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reaction paths of these ions are normally those which 
lead to aromatization by elimination of a cation, usually 
a proton. However, certain structural features or 
reaction conditions can permit other carbonium ion 
processes to become competitive with cation elimina­
tion. Addition reactions are known, particularly of the 
polycyclic aromatic hydrocarbons, and certain sub­
stitutions of benzene systems seem best explained in 
terms of addition-elimination reactions.7 In this con­
text, IV and V can be considered products of comple­
mentary carbonium ion reactions, molecular rearrange­
ments, which are open to alkylcyclohexadienyl cations 
provided a favorable balance of free energies of activa­
tion exists. The strong repulsion effects attending 
introduction of a second nitro group into this severely 
crowded system are undoubtedly the primary factors 
which permit successful competition of these two reac­
tions, direct cation elimination and rearrangement 
followed by elimination. 

That the methyl which replaces the /-butyl group 
comes from the replaced /-butyl group is substantiated 
by the observation that 2,4,6-trW-butylnitrobenzene-
2,4,6-/3-/ undergoes reaction forming IV with loss of 
23% of tritium activity. Theory predicts 22.2%. 

The predominance of IV over V is not well under­
stood, but it may reflect unsymmetrical charge distri­
bution in Ia. If this is the case, the prediction is that 
the p-t-butyl group of I suffers rearrangement in 
preference to one of the o-/-butyl groups. 

A further test of mechanism is clear. The proposed 
mechanism would strongly imply that the product dis­
tribution be altered by substitution of deuterium for 
aromatic hydrogen in I. Further, one would anticipate 
that this partitioning isotope effect would be larger than 
the observed kinetic isotope effect for the over-all 
nitration of I vs. l-3,5-d2. The accompanying com­
munication describes the results of these experiments.8 
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A Slow Proton Transfer in Aromatic Nitration1 

Sir: 
Steric effects are powerful factors in the determina­

tion of the relative velocity ratio, v2/v-i, in aromatic 
electrophilic substitution reactions (eq I).2 The es-
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ArH + E+ ^=±: + A r — > ArE + H + (1) 

sential argument is that nonbonded repulsion energy 
increases as a large electrophile replaces hydrogen at a 
confined or sterically crowded site, and that this in­
creasing repulsion energy will manifest itself more 
strongly in step 2, since it is at this stage that the 
electrophile starts assuming product configuration.3 

It is suggested that the susceptibility of aromatic sub­
stitution reactions to steric effects represents a presently 
crude but useful means of ascertaining free-energy dif­
ferences between steps — 1 and 2 for different kinds of 
aromatic substitution reactions. As shown in Figure 1 

Reaction Coordinate. 

Figure 1. Energy profiles for two aromatic electrophilic substitu­
tion reactions showing the effect of imposed steric hindrance (lowest 
curves) on "normal" energy profile. In each case the resultant 
energy profile is taken as the sum of the lower curves. 

the superposition of the same increasing repulsion 
energy term on energy profiles of "normal" aromatic 
substitution reactions may or may not lead to an altera­
tion in the rate-determining step depending upon the 
"normal" velocity ratios, v2/v-i. 

The absence of an isotope effect in nitration of the 
very hindered 1,3,5-trw-butylbenzene, but the pres­
ence of a strong isotope effect in the positive bromina-
tion of the same hydrocarbon, indicates that these two 
reactions with very similar p values (—6.0 and —6.2) 
and about equivalently sized electrophiles have rather 
different velocity ratios.20 The question of impor­
tance to the construct is whether the rate ratio, v2/v-i, 

(3) Considerations of the effect of structure on the rate of proton 
transfer from the intermediate to solvent bases are also important. 2*'b 
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can be bounded for nitration by finding structures 
possessing sufficient hindrance so that proton transfer is 
the rate-determining step. 

The explanation advanced to account for the forma­
tion of 2,4-dinitro-3,5-di-*-butyltoluene (IV) and 2,6-
dinitro-3,5-dw-butyltoluene (V) in addition to 1,3-
dinitro-2,4,6-trw-butylbenzene (II) and 1,2-dinitro-
3,5-di-?-butylbenzene (III) upon nitration of 2,4,6-tri-
/-butylnitrobenzene (I) requires that proton loss from 
the intermediate cyclohexadienyl cation (Ia) be com­
petitive with molecular rearrangement.4 Barring an 
unusual transition state for proton loss from Ia, a 
partitioning isotope effect (change in product distri­
bution) is required regardless of the over-all rate-
determining step. However, additional considerations 
imply that, for rearrangement to become competitive 
with proton loss, the rate of proton loss must be con­
siderably slower than normal. Hence, the possibility 
exists that the rate of proton loss from Ia may approach 
being the over-all rate-determining step in the forma­
tion of II. We report here experimental verification 
of both the requirement and the possibility. 

The distribution of products upon nitration of I 
and 1-3,5-J2 are given in Table I. These data were ob­
tained by chromatographic analyses (Aerograph A-90P3 
SE 30, J/4 in. X 6 ft, 220°, 100 ml min"1) and were found 
to be reproducible to within ± 1 %. 

Table I. Product Distribution in Nitration 
of 2,4,6-Tri-/-butylnitrobenzene 
and 2,4,6-Tri-/-butylnitrobenzene-3,5-fi'2 

Reac- ——Products, % — (kH/ (kH/ 
Conditions tant II III IV V kD)n/iv kD)n/ni 

I 58.9 4.6 34.3 2.2 
HNO 3 (90%), 3.1 

0° 
1-& 32.2 6.4 58.3 3.1 

HNO3-H2SO4 

in CH3NO2 

at 40° 

I 81.8 3.5 13.7 1.0 

l-di 60.4 7.0 30.2 2.4 

3.0 

2.5 

2.7 

Assuming the reaction scheme shown, the product 
ratios, (II/IV)H(IV/II)D, lead directly to the partitioning 

^ 

III 

IA 
II 

*•* IV + V 

isotope effect, (^H/^D)II/IV-5 That this isotope effect is 
larger than the corresponding partitioning isotope 
effect, (kulkv)uiin, indicates that step 1 has some 
kinetic importance. That is, the combined velocities 
of steps 2 and 4 are not too much slower than the 
velocity of step — 1. Calculations based on present 
data indicate that v-i/v2 is equal to ca. 5. Further 
confirmation of this conclusion is obtained from direct 
kinetic studies. First-order rate constants for the dis­
appearance of I and 1-3,5-^2 in nitromethane solution 

(4) P. C. Myhre and M. Beug, J. Am. Chem. Soc, 88, 1568 (1966). 
(5) The assumption is implicit in this treatment that the only step 

sensitive to deuterium substitution is hydrogen loss from Ia yielding II. 

containing nitric acid (10.8 M) and sulfuric acid (0.47 
M) at 40° were found to be 2.91 X 10-5 and 1.65 X 
10-5 sec-', (/cH//cD)kiaetic = 1.8. The calculated ob­
served kinetic isotope effect based on product distri­
bution data is 2.2. 

Nitration of I yielding II is the first known aromatic 
nitration exhibiting a primary kinetic isotope effect.6 

Its occurence is in harmony with prediction. Within 
present error limits, the isotope effect data corroborate 
the reaction scheme proposed to account for the prod­
ucts of nitration of I. 
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So-called Planar, 
Low-Spin Bis(o-aminobenzenethiol)cobaIt(II) 

Sir: 

The recent suggestion1 that the dark blue nickel com­
plex of o-aminobenzenethiol should be formulated as I 
rather than II has prompted us to report work on some 
complexes of this ligand: Mn(SC6H4NH2)2, M = VO 
(lime green, /zeff = 1.77 BM at room temperature), 
Cr (light blue, /xes = 4.7 BM), Mn (pale cream, \xeS = 
5.55 BM), Fe (pale yellow, jueff = 3.90 BM), Co (orange-
brown, juea = 4.10 BM), Ni (yellow, diamagnetic), 
and Zn (white, diamagnetic); Co(SC6H4NH2)S (dark 
green, fxeS = 0.5 BM); and Cu(SC6H4NH2) (cream, 
diamagnetic). The first five compounds are new and 
are air-sensitive. Analytical data are summarized in 
Table I. 

NH2 o H2N. 
,Ni NiC 

II 

The dark blue nickel compound is prepared by 
oxidation of yellow NF(SC6H4NH2),, in alkaline condi­
tions.2 Our analytical data show no oxygen to be 
present and so agree with I, not with the older oxygen-
bridged formulation II.2 

The cobalt(II) complex of o-aminobenzenethiol was 
reported by Livingstone3 to be dark blue with a mag­
netic moment of 2.6 BM at room temperature. It has 
been considered a typical low-spin, planar cobalt(II) 
complex. 4~6 It was prepared3 by boiling in suspension 
in acetone the orange-brown precipitate which ap-
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