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Table I. Heat of Reaction for Deazoxetation of Some Unsaturated 
Azo iV-Oxides 

T," K 

452 
446 
426 
413 
422 
337 
341 

Solvent 

THF-^8 

THF-rfg 
THF-^8 
THF-^8 

CD3CN 
THF-^8 
CD3CN 

— AWrcact. 
kcal/mol 

0.84 ± 0.06 
0.71 ±0.12 
2.31 ±0.09 
9.85 ±0.13 
9.34 ±0.23 

16.38 ± 0 85 
14.99 ±0.34 

a Temperature at which the maximum heat flux due to the reactions 
is observed. * All errors are reported as ±2 s; see J. D. Cox and G. 
Pilcher "Thermochemistry of Organic and Organometallic Com
pounds", Academic Press, New York, N.Y. 1970, pp 43, 44. 

TV-oxides. By combination of these quantities with thermo-
chemical group increments and reasonable strain energies, it 
is possible to arrive at an approximate heat of formation for 
the azo ./V-oxide group: A//°f (m-azo TV-oxide) = 35-40 
kcal/mol.27 In view of the recently established &H°{ for the 
cis-azo group (54 kcal/mol),14 oxidation of the azo to the 
azoxy moiety is clearly a highly exothermic process (15-20 
kcal/mol).28 The resulting thermochemical stabilization is in 
accord with the formation of a new a bond, ir-electron der
ealization over the three heteroatoms, and the elimination of 
the azo a lone-pair repulsion. 
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Generation and Capture of Common Intermediates 
from Proto-Planar and Proto-Bisected 
Trimethylenemethane Precursors. Thermal 
Rearrangement of a Methylenepyrazoline1 

Sir: 

Theory suggests2 that the stable forms of triplet and singlet 
trimethylenemethanes (TMMs) should be, respectively, planar 
and bisected. We now report the results of an attempt to gen
erate a planar and a bisected TMM independently by de
composition of the isomeric methylenepyrazolines 1 and 2. The 
"proto-planar" bridged compound 1 could be imagined to lose 
molecular nitrogen thermally and give a planar singlet without 
any torsion about the bond joining the exocyclic Me2C group 
to the five-membered ring, whereas the "proto-bisected" fused 
compound 2, by a similar process and rehybridization of that 
group, would give a bisected TMM. If these TMM species have 
separate existences as long as 1O-9 s, it might be possible to 
capture them with external reagents and observe different 
products from each. 

For such a study to be interpretable, it is necessary to show 
that the methylenepyrazolines 1 and 2 have separable path
ways of deazetation. Without this information, common 
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Scheme I 

Figure 1. Relative concentration of diazenes and product dimers as a 
function of time during the pyrolysis of 1 (a) and 2 (b) in CH3CN solution 
at 50.0 0C. The experimental points and their estimated uncertainties are 
shown. The solid, dashed, and dotted curves show the behavior predicted 
for 1, 2, and dimers, respectively, by numerical integration of the differ
ential equations of Scheme I using the rate constants given in the text. The 
"dimer" concentrations shown represent the amount of deazetation. Actual 
dimer concentrations are half of these values. 

products could signify either common intermediates or a fast 
rearrangement, which could equilibrate 1 and 2 prior to de
composition. Although previous careful searches3 showed the 
absence of such rearrangements in simple TMM precursors, 
there are scattered observations of allylic rearrangement of the 
starting material during decomposition of other acyclic4 and 
cyclic5'6 diazenes. We now find that deazetation without re
arrangement is not general for methylenepyrazoline TMM 
precursors, because isomerization to the fused diazene 2 ac
companies the thermal decomposition of the bridged isomer 
1 (Scheme I). 

The detection of the 1 ->• 2 rearrangement is difficult by 
ordinary NMR spectroscopy, because of the close chemical 
shift correspondence of the characteristic peaks. However, in 
CDCl3 solutions, tris(6,6,7,7,8,8,8-heptafluoro-2,2-di-
methyl-3,5-octanedionato)europium (Eu(Fod)3), which is 
known7 to complex with cw-diazenes, produces different 

dimers of 

pseudocontact shifts for the methyl signals of 1 and for the 
nonequivalent methyl signals of 2 and thereby permits quan
titative analysis of the chromatographically recovered (Florisil, 
pentane, and then Et20) diazenes from partial pyrolyses. 
Figures 1 a and 1 b show the relative concentrations of 1,2, and 
product dimers as functions of time in thermal decompositions 
at 50.0 0 C in CH3CN solution. The reactions start with pure 
I8 and with an enriched sample of 29a (92.8% 2, 7.2% 1), re
spectively. 

The kinetic behavior can be fitted to the triangular mech
anism of Scheme I with rate constants determined by a com
puter-assisted Runge-Kutta numerical integration1 0 of the 
differential equations. The set of rate constants (XlO5 s) k\ 
= 3.50, A2 = 1.50, A3 = 7.35, and k4 = 0 fit the relative con
centrations of 1, 2, and products (dimers of the biradical 3) 
with root mean square errors of 0.023, 0.029, and 0.031 from 
the pyrolysis of 1 (Figure la) and 0.009,0.009, and 0.001 from 
the pyrolysis of 2 (Figure lb). 

In Scheme I, if A4 = 0, the disappearance of diazene in the 
pyrolysis of 2 would be simply a first-order reaction with rate 
constant A3. Experimentally, this reaction obeys first-order 
kinetics with a rate constant (7.34 ± 0.2) X 10~5 s - 1 , which 
agrees exactly with the computer-fitted value of Zc3. Moreover, 
the integrated form" of the Scheme I kinetics when A4 = 0 
gives 

-[In (1/I 0)] = (A 1 + A2)/ (D 
which predicts that the disappearance of 1 also should be first 
order. This is again in agreement with experiment, the rate 
constant 4.96 X 10 - 5 s~' being very close to the sum k \ + A2 

= 5.00 X 10 - 5 s - 1 determined by numerical integration. A 
good fit to the data of Figure la also can be obtained assuming 
a reversible 1 ^ 2 interconversion, with k\, A2, and A3 having 
about the same values as before and Ar4 = 3.0 X 10~ 6 s _ l , ap
proximately 20% A2. However, the fit to Figure lb is decidedly 
worse than when A4 = 0. Evidently, the 1 -»• 2 reaction is es
sentially irreversible under these conditions. If we accept the 
ratio A4/A2 < 0.2 implied by the kinetic analysis, the bridged 
diazene 1 is less stable than the fused isomer 2 by AG0 > 1.04 
kcal/mol. 

The formal 1,3-sigmatropic thermal rearrangement 1 —• 2 
in principle might occur intramolecularly or by recapture of 
molecular nitrogen by the biradical 3. The absence of 1 —• 2 
rearrangement when the same1 2 1 3 biradical is generated 
photochemically favors an intramolecular interpretation of the 
thermal process.14 

A plausible mechanism would involve the diazenyl biradical 
4 or its zwitterionic relative 5. We have previously reported'3 
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that the rates and activation parameters for the thermal 
deazetation of 1 in the solvents CH3CN and benzene are 
identical. This suggests that, if the rate-determining steps of 
the rearrangement and deazetation both pass over the same 
intermediate, the biradical 4 is the preferred formulation.15 

The portion of bridged diazene 1 proceeding directly to 
trappable reactive intermediates and not funneled through 
fused diazene 2 is given by 100[&i/(fci + Zc2)] = 70%. Thus, 
despite the competing rearrangement, most of the 1 and es
sentially all of the 2 decompose separately. 

Bridged diazene 1 can be recovered from 15 runs repre
senting increasing extents of partial photolysis (7-99% reac
tion, CH3CN solution, 0 0C, 350 nm), but no rearrangement 
(<5%) to the fused isomer can be detected. This is in agree
ment with the quantum yield of 0.95 ± 0.05 for the photo-
deazetation of I.12 Here also, the deazetations are effectively 
independent. 

Comparisons of the composition of the cycloadduct mixture 
obtained by thermal or photochemical decompositions of di
azene in the presence of an efficient singlet trapping agent 
(dimethyl fumarate or fumaronitrile)9b,c shows the products 
from 1 and 2 to be identical. Any distinction in structure be
tween the singlet intermediates from proto-planar and proto-
bisected precursors either fortuitously fails to result in dis
tinctive reactivities, or, more plausibly, is lost during the life
time of the intermediate. It is possible that the product 
equivalences observed here could be attributable to the com
mon intermediacy of the diazenyl biradical 4. Conceivably, a 
different method of generating the TMM 3 could still dem
onstrate independent identities for the planar and bisected 
forms. 

The previously reported12 low-temperature flash photolysis 
technique facilitates a further search for intermediates, in
cluding the bisected triplet, which might intervene between the 
proto-bisected diazene 2 and the planar triplet. A sample of 
2 in solution is frozen to 4.2 K in the cavity of the ESR spec
trometer and exposed to a xenon lamp flash. The ESR signal, 
monitored at the strong (inside) line of the Am = 1 transition 
with a time resolution of ~5 X 10~2 s, rises sharply and without 
delay to a stable level. A more leisurely scan of the spectrum 
so generated shows it to be identical with that observed8'16 upon 
photolysis of the proto-planar diazene 1. If ESR-inactive in
termediates had been generated from 2, survived longer than 
5 X 1O-2 s, and then decayed to the planar triplet, the flash-
induced signal either would have passed through a maximum 
or would have shown a delayed gradual rise. 

From the average lifetime of <5 X 10-2 s at 4.2 K in the 
photodeazetation of proto-bisected diazene 4, we may conclude 
that any ESR-inactive intermediates encounter no significant 
(<190 cal/mol) activation barrier in the pathway leading to 
the observed triplet. Furthermore, if the bisected triplet lies 
on this pathway, either its ESR spectrum is very similar to that 
of the planar triplet,17 or it is a species of only fleeting exis
tence. 
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A Thermal [1,3] Sigmatropic Acyl Shift 
in the Degenerate Rearrangement of 
Bicy clo[3.2.1 ]oct-2-en-7-one 

Sir: 

Thermal [1,3] shifts of acyl or carboalkoxy groups are rare 
and perhaps unprecedented.1-6 The difficulty of such reactions 
might be rationalized plausibly on the grounds that steric 
factors favor suprafacial migration, and therefore orbital 
symmetry7-8 requires a transition state in which the migration 
origin and terminus are bound to opposite faces of the migrant 
carbon (Cm). The resulting rehybridization of Cm would 
change its substituent-binding a orbitals from approximately 
sp2 in the reactant to approximately sp in the transition state, 
a process that would be unfavorable when the substituents are 
electronegative.9 Nevertheless, we now find that bi-
cyclo[3.2.1]oct-2-en-7-one (1) undergoes a thermal degenerate 
rearrangement, which is most readily interpreted as a [1,3] acyl 
shift. 

An optically active, deuterium labeled sample of ketone 1 
can be separated by preparative gas chromatography from its 
isomer 2. The mixture of 1 and 2 is obtained by application of 
a known10,1' ring expansion sequence to optically active nor-
born-5-en-2-one (3), which in turn can be prepared efficiently 
by the steps shown in Scheme I. The configurations and en
antiomeric purities (E.P.) are absolute as shown.1415 

Pyrolysis of (+)-l-3-d in the gas phase above 340 0C results 
in a degenerate rearrangement to (—)-\-l-d which can be 
observed by a combination of proton and 13C NMR spec-

D i * H 

C+M-3-d C-)-l-i-d 

troscopy and polarimetry. The chemical shifts of the olefinic 
protons (H2 and H3) of undeuterated 1 are very similar, even 
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