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Abstracts---Molecular nitrogen was incorporated into amides and imides by the reaction of 

titanium-nitrogen complex 1 [TiNMg2Cl2.THF] prepared from Tic13 and Mg under N2 in THF 

with acyl chlorides & The cyclic imides & L2, U and quinazoline fi were obtained by the 

reaction of isocyanate complex[3THF.Mg2C120.TiNC0](6) generated by fixation of CO2 into 

titanium-nitrogen complex d with the corresponding cyclic acid anhydrides % 1l, ti and 

benzoxazone fi. 

Since the discovery of Vol’pin and Shur that molecular nitrogen can be fixed by CpZTiC12 and 

RMgBr under mild conditions,t many metal-nitrogen complexes have been synthesized from a 

variety of transition metals2 However, in spite of the impressive development there are few 

reports about the incorporation of molecular nitrogen into organic compounds via these metal- 

nitrogen complexes. The process reported by Yamamoto is very fascinating because the TiC13- 

Mg-THF system can react with an atmosphere of molecular nitrogen at room temperature to 

afford TiNMg2C12,THF(J_). This compound then produced the benzoyl-titanium-nitrogen 

complex[TiNCl(PhCO)l.~](~ by treatment with benzoyl chloride(Scheme 1).3 Now we want to 

report the result of our research concerning the direct incorporation of molecular nitrogen 

into the organic compounds, especially heterocyclic compounds, via titanium-nitrogen 

complex 1. When the complex 2 prepared from the complex 1 and benzoyl chloride was treated 

with water at room temperature, benzamide & was obtained in 17% yield based on benzoyl- 

titanium-nitrogen complex 2. The result indicates that molecular nitrogen was incorporated 

into benzamide under very mild conditions(Scheme 2). 
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Table 1 ; Reaction of Metal-Nitrogen Complex with Aroyi Chloride 

Run Aroyl chloride(eq.) Metal Temp.’ Yieidb(%) of 

R 4 s 
1 3a H (1.8) TICI, r.1. 11 

2 3a H 
3 3a H 
4 3a H 
5 3a H 
6 3b Me 
7 3c Me0 
8 3d MeOOC 
9 3a H 

10 3a H 

ii.ej 
(4.5) 
(4.5) 
(12) 
(4.5) 
(4.5) 
(4.5) 
(3.0) 
(3.0) 

TlClj refiux 

TICI r.t. 

TICI refiux 

TICI, r.t. 

TICI r.t. 

TICI, r.t. 

TICIS r.t. 

Cp2TIC12 r.1. 

VCI, refiux 

_ 17 
40 12 
36 29 
41 24 
34 3 
49 - 
15 4 
22 12 

4 12 

a; all reactlons run In THF under nltrogan overnlght. 
b; based on transltlon metal 

Scheme 3 ,,hdCoCt (2) 
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Thus, various aroyl chlorides were allowed to react with titanium-nitrogen complex 

TiNMgZC12.THF(U prepared from Tic13 and Mg in THF under N2 in situ. The results are 

summarized in Table 1. Similarly, the titanium-nitrogen complex prepared from Tic14 or 

Cp2TiCl2 gave the same products in each case. Furthermore vanadium-nitrogen complex 

prepared from VCI3, Mg and molecular nitrogen afforded also benzamide(&f_) in a similar 

manner. It was very interesting that a fair amount of benzimide (&t_) was obtained in addition to 

benzamide a. In some cases, a small amount of benzonitrile was detected from the spectral 

data.4 The higher temperature improved the yield of the product 4 and d and the increased 

amount of aroyl chloride also improved the yield. The reaction of titanium-nitrogen complex J_ 

with unsaturated acid chloride & gave amide &, but saturated acid chloride J.f did not afford 

amide 4f because decarbonylation from acyl-nitrogen complex 2f followed by P-hydride 

elimination occurred. A solution of titanium-nitrogen complex 1 and benzoyi chloride was 

refluxed in benzene overnight to give a black precipitate, which was insoluble in THF and 

benzene. The infrared spectrum(vmax 1610 cm-l) of this complex was clearly different from 

that of benzoyl-titanium-nitrogen complex 2. Hydrolysis of this complex afforded imide b(52% 

yield) and amide &(15% yield). On the basis of these results, the reaction should proceed as 

shown in Scheme 4. Since the amide 4 was obtained from aroyl-titanium-nitrogen complex 

I(amide complex), the imide 5 must be derived from imide complex II.5 

Scheme 4 
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The titanium-isocyanate complex[3THF~Mg2C120~TiNC0]6(fjJ generated by fixation of CO2 to 

titanium-nitrogen complex 1 was considered to be the same oxidation level as the amide complex 

I.517 A solution of complex 4 and benzoyl chloride was stirred at room temperature in pyridine 

to afford compound z(27% yield) along with benzamide(l2% yield). In this reaction, the central 

urea group of compound 1 was derived from complex 4. It seems pyridine acted not only as the 

activating agent of acyl halide but also as a ligand. However, NEt3 and bipyridine did not affect 

this reaction. Though phthaloyl dichloride J_g was treated with complex 6 in a similar manner 

for the formation of seven membered ring &, only phthalimide 111 was obtained in 14% yield. 

When phthalic anhydride 2 was used instead of phthaloyl dichloride J_g, the same product u 

was obtained though the yield was low(Table 2, Run 1). The yield was improved when pyridine 

solution of complex 4 and phthalic anhydride 2 was refluxed ovemight(Run 2 and 3). Other 

solvents such as DMF and NMP(N-methyl-2-pyrrolidone) containing no pyridine afforded the 

same results as mentioned above, but solvents such as mesitylene. dichloroethane and dioxane 

containing pyridine gave the worse results. The use of a large amount of titanium-isocyanate 

complex 4 raised the yield of the desired product l&Run 8). Homophthalimide(L2) and 

tetrahydrophthalimide(Le) were obtained from corresponding acid anhydride u and n( 10% 

and 16% yields, respectively) in a similar manner. It was interesting that molecular nitrogen 

could be incorporated into quinazoline 16 via titanium-isocyanate complex L(Scheme 6). 
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Table 2 ; Reaction of Complex jj wl;h‘ Phthallc anhydride 2. 

Run 6 (eq.) Temp. Time (h) Solvent Yield(%) of 10’ 

1 1 r.t. 40 pyrldlne 3 

2 1 reflux 24 pyrldlne 46 

3 1 reflux 48 pyrldlne 53 

4 1 reflux 24 mesltylene-pyrldlne 28 

5 1 reflux 24 dlchloroethane-pyrldlne 19 
6 1 reflux 24 dloxane-pyrldlne 16 

7 1 120°C 24 DMF 39 

8 3 100°C 24 NMP 78’ 

a; based on complex 6 (2 eq. of phthallc anhydrlde was used.) 
b; based on phthallc anhydrlde 

According to our assumption, this reaction should proceed through the Scheme 2. The 

oxidative addition of anhydride 2 to the titanium-isocyanate complex 6 should afford complex 

11. Migration of acyl group to nitrogen on titanium might occur to give complex u. Then 

titanium oxide complex should be formed from u, which was hydrolyzed to give the cyclic 

imide n.8 

The results of this research suggest that molecular nitrogen can be used 

nitrogen heterocycles via nitrogen-titanium complex 1, 
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