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It has been demonstrated previously* that dialkylamino radicals shopr a negative slope in 

the Hammett equation correlation for H-atom abstraction from substituted toluene (Q = - 1.08). 

In this paper we show that the relative rates of addition of dimethylamino radicals coordinated 

with zinc chloride to substituted x-methylstyrenes also follow a negative correlation (i.e. the 

radicals exhibit electrophilic behavior) but tfiat the uncomplexed radicals, in the same type of 

a reaction, follow a positive Hammett correlation. 

In an earlier paper3 we noted that the thermal decomposition (50-60') of the tetramethyl- 

P-tetrazene:zinc chloride complex in presence of ar-methylstyrene leads to a 30-40% yield of 

1,2-bis(dimethylamino)-2-phenylpropane (J, X = H). This reaction proceeds by addition of a zinc 

chloride - complexed amino radical to the double bond followed by reaction of the intermediate 

radical with another amino radical. 
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The relative rates of reaction of the complexed radical with p-substituted W-methylsty- 

Penes were determined using the competition method.' The radicals, generated from the tetra- 

zene:zinc chloride complex, were allowed to compete for a pair of styrenes, which were present 

in large excess. The addition products and other basic materials Mere extracted out of the 

reaction mixture with acid and, after neutralization, the mixture was fractionated by glc. The 

yields of the 1,2-bis(dimethylamino)-2-arylpropanes Q.) were detemined against a previously 

calibrated standard. The relative rates were determined from the relative yields.5 The data 

for the various substituted styrenes are presented in Table 1. The rates were correlated 
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using the standard Hamnett equation treatment utilizingd substituent constants.6 

TABLE I 

Addition of Zinc Chloride Complexed Dimethylamino 

Radicals to oc-Methylstyrenes 

-Methylstyrene log k&o d 

P-OCH~ 0.376 -0.268 
p-CH3 0.256 -0170 
P-F 0.009 0.062 
P-H 0.0 0.0 
p-Br -0.175 0.232 
P-Cl -0.210 0.227 
p-CN -0.540 0.660 

The straight line obtained from a least squares fit of the data in Table I, had a cor- 

relation of coefficient of .99 and yielded a e-value of -0.98 t .04. These data indicate 

that the zinc chloride complexed amino radical is moderately electrophilic in the addition re- 

action to the olefinic bond of cc-methylstyrene. That is, electron attracting substituents 

destabilize the transition state, while the converse is true for electron donating substituents. 

We now turn to the uncomplexed amino radicals. Photolysis of degassed solutions of tetra- 

methyl-2-tetrazene in cyclohexane in the presence of substituted Qr-methylstyrenes resulted in 

the formation of&zandJ in low yields (10% of Land ca. 5% ofLandJ) together with large 

quantities of tetramethylhydrazine and dimethylamine and various other minor (41%) products. 

1 2 - 

Attempts to obtain relative rate correlations using productsfailed because it was diffi- 

cult to separate it cleanly from the other products by glc and because its yield was very small 

in the case of some of the substituted styrenes. The same was true for product&(which had the 

other disadvantage of being formed by more than one path).7 ProductJ,was easily determined 

quantitatively versus an internal standard (biphenyl) and consequently the relative yields ofJ 

were used to calculate the relative rates of addition of the dimethylamino radical to substituted 



No. 6 579 

-methylstyrenes. Table II presents the relative rate data, together with the relevant 

constants. 

TABLE 11 

Addition of Dimethylamino Radicals to Q-Methylstyrenes 

ac-Methylstyrenes* log k/k0 w 

p-OCH -0.421 
p-CH33 

-0.268 
-0.196 -0.170 

P-H 
P-F :*:28 is:62 
p-Cl 0:139 01227 
p-CN 0.408 0.660 

* The p-Br styrene gave erratic values, presumably due to the photolability of the product 

and/or reactant. 

The Hanueett equation correlation of the data in Table II yielded Q -value of 

+ 0.69 + 0.03. The correlation coefficient was 0.99. The positive Q-value indicates that the 

uncomplexed radical, in contrast to the complexed one, is nucleophilic in the addition reaction 

to styrene. 

A question remains whether it is valid to use the rate of formation of a product which is 

formed in low yield to measure the reactivity of dimethylamino radical? It is our contention 

that the experiment is valid, for the following reasons. First, the correlation obtained is an 

excellent one and the data are highly reproducible. Second, although the attempted correlation 

using product&was not very good, the trend of the values obtained was in the correction direc- 

tion, i.e. the best yields were obtained with styrenes substituted by electron attracting substi- 

tuents. Third, when the dimethylamino radical was allowed to compete for styrene and p-chloro- 

styrene, the substituted compound reacted faster (by a factor of 1.51, again consistent with the 

data for ar-methylstyrenes. Thus, we conclude that the correlation reported in this paper is 

real and the dimethylamino radical (and presumably other amino radicals) can be either electro- 

philic or nucleophilic, depending on the type of reaction. This seems to be the first example 

of a simple radical displaying nucleophilic properties in an addition reaction. 8 
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