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One—Pot Synthesis of 1,4—Bridged Dihydroisoquinoline—3—ones from
Isoquinolinium Salts and Cyclic 1,3—Diketones
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(Key Laboratory of Applied Chemistry of Chongqing Municipality, College of Chemistry and Chemical Engineering,
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Abstract Bridged isoquinoline derivatives play an important role in various bioactive molecules. The cascade dearomatiza-
tive annulation of isoquinolinium salts with bis-nucleophiles is a straightforward strategy to construct bridged isoquinoline
skeletons because isoquinolinium ions have two electrophilic sites. However, the reported examples only focused on the syn-
thesis of 1,3-bridged cyclic skeletons. In the previous work, it was reported the first synthesis of 1,4-bridged dihydroisoquin-
olin-3-ones from isoquinolinium salts and 4-hydroxycoumarins. When cyclic 1,3-diketones were used instead of
4-hydroxycoumarins, isoquinoline-1,3,4(2H)-triones, instead of the expected 1,4-bridged dihydroisoquinolin-3-ones, were
unexpectedly yielded. Experimental evidence by high resolution mass spectroscopy supports that the generation of isoquino-
line-1,3,4(2H)-triones was initiated via an O-nucleophilic substitution of the cyclic 1,3-diketone, followed by an elimination
of the 2-bromo-cyclic 1,3-diketone to give intermediate 4-bromoisoquinolin-3(2H)-one, which subsequently underwent
dual hydrolyses and aerobic oxidations. Based on this mechanism, the O-nucleophilic substitution of cyclic 1,3-diketones was
successfully inhibited by the addition of a catalytic amount of trifluoromethanesulfonic acid (TfOH). The desired 1,4-bridged
dihydroisoquinolin-3-ones were then obtained. This method provides a facile access to 1,4-bridged isoquinoline skeletons
under mild reaction conditions (33 examples). The general procedure is as following: under an argon atmosphere, a 5 mL
Schlenk flask was charged with isoquinolinium salt 6 (0.2 mmol), phenyliodine(IIl) diacetate (0.6 mmol), KBr (0.2 mmol),
H20 (3.6 pL), and dry dichloroethane (2 mL). The mixture was continually stirred at room temperature until 6 was consumed
as indicated by thin-layer chromatography (TLC). TfOH (5 pL) and cyclic 1,3-diketone 7 (0.4 mmol) were sequentially add-
ed. The reaction mixture was heated at 50 ‘C in the oil bath until the intermediate was consumed as indicated by TLC, then
cooled to room temperature, diluted with water (5 mL), and extracted with ethyl acetate (5 mLX3). The combined organic
layer was washed with brine, dried over NaxSOs, filtered, and concentrated under reduced pressure. The crude product was
purified by column chromatography on silica gel (petroleum ether/EtOAc as the eluent) to give the 1,4-bridged product 8.
Keywords isoquinolinium salt; cyclic 1,3-diketone; isoquinolineone; bridged heterocycle; annulation; oxidation

e Ve, AL AT 1355 1 RETEIL Nif2 B6 70,
SR 1,3-HFFF 2 (Saf i L BB S 1R,
SR T R AT R T o 0 LB 2 (Saftamyein A)RATHURA i

. N P . KARTFEY) 1,4-# 38 3 (Roelactamine) F1 FL 2R DL ¥ 4
W (Figure 1)U V52 S WM AT A2 P06 TR I AR 2R (Amurensinine) (BT P2 RGP 19T N, 5

* E-mail: qlluo@swu.edu.cn
+ H:[F 55 —1F # (These authors contributed equally to this work)
Received September 30, 2022; published November 11, 2022.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the Natural Science Foundation of Chongging (No. cstc2017jcyjAX0423).
KT E AR 4 (No. estc2017jeyjAX0423) ZE BT H .

Acta Chim. Sinica 2022, 80, 1569—1575 © 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1569



o F 5 R

(Trabectedin) & 13 2P AP0 Rk, T S5 by
LA = A A B L

SRR R HAT PIAN SR A 0, S NGEEAZ R HR
ORI TS IR AL, BRI — b B B E IR 2R 45 44 1 155
MO, SR, I I I — S W R 1 A R TR D,
HAEFEF R 1,3-H0 8 421 & BB (Scheme 1A).
TR RO RS T P oS- ANHLRIES N RUCEAZ AT, 18
ot N-ZR AR A M SO & B T RS b (tropane) fiTAE
). SR AN B ARC- R TE TR G e 1,5- 5
He-13- I IRVERCERZRF, 5 5 mEmkEh R B, W T
R EEMR 13-MrEhahf. X R BE T T 2600
B S R SR RS AL BRI 0 S S, S T RUEEZ AR

A5 R SR 1,300 s B0EE:, BT TR BATLEE,

B AR, HRPIR AR, #E 1,4-MF
ELE TR ROF IR, SRS, AL kel 1-
PESERINAG, eIt A A ek, 3 4-47
TR SR (PRI s AR R of R AL R, AN 56
BRRBLEIR. T R A R, FRATTA AR T
RN ALER, 7E TR 1,405 N 23k, FE5R0EE
AR R AR TSR R S, R AT DS 1,4-PriE 454
MR (Scheme 1B). iz FIX— SR 0E, FRATUT AR Th Sl
T SRR 4- 3R B 2 RN R R R 1,4- MR PR A,
R, B 48 AR 1,3- B SRR, A
AR 264 T B, HIARASBIMF IR P29, 1219 3 55

Nrf2 activator

o

o]

()

2 (Saframycin A)
potent antitumor activity

o)
E)1N

[0} \
Me

< 801N.

Me
4 (Amurensinine)

treatment of
neurological disorders

5 (Trabectedin)
anticancer drug

3 (Roelactamine)

B 1 SR g s 4

Figure 1 Selected examples of bridged isoquinoline derivatives
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Scheme 1 Synthetic methodologies for bridged isoquinoline derivatives from isoquinolinium salts
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Table 1 The formation of isoquinoline-1,3,4-triones promoted by cyclic
1,3-diketones

(1) PIDA (3 equiv.),
TBAB (1 equiv.), o
dry CH3CN, H,0 (5 equiv.),

©® r.t., overnight
2 Bn  (2) additive, T, ¢

Br 0
6a 6a'
Entry Additive (equiv.) 7/°C t/h Yield/%
1 cyclopentane-1,3-dione (0.5) 30 8 47
2 cyclohexane-1,3-dione (0.5) 30 8 75
3 cyclohexane-1,3-dione (0.3) 30 8 58
4 cyclohexane-1,3-dione (0.5) 20 10 64
5 cyclohexane-1,3-dione (1) 20 10 66
6" TBHP (2) 50 48 93

4 Reaction conditions: unless otherwise noted, 6a (0.3 mmol), PIDA (0.9
mmol), TBAB (0.3 mmol), H,O (27 uL), dry solvent (2 mL), r.t., overnight,
then indicated amount of additive, ambient atmosphere. Isolated yields are
given. PIDA: phenyliodine(IIl) diacetate. TBAB: tetrabutylammonium bro-
mide. TBHP: fert-butyl hydroperoxide in decane. » 5.5 uL of H,O was used!”).

(1) PIDA, NaBr, H,0, o
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N . (3)
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- r.t.
Br (6]
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Scheme 2 Proposed mechanism for the cyclohexane-1,3-dione-promoted generation of isoquinoline-1,3,4(2H)-triones
“To avoid the interference of quaternary ammonium salts on mass spectrometry detection, NaBr was used instead of tetrabutylammonium bromide. Other reaction
parameters are the same as those in Entry 5, Table 1. Mass spectrometry analysis was carried out after cyclohexane-1,3-dione was added for 30 min.
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Figure 2 Effect of ambident bis-nucleophilicity of cyclic 1,3-diketones on the transformation of 1-acetyloxy-4,4-dibromo-dihydroisoquinoline-3-ones
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Table 2 Optimization for the synthesis of 1,4-bridged dihydroisoquinolin-3-ones from cyclic 1,3-diketones
N (1) PIDA (3 equiv.), KB_r (1 equiv.), _ Q o
©© dry DCE, H,0 (1 equiv.), r.t., overnight g Br
/'l"Bn (2) acid, 7a, T, t O /%:o
Br 7a=cyclopentane-1,3-dione gn
6a ' 8a
Entry Acid (equiv.) equiv. of 7a 7/°C #/h Yield/% Entry Acid (equiv.) equiv.of7a 7/C #/h Yield/%
1 BF;°Et,0 (0.2) 2 50 4 66 9 TfOH (0.3) 2 50 5 77
2 Cu(OTf), (0.2) 2 50 6 64 10 TfOH (0.4) 2 50 5 77
3 TFA (0.2) 2 50 4 65 11 TfOH (0.3) 1.5 50 5 67
4 TsOH (0.2) 2 50 4 66 12 TfOH (0.3) 1.75 50 5 74
5 MsOH (0.2) 2 50 5 67 13 TfOH (0.3) 2.25 50 5 72
6 TfOH (0.2) 2 50 5 69 14 TfOH (0.3) 2 40 6 71
7¢ TfOH (0.2) 2 50 5 53 15 TfOH (0.3) 2 60 5 73
8¢ TfOH (0.2) 2 50 5 46 16 TfOH (0.3) 2 70 3 58

4 Reaction conditions: unless otherwise noted, 6a (0.2 mmol), PIDA (0.6 mmol), KBr (0.2 mmol), H,O (3.6 uL), dry solvent (2 mL), r.t., overnight, then indicated
amount of additive and 7a, Ar atmosphere. Isolated yields are given. DCE: 1,2-dichloromethane. ® The reaction time took for complete conversion of

1-acetyloxy-4,4-dibromo-dihydroisoquinoline-3-one. ¢ Dry MeCN (2 mL) was used. ¢ Dry toluene (2 mL) was used.

R3O 13- TR AR E-3-HR- 1 4- PR S5 R R R M3 R

Table 3 Reaction scope for the synthesis of 1,4-bridged dihydroisoquinolin-3-ones from cyclic 1,3-diketones

(1) PIDA (3 equiv.), KBr (1 equiv.),

P NN dry DCE, H,0 (1 equiv.), r.t., overnight
R NE
PN @ (2) TFOH (0.3 equiv.), 7, 50 °C, 5 h, Ar
HBr n=0,1
6

R=H, 77%)
R=CHj, 79%)
)

8e (R=CN, 57%)
8f (R=CO,Me, 66%
89 (R=CF3, 63%)
8h (R=F, 68%)

8i (R=Cl, 70%)

8j (R=Br , 70%)

8k (R=naphthalen-1-yl, 68%) 8q (57%)
8l (R=naphthalen-2-yl, 71%)

8m (R=thiophen-3-yl, 65%)

8n (n=1, 54%)
80 (n=2, 63%)
8p (=6, 60%)

o
8 =l-bu, % O
e e o
) \—R (\97 \\/

8t (n=1, 75%)
8u (n=3, 75%)
8v (n=4, 70%)

unsuccessful examples:

8ah (ND) B"

Oo Yo B JH¥

. 8z (71%)
8w (R=R'=Me, 43%)

8x (R=Me, R'=Ph, 35%)
8y (R=R'=Ph, 34%)

Aro
d ()
/ 0 OBr
Br o Jyo
(o} O
N N
Bn Bn
8ai (ND) 8aj (trace)

OBr
R O. JS:O

N

Bn
8aa (R=Me, 51%)
8ab (R=OMe, 43%)
8ac (R=Br, 63%)

o

Br
%0

N
8ak (ND)?"

O Br
CE
(R

8r (R=OMe, 47%)
8s (R=CH,CO,Et, 52%)

o
"l
K oBr
S
N
Bn
8ad (R=R'=H, 69%)
8ae (R=H, R'=Me, 64%)

8af (R=H, R'=Ph, 67%)
8ag (R=R'=Me, 63%)

4 Reaction conditions: unless otherwise noted, 6 (0.2 mmol), PIDA (0.6 mmol), KBr (0.2 mmol), H,O (3.6 uL), DCE (2 mL), r.t., overnight, then TfOH (5 puL), 7 (0.4
mmol), Ar atmosphere. Isolated yields are given. ND: no detection.
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(1) PIDA (3 equiv.), KBr (1 equiv.), U o
N g7 dry DCE, H,0 (1 equiv.), rt., 24 h
Z N\Bn

(2) TFOH (0.3 equiv.), 7a, 50 °C, 7 h, Ar O N

6a
(5 mmol)
7d\
Ph
0 I, (0.3 equiv.),
o 90 °C, DMSO

Bn
8af

B3 R L

Scheme 3  Scale-up of the reaction and transformations of the products
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