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acidic methanol a t  room temperature (it is stable in neutral 
methanol). 

It was not possible to monoacylate 3-oxo- 1 ,Zdiazetidinium 
tosylate (2) under a variety of reaction conditions. However, 
1,2-diaroyl- 1,2-diazetidinones (10) are formed on treatment of 
2 with 2 equiv of an aroyl chloride in the presence of triethylamine 
in dichloromethane at -78 OC. When 2,6-lutidine is used as the 

base, ring expansion to 2-aryl-4-aroyl-4,5-dihydro-1,3,4-oxa- 
diazin-6-ones (11) occurs. We are currently exploring the con- 
version of these now readily accessible heterocycles to 1,3,4-ox- 
adiazin-6-ones, which should be of considerable interest as pre- 
cursors to pyridazines, 2-pyrones, and unusually substituted 
acetylenes. 
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In 1975 Evans and Golob' reported the dramatic acceleration 
of a [3,3]-sigmatropic rearrangement caused by an alkoxide 
substituent. Subsequently it was found that similar rate en- 
hancements occur for [1,3]*" and [1,5]' migrations. In this 
communication we turn our attention to the stereochemistry of 
the alkoxide-accelerated [ 1,3] rearrangement 1 - 2. 
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Recent work by Evans et a].* has shown that the potassium 
alkoxide substituent does not alter the stereochemistry of a 
[3,3]-sigmatropic migration. However, a t  the inception of the 
present study we had reason to believe that this constancy of 
mechanism upon substitution need not be universally true and that 
the [1,3]-sigmatropic shift might be a case where the rate ac- 
celeration would be accompanied by a change in stereochemistry. 

The basis for this belief was a simple model for substituent 
effects on pericyclic reactions that we had found to be useful for 
interpreting a number of experimental observations9J0 including 
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Figure 1. Part of the 300-MHz 'H N M R  spectrum of 3 (CDC1,; chem- 
ical shifts in ppm downfield from Me4Si). 

the alkoxide-induced rate  enhancement^.^ The model attributes 
these rate enhancements to a stabilizing resonance interaction 
between a pI orbital on the substituent and the pericyclic array 
of orbitals on the skeletal atoms in the transition state for the 
reaction. This stabilizing interaction is not present in the reactant 
if the substituent is attached to an sp3 hybridized atom, and so 
the net result is a reduction in AH*. According to this model the 
stabilizing effect is the same for anionic, radical, or cationic 
substituents provided that the skeletal atoms form an even- 
membered, uncharged ring in the transition state.9 There is 
substantial evidence that this feature of the model is c ~ r r e c t . ~ J '  
A second prediction of particular importance for the present work 
is that the substituent will invariably interact more strongly with 
the transition state for a forbiddenI2 reaction than with that for 
an allowed'* reaction. This is because the forbidden transition 
state suffers an antiaromatic destabilization which can be alleviated 
by increasing or decreasing the electron density in the ring. The 
substituent provides a means of achieving this end.13 If the model 
is correct one can therefore make the general statement: any 
substituent will accelerate a forbidden pericyclic reaction more 
than it accelerates the corresponding allowed r e a c t i ~ n . ' ~ * ~ ~  An 
interesting corollary, leading us to the present study, is that the 
differential stabilization of the forbidden transition state might 
sometimes exceed the energy gap between allowed and forbidden 
pathways for the parent (unsubstituted) system. Under such 
circumstances the rate enhancement caused by the substituent 
would be accompanied by a change in stereochemi~try.'~ 

(9) Carpenter, B. K. Tetrahedron 1978, 34, 1877-1884. 
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hedron 1979,35, 707-711. (b) Wilcox, C. F., Jr.; Carpenter, B. K. J.  Am. 
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Professor David Lema1 (Dartmouth) for this interpretation. 

(14) Our theoretical model strictly applies to potential-energy changes. 
These will usually be well approximated by A M  lob but not necessarily by 
AAG'. Prediction of a rate acceleration thus prsumes that a reduction of fl 
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a (a) NaOH/PhCHO; (b) NaBH,; (c)  D,/Pd, C; (d) CH,SO,Cl/ 
py; (e) LiEt,BH; ( f )  H,O+; (8) CH,Li; (h) CF,CO,H. 

We selected the [ 1,3]-sigmatropic migration as a possible 
candidate to exhibit this behavior because, while it does normally 
follow the allowed suprafacial inversion pathwayI6J7 (of particular 
relevance to the present study being the work of Lown et a1.I8 
showing 1 9 5 %  inversion in a suprafacial [ 1,3]-benzyl migration), 
there is good reason to believe that the suprafacial retention 
mechanism is a~cessible. '~*'~ Our goal was to determine whether 
one could cause the suprafacial retention mechanism to become 
competitive through an electronic substituent effect. 

Since the stereochemical relationship between C1 and C7I9 in 
1 was determined by synthesis (vide infra) and that between C1 
of 1 and C3 of 2 fixed by the cyclohexene ring (for an intramo- 
lecular migration), it was necessary only to determine the rela- 
tionship between C3 and C7 in 2 to deduce the overall stereo- 
chemistry of the rearrangement. This could be achieved by 
conversion of the 3-benzylcyclohexanone product to l-methyl- 
benzobicyclo [ 3.3.1 ] non-2-ene-4-d ( 3 - 4 .  

A 

3-d 

The 'H NMR spectrum of unlabeled 1 -methylbenzobicyclo- 
[3.3.l]non-2-ene ( 3 )  showed clearly resolved resonances for the 
two benzylic hydrogens and the bridgehead hydrogen (Figure 1). 
The near 90" dihedral angle between Hb and the bridgehead 
hydrogen in 3, combined with the lack of vicinal coupling between 
one of the benzylic hydrogens and the bridgehead hydrogen, led 
us to assign the 6 2.66 resonance to Hb and the 6 3.15 resonance 
to Ha. However, the relative chemical shifts so deduced for Ha 
and Hb were reversed from those found in a derivative of 3,20 and 
so we sought an independent method of assignment. This was 
achieved by synthesis of the stereospecifically deuterated compound 
3-d2, as shown in Scheme I. The observation of a resonance at 

(16) Berson, J. A. Acc. Chem. Res. 1972, 5 ,  406-414. 
(17) Roth, W. R.; Friedrich, A. Tetrahedron Lett. 1969, 2607-2611. 
(18) Lown, J. W.; Akhtar, M. H.; McDaniel, R. S .  J. Org. Chem. 1974, 

39, 1998-2006. 
(19) IUPAC numbering is not used for the carbon atoms of 1 but is used 

(20) Shapiro, B. L.; Shapiro, M. J. J .  Org. Chem. 1976, 41, 1522-1529. 
in the naming of all compounds. 
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Scheme Ila 8 a , b  &Ph 

All compounds shown are racemic but single diastereomers. 
(a) NaOH/PhCHO; (b) NaBH,; (c) m-CIC,H,CO,H; (d) LiAlD,; 
(e) CH,SO,Cl/py; (9 DBU. 

6 2.66 but none at  S 3.15 in the IH N M R  spectrum of 3-dz 
confirmed our assignments for 3. This experiment also showed 
that the 2 - 3-d conversion would preserve stereochemical in- 
formation at  the benzylic carbon. 

The synthesis of the alcohol precursor to 1 was achieved by the 
route shown in Scheme ILZ' 

When 4 was treated with potassium hydride in HMPA at 22 
OC it underwent a [1,3] migration to afford 2 which, in turn, gave 
3-d after the reaction sequence outlined above. The IH N M R  
spectrum of 3-d showed an integral ratio of (1.60 f 0.04):l for 
the resonances at  6 3.1 5 and 2.66. Mass spectral analysis showed 
that 1, which had been 99.0% dl ,  gave 3-d which was 98.4% d,. 
Integration of the 6 2.66 and 3.15 resonances in the 'H N M R  
spectrum against the bridgehead resonance at  8 2.24 also con- 
firmed that essentially no deuterium had been lost from the 
benzylic position. As shown in Scheme 111, the N M R  data in- 
dicate a 1.6O:l retention to inversion ratio in the rearrangement. 

In order to determine whether any of the products had been 
formed by fragmentation of 1 to cyclohexenone and a benzyl anion, 
followed by readdition in a 1,4 fashion, we carried out a double 
labeling experiment. 2-Cyclohexenone was converted to cyclo- 
hexanone-2,3-dz by treatment with Dz and Rh(Ph3P)3Cl and then 
to cyclohexanone-3-d by repeated washing with aqueous NaHC03. 
The cyclohexanone-3-d was converted to a 1:l mixture of 5 and 
6 by following the sequence of reactions outlined in Scheme 11. 
The mixture of 5 and 6 (86.2 mg) was the combined with unla- 
beled 3-benzyl-3-cyclohexenol (94.6 mg) and treated with KH 
in HMPA. 

6 

(21) The benzyl hydrogens of the unlabeled trans-diol exhibited an AB 
coupling pattern in the 'H NMR spectrum. 'H j2H) and *H{'H] NMR spectra 
of the corresponding deuterated compound showed the epoxide ring opening 
to be stereospecific within the limits of detection. We assume that the cis-diol 
was also formed stereospecifically but cannot prove it because of the diaste- 
reotopic benzyl hydrogens have coincidentally identical chemical shifts for this 
compound and 4. 

Scheme 111. Relationship between [ 1,3]-Migration 
Stereochemistry and Chemical Shift of Benzyl Proton in 3-d 
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The products were converted to their respective l-methyl- 
benzobicyclo[3.3.l]non-2-enes and analyzed first for the reten- 
tion/inversion ratio. This time 2H NMR spectroscopy was used 
because the presence of >50% unlabeled material would have 
reduced the precision of any data determined by 'H N M R  
spectroscopy. We were gratified to find that the 2H NMR in- 
tegration confirmed the 1.6: 1 retention/inversion ratio found in 
the earlier experiment. 

The l-methylbenzobicyclo[3.3.l]non-2-enes were then subjected 
to mass spectrometry (MS) at  14-eV ionization energy. This 
showed a ratio of 49.6:26.1:23.3:1.0 do/d,/dz/d3 products. Since 
the mixture of 5 and 6 had been 97% dz, 2% benzyl-d, and 1% 
ring-d,, the MS results indicated loss of 19.0% of the deuterium. 
The earlier experiment using 3-d had shown no D loss from the 
benzyl position, and so one can deduce that 38.7% of the ring 
deuterium had been lost. This result is not surprising when one 
considers that 6 rearranges to a ketone with an (Y deuterium atom. 
Allowing for the deuterium loss, one can calculate that the do/ 
dl/dz ratios should be 52.8:19.0:28.2 for a completely intramo- 
lecular mechanism and 38.0:48.7:13.4 for a completely intermo- 
lecular (fragmentation/recombination) mechanism. The observed 
values are best fit by a reaction that is 75% intramolecular and 
25% intermolecular, leading to a calculated ratio of 49.1:26.4:24.5 

Given that the intermolecular reaction must (presumably) 
proceed with a 1:l retention/inversion ratio, it follows that the 
intramolecular [ 1,3] rearrangement of 1 - 2 occurs with at leastz2 
65% retention of configuration. 

The experimental results lead us to two main conclusions: 
(1) Unlike the [3,3]-sigmatropic rearrangement,* the [ 1,3] 

migration (1 - 2) experiences a change in mechanism associated 
with introduction of an alkoxide substituent. 

(2) The observation of predominant retention of configuration 
in the intramolecular rearrangement is consistent with the theo- 
retical prediction, although, as usual, one cannot rule out frag- 
mentation/recombination within a solvent cage as a contributor 
to the intramolecular reaction. 
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(22) The value of 65% retention is a lower limit because the stereochem- 
istry of the reactant (1) might have been partially scrambled by fragmentation 
and recombination in a 1,2 sense. Such a process would have been unde- 
tectable in reisolated 4 owing to overlap of the two benzylic hydrogen reso- 
nances in the 'H NMR spectrum.21 


