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An efficient intramolecular dearomative cyclization via visible
light-induced photoredox catalysis allows for a highly
regioselective dearomative cyclization of a-bromo-N-benzyl-

10 alkylamides to construct 2-azaspiro[4.5]decanes in the
presence of a irridium catalyst.
Azaspirocyclic  cyclohexadienones are key synthetic

intermediates in the preparation of numerous natural products and
biologically active molecules.! Because of their prevalence in

15 pharmaceutically desirable compounds, such as HIV-1 protease
inhibitor,> annosqualine® and antiarthritic, the synthetic
challenges associated with the construction of the highly
substituted carbon centers have made azaspirocycle an attractive
target for chemists.

20 Dearomative cyclization reaction provides a useful method
for the synthesis of azaspirocycle ring-systems from readily
available aromatic compounds and several methods have been
reported for the construction of these systems via the dearomative
cyclization of functionalized phenols and alkoxyarenes.® One of

»s these methods was observed in the acid-catalyzed cyclization of
aromatic diazoacetamides.’ Analogous acid-catalyzed
dearomative cyclization of aromatic compounds have been
extensively explored by Zard et al.® and Curran et al.® Another
strategy was the radical spirocyclization of para-methoxylated

30 arenes, which was firstly developed by Hey and Todd in 1967.
However, the process was of limited synthetic value due to the
poor selectivity, many byproducts, such as dimeric products, XX,
and YY were formed.' Transition metal-catalyzed dearomative
cyclizations have also been reported by several groups.® !!

35 Recently, the visible light-induced photoredox catalysis has been
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identified as a green and sustainable synthetic method for the
assembly of diverse important compounds under the mild reaction
conditions.'? Of them, the carbonyl alkyl radical addition reaction
generated from alkyl a-bromocarboxylates under visible light has
40 been well-explored (Scheme 1). Many groups have succeeded in
the addition of carbonylalkyl radical to unsaturated C-C double
bond to obtain diverse carbonyl compounds, including
intermolecular and intramolecular addition (Scheme 1a).1> A few
groups have also reported the synthesis of oxindoles through C-H
activation reaction (Scheme 1b).!# Besides that, the synthesis of a
variety of 1-azaspiro[4.5]decanes possessing a CF3- or a CFa-
group via intermolecular dearomative cyclization has been
reported by Xia’s and Zhu’s groups, respectively (Scheme 1c)."
However, the intramolecular cyclization of a carbonyl alkyl radical
s to an aromatic ring to construct 2-azaspiro[4.5]decane is still
unexplored. Herein, we report a visible light-induced
regioselective dearomative cyclization of a-bromo-N-benzyl-
alkylamide for the synthesis of 2-azaspiro[4.5]decanes (Scheme
1d).
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Scheme 1. Visible Light-Induced Dearomative Cyclization for the
Synthesis of Azaspirocyclic Cyclohexadienones

We tested the reaction of 2-bromo-N-(tert-butyl)-N-(4-
methoxybenzyl)-2-methylpropanamide (1a) using fac-Ir(ppy)s (1
« mol%) as photocatalyst and DMF as solvent under the irradiation
of a 7 W blue LED. Fortunately, the reaction occurred at room
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temperature, giving the desired azaspirocycle compund (2a) in 56% 30 group is essential for the spiro cyclization. The reaction of

yield (Table 1, entry 1). When Na2CO; was added, the reaction
gave a much higher yield (Table 1, entry 2). NaHCOs also was
examined and the same result was obtained (Table 1, entry 3),
while we changed the base to K2COs, a lower yield was observed
(Table 1, entry 4). To our delight, the best result can be obtained
by using KoHPO4 or Li2CO3 as the base (Table 1, entries 5 and 6).
Organic bases, such as Pr;NEt, DBU, and pyridine, are not as
efficient as inorganic bases, much lower yields were observed
(Table 1, entries 7-9). Solvent screening proved DMA superior to
other solvents tested, an 89% isolated yield was obtained (Table 1,
entries 10-14). Control experiments showed that both fac-Ir(ppy)s
and visible light are essential for this reaction: When the reactions
were conducted without catalyst or in the dark, essentially no
products were formed (Table 1, entries 15 and 16).

Table 1. Optimization of the reaction conditions®

va

N
fac-Ir(ppy)s (1 mol %) o
solvent, base (1.0 eq.) o)

1a 2a
Entry Base Solvent Yield® (%)
1 DMF 56
2 Na,CO; DMF 84
3 NaHCO; DMF 83
4 K,CO; DMF 64
5 K,HPO, DMF 89
6 Li,CO; DMF 90
7 "Pr,NEt DMF 42
8 DBU DMF 24
9 pyridine DMF 12
10 Li,COs DMA 95(89)°
11 Li,COs CH;CN 75
12 Li,COs MeOH 20
13 Li,COs NMP 92
14 Li,COs CHCl, 56
15¢ Li,CO; DMA 0
16° Li,COs DMA 0

#Reaction conditions: la (0.5 mmol), catalyst (0.005mmol), base (0.5
mmol), solvent (2 mL), rt, 48 h, under N, atmosphere. "Determined by
"HNMR analysis with 1,2,4,5-tetramethylbenzene as an internal standard.
°The value in parentheses was isolated yield. “In the dark. ®*Without
catalyst.

Under the optimized reaction conditions, we started to
explore the substrate scope. The substituents on the nitrogen (R')
have a dramatic influence on the yields. Substrates with a Me, i-Pr,
or CH2COOEt group afforded the corresponding 2-
azaspiro[4.5]decanes (2b, 2¢, 2i) in good yields, respectively,
whereas substrates with n-butyl or cyclohexyl substituents gave
moderate yields (2d, 2e). No desired product 2f was obtained when
R! is a hydrogen atom, which is similar to the literature report.'"
16 When R' was a phenyl group, the desired product 2g was
obtained in 22% yield, along with a 56% yield of byproduct 2g’
(see supporting information)."* When R! was a benzyl group, 2h
was obtained as a sole product, which indicates that the 4-methoxyl

substrate with allyl substituents gave the desired products in very
poor yields because of the competitive addition of carbonyl alkyl
radical to the alkene moiety (see supporting information).'3 3¢ 17
We then turned our attention to the a-substituents of carbonyl (R?,
35 R?). When the substrate with only one a-methyl group on the
carbonyl (R? = H, R?> = Me) was employed, good yield was
obtained. Furthermore, the substrate without any substituent (R?=
R? = H) was also tried which gave desired product 21 in 84% yield.

Table 2. Substrate Scope of Dearomatization®

R R
N
/©/\ R3 fac-Ir(ppy)z (1 mol %) N
MeO O)\KBr DMA, Li,CO5 (10eq) o
R2 R2 R3
1 2
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2e, 78% 2f, 0% 29, 22% 2h, 87%
\o O /
~§ 7 a VA
N N N N
O [e)
o O
2i, 89% 2j,<5% 2k, 80% 21, 84%

“Reaction conditions: 1 (0.5 mmol), fac-Ir(ppy); (0.005 mmol). Li;CO3 (0.5 mmol), DMA
(2 mL) at rt irradiated by a 7 W blue LED for 48 h under N, atmosphere. “Isolated yield.

To further explore the applications of this reaction system, we
extended it to stable, easy-to-prepare substrates with various
substituents (R') on the oxygen atom of phenol (Table 3), and on

45 the aromatic ring (R?). When the oxygen atom was protected with
a benzyl, a THP (tetrahydropyranyl), or a TBDMS (tert-
butyldimethylsilanoxy) group, the dearomatization occurred and
afforded the spirocyclic product 2a in good yield (Table 3, entries
1-3). Even when the methoxyl group was replaced by a hydroxyl

so group, the desired product 2a could also be obtained in an even
better yield (Table 3, entry 4). When the meta-position of the
aromatic ring was substituted with a methoxyl group, the desired
product 2q was obtained in 66% yield (Table 3, entry 5). Substrate
bears a Br atom on the benzene ring gave the desired product with

ss the Br atom intact (Table 3, entry 6), and substrate with a
naphthalene ring yielded the spirocyclic compound 2s in moderate
yield (Table 3, entry 7). Besides that, 2-chloro-N-(tert-butyl)-N-(4-
methoxybenzyl)-2-methylpropanamide and N-benzyl-2-bromo-
N-(tert-butyl)-2-methylpropanamide were also tried as the

60 substrates, however, no reaction occurred under the optimization
reactions.

On the basis of our above results, we proposed the following
mechanism to account for this visible light-induced dearomative
cyclization reaction (Scheme 2). Excitation of the irridium catalyst

es under the visible light generates the excited *fac-[Ir(ppy)s] species,
which underwent a single electron transfer process with o-bromo-
N-benzyl-alkylamide (1) to afford the electrophilic radical I and
Ir'"V metal complex. The key C-C bond was formed through a rapid
regioselective addition of radical I to the para-position of RO
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substituted electron-rich aromatic ring, thus resulting in the radical >L “rac{Ir(ppy)s]
II. Given that radical II should have a lower barrier of oxidization N o
due to the existence of the electron-rich RO group, a second single RO* o "
. m
electron transfer event with Ir'V metal complex would generate the nasej o J@{\\
s cation intermediate III and finally finished the photoredox RO i i

. . Radical Il Radical |
catalytic cycle. The desired product 2 would be generated from Fac-{Ir(ppy)s] “rac-{Ir(ppy)s]
intermediate III in the presence of the base.!’ —

Table 3. Substrate Scope of Dearomatization®
Scheme 2. Plausible Reaction Mechanism
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