed in the reaction mixtér&Ve eventually used

calculations (see below) to explain this unprecedented regio-

selectivity. It is also worth mentioning that the reaction needs
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Figure 1.
Scheme 1.[CpCo(CO)]-Catalyzed Cycloaddition of to
1,3-Diynes2a—f and 1,3,5-Triyne2g
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irradiation for ony 1 h and no high dilution techniques are

required for its performanc®.

Suspecting that steric hindrance by the TMS group at position

3 of the pyridine ring might be blocking the second cycloaddi-

tion,'° we then used the sterically less demanding 2,4-hexadiyne

(2b). The second cocyclization now occurred as expected,

producing a 1.7:1 ratio of the 2;Ripyridine 5b'*2and the 2,3

bipyridine 6b as the main reaction products in 30% and 18%

isolated yields, respectively (Table *).The 3,3-bipyridine 7b

(R = Me, Figure 1) was not detected in the reaction mixture. To

the best of our knowledge, this is the first time that a'-2,2

bipyridine is constructed from acyclic precursors in only one step.

Having thus found that bulky substituents on the diyne partner
can prevent the formation of the second pyridine ring, we decided
to investigate the influence of electronic factors on the course of
the reaction. Cocyclization betweérand 2,4-hexadiyn-1,6-diol

(2c) gave a complex mixture from which the 2,2’-bipyridibe

could only be isolated in 9% yield, while reaction with the methyl

ether derivative2d**?afforded a 2.7:1 ratio of the 2;Bipyridine

5d'! (46% yield) and the 2;2bipyridine 6d (17% yield, Table

1). With a view to facilitating possible subsequent manipulation

of the substituent, and to reevaluate the influence of bulkiness,

the triethylsilyl ether2e!*® was also employed, giving a 4:1 ratio
of the 2,2-bipyridine 5e'* (36% yield) and the 2;3bipyridine 6e

(9% vyield, Table 1). However, when a carbonyl group was

attached to the diyne triple bonds, yields fell: the 2,4-hexa-

diynedioate2f!® gave an 18% combined yield of 2;Bipyridine

5f and 2,3-bipyridine 6f in 1.4:1 ratio (Table 1}°
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Table 1. Results of Cocylization ol with Diynes2a—f and
Triyne 22
entry diyné products§ ratio 5:6¢ yield (%)

1 2a 3 77

2 2b 5b, 6b 1.7:1 48

3 2c 5¢c 9

4 2d 5d, 6d 2.7:1 63

5 2e 5e, 6e 4:1 45

6 2f 5f, 6f 1.4:1 18

7 29 5g, 69 1:2.1 31

aTypical conditions, i.e., entry 4: A solution &fd (0.1 g, 0.72
mmol),1 (0.2 g, 2.17 mmol), and [CpCo(C&)27 uL, 0.22 mmol) in
toluene (10 mL) was irradiated fd. h under Ar in a round-bottomed
flask equipped with a reflux condenser. The reaction vessel was
irradiated with a Philips PF 808 300W tungsten slide projector lamp
placed ca. 5 cm from the center of the flask and operated at 225 W.

The volatile components were removed under vacuum and the residue

was chromatographed on silica gel (100:0 to 90:10 EtOAc/MeOH).
b Typically, 0.1 g was employed. Fd&b and 2¢, reactions with 0.5
(6.41 mmol) and 2.3 g (6.8 mmol), respectively, were also carried out
under the above conditionsAppropriate analytical and spectral data
for all compounds were obtainetiBoth isomers are easily separable
by column chromatography or preparative TLC (silica gel); Re5d:

0.52, Ry 6d: 0.37.°lIsolated yields of5 + 6 after separation by
chromatography.

hexatriyne 2g)'” afforded only the 2,2bipyridine 5g (10%) and
the 2,3-bipyridine 6g (21%);8 the third cycloaddition presumably
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Figure 2. Energies (hartree) of intermediate cobaltacycles and relative
magnitudes of LUMO coefficients.

regiodirective influence, it would appear that the electronic factor
is responsible for the observed regioselecti¥ityTo our knowl-

being prevented by steric hindrance impeding access to the tripleedge, this would be the first case of a-{22 + 2] cycloaddition

bond remaining irbg and 6g.

A common feature of all the above cycloadditions is their high
regioselectivity in the initial cyclization. If the commonly
accepted mechanism is operating, during the oxidative coupling
reaction (metallacycle formation), it seems that the electronic
influence of the adjacent alkyne completely overrides the
electronic and/or steric properties of the other substituent. To

reaction in which regiochemical outcome is completely controlled
by the electronic influence of the alkyne partner (here, the di§me).
Finally, as a first demonstration of the ligand capabilities of
the new 3,3substituted 2,2bipyridines5b and5e, we prepared
the corresponding four-coordinate complexes'[GlP¢ which
were formed in almost quantitative yield as yellow/orange
crystalline hexafluorophosphate salts when'{CH;CN)]PR; was

gain further understanding of these experimental results, we usedadded to solutions &b and5ein CH,Cl, at room temperatur&.

two calculational approaches involving semiempirical metfods
on the starting diyne and B3LYP/LANL2DZ ab initio calcula-

To sum up, we have developed a new, one-step method for
synthesizing annelated symmetric'3s8bstituted 2,2bipyridines

tions® on the metallacycle. Since Hoffmann et al. have suggested from acyclic precursors. This method relies on the regioselective

that the alkyne partner enters the intermediate metallacycle with
the biggest lobe of its LUMQ3 to the metaf! we calculated
LUMO coefficients for the various diynes. All the diynes had
their biggest LUMO lobe at position 1 (Figure 2), which explains
why no 3,3-bipyridines were obtaineth.

To investigate the influence of steric and electronic factors on
metallacycle formation, we also performed B3LYP/LANL2DZ

ab initio calculations to estimate the energies of the intermediate

metallacycles in the reactions 8& and its desilylated analogue
(Figure 2) From the results, it may be concluded that the type
a cobaltacycle with the triple bond to the cobalt is energetically
favored for botl8 and9. Assuming that both electronic and steric
factors are operative i8 whereas only electronic factors are
important in9, and that electronic and steric factors have opposite

(17) Rubin, Y.; Lin, S.; Knobler, C. B.; Anthony, J.; Boldi, A. M.;
Diederich, F.J. Am. Chem. S0d.99], 113 6943-6949.

(18) HMQC, HMBC, and NOE experiments were performed to determine
the structures 05g and 6g.

(19) Method used AM1, as implemented in MacSpartan Plus, distributed
by Wave function (1.1.6 for Power Mcintosh), 1996.

(20) (a) Becke, A. DJ. Chem. Phys1993 98, 5648-5652. (b) Stevens,
P. J.; Delvin, F. J.; Chabalowski, C. F.; Frisch, MJJPhys. Chem1994
98, 11623-11627.

(21) Stockis, A.; Hoffmann, Rl. Am. Chem. S0d98Q 102 2952-2962.

(22) For triyne2g, the LUMO coefficients of positions 1 and 3 are similar.
It seems likely that the first cycloaddition involves the central triple bond
and the second either of the others.

(23) For brevity, calculations were performed for gikather than the
trimethylsilyl group.

Co(l)-catalyzed cocyclization between 5-hexynenitrile with 1,3-
diynes and reverses the usual strategy in bipyridine synthesis,
the future biaryl bond being present prior to the construction of
either of the two aryl rings. Studies of coordination complexes
of these ligands are currently being carried out and will be the
subject of forthcoming reports.

Acknowledgment. This work was supported by the Xunta de Galicia
(Projects 20901A95, 20903B97), which J. A. Varela also thanks for a
research grant.

Supporting Information Available: Experimental details and char-
acterization data of compounés, 5e 6b, 6e [Cu(5b),]PFs, and [CU-
(5€)2]PFs as well as HMQC and HMBC spectra of compouritsand
5e (22 pages, print/PDF). See any current masthead page for ordering
information and Web access instructions.

JA982832R

(24) Our results contrast with the trend observed by other authors
(prevalence of steric over electronic factors). Wakatsuki, Y.; Nomura, O.;
Kitaura, K.; Morokuma, K.; Yamazaki, H. Am. Chem. Socl983 105,
1907-1912.

(25) TMS is usually located. to the nitrogen. SaaC.; Crotts, D. D.; Hsu,

G.; Vollhardt, K. P. C.Synlett1994 487-489.

(26) 3,3-Substituted 2,2bipyridines can form six-coordinate complexes.
(a) Baxter, P. N. W.; Connor, J. A.; Wallis, J. D.; Povey, D. C.; Powell, A.
K. Polyhedron1992 11, 1771-1777. (b) Craig, D. C.; Goodwin, H. A,;
Onggo, D.Aust. J. Chem1988 41, 115711609.

(27) A salient feature of thtHNMR spectrum of [CY(5€),]PFs in CDCls
is the diastereotopic nature of the benzylic Qidmpared to the free ligand.



