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Visible Light Photocatalytic A-Radical-based Intramolecular Hydroamination
of Benzamides
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University, Wuhan 430079)

Abstract The 3,4-dihydroisoquinolinones are a privileged class of heterocyclic motifs and widely found in numerous bio-
logically active compounds. Thus, the development of more efficient and practical methods for their synthesis is highly de-
sirable. Traditional methods are typically focused on transition-metal catalyzed C—H functionalization. Inspired by the re-
cent process of the visible light photocatalytic generation and exploration of N-radicals in organic synthesis, our group in
2014 developed a visible light-induced photocatalytic strategy for direct conversion of the N—H bonds of f,y-unsaturated
hydrazones into N-centred radicals for the first time, and used them in intramolecular radical hydroamination, enabling effi-
cient synthesis of 4,5-dihydropyrazole derivatives. By employing suitable additives or changing reaction parameters, we also
successfully achieved highly regioselective 6-endo N-radical cyclization and oxyamination reactions based on N-centred rad-
icals, providing the valuable 1,6-dihydropyradazines, pyrazolines, and pyridazines in good yields. In the hope of extending
such N-radical-mediated heterocycle synthesis further, we reported a transition-metal free and visible light photocatalytic
N-radical-based intramolecular hydroamination of benzamides. The reaction provides a practical and efficient approach to
various biologically important 3,4-dihydroisoquinolinones with generally high yields. Importantly, the continuous flow reac-
tion could significantly shorten the reaction time and still give rise to satisfactory yield. The sunlight irradiation reaction and
gram-scale reaction also highlighted the potential synthetic utility of this method. A general procedure for the reaction is as
follows: EosinY Na (6.21 mg, 0.009 mmol), NaOH (14.4 mg, 0.36 mmol), amide 1 (0.3 mmol) were dissolved in MeOH (6.0
mL), then, the resulting mixture was degassed via a ‘freeze-pump-thaw’ procedure (3 times). After that, the resulting mixture
was stirred at a distance of ca. 5 cm from 3 W blue LEDs (450~460 nm) at room temperature until the starting amides were
consumed as monitored by TLC analysis. After concentration in vacuo, the reaction residue was purified by flash
chromatography on silica gel [ V(petroleum ether)/V(ethyl acetate)=5 : 1~2 : 1] directly to give the desired product.
Keywords visible light photocatalysis; N-radicals; hydroamination; N-heterocycles; 3,4-dihydroisoquinolinones
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Figure 1  Selected examples of bioactive compounds containing
3,4-dihydroisoquinolinone motif
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AT T k. RAVEREY, 2KH NE (€ 1,
Entry SYEBRIS, [ JLFA KA, 1241k H NaHCO;
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Table 1 Optimization of reaction conditions for visible light-induced
N-radical-based intramolecular hydroamination

0] o
N/o\ photocatalyst (3 mol%) N/O\
/H base (1.2 equiv.), solvent
Ph 3 W blue LEDs, 12 h, r.t. Ph
1a 2a
Entry” Photocatalyst Base  Solvent Yield’/%

1 {Ir[dF(CF;)PPy],dtbbpy} PFs NaOH MeOH 92
2 Ru(bpy);Cl,*6H,0 NaOH MeOH 94
3 N-Me-9-Mes-Acr-ClO, NaOH MeOH trace
4 EosinY Na NaOH MeOH  96(92)
5 EosinY Na NEt; MeOH trace

EosinY Na NaHCO; MeOH 89
EosinY Na K,CO; MeOH 90

6

7

8 EosinY Na NaOAc MeOH 48
9

EosinY Na Cs,CO; MeOH 55
10  EosinY Na NaOH CHCI; 10
11  EosinY Na NaOH CH;CN 72
12 EosinY Na NaOH THF 5
13 EosinY Na NaOH  DMF trace
14° EosinY Na NaOH MeOH  trace
159 — NaOH MeOH 0
16° EosinY Na — MeOH  trace

“ Reaction conditions: 1a (0.1 mmol), photocatalyst (3 mol%), base (0.12
mmol), solvent (2.0 mL), 3 W blue LEDs, at room temperature; * Determined
by GC with biphenyl as an internal standard, yields of isolated products are
shown in parentheses; ¢ Without visible light irradiation. ¢ without catalyst.
¢ Without base.
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Table 2 Scope of the visible light-induced N-radical-based intramolec-
ular hydroamination®

o)
0 EosinY Na (3 mol%)
R'—— H
= NaOH (1.2 equiv.)
Ar 3 W blue LEDs, MeOH, rt.
1
o)
o
X N""R?
R'——
=
Ar
2
0 o) o
. JoN _Ph
Ph Ph Ph
2a 89% 2b 75% 2c no reaction
i o) i o) 0
5 /\ c”
Me l Me
OMe F
0,
2d 82% 2 77% 2f99%
o)
NO~ i
78
= 2i no reaction
2h 93%
0
N/o\ 0] O
n-O~ MeO N-O~
cl
Ph Ph
2k 66% 2188%

2j no reaction

© 2017 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Reaction conditions: 1 (0.3 mmol), EosinY Na (3 mol%), NaOH (0.36 mmol)
in MeOH (6.0 mL) under argon atmosphere for 24 h, isolated yield.
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Figure 2 Gram scale reaction
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Figure 3 Sunlight irradiation reaction
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EosinY Na (3 mol%)

NaOH (1.2 equiv.)

3 W blue LEDs, MeOH, r.t., 1 h
1a, 0.2 mmol

0]

Ph
2a, 94% yield

B4 ESRBIARRL

Figure 4 Continuous flow reaction

0 0
N/O\ Sml, (0.1 mol/L THF) NH
THF, 24 h
Ph Ph
2a, 0.3 mmol 3, 71% yield

B 5 SR 2a IITAAL

Figure 5 Transformation of compound 2a
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Figure 6 Radical trapping experiment
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4 ZER

ST R A R OB 1O B TR SRmG, JRATTSE
BLT 2K B S - SR O ELER AT AR A R E 2,
IR TR AT TR E B2 7T A ERE LR, BL
PLST R T — R IAUR 3,4- S Mk R AT 2R
. 25 AT LUBOK B 1 5 0 A s A R BE e
NGIR, T8k, A SRR BB AT AR 46 6
JS2IF A,

5 SKIuERSY

Al AR L A E RS 5 15T N E AL
SN ISELS 73k 1) 10 mL T Schlenk & H, #KIK
IINJEY) 1a (75.9 mg, 0.3 mmol), EosinY Na (6.21 mg,
0.009 mmol), NaOH (14.4 mg, 0.36 mmol), MeOH (6.0
mL), @il “freeze-pump-thaw” FIHEAE, # SN Ak & rh
MR RR 2. BEJS, B RBARRINAE 3 W blue LEDs [
W EIRBEEE 24 ho RMZEHRIE, RIS 2R
BT REZE T o0 S AR OB B, VIV=S5
1~2 1 1), PA 89%MH)4r B3 B 2 HAR 4 2a. 2a
T EMARYI(67.6 mg, 89% yield); 'H NMR (400 MHz,
CDCly) d: 821~8.19 (m, 1H), 7.39~7.36 (m, 2H),
7.31~7.24 (m, 3H), 7.16~7.13 (m, 2H), 6.95~6.92 (m,
1H), 4.45 (t, J=6.4 Hz, 1H), 4.11~4.07 (m, 1H), 3.91~
3.87 (m, 1H), 3.69 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
162.8, 140.2, 139.6, 132.3, 128.6, 128.5, 128.2, 128.1,
127.5, 127.4, 127.3, 61.6, 54.8, 45.3; IR (KBr) v: 1633,
1411, 1089, 1012, 904 cm'; HRMS (EI) m/z: [M+H]"
calcd for CsH(NO, 254.1181, found 254.1174.
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