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Evidence for a New Mode of Neighboring-Group
Participation by the Azo Group
Sir:

During the last 8 years studies involving azo compound
reactions have shown that the -N==N- group is one of the
mechanistically most versatile functional groups in chemis-
try.1-9 Cases of reaction by radical,23 zwitterion,* carbene,’
and cationicS mechanisms have been reported. Examples of
concerted reaction pathways without formation of reactive
intermediates’-8 and reverse Diels-Alder processes® also have
appeared.

One of our current research interests is concerned with the
reaction of azo compounds by mechanisms which involve
cationic intermediates. Recently we found that solvolysis of
azo p-bromobenzenesulfonate 1 occurs with neighboring-group
participation and elimination of nitrogen via diazonium-ion
intermediate 2.93:®* We now wish to report that solvolysis of
3-OBs involves a new and entirely different kind of neigh-
boring-group participation.

m X =N ><N=N
TY 2=,

3 X=0Et 4
X=0Bs

1 2

The synthetic sequence used to prepare 3-OBs is outlined
in eq 1.1 The 5 — 7 conversion is analogous to a reported di-

aziridinone synthesis.!!
0
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Azo p-bromobenzenesulfonate 3-OBs was s’olvolyzed under
anhydrous conditions in ethanol buffered with 2,6-lutidine.
Rate measurements were made by the usual sealed ampule
method. Titration of the developing p-bromobenzensulfonic
acid was performed using methyl red as the indicator.!3 Rates
also were measured by 'H NMR spectroscopy. All rate con-
stants were nicely first order and the two methods gave es-
sentially the same rate constant values. Some representative
kinetic data are summarized in Table 1. Reactivity comparisons
of 3-OBs with 3-OEt, 2,2’-azobisisobutane (4),'4 neophyl p-
bromobenzenesulfonate (10a), and neopentyl p-bromoben-
zenesulfonate (10b)!5 also are included.

Products derived from ethanolysis of 3-OBs were found to
vary with the amount of oxygen (air) present. Under oxygen-
free reaction conditions!S hydrazinium salt acetal 11 was the
sole product detected.!”-18 On the other hand, excess air (O5)

_+__N==N__+_/ _Eﬂl—’s -0OBs
CSHS

(1)
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Table I. Ethanolysis Rate Data? and Reactivity Comparisons for
3-OBs

temp,
compd °C 104k, s~! rel rate
3-OBs 50.0 0.147 £ 0.01% 2X107,1 % 104
74.9 1.64 £0.13%
75 2.2¢
3-OEt 184.4 2.66- £ 0.054
159.8 0.181 £ 0.014
50.0 7.6- X 10"%e 1
4 184.7 2.81- £ 0.014
185.0 2.51- 0.1/
50.0 9.3-X10"%¢ 1
10a 50.0 8.4 X 1073 * 1 X 106, 5% 102
10b 50.0 1.5-X 10=5# 2X 1031

a Dry EtOH with 0.010 M 2,6-lutidine and 0.005-0.008 M 3-OB:s.
b Titrametric rate. An aliquot of reaction solution was quenched with
purified dioxane. The sample was then back-titrated with 0.011 M
HCIO, in dioxane using methyl red indicator.!3 ¢ Measured in
EtOH-d; (containing 0.1 M 3-OBs and 0.2 M lutidine) by NMR
integration of changes of reactant and product !H against the 1H of
1,1,2,2-tetrachloroethane internal standard. ¢ Liquid phase in EtOH
in sealed Pyrex tubes which had been placed under N3 by repeated
freeze-pump-thaw cycles. The rate was obtained by monitoring the
disappearance of the UV absorption at 370 nm. ¢ Extrapolated from
the higher temperature data. / Gas phase data.!4 ¢ Extrapolated from
gas phase data.l4 # Estimated from reported EtOH data using AH¥
for ACOH.13 The treatment also uses the well known approximation
factor of 3 for krogs > kroOTs.

afforded only azo acetal 12.17 When solvolysis involved limited
amounts of air, mixtures of 11 and 12 were obtained. A control
experiment demonstrated the complete conversion of 11 to 12
in ethanol/air. These relationships are shown in eq 2.7

lutidine) +H O——/
EtOH (lutidine _ % aiu
3-0Bs 0, f B I <
, free oBs o/
"
EtOH 78° ¢
{lutidine) EtOH . ()
P 2
limited llutidine) (lutidine)
0,

-/
o
11+ 12 + N == —|—<

1N 2 o—/

The reactivity comparisons in Table I are instructive. A near
identity of reaction rates for 4 and reference compound 3-OEt
in ethanol makes it clear that the latter reacts by the usual
free-radical process.2 The exceptionally high reactivity ratio
of 107 for 3-OBs compared with 3-OEt indicates reaction of
3-OBs by some other kind of mechanism. This kinetic evidence
is substantiated by the nature of the products observed (eq 2)
and by the lack of nitrogen formation.!’

These considerations and the titrametric method used to
follow the reaction strongly suggest that ethanolysis of 3-OBs
involves some sort of cationic mechanism. Two plausible

Ny N Y
SN LN Ny —» A\\ E1OH -n*
CHsC }52 CH"’/"C—_CBH H cu —‘cc>:
CH3 OBs c CH s
3-0Bs 13a
H\Nx H\NX I
+ _nt H
/,J\ H \ty EtOH -H HN/N/O ; -
—CH s, C—CH wC—CH —e 11
ches© cHy! chHy oBs
i/ N 7 2N H3 /
CHy o~/ CH, o~ CH, No
14 (3)

© 1978 American Chemical Society



Communications to the Editor

possibilities are illustrated by eq 3 and 4. An equilibrium be-
tween 11 and 14!° with accompanying oxidation of 14 (eq 5)
readily accounts for formation of azo acetal 12. A comparison

| 3CoamCH
H=-H Uy —
aPC—CH c ” cH.
Chy ? E?_‘ OBs ¢ Bs
CHs 0Bs 3 e 3
3-OBs 8

N=—N H nat
) (l: (!H SV ARI LIRPp
wC—=CH prr G e C—CH —
CHa"" \ CH&" N cH \ OBs
CH/ o— CHJ/ o —/ E‘f{ ot

(4)

(8}

of the mechanistic features of processes 3 and 4 show that the
only intrinsic difference between them occurs in the initial
achimerically assisted ionization step a or b.

Evidence for 13a or 13b as an intermediate in the ethanolysis
of 3-OBs was sought from information about the chemical
properties of trialkyldiazenium ions. The literature failed to
show any reaction results for the conditions of eq 2.2 Conse-
quently, we examined the ethanolysis (lutidine) of 15?! as a
model system. Pertinent products were acetaldehyde diethyl

N=N+  Clo,

><15

acetal (16, 35%), isobutylene (17, 50%), and ethyl zerz-butyl
ether (18, 40%).22 A substantial yield of 16 demonstrates that
diazenium ions containing a ~-CH,-N* moiety react with
ethanol to give acetal. The combined formation of 17 and 18
is diagnostic of the high propensity of diazenium ions with -
C4Ho-N+ to react with the loss of terz-butyl cation. This
finding suggests that ethanolysis of 3-OBs occurs by eq 3 via
13a.23
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Kinetic Energy Release in the
Fragmentation of CSH;* Ions

Sir:
It is well established!:2 that the reaction
CH,XH* — HCX* + H, (X =0,S,NH) (1)

occurs with significant release of kinetic energy. This has been
interpreted? in terms of a symmetry-forbidden 1,2-H> elimi-
nation reaction which imposes an activation energy barrier
greater than the endothermicity of the reaction. Recent the-
oretical calculations®* have confirmed the presence of such
a barrier. By contrast 1,1-H> elimination is not symmetry
forbidden and it has been observed that such fragmentation
reactions show little kinetic energy release.® This suggests that
the reaction

CH;X*+ — HCX* + H, (X = 0, S, NH) (2)

for CH3X™ ions, isomeric with CH,XH™, should occur with
little kinetic energy release. For X = Q it has been notedS that
reaction 2 (CH;0* — HCO* + H,) is thermoneutral or
exothermic’ and no metastable ion is observed. Indeed, because
of the facile loss of H, the m/e 31 ion (COH;3%) is of very low
abundance, compared with HCO®, in compounds where
simple bond rupture to give the methoxy cation might be ex-
pected.®

By contrast, the CSH3* ion (nominally CH3S*) is abundant
in the mass spectra of compounds of the general formula
CH;SR.7 In addition, the available thermochemical data8®
suggest similar heats of formation for CH3S* and CH,SH*.
These observations lead to the possibility that for the sulfur
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