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Photoinduced electron transfer reaction of 2-bromomethyl-
2-(3-butenyl)benzocyclic-1-alkanones with amines afforded
5-exo radical cyclization products while electron transfer
reaction with samarium diiodide produced cyclopropanols.

Carbonyl compounds are known to accept a single electron to
become their radical anions (ketyl radicals). Principally, three
different modes of reaction are open to these intermediates: (1)
bond formation either with electrophiles or with radicals; (2) a-
and b-bond cleavages; (3) single electron capture and release.1
Therefore, ketyl radicals undergo nucleophilic substitution (SN)
as well as single electron transfer (SET) against other functional
groups such as carbon–halogen bonds. In this context, in-
vestigation of SET reaction of compounds possessing both
carbonyls and carbon–halogen bonds provides an interesting
opportunity to learn how ketyl radicals of such compounds
intramolecularly react with distant carbon–halogen bonds.
However, information on the reactivity of such types of ketyl
radicals is extremely limited.2 Thus, in order to investigate this
mechanistic problem, we designed 2-bromomethyl-2-(3-bute-
nyl)benzocyclic-1-alkanones 1 as new probe substrates of ketyl
radicals3 which were subjected to photoinduced electron
transfer (PET) reaction with amines as well as electron transfer
reaction with samarium diiodide (SmI2).† The primary alkyl
radicals, if generated through intramolecular SET in the radical
anions of 1, could rapidly undergo 5-exo radical cyclization4

while intramolecular SN could give cyclopropoxy radicals
(Scheme 1). Each pathway should lead to the formation of the
characteristic products respectively. Here, we communicate
preliminary results which suggest that the intramolecular SET
mechanism is not operable in the reaction of 1 with SmI2 but is
operable in the PET reaction of 1 (Fig. 1).‡

At first, the reaction of 1 with tris(trimethylsilyl)silane
(TTMSS) was conducted using triethylborane–air as an initiator
to ensure that the primary alkyl radicals derived from 1 undergo
5-exo radical cyclization (1: 0.5 mmol, TTMSS: 1.0 equiv. vs.
1, Et3B: 0.2 equiv. vs. 1, C6H6: 10 ml, RT, 6 h). Then, the
expected spirocyclic products 2 were obtained in good yields
(2a: 90%, 2b: 78%, 2c: 79%) without the formation of simply
debrominated products 4.§

For the PET reactions of 1, N,N-diethyl-N-trimethylsilylme-
thylamine (TMSA), 1,3-dimethyl-2-phenylbenzimidazoline
(DMPBI) and 1,3-dimethyl-2-anisylbenzimidazoline (DMABI)
were chosen since these amines are known to act as effective
electron donors for various PET reactions.6,7 When nitrogen
pre-purged solutions of 1a and TMSA in certain solvents such
as MeCN, THF and DMF were irradiated with Pyrex filtered
light using a 500 W Xe–Hg lamp, 2a was obtained in 52, 51 and

53% yields, respectively (1a: 0.5 mmol, TMSA: 5.0 equiv. vs.
1a, solvent: 5 ml, RT, 4 h). Addition of water (20 equiv. vs. 1a)
to the MeCN solution did not much change the yield of 2a
(49%). Photosensitized reaction (l > 360 nm) of 1a with
TMSA using 1,6-bis(dimethylamino)pyrene (BDMAP)8 as an
electron donor sensitizer similarly led to the formation of 2a in
58% yield based on 83% conversion of 1a (1a: 0.5 mmol,
TMSA: 5.0 equiv. vs. 1a, BDMAP: 0.15 equiv. vs. 1a, DMF: 5
ml, RT, 4 h). Photoreaction of 1a with DMPBI or DMABI in
MeCN produced 2a in 57 or 60% yield respectively. Irradiation
of other 1 with DMABI also produced the corresponding 2 in
moderate yields (2b: 57% at 85% conversion of 1b, 2c: 59% at
79% conversion of 1c). Interestingly, no 4 were obtained in all
the above photoreactions.

On the contrary, when 1a was treated with SmI2, cyclopropa-
nol 3a was obtained in excellent yield (96%) (1a: 0.5 mmol,
SmI2: 2.2 equiv. vs. 1a, THF: 12 ml, RT, 30 min). Notably, 3a
was still a major product (97%) for the reaction of 1a and SmI2
in the presence of t-BuOH (20 equiv. vs. 1a), not giving the
ordinary alcohol, 2-bromomethyl-2-(3-butenyl)-1-hydroxy-
1,2,3,4-tetrahydronaphthalene. Reaction of 1b with SmI2 under
the same conditions was rather complicated but interesting.
Formation of 3b (59%) was accompanied with small amounts of
byproducts such as 2b (1%), 5 (7%) and 6 (10%). Although, 5
and 6 are typical radical cyclization-ring expansion prod-
ucts,9,10 such radical pathways would not exist in this reaction.
As described above, 2b was predominantly obtained under the
free radical conditions, which clearly suggests that 5-exo radical
cyclization and radical cyclization-ring expansion are not
competitive with each other in the primary alkyl radical derived
from 1b. Namely, the involvement of such a radical inter-
mediate is not confirmed by the isolation of 5 and 6 but by that
of 2b.

Scheme 1 Fig. 1
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On the basis of the results obtained, plausible reaction
pathways are presented in Scheme 2. Photoinduced SET
between 1 and amines produced their radical anions and radical
cations.¶ Fast intramolecular SET from the ketyl radical parts to
the carbon–bromine bonds in 7, which is not interrupted by the
protonation from water, occur to give the primary alkyl radicals
8. The rearrangement of 8 to 9 should be much faster than the
hydrogen atom transfer from the amine radical cations to 8,
which is consistent with no formation of 4. Hydrogen atom
transfer from the amine radical cations to 9 gives 2. This last
step indeed proceeds, although not predominantly, since some
deuterium incorporation at the methyl on the cyclopentane ring
of 2a was observed (40%-d in MeCN and 53%-d in benzene)
when 2-deuterio DMPBI (DMPBI-D) was used for the reaction
with 1a. On the other hand, reduction of 1 by SmI2 produces
samarium coordinated ketyl radicals 10. Intramolecular SET
from 10 to the carbon–bromine bonds must be slow, even
though such a process exists, because of the extremely low yield
of 2b. Since the reaction of alkyl bromides with SmI2 is
generally low in the absence of activators such as hexamethyl-
phosphorictriamide,11 the carbon–bromine bonds in 10 are not
readily reduced under the conditions employed. Thus, 10 are
reduced to become carbanions 11 which undergo SN against the
carbon–bromine bonds to give the samarium cyclopropoxides
12. The alkoxides 12 are finally protonated to produce 3. In the
presence of proton donors, 10 are protonated to give 13
followed by reduction with another SmI2 to become 14.
Apparently, intramolecular SN against the carbon–bromine
bonds predominantly proceeds in 14 rather than protonation to
produce the corresponding alcohols.

In conclusion, PET reaction of 2-bromomethyl-2-(3-bute-
nyl)benzocyclic-1-alkanones with amines afforded 5-exo radi-
cal cyclization products while ET reaction with SmI2 produced
cyclopropanols. Such disparate results are due to the difference
of the nature of ketyl radicals generated by two distinct
methods: a PET method produces free ketyl radicals while a
SmI2 method produces samarium metal coordinated ketyl
radicals.
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