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ABSTRACT
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Instead of yielding the expected hydrazine, alcoholysis of the above heterocycle results in fragmentation via a highly unusual pathway.

Askani showed that alkaline cleavagelgthe Diels-Alder s

adduct of 1,3-cyclohexadien8)(with azoester, gives 2,3- Scheme 1
diazabicyclo[2.2.2]oct-5-ene (2), as anticipated.
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Hydrolysis (or alcoholysis) of Diels—Alder adducts of o @‘
triazolinediones generally requires vigorous conditibhst 6

we have found that the addugt of diene3 with 4-phenyl-
1,2,4-triazolinedione is quite easily cleaved by methoxide.
Surprisingly, the products a& nitrogen, carbon monoxide,
and methylN-phenylcarbamate5f. Formation of carbon
monoxide was confirmed both by its infrared absorption at
2171 and 2117 cmt #and by its reaction with PdgCuCh

to give a black precipitate®

scission of the heterocyclic ring was detected. Adduets
slowly transformed into methoxidéradduct7, which in turn
added a second equivalent of methoxéieto give 88
Formation of the unsymmetrical was revealed by the
development of two nevH NMR signals at) 4.22 and 4.06

O
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for the bridgehead hydrogens, which slowly diminished at B3LYP/6-31G* structure of the hydratél of urazole4
the expense of one newer signaldad.14 asC,-symmetric (Figure 1) The crystal structure of urazolé reveals a
dianion 8 appeared. The configuration 8fis tentatively similar degree of pyramidalizatidd.
assigned as trans simply on electrostatic grounds. That ring
opening had not occurred was clear from the fact that_
acidification caused immediate disappearance of the bridge-
head peak foB and more slowly the pair of peaks far,
returning the starting material. The negative charges in
adducts7 and8 must enjoy considerable stabilization by the
geminal heteroatoms, through both inductive electron with-
drawal and negative hyperconjugation. Thus, generation of
7 and8is driven by the fact that they are weaker bases than
methoxide, and after acidification that driving force is géne.
Cleavage ob to diazabicyclo[2.2.2]octan@ occurred only
after long heating at higher temperatures.
The unsaturated addudtdisappears with pseudo-first-
order rate constak = 2 x 103stat50°C in 3:1 CDs-
OD/CD;SOCDs, 2 M in KOH.2X It reacts about 10 times
faster than6 under these conditions. A pair of bridgehead
signals atd 4.94 and 4.89 corresponding to gD adduct
10 are detectable in théH NMR spectrum during the
reaction. In contrast to the behaviorgflOfragments readily  Figure 1.
via what we believe to be the fully concerted process depicted
in Scheme 2.

Normal hydrolysis or alcoholysis of a urazole ring,

_ producing a hydrazine, leaves the carbonyl carbons in the

+IV oxidation state. In this case, oxidation occurs at nitrogen

Scheme 2 . .
with the result that a carbonyl carbon is reduced to-ttile
LN OCDg CDs0 O oxidation state. The fact that aIcohon_sis.4>fs far easier
4 /Nv\g@; N NPh than that of its saturated counterpé&rtindicates that the
> NPh N o concerted fragmentation enjoys significant driving force.
0 8 Barton et al. recovered ergosterdl3j from its adducts
10 with triazolinediones 12) upon treatment with KOH in

CoH17

This transformation actually comprises two linked con- CoHy7

certed events, fragmentation of the heterocyclic ring and

retro-Diels—Alder reaction. They are made energetically : Ko, Bon

feasible by the simultaneous formation of betlbonds of Bz0 NN o reflux HO

the very stable molecular nitrogen. Whereas the newly )/-\N 13
forming carbonyl bond is poorly aligned to stabilize the SEE Y

negative charge developing on nitrogen, the phenyl ring may 12

play that role. Alternatively, covalent bonding to a hydrogen-
bonded deuteron may occur as the charge develops a€thanof® They suggested that the reaction proceeds with
nitrogen. Formation of the mutually perpendicularN formation of a diimide, as shown in Scheme 3. This pathway
bonds is facilitated by the fact that the nitrogen atoms are o . ” el
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lacks the driving force of forming molecular nitrogen, and

it is not clear why the bonds to the ergosterol moiety should
be broken. We have compared the thermodynamics of

Barton’s mechanism and ours for the alcoholysigl afith
calculations at the B3LYP/6-31G* level of thediBecause
1,3-cyclohexadiene (3) is common to both, it sufficed to

the two linked nitrogens two bonds are broken and two new
ones are formetf Not all reactions in which concerted
processes are coupled necessarily fit the definition of
coarctate reactions, however. A case in point would be an
acetylene-tetrazine reaction in which Dielslder addition

is concerted with nitrogen loss to give a pyridazinegiso-
Diels—Alder reaction (Scheme 5). According to a detailed

Scheme 5
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and entropy, corresponding &G° = —68.4 kcal/mol at 25
°C, provides strong support for the interpretation offered in
Scheme 2.

Regarding just theetro-Diels—Alder component of the

acetylene and elimination of nitrogen occurring in a one-
step, yet asynchronous, proce$s.”

Finally, the question remains why the azoester addlict (
of 1,3-cyclohexadiene gives the hydrazihapon treatment
with alcoholic base instead of fragmentation products. A
likely reason is that in the favored conformationslothe
bicyclic system is twisted, and the free energy barrier for
“bridge flipping” is 16.44+ 0.3 kcal/mol*® Thus, considerable
energy would be required to bring the methoxycarbonyl
groups into proper alignment for the concerted process
depicted in Scheme 2.
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coupled concerted process, fragmentation of 2,3-diazabicyclo-

[2.2.2]octa-2,5-dienel@) occurs quickly at-78 °C.15 From
B3LYP/6-31G* calculationsAH® = —39.5 kcal/mol and
AS’ = 42.4 cal/mol K for this process, corresponding\G°

= —52.2 kcal/mol at 25C.
© + N,
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fast

The transformation shown in Scheme 2 belongs to the class

of concerted reactions termedarctate, because at each of
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