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Copper(!)-promoted Cycloaddition Reactions of Pyridine-2-carbonitrile, 
2-Pyridylacetonitrile and Isoquinoline-3-carbonitrile with Ketonest 
Megurnu Munakata," Susumu Kitagawa and Tsunehiko Emori 
Department of Chemistry, Kinki University, Kowakae, Higasi-Osaka 577, Japan 

The copper-promoted cycloaddition between nitrogen heterocyclic compounds (pyridine-2-carbonitrile, 
2-pyridylacetonitrile and isoquinoline-3-carbonitrile) and ketones (acetone, pentan-2-one and pentan-3-one) has 
been studied, and a mechanism proposed on the basis of single crystal X-ray analysis, and 1H NMR and IR spectra 
of intermediate products. 

Of all the transition metal organometallic reagents developed 
for applications in organic synthesis, organocopper complexes 
are by far the most extensively used and readily accepted.' 
Copper(1) ions coordinate to pyridine derivatives containing a 
donor group at the 2-position such as 2-vinylpyridine7 pyri- 
dine-2-thiol and 1 ,&naphthyridine to give the corresponding 
polynuclear copper(1) complexes.2 We have found that 
pyridine-2-carbonitrile (pyCN) reacts with acetone in the 
presence of copper(x) to give the novel cyclic compound 3 
(Scheme 1). 

In order to elucidate the mechanism of this reaction the two 
intermediates, lt and 2 t  were isolated and characterized. The 
IR spectrum of 1 exhibits a weak band assigned to the G N  
stretching frequency at 2341 cm-1 which is slightly to high 
frequency compared with free pyCN (2237 cm-1). The 1H 
NMR signals of 3-H, 4-H and 6-H of pyCN shifted downfield 
on coordination to copper(x) by0.19,0.16,0.16 andO.lOppm, 
respectively. This indicates that the G N  group is more 
strongly coordinated to copper than the pyridine group 
because the coordination shift of 6-H adjacent to the nitrogen 
atom is the smallest. 

The structure of 2 (Fig. l ) ,  determined by X-ray crystal- 
lography consists of a centrosymmetric dimer cation and 
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Scheme 1 

t Synthesis of 1. Tetrakis(acetonitrile)copper(I) perchlorate (13.7 mg, 
(42 pmol) reacts with pyridine-2-carbonitrile (84 pmol) in acetone (6 
ml) for 5 min at ambient temperature under Ar to give a yellow 
solution which was sealed in a glass tube. After 1 day, yellowish prisms 
of 1 were obtained (yield 8 5 % ) ,  which gave satisfactory elemental 
analyses. 

Crystal data for 1: CI2H804N4C1Cu, M = 371.20, orthorhombic, 
a = 17.50(1), b = 18.96(2), c = 17.34(1) A, V = 5755(8) A3. 

Synthesis of 2. Compound 1 (40 pmol) was added to acetone (4 ml) 
and the suspended solution was sealed in a glass tube under Ar. The 
glass tube was heated for 8 h in a water bath (80 "C) and then left at 
ambient temperature for 2 days. Reddish brown single crystals of 2 
were obtained (yield 54%). Compound 2 can be directly synthesized 
from an acetone solution (4 ml) of [ C U ( M ~ C N ) ~ ] C ~ O ~  (40 pmol) and 
pyridine-2-carbonitrile (80 pmol). 

perchlorate anions which are not coordinated tocopper.$ Fig. 1 
demonstrates the formation of the l-iminido-3,3-dimethyl- 
oxazolo[3,4-a]pyridinium zwitterion (C9HllN20) from pyCN 
and acetone. This is the first example of the cycloaddition of 
pyCN with ketones. Each coppper atom is coordinated by the 
oxygen atom of the acetone molecule, and the oxygen and 
nitrogen atoms of the cycloadducts. Cu, O(S), O(6) and N(2') 
atoms essentially lie in a plane. The angle N(2')-Cu-0(6) 
[165.2(2)"] is much larger than 120", whereas two other angles, 
0(5)-Cu-0(6) [105.2(2)"] and O(S)-Cu-N(2') [89.5(2)"], are 
smaller than 120". The complex is also the first case of a 
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Fig. 1 Molecular structure of 2. Selected bond distances (A) and 
angles ("): Cu-N(2) 1.909(5); Cu-O(5) 2.235(2); Cu-0(6) 1.900(5); 
C(7)-N(2) 1.237(7); C(1)-0(6) 1.468(8); C(l)-N(2) 1.237(7); N(1)- 
C( l )  1.521(8); C(10)-0(5) 1.196(10); C(11)-O(5) 1.196(10); CU . . 
CU 2.79( 2) ; O( 5)-Cu-N(2') 89.5; O( 6)-Cu-N( 2') 165.2( 2) ; 0(5)-Cu- 
O(6) 105.2(2). 

$ Crystal data for 2: C24H32C12C~2012, M = 766.55, triclinic, space 
group PT, a = 10.560(3), b = 10.935(6), c = 7.130(3) A, CY = 91.63(4), 
/3 = 92.91(3), y = 70.17(3)", V = 773.5 A3, 0, = 1.594 g cm-3,Z = 1. 
Diffraction intensity data were collected for 28 from 2 to 120" (Mo-Ka 
radiation; h = 0.71073 A) with a Rigaku AFC-6B automatic 
diffractometer. Of the 5061 unique reflections measured, 2380 with F, 
> 30(F0) were used in the subsequent structure analysis. The structure 
was solved by KPPXRAY (T. Taga, T. Higashi and H. Iizuka, 
KPPXRAY, Kyoto Program for X-ray Crystal Structure Analysis, 
University of Kyoto, Japan, 1985) and refined by full-matrix 
least-squares analysis to R = 0.070, R, = 0.070. Atomic coordinates, 
bond lengths and angles, and thermal parameters have been deposited 
at the Cambridge Crystallographic Data Centre. See Notice to 
Authors, Issue No. 1. 
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Scheme 2 
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Scheme 3 

three-coordinate T-shaped copper(1) complex with one nitro- 
gen and two oxygen donor atoms,3-5 and has the characteristic 
of a T-shaped com lex3 in that the middle bond [Cu-O(5)] 
distance [2.235(5) is much longer than the terminal bond 

The Cu - . - Cu distance of 2.79(2) A indicates the absence of a 
Cu - - - Cu interaction. 

The IR spectrum of 2 does not exhibit a v (GN)  band, but 
rather a v(C=N) band at 1660 cm-1, indicating the formation 
of an imino group in the reaction between the CkN group and 
acetone. The 1H NMR spectrum of 2 could not be recorded in 
acetone, methanol and tetrahydrofuran because of poor 
solubility. Taking into account the structures of 1 and 2, the 
mechanism in Scheme 2 can be proposed for the cycloaddition 
of pyCN with acetone. 

Compound 3 was synthesized as follows. A solution of 
compound 1 (1.0 mmol) in acetone (80 ml) was heated under 
reflux for 10 h under Ar. After 1 h at ambient temperature 
H2S gas was passed into the resulting brown solution. The 
mixture was filtered through sintered glass. The filtrate was 
evaporated to dryness under reduced pressure, leaving grey 
crystals together with a pale green oil which was removed by 
washing with chloroform. The residue was washed with a 
minimum amount of acetone to give white crystals of 3 (yield 

The 1H NMR spectrum of 3 exhibits five signals at 6 2.21 (s), 
8.65 (t), 9.05 (t), 9.76 (t) and 9.85br which are assigned to Me, 
3,5-H, 4-H, 6-H and =NH, respectively. The IR spectrum of 3 

distances, 1.900(5) % [Cu-O(6)] and 1.909(5) 8, [Cu-N(2')]. 

45%). 

shows a pattern similar to that of 2, and exhibits strong bands 
due to v(C=N) of the imino group (1741 cm-1) and v(C1-0) of 
C104- (1090 and 1146 cm-I). The stretching frequency of the 
imino group of 3 is higher than that of 2 because of the absence 
of coordination to copper. These spectral data show that the 
structure of 3 and 2 remains unchanged after removal of the 
copper from 2. 

It was found that the cycloadditions of 2-pyridylacetonitrile 
and isoquinoline-3-carbonitrile also take place with acetone. 
In particular, 2-pyridylacetonitrile reacts readily with acetone 
even at ambient temperature.$ Furthermore, the cycloaddi- 
tion reaction of pyridine-2-carbonitrile also took place with 
other ketones such as pentan-2-one and pentan-3-one. These 
cycloadditions were confirmed by disappearance of v (GN)  
and the lH  NMR spectrum of each product. 

In conclusion the cycloaddition reactions of ketones with 
the nitrogen heterocyclic compounds 4 having a carbonitrile or 
acetonitrile group at the a-position to the nitrogen atom can 
be widely applied to the synthesis of compounds having the 
ring skeleton 5 (Scheme 3). 

This work was supported in part by a Grant-in-Aid for 
Scientific Research (No. 0140522) from the Ministry of 
Education, Science and Culture of Japan. We thank T. 
Kominami for his assistance. 

Received, 8th May 1991; Corn. 11021 74E 

References 
D. Elschenbroich and A. Salzer, Organometallics, VCH, Wein- 
heim, 1989; J. P. Collman, L. S. Hegedus, J. R. Norton and R. G. 
Finke, Principles and Applications of Organotransition Metal 
Chemistry, University Science Books, Mill Valley, 1987. 
M. Munakata, S. Kitagawa, H. Shimono, T. Emori and H. Masuda, 
J. Chem. Soc., Chem. Commun., 1987, 1798; S .  Kitagawa, M. 
Munakata, H. Shimono, S. Matsuyama and H. Masuda, J, Chem. 
SOC., Dalton Trans., 1990, 2105; M. Munakata, M. Maekawa, S. 
Kitagawa and M. Adachi, Znorg. Chim. Actu, 1990, 167, 181. 
M. Munakata, M. Maekawa, S. Kitagawa, S. Matsuyama and H. 
Masuda, Znorg. Chem., 1989, 28, 4300, and references cited 
therein. 
K. D. Karlin, Y. Gultneh, J. P. Hutchinson and J. Zubieta, J. Am. 
Chem. SOC., 1982,104,5240; S. M. Nelson, F. Esho, A. Lavery and 
M. G. B. Drew, J .  Am. Chem. SOC.,  1983,105,5693; T. N. Sorrell, 
M. R. Malachowski and D. L. Jameson, Znorg. Chem., 1982, 21, 
3250; N. J. Blackburn, K. D. Karlin, M. Concanon, J. C. Hayes, Y. 
Gultneh and J. Zubieta, J .  Chem. SOC., Chem. Commun., 1984, 
939. 
R. R. Gagne, P. R. Kreh and J. A. Dodge, J. Am. Chem. SOC., 
1979,101,9617; M. Barrow, H. B. Burgi, D. K. Johnson and L. M. 
Venanzi, J. Am. Chem. SOC.,  1976, 98, 2356; T. M. Sorrel and 
M. R. Malachowki, Znorg. Chem., 1983,22,1883, J. V. Dagdigian, 
V. McKee and C. A. Reed, Znorg. Chem., 1982,21, 1332. 

Q The intramolecular reaction between 2-pyridylacetonitrile and 
acetone is sterically possible because the pyridyl nitrogen of the 
2-pyridylacetonitrile coordinated to copper can approach the carbonyl 
cation of the acetone coordinated to the same copper (structure A). It 
should be more advantageous for the cycloaddition reaction than the 
intermolecular reaction for pyCN (Scheme 2). 
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