
Tetrahedron Letters,Vol.23,No.51,pp 5475-5478,1982 0040-4039/82/515475-04503.00/0 
printed in Great Britain ~1982 Pergamon Press Ltd. 

ELECTRON TRANSFER FREE RADICAL MECHANISM IN THE REACTIONS OF 

ARENEDIAZONIUM CATIONS WITH GRIGNARU REAGENTS 

1 
P.R. Singh,* R.K. Khanna and B. Jayaraman 

Department of Chemistry, 
Indian Institute of Technology, Kanpur 208 016, U.P., InDia 

Summary: The major pathway in the reactions of arenediazonium cations with 
certain Grignard reagents is found to involve an electron transfer from the 
latter to the ~-system of the former reactant and radicals are the immediate 
preculsors of the final products. 

Reactions of arenediazonium cations with certain nucleophiles,earlier believ- 

ed to occur by ionic mechanisms are now known to proceed via electron transfer 
2-4 

free radical pathways. A few reports have appeared on the reactions of arene- 
5-7 

diazonium cations with organometallics, but the mechanistic details are obscure. 8 

We now present the results of our studies on the reactions of some arenediazo- 

nium cations with Grignard reagents which Demonstrate that the major reaction 

pathway involves a single electron transfer from the latter to the former react- 

ant, subsequently producing radicals which serve as the immediate precursors of 

th~ final products. 

The reactions of arenediazonium fluoroborates, p-R-C6H4-N28F 4 (1, where R=H, 

Me, OMe, NO2, COMe) with benzylmagnesium chloride 2__Ba and tert.butyl magnesium 

chloride 2b, carried out under carefully varied conditions in THF solvent/N 2 

atmospilere at 50°C proceeded with vigorous evolution of nitrogen gas and yield- 

ed otiler products as listed in the Table. The reactivity of arenediazonium cat- 

ions in the sequence: 1 (R =OMe)<l (R =H)<I (R =NO 2) as seen from the speeds 

of nitrogen evolution, disfavours the existence of otherwise conceivaolo aryl 
9 

cation intermediates in these reactions. Also, the formation of dediazonia- 

tion products, R-C6H 5 in high yields, eliminates the possibility of bimolecular 

nueiLeophilic displacement of nitrogen. These facts coupled with the inhibition 

of th~ reactions observed in the presence of a-methylstyrene, strongly suggest 
10 

the intervention of free radicals. Indeed, strong esr signals observed by us 

in the reaction of 1 (R =NO2) with 2_aa confirm the existence of radicals. The 

formation of radicals by thermal homolytic Pissociation of covalent azo com- 

pounds is ruled out because the product Distribution obtained in these react- 

ions remained essentially unaltered on extending the reaction time. Furthermore, 

azo compounds similar to those likely to be encountered in these reactions are 

known 11'12 to be stable under our conDitions. It is also known that radicals 
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TABLE: 

Run 

Reactions a of arenediazonium fluoroborates, p-R-C6H4-N28F 4 ,1 ~it~ alkyl 
magnesium chlorides 2 

Rxn , 

R ° MgCi Time 
(sec) 

~. Yield of Products o 

N 2 R-C6H 5 p- R-C6H4- R' 
p- R- C6H 4- C6H 4- R 

( Isomeric 
mixture) 

c'd I H c R'-R' R' - 

1 H 2a 50 85 60 9 4 30 24 c 

2 e H 2b 120 85 70 5 3 13 5U 

3 e H 2b 1800 85 71 5 3 14 5G 

4 e'f H 2b 2400 20 10 - - - 6 

5 OMe 2a 60 8B 57 13 3 27 22 d 

6 OMe 2a 1800 80 59 12 3 28 23 O 

7 e OMe 2b 180 80 66 8 4 11 48 

8 e OMe 2b 1 800 80 65 8 4 12 50 

9 e'f OMe 2b 2400 10 6 - - - 4 

10 NO 2 2_~a 35 90 65 12 ] 30 27 O 

11 NO 2 2__~a 1800 90 67 12 3 32 28 d 

12 e NO 2 2b 90 90 74 7 4 14 50 

13 e'f NO 2 2b 2400 25 15 - - - 10 

14 CH 3 2~a 50 85 61 10 3 32 25 O 

15 COMe 2a 45 90 66 14 2 31 28 O 

a) Grignard reagents were prepare~d by refluxing the organic halide (0.b19 tool) 
over cleaned magnesium ribbon (O.015g-atom) in THF (3Oral) until all the metal 
dissolved. On chemical lq and GLC analyses, 2a (66.77., ca. 0.01 mol), toluene 
(18.37.) and bibenzyl (157.) were found to have formed from Oenzyl cillorioe! and 
2b(86.7~., ca.O.013 mol) and Me3C-CMe 3 (4.5~.) along with an unestimated amount 
of Ple~CH were found in the case of tert.butyl chloride. Equimolar quantities 
of I (aken in THF (30 ml) were then reacted with the Grignarc reagent thus 
obtained, at 30°C/N? atmosphere. Reaction mixtures were worked up soon after 
the N 2 evolution stbpped excepting in runs 3, 6, 8 and 11 where work up time 
was extended by 30 min. 

b) Percentages based on arenediazonium fluoroborates unless otherwise spc~;ified. 
In addition, benzaldehyoe phenyl hydrazone (ca. 87.) in run I; benzen~-ozo- 
~,a-dimethylethane (ca. 77.) each in runs 2 and 3, Oesides a trace amount in 
run 4; N-benzyl benzaldehyde p-methoxyphenyl hydrazone 4 (ca. 121.) e~zen in 
runs 5 and 6; p-methoxybenzene-azo-o,o-dimethylethane (c~. 10/.) eacl~ in runs 
7 and 8, besides a trace amount in run 9 were also obtained. AdditionaJ colour- 
ed product mixtures could not be analysed. 

c) Percentages based on alkyl magnesium chloride. 

d) Yields have been corrected after taking into account the amounts of tl :se pro- 
ducts formed during the preparation of Grignard reegents. -15 

e) i ligature of nitrogen and methylprepane was analysed by G.C. 

f) In presence of ~-methylstyrene (0.1 mol). 

do not inouce decomposition of covalent azo compounds 13 These f~cts s!oHi ~ith 

the observed low yields of azo compounds (or the isomoric hycrazcnes) ~un~cre ioen- 
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tilled among the products, lead us to conclude that the formation of azo comp- 

oun~is by the expected ionic coupling does not constitute the major mechanistic 

path of the title reactions. It is noteworthy that while areneoiazonium cations 
2-4 

I act as good one electron oxidants in many reactions, GrignarC reagents are 
- -  15,16 
capable of reacting with appropriate substrates as single electron reduc~,ts. 

In view of the foregoing arguments, we propose a single electron transfer 

free radical mechanism outlined in the Scheme as the major pathway satisfcctorily 

accounting for all the observations. 

SCHEME 

o + R' SET . p-,,-C6H4-N 2 + MgC1 -- ~ [p-R-C6H4-N2] ÷ R'. + tl,igCl ..(I) 

I 2 

[p-R-C6H4-N2]" ~ p-R-C6H 4" ÷ N 2 ..(2) 

p_R_C6H4. THF ~. R_C6H5 ..(3) 

p_R_C6H4. + R_C6H5 -H" ~ p- R- C6H4- C6H4- R . .(4) 

2 p-R-C6H 4" ~ p-R-C6H4-C6H4-R-p ..(5) 

p-R-C6H 4" ~ R'- m p-R-C6H4-R' ..(6) 

R' THF~ R'-H ..(7) 

F~'. + R' ~- R ' - R '  . . ( B )  

The reaction is initiated by a single electron transfer from the polar C-Kg bond 

of tho Grignard reagent 2 to the arenebiazonium cation 1, via the formaLion of a 
4 

~-compZex. The resulting diazenyl radical may decompose by the heterolysis of 

the C-N bond, 2 yielding gaseous nitrogen and a stable o-aryl radical, p-R-C6H 4" 

via ~n electrophilic ~-aryl radical. This aryl radical may then abstract a 

hydrogen atom from the solvent (step 3) and attack R-C6H 5 (step 4) or couple with 

anoth~r radical (steps 5 and 6). Because of the high reactivity and non-selecti- 

vity of aryl radicals, 13 step (3) is preferred over all ether steps consuh!ing 

these. 8enzyl and tert.butyl radicals being more stable than the aryl raGicals, 

dimerize to a larger extent, besides abstracting hydrogen atoms from the solvent. 

The observed difference in the reactivities of the two Grignard reagents may also 

b~ related to the difference in stabilities of the alkyl radicals formuo in step 

(I). The reactivity sequence of the arenediazonium cations 1, may de related to 
2 

their oxidation potentials 17 and the ease of heterolysis of the C-N bonP in the 

diazPryl radical. ~-Methylstyrene inhibits the reaction presumably by scavenging 

the raeic~!s 18 formed in step (I). 

i i~or amounts of azo compounds formed, may either result by the coupling of 

th~ c ia:!enyl radical with the alkyl radical, before the former raoicals unoergo 

fr~omentation or Oy a minol ionic pathway. The azo compounss formed in the react- 
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ions with 2a isomerize to yield the corresponding substituted phenyl hyur3zones. 

p-R- C6H4- N=N-CH-C6H 5 > p- R-C6H4- N- N=CH- C6H 5 

H H 

The N-benzylated hy¢irazone 4 obtained in runs 5 and 6 might arise by th~ coupling 

of a benzyl radical with the radical _.3 derived from the corresponding phenyl 

hydrazone: 

p-MeO-C6H 4- ~- N=CH- C6H 5 
H 

_3 + C6H 5- CH 2 

raoical 
(e.g. Ar'~ p-MeO-C6H4"~-N=CH-G6H5 

2 

p-FieO-C6H4-N-N=CH-C6H 5 
I 

CH2-C6H 5 
4 

Apparently, the presence of a p-MeO group in the phenyl ring, in contrast to 

other substituents, has a stabilising effect on the radical--5, which couples with 

a stable benzyl radical. 
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