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Structure-Energy Correlations for Hydrazine and 
2-Tetrazene Oxidation Potentials 

Sir: 

The tetraalkylhydrazine, hydrazine radical cation redox 
equilibrium is electrochemically reversible (electron transfer 
is rapid and the cation radical long lived relative to the time 
scale of cyclic voltammetry experiments), allowing easy 
measurement of the thermodynamically significant standard 
potential, E°. E° becomes more positive as it becomes more 
difficult to remove an electron. E° values measured to ±0.01 
V (0.2 kcal/mol) have been reported for a series of tetraalk-
ylhydrazines with a variety of alkyl substituents,1 giving a set 
of relative free-energy differences between radical cation and 
neutral hydrazine. Unlike many reversible redox equilibria, 
great structural reorganization takes place upon loss of an 
electron from a hydrazine. Neutral hydrazines have nearly 
tetrahedral nitrogens,2 and there is a decided electronic pref-

Table I. E° Values (V vs. SCE, in Acetonitrile Containing 0.1 M 
Sodium Perchlorate) for Some Tetraalkylhydrazines and 
Tetraalkyl-2-tetrazenes 

Substitution Hydrazine I 2-Tetrazene II 

Ri = CH 3 

R, = R3 = CH 3CH 3JR 2 = R4 

CH 3 

Rj = CH2CH3 
Ri = CH 2 CH 2 CH 3 

Ri = CH 2 CH 2 CH 2 CH 3 

R1 = HC(CHj)2 

R, = CH2Ph; R2 = R3 = R4 = CH 3 

R1 = R2 = CH2Ph; R3 = R4 = CH 3 

R, = R3 = CH2Ph; R2 = R4 = CH 3 

R1 = CH2Ph 

0.28° 
0.26" 

0.24° 
0.24" 
0.24" 

0.35 
0.44 
0.43 
0.60 

0.41 
0.36 

0.33 
0.31 
0.30 
0.23 

0.51 
0.59 

" From ref 1, where the other saturated alkyl compounds plotted 
in Figure 1 are also tabulated. 

erence for gauche lone pairs, so that, even with rather large 
alkyl groups, the lone pair-lone pair dihedral angle remains 
near 90° in the absence of N1 ,N2 bridging.3 The radical cations 
are best described as "three electron pi-bonded" structures, 
and have olefin-like geometries, but the ease of bending at 
nitrogen is considerably greater than the case of bending at the 
carbons of an olefin, and the equilibrium geometry is some
times nonplanar at nitrogen, although activation energies for 
double nitrogen inversion are quite low.4 As a consequence of 
the geometrical change upon electron removal, a hydrazine 
radical cation has increased R-N1N2-R steric interaction 
relative to that of the neutral hydrazine. When a bulky enough 
alkyl group is attached to nitrogen, like a terf-butyl group, this 
increase in R-N1N2-R strain becomes dominant, and E° in
creases sharply. Nevertheless, there is a measurable decrease 
in E° upon A'-alkyl group homologation, and even upon in
troduction of a branching by inclusion of isopropyl substituted 
compounds.1 For real understanding of the E° values observed 
for tetraalkylhydrazines, it is necessary to be able to separate 
the steric and electronic effects observed upon changing alkyl 
group. 

The idea that the electron-releasing effect of alkyl substit
uents increases with homologation and a branching was ex
pressed quantitatively in terms of a* constants by Taft5 and, 
as Shorter has pointed out, is rather firmly ingrained in the 
thinking of organic chemists.6 The effects are not particularly 
large, and Ritchie has shown that, for some systems, Taft 
correlations work as well when a* is assigned as zero for simple 
alkyl groups.7 Inversions in the <x*-predicted order are also 
known, as Brauman and Blair8 showed for the vapor phase 
acidity of alkyl alcohols and as Bordwell and coworkers9 

demonstrated in solution for 9-fluorenes with a CH2, S, or SOT 
interposed between the ring and the alkyl group. The idea that 
detectable differences in "electronic effects" by different 
saturated alkyl groups are present in solution at all has been 
challenged by Charton,10 who restudied ester and amide hy
drolysis data extensively, concluding that the Taft assumption 
of identical steric effects in acid and base catalyzed ester hy
drolysis which led to Taft's a* evaluation is frequently wrong, 
that IT* values do not reflect differences in electrical effects, 
but, rather, involve steric factors, and that alkyl groups do not 
differ significantly in their electrical effects.103 We have seen 
one reply to Charton's arguments which focused on method
ology in data treatment." 

We report here data indicating that alkyl groups do indeed 
show a detectable difference in their ability to stabilize di-
alkylamino radical cations relative to the neutral compounds 
in solution, and that a* does give a useful linear correlation 
with alkyl electronic effects. For any test of the value of a* in 
quantitatively indicating alkyl group electronic effects, benzyl 
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Figure 1. E° vs. 2<r* plot for some tetraalkylhydrazines: O, n-alkyl com
pounds (ref !,compounds 1-14); e , isopropyl, methyl substituted (ref 1, 
compounds 15-18); • . rert-butyltrimethyl and l,2-di-/ert-buty!-l,2-
dimethyl (ref 1, compounds 19 and 20); D, benzyl, methyl (Table I). 

Figure 2. E° vs. Zcr* plot for the 2-tetrazenes of Table I. 

seemed to us to be a crucial group to include, because it has the 
opposite sign for a* as saturated alkyl groups, eliminating the 
parallelism of Taft steric and electronic effects which has been 
emphasized by Charton.10 A positive slope for an E° vs. 2<x* 
plot is expected, because a less electron-releasing alkyl group 
(more positive <r*) should cause an electron to be removed less 
easily (more positive E°). Including data for benzylated hy
drazines (see Table I) causes a sharp break in the Taft plot 
(Figure 1), which is roughly linear if either n-alkyl or benzyl, 
methyl substituted compounds are considered separately. 
Because benzyl is large, in addition to being electron with
drawing relative to methyl, perhaps the reason for the break 
in the correlation of Figure 1 is not a breakdown in Taft's a* 
values, but simply steric, benzyl raising E° for the same reason 
that tert-bu\y\ does. To test this hypothesis, E° values for some 

/ R 3 R 1 \ 
N-N 

I 

/R< 
Rr-Nx 

N=N 
^ - R , 

II i 
tetraalkyl-2-tetrazenes (II) were determined. There is a clear 
structural analogy between I and II, and the formal charge at 
the dialkyl nitrogen is nearly as high in H+- as in I+- (the di-
alkyl nitrogen ESR splitting constants for the tetramethyl 
cations are 13.14 and 10.912 G, an admittedly imperfect but 
highly indicative experimental measure of charge density for 
these systems). The key difference between I and II oxidation 
is the fact that little steric strain will be introduced upon flat
tening at the dialkylamino groups of II, in contrast to the case 
for I. As shown in Figure 2, the effect of alkyl group homolo
gation upon E° is significantly greater for II than for I, and 
the Taft plot is linear, including both «-alkyl13 and benzyl 
substituted tetrazenes. These results indicate that E° values 
for even tetra-n-alkylhydrazines are quite detectably in
fluenced by steric differences, but that the electronic effect of 

changing alkyl group size is somewhat larger in magnitude.14 

Work intended to quantitatively separate the steric and elec
tronic effects of alkyl group substitution upon I oxidation, using 
II as a model, is currently in progress.15 
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Synthesis of (CHs)4C4B4H4. An Example of 
Photochemical Addition of an Alkyne to a Borane 
via a Ferraborane Intermediate 

Sir: 

The production of carboranes from alkyne-boron hydride 
mixtures under various reaction conditions is well known.1 

However, carboranes containing other than two carbons are 
relatively rare.2 In an examination of the electronic structure 
of some ferraboranes, similarities (and differences) were noted 
between the structures OfB4H8Fe(CO)3 and C4H4Fe(CO)3.

3 

Pettit has shown4 that reactions between cyclobutadiene and 
unsaturated molecules coordinated to iron take place readily. 
Coordination of the unsaturated molecule to iron apparently 
occurs after the photolytic ejection of a carbon monoxide 
molecule from cyclobutadiene iron tricarbonyl. In the case of 
alkynes, this is followed by cycloaddition. An analogous re
action with the ferraborane would produce a carborane. Herein 
is reported evidence for the formation of two new carboranes 
by the photolysis of B4H8Fe(CO)3 in the presence of 2-butyne. 
As the ferraborane itself is prepared by the direct reaction of 
Fe(CO)5 and B5H9,5 two readily available compounds, this 
constitutes a convenient route to these carboranes. 

Irradiation at 254 nM of a bright orange solution of 0.6 
mmol of B4H8Fe(CO)3 and 20 mmol of 2-butyne in 2.8 mL 
of diethyl ether for 17 h in a Rayonet photochemical reactor 
resulted in a dark solution and the production of 1.8 mmol of 
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