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In this study, a method was developed to form C(sp?)-C(sp?) bonds via copper catalyst-promoted cross
coupling of 2-methylquinoline and in-situ-activated 3-haloisoquinoline under mild conditions. The multi-
component tandem reaction was used to construct new C-N, C=0 and C-C bonds in one pot via se-
quential functionalization of the N1, C3 and C1 positions of 3-haloisoquinoline. This method can be used
to efficiently access 1,2-disubstituted isoquinolinones by the three-component reaction of 3-halogen iso-
quinoline, alkyl halide, and 2-methylquinoline.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The isoquinolinone skeleton is the core structure present in
many functional compounds having various biological activities
[1]. For example, Gliquidone A (Fig. 1) is an oral antidiabetic
drug for treating type 2 diabetes [2], while Minalrestat B [3] and
isoquinoline-1,3-diones C [4] are used as aldose reductase and ty-
rosyl DNA phosphodiesterase II inhibitors, respectively. In addition,
compounds D and E are potent inhibitors of HIV-1 integrase [5,6]
and MDM2 [7,8], respectively (Fig. 1).

Because of the interesting biological activities of these com-
pounds, considerable efforts have been devoted to synthesizing
isoquinolinone scaffolds with different substitution patterns. For
example, intermolecular cyclization [9-13] and intramolecular cy-
clization [14,15] have been applied to construct the tetrahydroiso-
quinolinone skeleton. In addition, the strategies of tetrahydroiso-
quinoline ring site functional group modification [16-18] and iso-
quinoline dearomatisation have attracted the interest of many or-
ganic chemists due to their high site selectivity. For isoquinoline
dearomatisation, oxidizing isoquinolinium salts has emerged as an
exceptionally reliable and direct strategy for synthesising isoquino-
linone derivatives. In this regard, the excellent examples reported
by He [19], Fu [20], Huang [21], Peng [22] and Luo [23] involved
the C1 carbonylation of isoquinoline (Scheme 1a). Dearomatisation
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of isoquinolines often occurs at the C1 position upon adding dif-
ferent nucleophiles, and such as silyl phosphites [24], indole [25],
phenylacetylene [26], ethers [27]. However, realisation of one-pot
functionalization and carbonylation at C1 and C3 positions, respec-
tively, of 3-haloisoquinoline is difficult.

2-Alkylquinolines are widely available important biological
compounds that can be applied as a drug or candidate drug
in medicinal chemistry research [28-30]. Many researchers have
successfully introduced 2-alkylquinolines in organic molecules to
obtain relevant bioactive molecules [21-33]. However, the di-
rect introduction of 2-alkylquinoline structure is challenging be-
cause activating the sp>C-H bond is difficult [34-37]. As a part
of our continuing research on the construction of functional N-
heterocycles [38-40], herein we report a multi-component cou-
pling method that involves one-pot construction of new C-N, C-
C and C=0 bonds to synthesize isoquinolinone skeletons bearing
2-methylquinoline groups in one pot (Scheme 1b).

In this study, we initially focused on developing a more ef-
ficient catalyst system for combining 2-methylquinoline 1a, 3-
bromoisoquinoline 2a, and benzyl bromide 3a as a model reaction
(Table 1). First, we tested different copper catalysts in MeCN-H,0
solvent under nitrogen atmosphere at 100 °C for 8 h. Cul showed
the best catalytic effect, with a 68% yield of product 4a (entries
1-4). In the screening of various bases, NaOAc demonstrated the
best results (entries 4-9). Moreover, efficiency of the target reac-
tion was significantly dependent on the solvent used. Thus, sol-
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Table 1
o Screening conditions.?
20 | Br:
~o N O NH m ©§(Br Cat.
1 o+ + Base
: NGt N g T
0N /N N
g /& 1 2a 3a
gN© 2
c .
A Gliquidone (AR-DF 26) TOP2inhibler Entry Catalysts Base Solvent Yield (%)
Q NH O 1 Cu(OAc), NaOAc MeCN-H,0 56
o O 2 Cudl NaOAc MeCN-H,0 34
F, \X¢} Br 20 3 CuBr NaOAc MeCN-H,0 38
N\/Q/ 0 N 4 Cul NaOAc MeCN-H,0 68
| “OH 5 Cul KOAc MeCN-H,0 48
o F o] 6 Cul Cs,CO;4 MeCN-H,0 21
B Minalrestat D Inhibitors of HIV-1 Integrase 7 Cul t-BuONa MeCN-H,0 -
_0 _0 8 Cul CH30Na MeCN-H,0 13
O 9 cul NaOH MeCN-H,0 :
o N 10 Cul NaOAc 1,4-Dioxane-H, 0 .
P{ \©\ 11 Cul NaOAc THF-H,0 55
O T/\Q 12 Cul NaOAc H,0 21
N/YO 13 Cul NaOAc MeCN-H,0 78¢
cl K/N\ 2 Conditions: 2-methylquinoline 1a (015 mmol), Cat. (5 mol%), 3-

E MDM2 inhibitor bromoisoquinoline 2a (0.15 mmol), benzyl bromide 3a (0.15 mmol), base

(0.15 mmol), temperature (100 °C), 1.0 mL solvent, 8 h, and N, atmosphere, unless
otherwise noted.

b Isolated yield.

¢ 1a:2a:3a (1:1:1.5).

Fig. 1. Examples of bioactive isoquinolinone molecules.

(@) C1 functionalization of Isoquinoline salts

y C1| i | 5 vent screening was performed (entries 10-12), the results confirm-

Rl Neg ing that MeCN-H,0 (6:1, v/v, entry 13) showed the best results.
@ o] After determining the optimal conditions, we first explored
/x N N, (D =rsio-P~0rR =—pn the range of‘ N—hetero.arene.substrates. lt. is established that 2-
oNg OR methylquinolines bearing different substituent groups can eas-
funcﬁo(,f;"zaﬁon @ @f’} ro\) ily react with 3-haloisoquinolines (m:jlinly !Jromo and chloro
. - analogues); the results are summarized in Scheme 2. 2-
(b) This work: 1, 2, 3-trifunctionalization of Isoquinoline Methylquinolines with different substituents, including electron-

donating (-Me and -OMe) and electron-withdrawing groups
(-F, -Cl, -Br and -CO,Me), were successfully transformed into iso-
quinolinone derivatives 5 (5a-5g) in moderate to high yields.
Remarkably, this catalytic system is also suitable for converting
3-chloro-isoquinoline, providing various isoquinolinones in good

Y;
I X [Cu]
e e
NP SO AN (| HO e

in situ activation of
Isoquinoline

yields.
° CA(Spa)jC(SP_Z) bend formaton ° H20 as a oxygen source Next, we studied the scope and applicability of alkyl
@ rifunclionsiization ) 9 In'situ'activafion strategy halides (Scheme 3). Various benzyl bromides bearing electron-
O C=0 double bond construction O one-pot reaction

withdrawing and electron-donating groups reacted easily, furnish-
Scheme 1. Functionalization of isoquinolines. ing isoquinolinones 6a-6n in moderate to good isolated yields. In
addition, benzyl chloride was found to be suitable for participat-

I Cul (5 mmol%)
RI—— + R20 NaOAc (o 15 mmol)
NN R sl
R T MeCNHO H,0

N,, 100 °C

2, X =Br, Cl

-

R | Ny
o) =
5b, X = Br, 80% 5¢, X = Br, 76% 5d, X = Br, 76% 5e, X = Br, 58% O 5f X =Br, 55%

5a, X = Br, 78%

Br Br:

.0
Br E
59, X = Br, 75% 4a, X = Cl, 74% 5h, X = CI,67% 5i, X=Cl, 66% 5j, X=Cl, 73% 5k, X =CI, 71%

Scheme 2. Substrate scope of N-heteroaromatics. Standard conditions: 2-methylquinolines 1 (0.15 mmol), 3-haloisoquinolines 2 (0.15 mmol) benzyl bromide 3 (0.225 mmol),
Cul (5 mol%), NaOAc (0.15 mmol) and MeCN-H,0 (6:1, v/v) at 100 °C for 8 h under N, atmosphere.
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@Q@O5

3,Y=Br,Cl

Cul (5 mmol %)

NaOAc (0.15 mmol)

T MeoNH0 -H,0
N,100°C

6g,Y =Br, 61%

R3 3o o/
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6b, Y =Br,R®=Cl, 71% )" -
6¢, Y = Br, R®=Br, 70% g o r\_/
6d,Y =Br,R3=1,67% —& " g / % & ﬂ/«;
6e,Y = Br, R®= CHg, 73% R " . .
6f, Y =Br, R3 CN, 60% X-ray structure of 6d :h Y =Br, Ra N02 58%
CCDC: 2121127 i, Y = Br, R*= OCHg, 76%
6j, Y =Br, R®= CF3, 57%

6k, Y = Br, 66%

6l,Y =Br, 60% 6m, Y =Br, 68%

F

Scheme 3. Substrate scope of alkyl halides. Standard conditions: 2-methylquinoline
1a (0.15 mmol), 3-bromoisoquinoline 2a (0.15 mmol.), alkyl halides 3 (0.225 mmol),
Cul (5 mol%), NaOAc (0.15 mmol), and MeCN-H,0 (6:1, v/v) at 100 °C for 8 h under
N, atmosphere.

ing in this reaction and affording isoquinolinones in a higher yield
(4a). The yields obtained from benzyl bromides with electron-
donating groups (-Me and -OMe) were higher than those from
benzyl bromides with electron-withdrawing groups (-NO, and -
CF3). The structure of 6d was determined by single-crystal X-ray
diffraction analysis. Furthermore, a variety of disubstituted benzyl
bromides (3,5-OMe, and 2,4-F,) were investigated to expand the
scope of this method (6k and 61), which can be converted to 1-
substituted-3-isoquinolinones under standard conditions. Interest-
ingly, 2-bromomethylnaphthalene can also participate in the reac-
tion to furnish the target product in a moderate yield of 68% (6m).

Additionally, to prove the potential application of the method
described herein, we determined that different substituted pheny-
lacetylenes, 3-bromoisoquinoline, and benzyl bromide could afford
1-alkynyl-3-isoquinolinone in one pot under standard conditions
(Scheme 4a). This synthetic method can also be applied to the
later functionalization of complex molecules. For example, the 5-
(4’-(bromomethyl)-[1,1’-biphenyl]-2-yl)-1-trityl-1H (BrOTBN) tetra-
zole is a crucial intermediate for synthesising the antihypertensive
drug losartan [41,42]. We employed BrOTBN as the reaction sub-
strate to form the C-N bond to construct a new nitrogen heterocy-
cle by the one-pot three-component method (Scheme 4b).

Several control experiments were conducted (Scheme 5) to
study the mechanism of this reaction. The model reaction was in-
terrupted after 3 h to analyze the intermediates formed. Product
4a, 2a-1, and 2a’ were detected in 52%, 8%, and 0% yields, respec-
tively (Scheme 5a). The reaction of 2a-1 with 2-methylquinoline
1a under the standard conditions did not give product 4a (Scheme
5b). When 3-bromoisoquinoline and isoquinoline salts reacted with
2-methylquinoline, respectively the isoquinoline salt did not re-
act, thereby confirming the crucial role played by 3-bromo group
in the initiation of this reaction (Schemes 5c and d). H,O la-
belling experiments were also performed to prove the role of wa-
ter in the reaction. In the D,0 labelling experiment, deuterium
was incorporated into the tetrahydroisoquinoline unit to produce
4a-d,, indicating the transfer of the D atom from D,0 to iso-
quinoline (Scheme 5e). In addition, the proportion of 180-labelled
product 4a-'30 increased when H,60 was replaced with 180-
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Scheme 4. Potential application of the developed method.

standard

Br
1a + 2a + 3a condtlons @C( Ej::,(\+ 4a,52% (a)
2a-1, 8% Ph 2a', 0% Ph
.0
oS = standard_conditions
m@:ﬁ Stendard gondioye N o
N N O Ph
1a 2a-1  ph Z 4a, 0%
O
ia ©\/E'\l standard conditions N\ ©
—_—X
= N
Br \ 0 5 Ph
2a2 Ph Z 4a, 0%
~ Br »
1a + @(:f standard conditions 4, 750, (d)
2a-3 B \ 48% 29%
OseLo
Cul (5 mol%)
1a + 2a + 3a NaOAc (0.15mmol) N (e)
MeCN-D,0 (1 mL) Lo
N,,100°C o
4a-d,
18
Cul (10 mol %) O Z0
1a + 2a + 3a NaOAc (0.15 mmolt N\ )
MeCN-H,'®0 Ns Ph
N2,100°C S 42-1%0, 76%
standard conditions 4a
1a + 2a + 3a TEMPO, 62% (9)
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Scheme 5. Control experiments.

labelled water for the reaction, as determined by high-resolution
mass spectrometry (Scheme 5f). This observation indicated that
the oxygen atoms in isoquinolinone were mainly derived from
H,0. However, no significant decrease in yield was observed when
2,2,6,6-tetramethylpiperidinyloxy (TEMPO) or 2,6-di-tert-butyl-4-
methylphenol (BHT) was added to the reaction system. Hence, it
was concluded that no radical-mediated process was involved.
Thus, based on the above-mentioned results, a reason-
able mechanism was proposed (Scheme 6). Initially, 3-
bromoisoquinoline reacts with benzyl bromide to form N-
alkylisoquinoline salt 2a-3. Under the action of OAc~, water
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Scheme 6. Plausible reaction pathway.

forms HOAc and OH~; nucleophilic attack of the hydroxide ion on
2a-3 removes Br to form intermediate 2a-4, which is isomerized
to a more stable intermediate 2a-5. Finally, 2-methylquinoline
isomerizes nucleophilic enamine under alkaline conditions [43-
45] and undergoes nucleophilic addition with 2a-5 to obtain the
target product 4a.

In summary, we developed an efficient C(sp?)-C(sp?) bond for-
mation method involving the cross-coupling of 2-methylquinolines
and in-situ-activated isoquinolines to construct 1,2-disubstituted
isoquinolinone derivatives under mild conditions. This multi-
component tandem reaction involves constructing new C-N,
C=0 and C-C bonds in one pot. This method employs an in-
situ activation strategy to achieve the trifunctionalisation of 3-
haloisoquinoline, which has the advantages of wide substrate
adaptability, high atom efficiency, and chemoselectivity.
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