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ABSTRACT
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The rate of the methylenecyclopropane rearrangement is remarkably enhanced by the 1,6-methano[10]annulene group, which greatly stabilizes
the biradical intermediate. The diastereomeric products argue against a concerted rearrangement mechanism and support a stabilized biradical
intermediate that lives long enough to undergo rotation before ring closure.

Over the years, weand othershave undertaken a number and ferrocenyl. In an attempt to find outstanding radical
of studies designed to quantitatively evaluate the effect of stabilizers, we have now turned our attention to the 1,6-
various substituents on the stability of free radicals. This has methano[10]annulene systetas a potential radical stabiliz-
led to the development ef radical stability scales. Aromatic  ing group. This system, first prepared by Vogel in 1964,
groups themselves are outstanding radical stabilizers andhas aromatic properties as judged by NMR and chemical
relatedy* values, which are a measure of radical-stabilizing reactivity criteria. Reported here are the results of this study.
abilities of groups, have been determirfe@ur probe utilizes The desired methylenecyclopropane was prepared as
the methylenecyclopropane rearrangement of substtdtes  shown in Scheme 2. The 1,6-methano[10]annuléneas

the corresponding isopropylidenecyclopropagdScheme

1). These rearrangements are proposed to occur via th

biradicals3, where the aromatic group can stabilize the bi- Scheme 1
radical, thereby enhancing the rearrangement rate. This probe CHa CHs CHa
has been applied to many conventional aromatic groups, CH,
including phenyl, pyridyl, naphthyl, pyrenyl, furanyl, thienyl, cH, 20°
H H
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CH,C!
1. n-Buli
2. DMF
—-
3. NaBH,
4. SOClL
5 6
LiTMP
CHa
C=C=CH,
CHs

7

brominate8land then reacted withtBuLi. The organolithium

reagent was then formylated using DMF, and the corre-

sponding aldehyde was reduced with NaB&onversion
to the chloride (56% yield frorB) was followed by carbenoid
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Relative Rearrangement Rates at 80.0 °C

B3LYP/6-31G*-calculated minimum energy structure 7of
showed that the methyl group that d$s to the annulene

generation in the presence of 1,1-dimethylallene. This reac-system is also in the shielding region of the annulene ring
tion gave a 35% yield of racemic mixtures of diastereomeric with a calculated chemical shift @ 0.16. The other methyl

methylenecyclopropané&sand8in a 2.6:1 ratio. These dia-

group has a measured shift ®f1.29 and a calculated shift

stereomers could be separated by silica gel chromatographyof 6 1.26. The calculatetfC NMR shifts ofo 17.4 and 25.6
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B3LYP/6-31G* Calculated Structures
and NMR Spectra (in parentheses)

The structures of7 and 8 were established by NMR

for the methyl carbons also correspond quite well with the
actual shifts ofo 17.3 and 25.4.

The minor produc8 shows methyl groupH NMR shifts
of 6 1.35 and 1.52 while the calculated values aré.30
and 1.50. The actudfC NMR shifts of & 20.4 and 25.8
also correspond well with the calculated valueséc20.7
and 26.0.

Methylenecyclopropanes and 8 rearrange thermally at
reasonable rates in benzedigat 25 and 50°C.” Rates are
significantly faster than the phenyl analog8elin fact, 7
rearranges even faster than the pyridirexide systenil,
which was our previous record holder as the most activating
aromatic group (Chart 1). These ratesTand8 correspond
to y* values of 1.96 and 1.86.

The rearrangement af gives a mixture of two diastere-
omeric isopropylidenecyclopropand® and 13 in a 93:7
ratio. The productl2 is one of net inversion at the carbon
bearing the annulene group, whil8 is a product of net
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tereomer7 showed an upfield methyl singlet &t0.01. The
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retention at this center. Rearrangement8oélso gives a
mixture of 12 and 13 (enantiomers ofl2 and 13), but in a

far different ratio of 2.5:97.5. There is no interconversion
of 7 and8 under the reaction conditions. As before, structures
were determined by NMR spectrab? and13, which differ
substantially (Scheme 3).

The cyclopropyl hydrogens df2 appear ab 2.86, 1.81,
and 1.59, while those df3 appear ad 3.21, 1.55, and 0.57.
The calculated minimum energy structurel®shows that
the cyclopropyl hydrogen that is cis to the annulene ring is
also in the shielding region of the annulene system with a
calculatedH shift of & 0.50. The remainder of the calculated
spectrum of13 (as well as12) fits well with the actual
spectrum. Computational chemistry has therefore proven to
be a powerful tool for discerning subtle differences in
structure in systems such @and8, as well asl2 and13.
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Scheme 4 is proposed to account for the diastereomeric

mixture of products formed in the thermal rearrangement of
7. Fragmentation of the cyclopropane bond gives the biradical
14, which can close to give the major prodd&(93%). It

is suggested that this biradical is greatly stabilized by the

Scheme 3
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fact that completely different product ratios are observed
from 7 and8 suggests that4 and15 have not equilibrated,;
i.e., biradicall4 remains a very short-lived intermediate.

This product study provides strong evidence that the

methylenecyclopropane rearrangement that we have used as
the basis fop* values is not a concerted process. A concerted
process, which has always been a possibility in the meth-
ylenecyclopropane rearrangement, must proceed with com-
plete inversion at the migrating cenfe@n the other hand,
a stepwise process, proceeding via a biradical intermediate
that lives long enough to undergo rotation, nicely accounts
for the stereochemical behavior presently observed in the
thermal rearrangements @fand8.

B3LYP/6-31G* computational studies on radidal give
further insight into radical stabilization by the 1,6-methano-
[10]annulene system. The radical stabilization energyf
relative to the benzyl radicall8, is calculated via the
isodesmic reaction in Scheme 5. TAE value of 4.88 kcal/
mol is one of the largest radical stabilization energies for a

1,6-methano[10]annulene system and can live long enough

to undergo rotation about the indicated carboarbon bond
to give the biradicall5. Subsequent closure b leads to
the 7% of the diastereomeric produd. Methylenecyclo-

propane8 is proposed to undergo an analogous process. The

(7)For7: k=7.45x 10 %stat25.0°C and 1.89x 10*4s1at 50.0
°C.For8: k=5.22x 10 %s1at 25.0°C and 1.42x 10*s1at 50.0°C.
AH* and AS' values are 24.1 kcal/mol and1.0 eu for7 and 24.7 kcal/
mol and 0.1 eu foB.
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fundamental explanation is still needed. It is suggested that
Scheme 5 the aromatic nature of the 1,6-methano[10]annu|ene system
H holds the answer. Spin delocalization by the annulene ring
~ H . . . . .. .
CHs c” 78 A necessarily results in disruption of aromaticity. The aromatic
N 378 character of the 1,6-methano[10]annulene systarhich is
* = not completely planal® is less than that of a benzene ring
) i’ involved in delocalization. Hence, the cost for disruption of
8 aromaticity in radicals such d< is less than must be paid
for disruption of benzene aromaticity 8.

In summary, the 1,6-methano[10]annulene group is an
extremely effective radical stabilizing group as determined

B3LYP/6-31G*
AE = 4.88 kcal/moi

1.407 A_,C”z CHa from its rate enhancing effect on the methylenecyclopropane
© . ~ rearrangement of and8. Rearrangements gfand8 give
Z product mixtures that argue against a concerted 1,3-sigma-
18 19 tropic shift mechanism. The products formed implicate a 1,6-

methano[10]annulene-stabilized biradical intermediate that

lives long enough to rotate before ring closure. B3LYP/6-

simple aromatic system calculated to date. Spin density at31G* computational studies also support the suggested large

the CH carbon of17 is only 0.559, and this compares to a spin delocalizing and stabilizing effect of the 1,6-methano-

spin density of 0.792 at the benzylic carbonld. Spinis  [10]Jannulene system on radicals.

more extensively delocalized into the annulene rindl 6f

than into the benzene ring 48. The HC—C bond length

of 1.378 A'in17is considerably shorter than the analogous

bond length inl8 (1.407 A) and also in line with extensive  OL0266119

spin delocalization. . ; .
Why is the 1,6-methano[10]annulene system such a potentsyfﬁzn\évt?;dxggénﬁé E;gélf’”&%&‘%i‘,ﬂl‘&gf’ szz%t.lon of orbial

radical stabilizer relative to other aromatic rings? While the  (9) Roth, W. R.; B6hm, M.; Lennartz, H. W.; Vogel, Bngew.Chem.,

computational studies verify extensive spin delocalization ' Ed Endl. 1983,22, 1007

oo - (10) Bianchi, R.; Pilati, T.; Simonetta, Micta Crystallogr Sect B1980Q
and resultant stabilization by the annulene ring, a more B36, 3146.
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