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Abstract: The previously reported reaction of phenylcalcium iodide with N20 in ether to form products with aryl-N 
bonds has been reexamined with various solvents and methylated aryliodides. The yield of azobenzene is maximized 
using DME as the solvent, and the insertion reactions may involve diorganocalcium (Ar2Ca) intermediates. 

Nitrous oxide has been used as a convenient oxygen transfer reagent in transition metal organometallic 
chemistry, 1 but essentially no use has been made of N20 in organic synthesis. It is too inert to react with 
Grignard reagents, although Meier and Rappold identified several products from the reaction of N20 with the 
Grignard analogue phenylcalcium iodide. 2 Among the isolated compounds were azobenzene (15%), benzi- 
dene, N-phenylbenzidene and biphenyl (20%), the latter probably the result of Wurtz coupling. In light of the 
variety of species generated in this novel C-N bond-forming reaction, we sought to determine whether the 
conditions could be modified to favor the production of specific aryl-nitrogen compounds. 

Arylcalcium iodides were generated from iodobenzene or methylated iodobenzenes and elemental cal- 
cium in several ethereal solvents at reflux, and allowed to react with N20 at room temperature. 3 As previously 
reported, phenylcalcium iodide in diethyl ether generated a range of products with N20. Biphenyl was the 
most abundant (58% of total), whereas azobenzene, although present, was in less than 2% yield. These 
amounts differ from those found by Meier and Rappold, but ether cleavage reactions are known to complicate 
the reactions of phenylcalcium iodide in diethyl ether. 4 

The products and their distributions changed when the solvent was varied and methylated iodobenzenes 
were used. Phenylcalcium iodide failed to form when methyl-t-butyl ether was used as a solvent. The higher 
boiling point of dimethoxyethane relative to diethyl ether was expected to increase the rate of formation of the 
organocalcium reagents and perhaps decrease competition from aryl coupling reactions. The reaction of 
C6H5I, Ca and N20 in DME did produce azobenzene in substantial amounts (61% yield); its ratio to biphenyl 
was 1.7:1. Yields from reactions of phenylcalcium iodide in pure DME could, however, be erratic; for no read- 
ily identifiable reason, certain reactions generated an insoluble material and insertion products were not 
formed. The addition of 5% THF to the DME led to more reproducible insertion reactions, while minimizing 
the impact from THF degradation (see below). In DME, 4-iodotoluene generates the corresponding methy- 
lated azobenzene in 33% yield, with an azobenzene/biaryl ratio of 12.7:1, whereas the only identified product 
from 1-iodo-3,5-dimethylbenzene in DME is the Wurtz-coupled biaryl. 

Although often used in other organoalkaline-earth syntheses, 4'5 THF proved to be less than an optimum 
solvent with these systems. Competition from the reaction of (C6H5)CaI with THF to open its ring and gen- 
erate the aryl ether C6H5-O-(CH2)3CH3 limited the formation of other products to less than 20% of the theo- 
retical maximum. Azobenzene was formed in 6% yield from phenylcalcium iodide in THF; biphenyl and ben- 
zidene together formed only 10% of the product mixture. Formation of the organocalcium reagent is slow 
using 2-iodotoluene, and large amounts of the aryl ether byproduct are generated; the ratio of the biaryl prod- 
uct to the substituted azobenzene is 9:1. Unlike its behavior in DME, 1-iodo-3,5-dimethylbenzene in THF 
produced the corresponding azobenzene in 7% yield, with no evidence for other insertion products or the 
biaryls; 4-iodotoluene produced the same result. With the sterically bulky l-iodo-2,3,5,6-tetramethyl- and 1- 
iodo-2,3,4,5,6-pentamethylbenzenes, there is no visible formation of the ArCaI reagents in THF. 

2435 



2436 

The process by which C-N bonds are formed in these reactions is not well understood. For azobenzene, a 
diazotate formed directly from phenylcalcium iodide and N20 could be a key intermediate in the mechanism; 
subsequent attack by another PhCaI molecule would generate the second aryl-N bond (pathway A). 2 Given 
the propensity for alkyl and arylcalcium halides to undergo disproportionation by Schlenk equilibria (i.e., 2 
RCaX ~ R2Ca + CaX2), 6 however, a reasonable alternate (or concurrent) route could involve the 
diorganocalcium species (C6H5)2Ca; insertion of N20 into a Ca-Ph bond, followed by intramolecular phenyl 
migration, would also yield azobenzene (pathway B). 

Pathway A 

C6H5-CaI + N20 ~ C 6 H 5 - N = N - O C a I  

~ C6H5_CaI 

C6H5-N=N-C6H5 

(+ CaI2 + CaOl) 

Pathway B 

2 C6Hs-CaI ~ C6H5-Ca-C6H5 + CaI2 

I N20 

C6H5-N=N-OCa-C6H 5 

C6H5-N=N-C6H 5 (+ CaO 1) 

To test the feasibility of the latter mechanism, a solution of diphenylcalcium was prepared in THF and 
treated with N20.7 Product analysis by GC/MS indicated that azobenzene (10.2% isolated yield) was the major 
product of the reaction; other products matched those from the reaction conducted with iodobenzene. These 
results suggest that iodide need not be present for the insertion reactions to occur, and that intramolecular 
rearrangements may be involved even when iodobenzenes are used. 

In summary, we have found that the amount and distribution of the products from arylcalcium iodides 
and nitrous oxide vary significantly with the solvent and type of substitution on the aryl ring. Azobenzenes are 
the favored products in DME, and are produced in useful amounts from iodobenzene and 4-iodotoluene. 
Diphenylcalcium itself can undergo insertion with nitrous oxide; thus diarylcalcium compounds may be con- 
venient reagents for further investigations of N20 insertion reactions. 
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