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approach those of the simple classical model based on eq 2 and
K.

As shown by Figure |, the Marcus quadratic equation (eq
3) is a good approximation to eq 8 in the range JAG| <
4AGF(0). The “linear” free-energy relationships (eq 4) can
be viewed as tangents to the eq 8 curve.*® The slopes of such
“linear” plots have to be in the range 0 < a < 1, with values
lower or higher than 0.5 for exo- or endoergonic reactions,
respectively.*® For values different from 0 and 1, “linear” re-
lationships can only be valid for more or less narrow ranges of
AG, depending on the curvature of the eq 8 plot, i.e., on the
AG*(0) value.
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Kinetics of the Thermal

Decomposition of a 1,1-Dialkyldiazene,
N-(2,2,6,6-Tetramethylpiperidylnitrene
Sir:

The rates and activation parameters of 1,1-diazene thermal
reactions are not known.! Recent theoretical studies suggest
that the C-N bond strength of the 1,1-dialkyldiazene is sub-
stantially lower than that of the trans-1,2 isomer.2 The
homolytic decomposition of N-(dimethylamino)nitrene (1)

is calculated to be endothermic by 23.5% and 26.2,2b kcal/mol,
respectively.

'CH3
CH3N,.

We report the kinetics of the thermal decomposition of a
1,1-dialkyldiazene. The temperature dependence of the uni-
molecular rate (k) of V-(2,2,6,6-tetramethylpiperidyl)nitrene
(2) fragmentation was examined in three different solvents,
and kinetic evidence for a direct bimolecular pathway (k») for
the formation of tetrazene 3 from 1,1-diazene 2 is provided
(Scheme 1).

We recently described the direct spectroscopic observation
(=78 °C) of a 1,]-dialkyldiazene, N-(2,2,6,6-tetramethylpi-
peridylnitrene (2).> Treatment of l-amino-2,2,6,6-tetra-
methylpiperidine (4) with tert-butyl hypochlorite and trieth-
ylamine in dimethyl ether at —78 °C affords, in addition to an
insoluble white precipitate (Et;NHCI), an intense purple so-
lution of 2 that is kinetically persistent at =78 °C but decol-
orizes rapidly at 0 °C. The visible (Apax (CH2Cly) 541 nm)
and infrared (¥(N=N) 1595 cm~!) spectra of 2 provided ex-

i R R
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Table I. Decomposition of 2 at —10.0 °C

solvent Et k,s™! krel AG¥
n-hexane 30.9 3.49 X 1073 4.8 18.3
cthyl ether 346 1.23 X 1073 1.7 18.9
tetrahydrofuran 374 0.73x 1073 1.0 19.1
Table I1¢

solvent log A E,, keal/mol

n-hexane 11.6 £0.5 169 £ 0.7

cthyl ether 137 +0.3 200+04

tetrahydrofuran 13.6 £ 0.3 20.1 £ 0.4

@ Tolerances are the standard deviation.

perimental evidence on the 1,1-diazene n-7* electronic tran-
sition and the N=N double bond character in the ground
state.’

For kinetic studies, the purple 1,1-diazene 2 was chroma-
tographed (—82 °C) on basic alumina, excess triethylamine
was added, and the solution was concentrated.* Inspection of
the chromatographed solution at low temperature by proton
NMR (CDCI;) revealed substantial amounts of the tetrazene
3 and absorptions at 4 1.15 and 2.15 (2:1 ratio). Warming the
sample to 25 °C results in the disappearance of the 1.15 and
2.15 signals, presumably the 1,1-diazene 2,6 while the tetrazene
3 signals increase and new absorptions in the region of the four
Cy hydrocarbons 5-8 appear.” These NMR results indicate
that under some conditions the unimolecular and bimolecular
processes in Scheme I are competitive.

The decay kinetics of 2 were studied in three different sol-
vents (n-hexane, ethyl ether, and tetrahydrofuran) typically
in the temperature range of +4 to —21.6 °C by monitoring the
optical density of the purple solution (~1073 M) at 541 nm as
a function of time.® The disappearance of 2 was strictly first
order at higher temperatures (—1 to —11.2 °C in Et,0), be-
coming a combination of first- and higher-order Kinetics as the
temperature was lowered (—13.3 to —=21.4 °C in Et,0). Plots
of In Abs vs. time at the lower temperatures (—16.0 to —21.4
°C in Et;0) afforded a curve segment at short times followed
by a linear segment at longer times (Figure 1). First-order rate
constants were taken to be the slopes of the linear portions of
these plots. The results of nine kinetic runs in ethyl ether (—1
10 —21.4 °C) are plotted in Figure 2. The observed activation
energy for the unimolecular 1,1-diazene 2 thermal decompo-
sition in Et0 is 20.0 & 0.4 kcal/mol. This is a substantially
lower £, than that observed in the decomposition of similarly
substituted 1,2-dialkyldiazenes.!©

The effect of solvent on the unimolecular rate of 1,1-diazene
2 decomposition was examined. We find that the rate of de-
composition of 2 is sensitive to solvent, the rate increasing with
decreasing solvent polarity (Table I). The activation param-
eters are listed in Table I1.

The observed rate dependence on solvent polarity is con-
sistent with a polar ground state decomposing by a less polar
transition state. Such an effect has been observed in the de-
compositions of 1,2-dialkyldiazenes by Riichardt and co-
workers.!'# For the three solvents examined, In &, correlates
with £ reasonably well.!'b

We find that the curved portions of the In Abs vs. time plots
may be modelled as competitive unimolecular and bimolecular
reactions, kopee = ky + k3[2]. Using computer simulation, rate
constants could be fitted to generate the experimental Abs vs.
time plots (Figure 3).!2!3 For example, in Et,0 at —16 °C,
ki =503X10"*s"!and k5 = 5.0 X 102 L/(mol s). Al-
though there is not sufficient data to derive accurate Arrhenius
parameters for the bimolecular reaction 2 — 3, the results of
the computer simulation indicate that the temperature de-
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pendence of the dimerization rate is small.!# This is the first
kinetic evidence for a direct bimolecular pathway for the for-
mation of tetrazenes from 1,1-diazenes.
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Generation and Thiol Reduction of a “Quinonoid”
Dihydropterin and an Oxidized Pyrimidine Analogue

Sir:

In an effort to determine the exact role of the tetrahydro-
pterin cofactor utilized in the formation of tyrosine from
phenylalanine and molecular oxygen in the reaction catalyzed
by phenylalanine hydroxylase! (E.C. 1.14.16.1), we have been
investigating the spectral and chemical properties of a “qui-
nonoid” dihydropterin and an analogous “quinonoid” oxidized
pyrimidine, the presumed products derived from the respective
cofactors during turnover. The quinonoid compounds also may
be generated by chemical oxidants including bromine, di-
chlorophenolindophenol,? and ferricyanide? as well as perox-
idase.? These species are rapidly reduced to the parent cofactor
by a variety of reagents, including thiols® and quinonoid
dihydropteridine reductase.® Our results for the thiol reduction
of the quinonoid compounds implicate the intermediacy of thiol
adducts presumably at the 4a,8a- and 5,6 positions of the ox-
idized pterin and pyrimidine, respectively, during the reduction
process and provide direct evidence for the existence of a hy-
droxylated derivative at the 5 position of 4-hydroxy-2,5,6-
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Figure 1. UV spectra of 4-hydroxy-2,5,6-triaminopyrimidine (5) (—), the
product of bromine oxidation of § (++.), and 2,6-diamino-4,5-dihy-

droxypyrimidine (8) in the presence of a 20-fold excess of dithiothreitol
(---),in 0.2 M Tris-HCI, pH 8.10.

triaminopyrimidine during its oxidation by horseradish per-
oxidase (E.C. 1,11.1.7).

When 6,7-dimethyltetrahydropterin (1) is treated with |
equiv of bromine, an oxidized pterin species (2)7 is generated
whose UV spectral characteristics are consistent with those
attributed to the primary oxidation product of 1 in its phe-
nylalanine hydroxylase catalyzed oxidation.? The reaction of
2 with excess 2-mercaptoethanol (pH 7.45-8.10, Tris buffer,
u = 0.2 KCI, 25 °C) gives two products, 1 and 7,8-dihydro-
6,7-dimethylpterin (3). The reaction can be followed by the

0 H 0 .
PPN g N Br, HN)J\/ tH3
e NN
2 7
0 N e NN

1 2

decrease in absorbance at 380 nm. The reductive process at a
given pH is dependent on the second power of the total thiol
concentration, independent of buffer, and gives rise to the

following rate law as shown by the dependence of the rate on
pH:

kobsa = k2'[RSH][RSH]

The kinetics are consistent with the processes outlined in
Scheme 1, where ko' = kiky/k—1 =22 X 103s~! M—2 and
require the intermediacy of an adduct such as 4, derived from
attack by mercaptoethanol at the 8a carbon. We cannot rule
out, on the basis of presently available data, formation of an
analogous 4a adduct. The intermediate resembles that recently
isolated by Sayer et al.® in the reaction of 1,3-dimethyl-5-
(p-nitrophenylimino)barbituric acid with thiols and implicated
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