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Even though various synthetic methodologies have been
developed, construction of quaternary carbon centers still
remains a challenging task to synthetic chemists."? Addition
of free radicals to alkenes has enjoyed increasing popularity
for the formation of carbon-carbon bonds due to its advan-
tages over the ionic reactions. Free radical addition to alke-
nes, however, has been noted for its sensitivity to steric
environment. For example, the radical cyclization rates are
decreased as steric hindrance at the site of attack is increa-
sed. Free radical addition to alkenes for the construction
of sterically congested environment have hardly been syste-
matically investigated.?® Here we report a successful free
radical addition in intramolecular mode for the formation
of contiguous quaternary carbon centers. We envisioned that
smaller SOMO-LUMO energy gap employing tertiary alkyl
radicals and olefins having electron withdrawing groups
which has lower LUMO energy might overcome the constrai-
nts created by steric congestion. This will add another option
for the construction of contiguous quaternary carbon centers
in addition to the method zig the Michael reaction®® and
vita the addition on benzyllithium to carbon-carbon double
bonds.*

We have investigated the intramolecular cyclization vig the
radical intermediates directly generated from the corres-
ponding tertiary bromides® to construct the contiguous qua-
ternary carbon centers represented by the Eq. (1).
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Table 1. Radical Cyclization to Construct Contiguous Quaternary
Carbon Centers®

Stereochemistry Product(Yield)

Entry Bromide of olefin
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The results of the cyclizations are summarized in Table
1. All the substrates for radical cyclization were prepared
by the Witting reaction of the corresponding ketones. (E)-
and (Z)-isomers separated by HPLC?® Cyclizations® usually
proceeded in good yields despite the disadvantages in steric
environment. All the cyclization proceeded in 5- or 6-exo-tri-
gonal modes and we were unable to detect the products
from 6-endo- or 7-endo-trigonal cyclization. Activation of the
terminal site of the double bond is required and nitrile group
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is much superior to phenyl and alkoxycarbonyl (entries 6
vs. 7) (vide infra). The formation of five-membered ring (en-
try 1) is a little more facile than the case of six-membered
ring (entry 2), providing cyclization products in reasonable
yields. Generation of three contiguous quaternary carbon
centers was proven to be feasible as shown in entry 5. The
introduction of a methyl group adjacent to the carbon sp?
center to which the radical attacks may lead to the diaste-
" reoselective radical addition due to 1,3-allylic strain.” The
reaction yielded an inseparable mixture of cyclized products
as well as a reduced product in both cases (entries 3 and
4). 'H-NMR analysis of the cyclized product mixtures reveals
that the ratios of the diastereomers formed were good in
both cases (>ca. 8:1)2 1t is also interesting to note that
the rate of cyclization depends on the alkene stereochemistry
to some extent (entries 3 vs. 4, 6 vs. 8, and 9 vs. 10), even
though the origin for the rate differences is not clear at
the moment. The cyclization which leads to the fused ring
products proceeded as expected (entries 6-10). Five member-
ed ring annulations onto preexisting five-and six-membered
rings proceeded as desired. Formation of the hydrindanes
was efficiently achieved from the corresponding bromides
(entries 6 and 8). The hydrindane 1 is a single isomer. Swit-
ching to Ph group for the activation, the cyclization rate was
considerably slowed down (entry 7, 45% yield) and a single
isomer was also formed in this case. No cyclization was ob-
served on switching R group to CO,Et (entry not shown).
Thus, the activating group at the terminal site of the double
bond is found to be crucial for successful cyclization at the
sterically congested site.

Control of the ring-junction stereochemistry, especially in
the formation of hydrindane system, has been a subject of
interest. The ring-junction stereochemistry of hydrindane
formed in the case of entry 6 was unambiguously deter-
mined as cis (as the structure shown in entry 6 of Table
1) by X-ray structural analysis of the corresponding car-
boxylic acid 1a obtained by acid hydrolysis of 1.° In the case
of entry 7, a cis-hydrindane was also presumed to be
formed.?

The facile formation of 5/5 ring system was also observed
(entries 9 and 10). Construction of bicyclic compounds by
radical addition to exo-double bonds provides a unique op-
portunity to evaluate the empirical rules made by Clive and
coworkers regarding to the stereochemical consequences for
ring-fusion geometry.!! Our successful cyclization described
here confirms the validity of the Clive's empirical rules, that
is, this rule can now be applied to 5-exo-[exo-n] cases, where
n=>5 and 6.2 It seems also appropriate to mention that
the nitrile group introduced for the activation of the double
bond for radical attack, provides an additional advantage for
further synthetic manipulation. Also the nitrile group can
be easily removed by treatment of potassium in toluene in
the presence of 18-crown-6."

In conclusion, the intramolecular radical addition to pro-
perly activated olefins can be successfully employed in the
construction of carbon centers with sterically crowded en-
vironment. Further exploration of the radical cyclization
method is under progress.
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