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Carbon nitrogen bonds can be formed by the action of transition metals in a 
variety of reactions. Ligands containing C-N bonds can be made by the reaction 
of appropriate reagents. Metal complexes can also stoichiometrically and cata­
lytically form C-N bonds in organic compounds. 

NO reacts with do metal alkyls to form N-alkyl-N-nitrosohydroxylaminate 
compounds [1], The mechanism of the reaction is believed to involve free radi­
cals [2]. NO coordinated to more electron rich low oxidation state metals can 
react with free or attached organic moieties to form nitriles, imides and oximes 
[3]. The addition of methyliodide to the cyclopentadienylnitrosylcobalt anion 
in the presence of phosphine results in the formation of cyclopentadienyl-
( ni trosomethyl) trialkylphosphinocobalt. With triphenylphosphine the reaction 
mechanism is similar to that observed for alkyl migration to coordinated CO. 
Triethylphosphine, a more basic phosphine, is found to inhibit the reaction [4]. 
NO+ can attack coordinatively saturated monomers and clusters [5]. 

Cobalt and nickel compounds are known to catalyze the coupling of acetylene 
with nitriles and isocyanates to form, respectively, pyridines and 2-pyridones 
[6]. The reaction proceeds by initial coupling of acetylene with the nitrogen 
containing compound to form a metallacycle which reacts further with another 
equivalent of acetylene to form the product [7]. N-alkyl aziridines react with 
CO in the presence of [Rh(C0) 2Cl] 2 to form B-lactams [8]. Nitrobenzene will 
also react with CO and ROH in the presence of triiron and triruthenium dode­
carbonyl to form carbamates [9]. Several bis(µ 3-imido)triiron and triruthenium 
carbonyl clusters have been synthesized that could serve as models for the 
intermediate [10]. 

Several examples exist where carbon nitrogen bond formation has been used 
to study processes of biological interests. Tosylimide form aziridines when 
reacted with 1 ,1 and 1,2 diphenyl alkenes in the presence of Fe11I(TPP)Cl. The 
reaction is stereospecific but not stereoselective [11]. Vinylidene carbene 
iron porphyrin complexes can be oxidized to give a compound where the carbon 
atom is bound both to iron and the nitrogen on the porphyrin ring. These com­
pounds have been suggested as models for the structure of the iron oxo porphyrin 
radical cation [12]. Dinitrogen in W(N2)2 (dppe)2 can be alkylated and electro­
chemically reduced [13]. 

There are several other processes where nitrogen bonds are formed. Amines 
can be transalkylated by Ru, Os, Rh, and Ir carbonyl clusters [14]. The reac­
tion is though to proceed by a carbene intermediate [15]. Metal nitrides can be 
alkylated by a variety of electrophiles. In the case of coordinatively satu­
rated do species, such as Mo(N)(S C~R2 ) 3 , attack occurs directly at the nucleo­
philic nitrogen [16]. With d2 , 15e compounds, electrophilic attack might occur 
at either nitrogen or the metal [17]. Ammoxidation, an industrially important 
process where propylene is converted to acrylonitrile by Bi 2Mo3o12 or Fe-Sb-Ox, 
is thought to proceed with the generation of an allylic free radical [18]. 
Attempts have been made to model this process with homogeneous systems [19]. 



28 

References 

1 • (a) Clark, R.J.H.; Stockwell, J. A.; Wilkins, J. K., "Insertion and 
Related Reactions of Bis(n5-cyclopentadienyl)d~methyltitanium, (n5-
Cyclopendadienyltrimethyltitanium, Trichloro(n -cyclopentadienyl)tita­
nium and other Titanium Compounds," J. Chem. Soc., Dalton Trans. 1976, 
120-125. 

(b) Jones, C. J.; McCleverty, J. A.; Rothin, A. s., "Insertion of NO into 
Transition Metal-Aryl Bonds: Formation of Zirconium Complexes contain­
ing the [ON(R)Nor (R-= Ph or p-MeC6H4 ) Ligand," J. Chem. Soc., Dalton 
Trans. 1985, 405-407. 

(c) Fochi, G.; Floriani, C.; Chiesi-Villa, A.; Guastini, G., "Insertion of 
Nitrogen Oxide into a Zirconium-Carbon Bond: Reaction of Dialkylbis­
(cyclopentadienyl)zirconium(IV) Complexes with Nitrogen Oxide," J. 
Chem. Soc., Dalton Trans . 1986, 445-448. 

(d) Fletcher, S. R.; Shortland, A.; Skapski, A. C.; Wilkinson, G., 
"Insertion of Nitric Oxide into Tungsten-Alkyl Bonds: X-ray Structure 
of the Eight-co-ordinate Complex Tetramethylbis(N-methyl-N-nitroso­
hydroxylaminato) tungsten(VI)," J. Chem. Soc., Chem. Commun. 1972, 
922-3. 

(e) Middleton, A. R.; Wilkinson, G., "Insertion of Nitric Oxide with Para­
magnetic and Diamagnetic Alkyls of Titanium, Zirconium, Vanadium, 
Niobium, and Tantalum," J. Chem. Soc., Dalton Trans. 1980, 1888-1892. 

2. Shortland, A.; Wilkinson, G., "Preparation and Properties of Hexamethyl­
tunstenate," J. Chem. Soc., Dalton Trans. 1973, 872-875. 

3. (a) McCleverty, J. A.; Ninnes, C. W.; Wolochowicz, I., "Formation of N-C 
Bonds via Alkylation of Transition Metal Nitrosyls. Reaction of Ruthe­
nium and Other Transition Metal Nitrosyls with Benzyl Bromide," J. 
Chem. Soc., Dalton Trans. 1986, 743-744. 

(b) Seidler, M. D.; Bergman, R. G., "Synthesis of Dialkylruthenium 
Nitrosyl and Thermal Conversion to Ruthenium Oximate, Carboxamide, and 
Cyano Complexes," J. Am. Chem. Soc. 1984, 106, 6110-6111. 

4. Weiner, W. P.; Bergman, R. G., "Kinetic and Mechanism of the Formation of 
Nitrosoalkane Complexes by Migratory Insertion of Coordinated Nitric Oxide 
into Cobalt-Carbon Bonds," J. Am, Chem. Soc. 1983, 105, 3922-3929. 

5. (a) Legzdins, P.; Wassink, B., "Insertion of the Nitrosonium Ion into a 
Chromium-Methyl Bond," J. Am. Chem . Soc. 1986, 108, 317-318. 

(b) Goldhaber, A.; Vollhardt, K.P.C.; Walborsky, E.-C:-; Wolfgruber, M., 
"First Insertion of NO into a Transition-Metal Cluster-Carbon Bond: 
Regioselective Formation, Structure, and Reactions of the First 
Alkanenitrile Oxide Complexes, 11 J. Am. Chem. Soc. 1986, 108, 516-518. 

6. (a) Wakatsuki, Y.; Yamazaki, H., "Cobalt Catalyzed Synthesis of Pyridines 
from Acetylenes and Nitriles," Tetrahedron Lett. 1973, 3383-3384. 

(b) Hona, P.; Yamazaki, H., "Synthesis of 2-oxo- and 2-imino-1,2-Dihydro­
pyridines by Cobaly Catalyzed Cyclotrimerization of Acetylenes with 
lsocyanates and Carbodiimides," Tetrahedron Lett. 1977, 1333-1336. 



29 

7. (a) Hoberg, H.; Oster, B., "Modellkomplex des Nickels fur Die 
C-C-Verknupfung von Alkinen mit Isocyanaten," J. Organomet. Chem. 1982, 
234, C35-C38. 

(b) Hoberg, H.; Oster, B., "Nickelaverbindungen als Zwischenkomplexe der 
[2 + 2 + 2']-Cycloaddition von Alkinen nit Isocyanaten zu 2-Pyridonen," 
J. Organomet. Chem. 1983, 252, 359-364. 

(c) Han, S.-H.; Geoffroy, G. L.; Rheingold, A. L., "Binuclear Metallapyr­
rolidone Complexes Formed from Coupling of CO and Alkynes with the 
µ 3-Nitrene Ligand of Ru3(µ 3-NPH)(C0) 10 , 11 Organometallics 1986, ~· 2561-
2563. 

8. (a) Alper, H.; Urgo, F.; Smith, D.J.H., "Regiospecific Metal-Catalyzed Ring 
Expansion of Aziridines to 6-Lactams," J. Am. Chem. Soc. 1983, 105, 
6737-6738. ~ 

(b) Alper, H.; Mahatantila, C. P., "Catalytic Homogeneous Carbonylation of 
Azirines by Palladium(O). Important Influence of Catalyst Ligands on 
the Reaction Pathway," Organometallics 1982, !• 70-72. 

9. (a) Cenini, S.; Pizzotti, M.; Crotti, C.; Porta, F.; LaMonica, G., 
"Selective Ruthenium Carbonyl Catalyzed Reductive Carbonylation of 
Aromatic Nitro Compounds to Carbamates," J. Chem. Soc., Chem. Commun. 
1984, 1286-1287. 

(b) Alper, H.; Hashem, K. E., "Iron and Ruthenium Carbonyl Catalyzed 
Reductive Carbonylation of Nitro Compounds by Sodium Methoxide," J. Am. 
Chem. Soc. 1981, 103, 6514-6515. 

10. Williams, G.D.; Whittle, R.R.; Geoffroy, G. L., "Formation of Imidates, 
Amides, Carbamates, and Ureas from the µ 3-NPh ligands of Fe3 ( µ 3-NPh) 2-
(Co)9,11 J. Am. Chem. Soc. 1987, in press. 

11. Mansuy, D.; Mahy, J.-P.; .Dureault, A.; Bedi, G.; Battioni, P., "Iron- and 
Manganese-porphyrin Catalyzed Aziridination of Alkenes by Tosyl- and 
Acyl-iminoiodobenzene," J. Chem. Soc., Chem. Commun. 1984, 1161-1163. 

12. (a) Latos-Grazynski, L.; Cheng, R.-J.; La Mar, G. N.; Balch, A. L., 
"Reversible Migration of an Axial Carbene Ligand into an Iron-Nitrogen 
Bond of a Porphyrin. Implications for High Oxidation States of Heme 
Enzymes and Heme Catabolism," J. Am. Chem. Soc. 1981, 103, 4270-4272. 

(b) Chevrier, B.; Weiss, R.; Lange, M.; Chottard, J.-c.; Mansuy, D., "An 
Iron(III)-Porphyrin Complex with a Vinylidene Group Inserted into an 
Iron-Nitrogen Bond: Relevance to the Structure of the Active Oxygen 
Complex of Catalase," J. Am. Chern. Soc. 1981, 103, 2899-2901. 

13. (a) Chatt, J.; Head, R. A.; Leigh, G. J.; Pickett, C. J., "Mechanism of 
Alkylation and Acylation of Dinitrogen Co-ordinated to Molybdenum and 
Tungsten," J. Chem. Soc., Dalton Trans. 1978, 1638-1647. 

(b) Chatt, J.; Diamantia, A. A.; Heath, G. A.; Hooper, N. E.; Leigh, G, J., 
"Reactions of Ligating Dinitrogen to form Carbon-Nitrogen Bonds," J. 
Chem. Soc., Dalton Trans. 1977, 688-697. 

(c) Hussain, W.; Leigh, G. J.; Picket, C. J., "Stepwise Conversion of 
Dinitrogen Co-ordinated to Molybdenum into an Amine and an Imido Com­
plex. Relevance to the Reactions of Nitrogenase," J. Chem. Soc., Chem. 
Commun. 1982, 747-748. 



30 

14. Wilson, R. B, Jr., Laine, R. M., "Transalkylation Reaction. Homogeneous 
Catalytic Formation of C-N Bonds," J. Am. Chem. Soc. 1985, 107, 361-369. 

15. Adams, R. D., "Ligand Transformations and Catalysis by Metal Carbonyl 
Clusters," Seminar, University of Illinois, 1986. 

16. Bishop, M. W.; Chatt, J.; Dilworth, J. R.; Neaves, B. D.; Dahlstrom, P.; 
Hyde, J.; Zubietta, J., "Reactions of Coordinated Nitride to Generate Novel 
Rhenium and Molybdenum Imldo Complexes: The Crystal and Molecular Struc­
tures of [Mo(NCPh3)(S2CNMe2 )3JsF4 and [Mo(NS02Ph)(S2CNMe2)3JPF6 J. Organo­
met. Chem. 1981, ~· 109-12~. 

17. Shapley, P. A.; Own, Z.-Y., "Alkylation of Osmium(VI) Nitride Complexes: 
Reaction of [Os(N)R4J[N-n-Bu4J with [Me3oJ[BF4J and the X-ray Crystal 
Structures of [Os(N)(CH2SiMe3 )4J[N-n-Bu4J and [Os(NMe)(CH2SiMe3 )4J," 
Organometallics 1986, 2• 1269-1271. 

18. Burrington, J. D.; Katrisek, C. T.; Grasselli, R. K., "Surface 
Intermediates in Selective Propylene Oxidation and Ammoxidation over Het­
erogeneous Molybdate and Antimonate Catalysts," J. Catal. 1984, 87, 
363-380. 

19. Chan, D.M.-T.; Nugent, W. A., "Homogeneous Models for Propylene 
Ammoxidation. 2. The Carbon-Nitrogen Bond-Forming Step," Inorg. Chem. 1985, 
24, 1422-1424. 


	1986-1987 30
	1986-1987 31
	1986-1987 32
	1986-1987 33



