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An efficientl and enviromental friendly CuBr /NHPI co-catalyzed aerobic oxidative [3+2] cycloaddition-aromatization

cascade was realized with N-substituted tetrahydroisoquinolines and electron-deficient olefins. Under the mild conditions,

the reaction proceeded smoothly and displayed excellent functional group tolerance, affording 5,6-dihydro-pyrrolo[2,1-

alisoquinolines in good to high vyields.

This protocol exhibits a broad substrate scope to both N-alkyl

tetrahydroisoquinolines and dipolarophile substrates.

Introduction

Intricate nitrogen-containing heterocycles are widely found in
numerous natural alkaloids and commercial drugs.! Among
them, pyrrolo[2,1-alisoquinoline is a privileged scaffold
endowed with diverse and potent pharmacological activities.?
Several representative compounds were listed in Fig. 1. For
example, the famous lamellarin alkaloids, which were firstly
isolated from marine invertebrates, exhibit excellent anti-
tumor, anti-HIV and antioxidant activity. Lamellarin K and its
triacetate derivative have been validated as novel potential
anti-tumor drugs against various cancer cell lines with potent
human topoisomerase inhibition. By down-regulating the
expression of drug efflux pump-P-glycoprotein (P-gp),
lamellarin G could reverse the multiple drug resistance (MDR)
of tumor cell lines and improve their chemotherapeutic
sensitivity. The HIV-1 integrase inhibitor, lamellarin a 20-
sulfate has great potential to be clinical drug for Acquired
Immune Deficiency Syndrome (AIDS). Other important
structures, including (-)-trolline, compound A and B (Fig.1),
also show unique biological effects, such as neuroprotective
effects, antituberculous and antifungal activity.

Due to the biological importance of pyrrolo[2,1-
alisoquinoline moiety, numerous efforts have been made
toward its construction,?’ and currently main three well
known strategies are available. The two most widely used
traditional methods for the synthesis of this important natural
bioactive scaffold are 1,3-dipolar cyclization of isoquinolinium
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ylide and electron-deficient alkyne* and “one-pot

multicomponent reaction”.®

(-)-Trolline
(Neuroprotective effects)

Compound A
(Antituberculous activity)

Compound B
(Antifungal activity)

Figure 1. Representative examples of lamellarin alkaloids and their
analogues.

In the past decades, direct oxidative C-H bond
functionalization provided a concise approach for the
construction of complex natural products with high atom- and
step- economy without prior installation of activating groups
since the Murahashi and Li groups’ pioneering work.8 Recently,
Wang and Yu firstly developed the Cu(ll)-catalyzed oxidation
[3+2] cycloaddition-aromatization cascade of N-substituted
tetrahydroisoquinoline with a series of dipolarophiles for the
preparation of pyrrolo[2,1-a]isoquinoline analogues by using
TBHP as the oxidant (Scheme 1a).%2 After that, metal- or non-
metal peroxides systems, such as Rhy(cap)s/TBHP,tt
Co(OAc),-4H,0/TBHP,5c TBAI/TBHP,%d KI/H,0,, 1,/H,0,,%¢ have
received extensive attention. However, all above methods
suffer from the requirement of superstoichiometric amounts
of hazardous peroxide to complete the final oxidative
aromatization conversation. Moreover, Xiao’s group reported
an impressive visible-light induced dipolar cyclization strategy
for the construction of pyrrolo[2,1-alisoquinolines with
expensive Ru(bpy)sCl, as photocatalyst (Scheme 1b).”2 Since
then, various of photocatalysts, such as bodipy species’s7¢ and
methylene blue,” were proved to effectively promote the
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similar conversion. Yet, most photoinduced strategies still
require stoichiometric NBS (1.0 eq at least) as additional
oxidant to achieve the oxidative aromatization. Therefore, the
economic, environmental and practical application issues for
existing oxidation systems need to be improved in great
demand. As part of our ongoing interest in the construction of
N-heterocycles relying on C-H bond oxidative functionalization
(Scheme 1c),° herein, we report a pragmatic and green
protocol for the synthesis of pyrrolo[2,1-alisoquinolines using
molecular oxygen as the terminal oxidant (Scheme 1d).

Reported work

a) CuBr, (10 mol%), toluene  'Vang's work
me A TR N
R1® o TBHP (3.3 equiv), 50 °C, 48h R _|
i = CO,Et
>z N 2 — 2
Qkoa R EWG ™4y Ru(bpy)sCly (5 mol%), \ /
) visible light, MeCN, air, 12h EWG R?
(2) NBS (1.1 equiv), 1h Xiao's work
Our previous work
c) o
b oo NHPI (10 mol%) N )
3 Cu(OTf), (10 mol¥ NONOR
A L R CHOT(0mo%)
R 0,, CICH,CH,Cl, 40 °C R3
Ar
This work
d) o
PN NHPI(10mol%) Rl T |
RET Ny e CuBr (10 mol%) SN R?
A NUR RYT EWG O, CHyCN, 60°C S—J
EWG R3

Scheme 1. The C-H bond oxidative cycloaddition reaction.

Results and discussion

Initially,  we  started with choosing  N-substituted
tetrahydroisoquinoline (1a) and N-phenyl maleimide (2a) as the
model substrates to optimize the reaction conditions. Firstly, the
established  Cu(OTf),-NHPI(N-Hydroxyphthalimide)/O, systeml[®al
was employed directly and the desired pyrrolo[2,1-alisoquinoline
(3a) was obtained in 36% yield (entry 1). Then, a range of metal
salts were tested to improve the yield of product. While reactions
with several copper salts like CuOTf, CuBr,, CuCl,, (OAc), and CuCl
gave 3a in inferior yield, CuBr was proved to be the best additive
with 55% vyield (entries 2-7). Other metal salt additives, such as

AgOTf, PdCl,, FeCls, failed to afford any target product (entries 8-10).

Changing NHPI to other radical initiators, such as AIBN (2,2'-
Azobis(2-methylpropionitrile)) and BPO (Benzoyl peroxide),
afforded lower yields or no product respectively (entries 11-12).
The screening results of DMF, EtOH, DCM, toluene and CH;CN
showed that CH;CN was the best solvent with 65% isolated yield
(entries 13-17). Furthermore, with the increasing of reaction
temperature, the yield could be improved to 91% when the
reaction was performed at 60 °C (entries 17-19). Finally, when the
loadings of CuBr and NHPI were increased to 20 mol% respectively
or together, no better result was observed (entries 20-22).

Table 1. The Optimization of Reaction Conditions.?

o
_ NHPI (10 mol%) N
%ﬂ N Oé[’;\ko metal salt (10 mol%) \ / OEt
OEt ! O,, solvent, heat
Ph O™>N"0
|
Ph
1a 2a 3a
Entry Metal Salts Solvent Temp Yield[%]®

2| J. Name., 2012, 00, 1-3

1 CU(OTf)Z DCE 40°C View A?’tﬁcle Online
2 CuOTf DCE 495 10.1039/D02IB01403F
3 CuBr, DCE 40 °C 33
4 CuCl, DCE 40°C 38
5 Cu(OAc), DCE 40°C 27
6 CuCl DCE 40 °C 42
7 CuBr DCE 40 °C 55
8 AgOTf DCE 40°C
9 PdCl, DCE 40 °C 0
10 FeCl; DCE 40 °C 0
11¢ - DCE 40°C 0
124 CuBr DCE 40 °C 25
13¢ CuBr DCE 40 °C 0
14 CuBr DMF 40°C trace
15 CuBr EtOH 40°C 37
16 CuBr DCM 40 °C 31
17 CuBr PhMe 40 °C trace
18 CuBr CH;CN 40°C 65
19 CuBr CH;CN 60 °C 91
20 CuBr CH;CN 80 °C 85
21f CuBr CH;CN 60 °C 85
228 CuBr CH;CN 60 °C 92
23" CuBr CH5CN 60 °C 88

aGeneral Conditions: 1a (0.2 mmol), 2a (0.3 mmol), NHPI (0.02 mmol),
and metal salt (0.02 mmol) in anhydrous solvent (2.0 mL) under O,
balloon atmosphere at indicated temperature overnight. ®Isolated yield.
°No metal salt was used. 90.02 mmol AIBN was used instead of NHPI.
e0.02 mmol BPO was used instead of NHPI. f0.04 mmol of NHPI was

employed. 80.04 mmol of CuBr was used.

Using the optimized reaction conditions, we turned our attention
to examine the scope and limitations of this reaction, and primarily
focused on the dipolarophile substrate. As shown in Table 2,
reactions of 1a with various readily available N-aryl maleimide with
different substitution patterns on the phenyl ring underwent
smoothly, giving the corresponding products in good to excellent
yields (3a-3h), indicating the transformation was insensitive to
electronic effect and substituent position of the aryl rings. Several
other types of N-substituted maleimide were also proved to be
suitable substrates, affording the products in 64-78% yields (3i-3m).
The examination of other important dipolarophiles components
had revealed that methyl acrylate, methyl propiolate, acrylonitrile,
methyl crotonate, benzalacetones, cinnamaldehyde and 1,4-
naphthoquinone were amenable to the reaction (3n-3t). The non-
symmetric dipolarophiles 2n-2s successfully provided the
regioselective cycloaddition products in acceptable yields (3n, 35%;
30, 48%, 3p, 63%, 3q, 28%; 3r, 40%, 3s, 30%), which might be
ascribed to their low-boiling points, low reactivity, steric hindrance
or unstable properties under the existing oxidation system.
Moreover, when nitroolefins bearing electronically varied groups on
the aromatic ring were employed as dipolarophiles, the reaction
underwent smoothly and generated the denitrative aromatization
products with high regioselectivity and moderate yields (5a-5c)®c,
which could be further modified with NBS and directly used for
total synthesis of lamellarin alkaloids.” 1°

Table 2. The scope of dipolarophile.2®

This journal is © The Royal Society of Chemistry 20xx
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NHPI (10 mol%)
_____ CuBr (10 mol%) N

N _— >
R'EWG 0, CH,CN, 60°C
1a 2 3

N._CO,Et

Ar=Ph, 3a, 91%
CO,Et Ar = 4-Me-CgHg, 3b, 87%

N Ar = 2-Me-CgHy, 3c, 80% COEt
\ Ar = 3-Me-CgHg, 3d, 85% N
N O Ar=24-di-Me-CgHs, 3e, 82% N o
N Ar = 4-OMe-CgHj, 3, 86%
& Tar Ar = 4-Cl-CgHg, 39, 84% N,

Ar = 4-Brl-CgHg, 3h, 82% (o}
3i, 78%

O2Et

[
N CO2EL R=H, 3j, 72% N
\ R =Cl, 3k, 68% N o)
S o R = OMe, 31, 70%
N
o}

d N@R ‘CH,CH,Ph

N._COEt N._COEt
\ \

3m, 64%

N__COEt
\

MeO,C H NC H MeO,C
3n, 35%° 3p, 63%° 3q, 28%
30, 48%

3r, 40% 3s, 30% 3t, 72%

3General Conditions: 1a (0.2 mmol), 2 (0.3 mmol), NHPI (0.02 mmol), and
CuBr (0.02 mmol) in dried CH;CN (2.0 mL) under O, balloon atmosphere at
60 °C overnight. Plsolated yield. “Reaction with methyl acrylate (0.4 mmol).
dReaction with methyl propiolate (0.4 mmol). ¢Reaction with acrylonitrile
(0.4 mmol).

@é o NHPI (10 mol%) N,
N + Ar A~ CuBr (10 mol%) W OEt
o NO2 5, CR,CN, 60°C
H Ar
1a 4 5

OMe
5c, 68% yield®

5a, 71% yield® 5b, 65% yield®
Scheme 2. Oxidative [3+2] cycloaddition with tertiary amine and nitroolefins.
General Conditions: 1a (0.2 mmol), 4 (0.3 mmol), NHPI (0.02 mmol), and
CuBr (0.02 mmol) in dried CH3CN (2.0 mL) under O, balloon atmosphere at

60 °C overnight. 2Isolated yield.

Next, we decided to explore the scope of N-substituted tetrah-
ydroisoquinoline 1 (Table 3). At first, we studied the scope of N-
substituted groups. The different alkyl esters including methyl 1b,
isopropyl 1c, isobutyl 1d, tert-butyl 1e, benzyl 1f and phenyl 1g
were found to be compatible with the standard conditions, giving
the target compounds in moderate to good vyields (6b-6g).
Electronic substituent effect on the phenyl was also examined. Both
electron-donating and electron-withdrawing substituents were
tolerated with this oxidation system, providing the desired products
in satisfying yieds (6h-6jd). Electron-rich substrate 1j with two

This journal is © The Royal Society of Chemistry 20xx
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methoxy groups was more reactive than electron-deficient 1h,and
1i. More important, non-electron withdrawiR@gteup3UbstitiRetOR~
benzyl tetrah-ydroisoquinoline 1k also successfully reacted with
various dipolarophiles, such as N-aryl maleimides with electron-
donating and electron-withdrawing substituent on the aromatic
ring, 1,4-naphthoquinone, acrylonitrile and nitroolefins (6ka-6kf).
However, methyl acrylate, methyl propiolate, methyl crotonate,
benzalacetones and cinnamaldehyde all falied to give any products
due to their weak reactivity (6kg-6kj). The examination results of N-
methyl and N-ethyl tetrahydroisoquinolines indicated that they
were not the suitable substrates (61, 6m).

Table 3. The scope of N-substituted tetrahydroisoquinoline.>®

X
NHPI (10 mol%)  R2q- P
N CuBr (10 mol%) 1
N T Gy e
R 2 =T Ewe g
1 2 6
R =Me, 6b, 83%
\N - COR R=ipr, 6c, 85% cl \N/ COEt
R = i-Bu,6d, 80% .
R = t-Bu,6e, 78% 6h, 74%
0770 R = Bn, 6f, 70% O7™\"0
bh R = Ph, 6g, 74% Ph
N
. & CO,Et
Ar = Ph, 6ia, 78%
o Ar = 4-CI-CgHj, 6ib, 72% i 829
N ° Ar = 4-MeO-CgHy, 6ic, 80% 6id, 82%
Ar
MeO MeO.
N
oo ¥ CO,Et MeO
Ar = Ph, 6ja, 88%°
0P "0 Ar = 4-CI-CgHy, 6ib, 82%° 6jd, 78%°
Ar Ar = 4-MeO-CgHy, 6jc, 90%°
N
\ // Ph Ar = Ph, 6ka, 56%
Ar = 4-C1-CgH,, 6kb, 33%
oA ASo  AT=4MeO-Ceh, Bie, 52% 6kd, 57%
Ar
N Ph N Ph N Ph
\ / w W
NS W AR MeO,C R
R = H, 6kg, 0%
6ke, 31%¢ Ar = 4-MeO-CgH,, 6kf, 20% R=Me, eﬂh’ 0%

N__ph N N
\ W L
o Ph
R o o 0= NS0
Ph

N
R =H, 6ki, 0% Ph
R = Me, 6kj, 0% 6l, 0% 6m, 0%

aGeneral Conditions: 1 (0.2 mmol), 2 (0.3 mmol), NHPI (0.02 mmol), and
CuBr (0.02 mmol) in dried CH;CN (2.0 mL) under O, balloon atmosphere at
60 °C overnight. Plsolated yield. °Reaction at 50 °C. “Reaction with
acrylonitrile (0.4 mmol).

After that, we attempted to expand other applications of this
oxidation system. To our pleasure, the oxidative [4+2] cyclization!!
of N, N, 4-trimethylaniline with maleimides were also proved to be
feasible and gave desired compounds in moderate yields under the
mild catalytic conditions (8a-8c, scheme 3).

J. Name., 2013, 00, 1-3 | 3
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To obtain a good understanding of the reaction mechanism,
some control experiments were conducted. In the presence of
1.0 equiv of radical inhibitor BHT or TEMPO, no product or
only trace amount of product can be obtained (Scheme 4a),
suggesting that a radical oxidative pathway might be involved.
Either abandoning NHPI or replacing the oxygen atmosphere
with air resulted in a drastic drop of yield, which indicated that
the combination of NHPI and molecular oxygen was critical to
this reaction (Scheme 4, b-c). When only 1a was subjected to
the standard conditions, ethyl 2-(1-oxo-3,4-dihydroisoquinolin-
2(1H)-yl) acetate 9 was obtained in 21% yield (Scheme 4d).

|

N
\ — NHPI (10 mol%)
AN 4 oﬂo CuBr (10 mol%) o
N Og, CHyCN, 60 °C N
Ar

o] Ar
7 2 8
| | |
N N N
N N N
D O D
Cl OMe

8a, 62% yield® 8b, 57% yield® 8c, 68% yield®
Scheme 3. Oxidative [4+2] cyclization reaction. General Conditions: 7 (0.2
mmol), 2 (0.3 mmol), NHPI (0.02 mmol), and CuBr (0.02 mmol) in dried
CH3CN (2.0 mL) under O, balloon atmosphere at 60 °C overnight. ?lsolated
yied.

1.0 eq BHT or

a)
@3 . Oéqxo 1.0 eg TEMPO 3a
N._COzEt | standard conditions o, or < 5%
Ph
2a
b)
@3 . oﬁqko without NHPI 3a
N._COzEt | standard conditions <5%
c)
A air was instead of O,
N_Cogt + OTNTO —— > 3
~-Y2 | standard conditions

17%
1a
d)
@:)\IVCOZB standard conditions @;; N__ CO,Et
Scheme 4. Control experiments.

9,21%

o o 0
-~ —_— ®
mﬂoa PINO %ﬂoa -H;0, N %oa

HOO\ 1
1 A B
NHPI ~O2
2, [3+2] cycloaddition COLE @ ©;</<
o><|dat|ve

aromatization

Scheme 5. The plausible mechanlsm.

Based on the results of the control experiments and
reported precedents,’® a supposed mechanism was illustrated
in Scheme 5. Radical PINO was generated through the
homolysis of NHPI with dioxygen,'? which promoted the
oxidation of dihydroisoquinoline esters to afford cation radical

4| J. Name., 2012, 00, 1-3

A. The interaction of A and hydroperoxyl radicl afforded the
key iminium ion B. Then the [3+2] cyeloddditiiRMGEaHIVE
aromatization sequence of iminium ion B and dipolarophiles 2
catalyzed by CuBr/NHPI was achieved adn delivered the final
product 3.

Conclusions

In summary, a facile and practical copper salt mediated
oxidative [3+2] cycloaddition-aromatization cascade of tertiary
amine and kinds of dipolarophiles has been developed.
Dioxygen, a green and reproducible reagent, is used as the
only oxidant for this complex conversion employing NHPI as
co-catalyst. This novel method provides an efficient and eco-
friendly approach to pyrrolo[2,1-alisoquinolines based on its
high atom-economy, good functional group tolerance and
wide range of both reacting components.

Experimental Section

General Information. Proton (*H NMR) and carbon (*3C NMR)
nuclear magnetic resonance spectra were recorded at 400
MHz and 75 MHz, respectively. The solvent peak was used as a
reference value, for 1H NMR: CDCl; = 7.27 ppm, for 3C NMR:
CDCl; = 77.23 ppm. HRMS were carried out on an Orbitrap
analyzer. All reactions were carried out with dry solvents
under anhydrous conditions. DCM, DCE and CHs;CN were
distilled from CaH,. All other commercially available reagents
were used as received.Analytical TLC was performed on
precoated silica gel GF254 plates. Column chromatography
was carried out on silica gel (200-300 mesh). N-substituted
tetrahydroisoquinoline and dipolarophiles were synthesized
according to the corresponding literatures.’ 13

General procedure for the synthesis of Product 3: To a
solution of the corresponding 1 (0.2 mmol, 1.0 eq) and 2 (0.3
mmol, 1.5 eq) in 2 mL anhydrous CH;CN were added CuBr
(0.02 mmol, 0.1 eq), NHPI (0.02 mmol, 0.1 eq). Then the air
was replaced with dioxygen for three times and the mixture
was stirred at indicated temperature under dioxygen
atmosphere (dioxygen balloon, latm) over night. After the
corresponding 1 disappeared, the reaction solvent was
removed under reduced pressure and the residue was purified
directedly by flash chromatography to give the pure desired
product 3.

The synthesis of ethyl 2-(1-oxo-3,4-dihydroisoquinolin-2(1H)-
yl)acetate (9): To a solution of 1a (0.4 mmol, 1.0 eq) in 4 mL
anhydrous CH;CN were added CuBr (0.04 mmol, 0.1 eq), NHPI (0.04
mmol, 0.1 eq). Then the air was replaced with dioxygen for three
times and the mixture was stirred at 60 °C under dioxygen
atmosphere (dioxygen balloon, 1atm) overnight. Then, the reaction
solvent was removed under reduced pressure and the residue was
purified directedly by flash chromatography to give the pure 7 in
21% yield.

Ethyl 9,11-dioxo-10-phenyl-6,9,10,11-tetrahydro-5H-pyrrolo[3',4':

3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (3a) : Yield 91%
(88.5 mg), yellow solid. *H NMR (400 MHz, CDCl;) § = 8.63-8.56 (m

This journal is © The Royal Society of Chemistry 20xx
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1H), 7.53-7.46 (m, 2H), 7.45-7.35 (m, 5H), 7.31 (d, J = 6.9 Hz, 1H),
4.79 (t, J = 6.9 Hz, 2H), 4.45 (q, J = 7.1 Hz, 2H), 3.20 (t, J = 6.9 Hz,
2H), 1.48 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) § = 163.35,
161.85, 159.93, 133.72, 132.84, 132.65, 130.57, 129.16, 128.26,
128.24, 128.03, 127.89, 127.40, 125.82, 125.49, 118.92, 116.50,
61.88, 43.64, 28.61, 14.42. The data was consistent with the known
literature.”

Ethyl 9,11-dioxo-10-(p-tolyl)-6,9,10,11-tetrahydro-5H-pyrrolo[3',4":
3,4] pyrrolo[2,1-alisoquinoline-8-carboxylate (3b): Yield 87% (69.6
mg), light yellow solid. *H NMR (400 MHz, CDCls) § = 8.61 (d, J = 7.1
Hz, 1H), 7.53-7.37 (m, 2H), 7.3-7.29 (m, 5H), 4.80 (t, J = 5.9 Hz, 2H),
4.45 (g, J = 6.7 Hz, 2H), 3.21 (t, J = 5.7, 2H), 2.42 (s, 3H), 1.49 (t, J =
6.7 Hz, 3H); 13C NMR (101 MHz, CDCl) & = 163.29, 161.83, 159.76,
137.81, 133.42, 132.42, 130.31, 129.95, 129.63, 128.04, 127.67,
127.05, 125.65, 125.38, 118.62, 116.38, 61.66, 43.41, 28.40, 21.23,
14.19. The data was consistent with the known literature.”

Ethyl 9,11-dioxo-10-(o-tolyl)-6,9,10,11-tetrahydro-5H-pyrrolo[3',4":
3,4] pyrrolo[2,1-alisoquinoline-8-carboxylate (3c): Yield 80% (64.0
mg), light yellow solid. *H NMR (400 MHz, CDCls) & = 8.59-8.40 (m,
1H), 7.36-7.18 (m, 6H), 7.15 (d, J = 7.1 Hz, 1H), 4.82-4.71 (m, 1H),
4.70-4.60 (m, 1H), 4.35 (q, J = 7.1 Hz, 2H), 3.11 (t, J = 6.9 Hz, 2H),
2.18 (s, 3H), 1.38 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCl3) § =
163.31, 161.88, 159.87, 137.06, 133.57, 132.59, 131.82, 131.11,
130.47, 129.32, 129.29, 128.17, 128.14, 127.82, 126.88, 125.76,
125.72, 118.79, 116.63, 61.81, 43.56, 28.52, 18.22, 14.30. The data
was consistent with the known literature.%?

Ethyl 9,11-dioxo-10-(m-tolyl)-6,9,10,11-tetrahydro-5H-
pyrrolo[3',4":

3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (3d): Yield 85% (68.0
mg), light yellow solid. *H NMR (400 MHz, CDCls) & = 8.69-8.53 (m,
1H), 7.46-7.35 (m, 3H), 7.30 (d, J = 6.8 Hz, 1H), 7.20 (d, J = 8.0 Hz,
3H), 4.79 (t, J = 6.9 Hz, 2H), 4.44 (q, J = 7.1 Hz, 2H), 3.20 (t, /= 6.8
Hz, 2H), 2.41 (s, 3H), 1.48 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz,
CDCl3) 6 = 163.45, 161.92, 159.95, 139.08, 133.66, 132.71, 132.64,
130.53, 128.96, 128.25, 128.07, 127.87, 125.85, 125.57, 124.54,
118.88, 116.57, 61.85, 43.63, 28.61, 21.59, 14.42. The data was
consistent with the known literature.®?

Ethyl 10-(2,4-dimethylphenyl)-9,11-diox0-6,9,10,11-tetrahydro-5H
-pyrrolo[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate  (3e):
Yield 82% (67.9 mg), light yellow solid. *H NMR (400 MHz, CDCl3) & =
8.58 (d, J = 7.1 Hz, 1H), 7.48-7.35 (m, 2H), 7.30 (d, J = 7.0 Hz, 1H),
7.16 (s, 1H), 7.14-7.05 (m, 2H), 4.84 (dd, J = 13.6, 6.7 Hz, 1H), 4.75
(dd, J=13.9, 6.9 Hz, 1H), 4.43 (q, J = 7.0 Hz, 2H), 3.20 (t, / = 6.7 Hz,
2H), 2.37 (s, 3H), 2.20 (s, 3H), 1.46 (t, J = 7.1 Hz, 3H); 13C NMR (101
MHz, CDCl5) 6 = 163.52, 162.12, 159.98, 139.24, 136.69, 133.56,
132.61, 131.89, 130.48, 129.18, 129.08, 128.25, 127.85, 127.68,
125.88, 118.78, 116.77, 61.85, 43.61, 28.62, 21.38, 18.15, 14.33.
HRMS (ESI): m/z [M+H]* caled for CysHy3N,0,: 415.1652, found
415.1647.

Ethyl 10-(4-methoxyphenyl)-9,11-dioxo-6,9,10,11-tetrahydro-5H-
pyrrolo[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (3f):
Yield 86% (71.6 mg), light yellow solid. *H NMR (400 MHz, CDCl3) & =
8.59 (d, J = 7.1 Hz, 1H), 7.48-7.35 (m, 2H), 7.31 (d, J = 7.1 Hz, 3H),
7.01 (d, J = 7.7 Hz, 2H), 4.79 (t, J = 6.6 Hz, 2H), 4.44 (q, J = 7.0 Hz,
2H), 3.85 (s, 3H), 3.20 (t, J = 6.6 Hz, 2H), 1.48 (t, J = 7.0 Hz, 3H); 13C
NMR (101 MHz, CDCl;) & = 163.65, 162.21, 159.96, 159.29, 133.63,
132.63, 130.53, 128.73, 128.25, 128.23, 127.88, 125.84, 125.54,

This journal is © The Royal Society of Chemistry 20xx

Organic& Biomolecular Chemistry

125.29, 118.83, 116.53, 114.55, 61.87, 55.73, 43.61,,28.61, 44,40
The data was consistent with the known liteP§eliré.7039/D0OB01403F
Ethyl 10-(4-chlorophenyl)-9,11-diox0-6,9,10,11-tetrahydro-5H-pyr-
rrolo[3',4":3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (3g): Yield
84% (70.6 mg), light yellow solid. *H NMR (400 MHz, CDCl;) & = 8.57
(d, J = 7.0 Hz, 1H), 7.50-7.35 (m, 6H), 7.31 (d, J = 7.0 Hz, 1H), 4.79 (t,
J=6.7 Hz, 2H), 4.45 (q, J = 7.0 Hz, 2H), 3.20 (t, J = 6.7 Hz, 2H), 1.48
(t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, CDCl;) & = 163.03, 161.53,
159.82, 133.89, 133.66, 132.67, 131.38, 130.69, 129.33, 128.50,
128.29, 128.19, 127.94, 125.71, 125.22, 119.09, 116.25, 61.94,
43.67, 28.57, 14.42. The data was consistent with the known
literature.”

Ethyl 10-(4-bromophenyl)-9,11-diox0-6,9,10,11-tetrahydro-5H-
pyrrol-o[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate  (3h):
Yield 82% (76.1 mg), light yellow solid. *H NMR (400 MHz, CDCl3) & =
8.57 (d, J = 7.1 Hz, 1H), 7.62 (d, J = 7.8 Hz, 2H), 7.50-7.37 (m, 2H),
7.36-7.28 (m, 3H), 4.79 (t, J = 6.5 Hz, 2H), 4.45 (q, J = 7.0 Hz, 2H),
3.20 (t, J = 6.4 Hz, 2H), 1.48 (t, J = 7.0 Hz, 3H); 3C NMR (101 MHz,
CDCl3) 6 = 162.94, 161.45, 159.81, 133.90, 132.67, 132.29, 131.90,
130.69, 128.78, 128.29, 128.19, 127.94, 125.70, 125.20, 121.67,
119.10, 116.24, 61.94, 43.67, 28.57, 14.41. The data was consistent
with the known literature.”®

Ethyl 10-methyl-9,11-diox0-6,9,10,11-tetrahydro-5H-pyrrolo[3',4":
3,4]-pyrrolo[2,1-alisoquinoline-8-carboxylate (3i) : Yield 78%
(50.6 mg), light yellow solid. *H NMR (400 MHz, CDCls) § = 8.53 (d, J
= 7.1 Hz, 1H), 7.52-7.33 (m, 2H), 7.29 (s, 1H), 4.73 (t, J = 6.3 Hz, 2H),
4.43 (q, J = 6.8, Hz, 2H), 3.38-2.88 (m, 5H), 1.49 (t, J = 6.8 Hz, 3H);
13 NMR (101 MHz, CDCl3) & = 164.37, 163.05, 159.93, 133.08,
132.56, 130.37, 128.20, 128.07, 127.84, 126.08, 125.88, 118.39,
116.91, 61.74, 43.46, 28.56, 24.45, 14.41. The data was consistent
with the known literature.”

Ethyl 10-benzyl-9,11-diox0-6,9,10,11-tetrahydro-5H-
pyrrolo[3',4":3,

4]-pyrrolo[2,1-alisoquinoline-8-carboxylate (3j): Yield 72% (57.6
mg), light yellow solid. *H NMR (400 MHz, CDCls) 8 = 8.53 (d, J = 7.1
Hz, 1H), 7.50-7.17 (m, 8H), 4.81 (s, 2H), 4.73 (t, J = 6.0 Hz, 2H), 4.44
(9, = 6.7 Hz, 2H), 3.15 (t, J = 5.6 Hz, 2H), 1.49 (t, J = 6.7 Hz, 3H); 13C
NMR (101 MHz, CDCl3) 6 = 164.08, 162.52, 159.91, 137.34, 133.26,
132.56, 130.41, 128.77, 128.67, 128.18, 128.11, 127.83, 127.71,
125.89, 125.81, 118.55, 116.74, 61.79, 43.51, 42.06, 28.56, 14.48.
The data was consistent with the known literature.”@

Ethyl 10-(4-chlorobenzyl)-9,11-dioxo-6,9,10,11-tetrahydro-5H-pyr-
rolo[3',4":3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (3k): Yield
68% (59.0 mg), light yellow solid. H NMR (400 MHz, CDCl3) & = 8.51
(d, J = 7.3 Hz, 1H), 7.49-7.33 (m, 4H), 7.29 (s, 2H), 4.82-4.65 (m, 4H),
4.44 (g, J = 7.1 Hz, 2H), 3.15 (t, J = 6.7 Hz, 2H), 1.48 (t, J = 7.1 Hz,
3H); 3C NMR (101 MHz, CDCl3) & = 163.97, 162.42, 159.83, 135.81,
133.62, 133.39, 132.58, 130.50, 130.17, 128.92, 128.20, 128.08,
127.87, 125.75, 125.73, 118.67, 116.56, 61.83, 43.53, 41.38, 28.54,
14.47. The data was consistent with the known literature.”®

Ethyl 10-(4-methoxybenzyl)-9,11-dioxo-6,9,10,11-tetrahydro-5H-
pyrr-olo[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (31):
Yield 70% (60.2 mg), light yellow solid. *H NMR (400 MHz, CDCl3) & =
8.53 (d, J = 7.4 Hz, 1H), 7.55-7.33 (m, 5H), 6.84 (d, J = 8.6 Hz, 2H),
4.78-4.67 (m, 4H), 4.44 (q, J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.15 (t, J =
6.8 Hz, 2H), 1.49 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCl;) § =
164.13, 162.55, 159.93, 159.23, 133.21, 132.56, 130.39, 130.19,
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129.69, 128.18, 128.13, 127.83, 125.99, 125.86, 118.51, 116.84,
114.13, 61.77, 55.47, 43.51, 41.51, 28.58, 14.49. The data was
consistent with the known literature.”®

Ethyl 9,11-dioxo-10-phenethyl-6,9,10,11-tetrahydro-5H-pyrrolo[3',
4':-3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (3m): Yield 64%
(53.0 mg), light yellow solid. *H NMR (400 MHz, CDCl3) & = 8.53 (d, J
= 7.3 Hz, 1H), 7.49-7.28 (m, 6H), 7.27-7.16 (m, 2H), 4.74 (t, ] = 6.6
Hz, 2H), 4.45 (q, J = 7.0 Hz, 2H), 3.86 (t, J = 7.8 Hz, 2H), 3.17 (t, J =
6.4 Hz, 2H), 2.98 (t, J = 7.8 Hz, 2H), 1.50 (t, J = 7.0 Hz, 3H); 13C NMR
(101 MHz, CDCl;) 6 = 164.12, 162.71, 159.97, 138.71, 133.17,
132.58, 130.41, 129.13, 128.75, 128.22, 128.10, 127.86, 126.69,
125.98, 125.90, 118.45, 116.83, 61.79, 43.53, 39.92, 35.16, 28.60,
14.49. HRMS (ESI): m/z [M+H]* calcd for CysHy3N,0,: 415.1652,
found 415.1658.

Ethyl 1-methyl 5,6-dihydropyrrolo[2,1-ajisoquinoline-1,3-dicarbo-

xylate (3n): Yield 35% (20.9 mg), light yellow solid. *H NMR (400
MHz, CDCl3) 6 = 8.40 (d, J = 7.3 Hz, 1H), 7.46 (s, 1H), 7.30-7.19 (m,
3H), 4.57 (t, J = 5.4 Hz, 2H), 4.29 (q, J = 6.7 Hz, 2H), 3.83 (s, 3H),
3.00 (d, J = 5.3 Hz, 2H), 1.35 (t, J = 6.7 Hz, 3H); 3C NMR (101 MHz,
CDCl3) 6 = 165.19, 161.18, 138.08, 134.29, 129.14, 128.71, 127.52,
127.35, 127.20, 121.59, 121.42, 112.18, 60.57, 51.63, 42.59, 29.71,
14.61. The data was consistent with the known literature.”f

Ethyl 1-cyano-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxylate
(3p): Yield 63% (33.5 mg), white solid.'H NMR (400 MHz, CDCl3) § =
8.30-8.14 (m, 1H), 7.43-7.32 (m, 2H), 7.32-7.27 (m, 2H), 4.67 (t, J =
6.7 Hz,, 2H), 4.34 (q, J = 7.1 Hz, 2H), 3.10 (t, / = 6.8 Hz, 2H), 1.39 (t, J
= 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl;) § = 160.43, 139.58, 132.83,
129.83, 128.22, 128.08, 126.23, 125.03, 122.79, 121.76, 116.92,
89.12, 60.94, 42.82, 28.89, 14.53. The data was consistent with the
known literature.”

3-ethyl 1-methyl 2-methyl-5,6-dihydropyrrolo[2,1-alisoquinoline-
1,3-dicarboxylate (3q): Yield 28% (17.5 mg), light yellow oil. *H NMR
(400 MHz, CDCl3) 6 = 7.73-7.64 (m, 1H), 7.29 (s, 1H), 7.27-7.22 (m,
2H), 4.52 (t, J = 6.6 Hz, 2H), 4.36 (q, / = 7.1 Hz, 2H), 3.87 (s, 3H), 3.01
(t,J = 6.6 Hz, 2H), 2.51 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H); 3C NMR (101
MHz, CDCl;) 6 = 166.84, 162.22, 135.80, 134.27, 131.26, 128.53,
127.63, 127.41, 127.38, 126.92, 120.11, 113.02, 60.44, 51.54, 42.93,
29.72, 14.63, 12.59. HRMS (ESI): m/z [M+H]* calcd for CigHyoNOy:
314.1387, found 314.1382.

Ethyl 1-acetyl-2-phenyl-5,6-dihydropyrrolo[2,1-alisoquinoline-3-
carboxylate (3r): Yield 40% (28.7 mg), light yellow solid. "H NMR
(400 MHz, CDCl3) 6 = 7.67-7.57 (m, 1H), 7.37-7.25 (m, 3H), 7.23—
7.15 (m, 5SH), 4.51 (t, J = 5.6 Hz, 2H), 4.03-3.84 (m, 2H), 3.01 (t, J
= 5.8 Hz, 2H), 1.94 (s, 3H), 0.82 (t, J = 7.1 Hz, 3H); 3C NMR (101
MHz, CDCl;) 6 = 200.55, 161.73, 135.73, 134.16, 133.57, 132.97,
130.30, 128.71, 127.87, 127.49, 127.32, 126.86, 124.02, 119.53,
60.30, 42.85, 32.37, 29.64, 13.71. HRMS (ESI): m/z [M+H]* calcd for
C,3H;,NOs5: 360.1594, found 360.1596.

Ethyl 1-formyl-2-phenyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-
3-carboxylate (3s): Yield 30% (20.7 mg), light yellow solid. *H NMR
(400 MHz, CDCl5) 6 = 9.67 (s, 1H), 8.68-8.47 (m, 1H), 7.53-7.27 (m,
8H), 4.65 (t, J = 6.6 Hz, 2H), 4.04 (q, J = 7.1 Hz, 2H), 3.11 (t, /= 6.6
Hz, 2H), 0.89 (t, J = 7.1 Hz, 3H); ¥3C NMR (101 MHz, CDCl;) & =
187.17, 161.54, 138.25, 137.42, 134.33, 133.85, 130.71, 129.90,
128.79, 127.73, 127.67, 127.55, 127.54, 126.92, 120.35, 120.09,
60.48, 42.95, 29.48, 13.66. HRMS (ESI): m/z [M+H]* calcd for
Cy2H20NO3: 346.1438, found 346.1440.

Ethyl 2-bromo-9,14-dioxo-5,6,9,14-tetrahydrobenzo[5,6]isoindolo[
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1,2-alisoquinoline-8-carboxylate (3t): Yield 72% (53.4, mg). dight
yellow solid. H NMR (400 MHz, CDCl3) § = $30 18,128/ 895 q&1 03
6.7 Hz, 1H), 8.23 (d, J = 6.6 Hz, 1H), 7.74 (s, 2H), 7.53 (d, J = 7.7 Hz,
1H), 7.17 (d, J = 7.9 Hz, 1H), 4.56 (dd, J = 13.9, 6.9 Hz, 2H), 4.41-4.17
(m, 2H), 3.21-2.97 (m, 2H), 1.51 (t, J = 7.0 Hz, 3H). 13C NMR (101
MHz, CDCl;) 6 = 179.73, 179.38, 161.34, 135.54, 134.64, 133.95,
133.44, 133.15, 132.76, 132.28, 131.53, 128.92, 128.25, 127.46,
126.66, 126.36, 123.32, 121.28, 118.01, 62.63, 43.06, 28.70, 14.03.
The data was consistent with the known literature.f

Ethyl 2-phenyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-carboxyla-
te (5a): Yield 71% (45.0 mg), light yellow solid. *H NMR (400 MHz,
CDCI3) & = 7.57 (d, J = 7.4 Hz, 1H), 7.43 (d, J = 7.2 Hz, 2H), 7.39-7.21
(m, 6H), 6.57 (s, 1H), 4.64 (t, J = 6.3 Hz, 2H), 4.13 (q, J = 7.0 Hz, 2H),
3.11 (t, J = 6.4 Hz, 2H), 1.06 (t, J = 7.0 Hz, 3H) ; 3C NMR (101 MHz,
CDCI3) 6 = 162.11, 137.06, 134.92, 134.59, 132.15, 129.81, 128.32,
128.04, 127.72, 127.65, 127.40, 126.85, 123.82, 118.92, 107.12,
60.07, 42.90, 29.24, 14.02. The data was consistent with the known
literature.>®

Ethyl 2-(4-chlorophenyl)-5,6-dihydropyrrolo[2,1-alisoquinoline-3-
carboxylate (5b): Yield 65% (45.6 mg), light yellow solid. *H NMR
(400 MHz, CDCl3) & = 7.52 (d, J = 6.8 Hz, 1H), 7.39-7.28 (m, 3H),
7.24-7.15 (m, 4H), 6.49 (s, 1H), 4.59 (t, J = 5.5 Hz, 2H), 4.11 (q, J =
6.9 Hz, 2H), 3.07 (m, t, J = 5.5 Hz, 2H), 1.06 (t, J = 6.9 Hz, 3H); 13C
NMR (101 MHz, CDCl3) 6 = 161.88, 135.58, 135.10, 133.28, 132.78,
132.16, 131.16, 128.16, 128.09, 127.88, 127.80, 127.46, 123.85,
118.91, 107.02, 60.19, 42.98, 29.21, 14.15. HRMS (ESI): m/z [M+H]*
calcd for C,;H19CINO,: 352.1099, found 352.1106.

Ethyl 2-(4-methoxyphenyl)-5,6-dihydropyrrolo[2,1-alisoquinoline-
3-carboxylate (5¢): Yield 68% (47.2 mg), light yellow solid. *H NMR
(400 MHz, CDCl3) 6 = 7.49 (d, J = 7.6 Hz, 1H), 7.31 (s, 1H), 7.25-7.04
(m, 4H), 6.84 (d, J = 8.7 Hz, 2H), 6.47 (s, 1H), 4.56 (t, J = 6.7 Hz, 2H),
4.09 (g, J = 7.1 Hz, 2H), 3.78 (s, 3H), 3.04 (t, J = 6.7 Hz, 2H), 1.05 (t, J
= 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl5) & = 162.16, 158.81, 134.93,
134.35, 132.17, 130.91, 129.46, 128.37, 128.04, 127.69, 127.39,
123.83, 118.82, 113.15, 107.13, 60.04, 55.52, 42.95, 29.28, 14.20.
HRMS (ESI): m/z [M+H]* caled for CnH»,NOs: 348.1594, found
348.1588.

Methyl 9,11-dioxo-10-phenyl-6,9,10,11-tetrahydro-5H-pyrrolo[3',-
4':3, 4]pyrrolo[2,1-alisoquinoline-8-carboxyl-ate (6b): Yield 83%
(61.8 mg), light yellow solid. *H NMR (400 MHz, CDCls) & = 8.55 (d, J
= 7.1 Hz, 1H), 7.45 (t, J = 7.1 Hz, 2H), 7.40-7.30 (m, 4H), 7.26-7.18
(m, 2H), 4.75 (t, J = 6.3 Hz, 2H), 3.96 (s, 3H), 3.16 (t, J = 6.0 Hz, 2H);
13 NMR (101 MHz, CDCl;) & = 163.20, 161.84, 160.29, 133.86,
132.77, 132.63, 130.60, 129.05, 128.23, 128.21, 127.94, 127.87,
127.24, 125.71, 125.55, 118.37, 116.49, 52.52, 43.64, 28.52. The
data was consistent with the known literature.5f

Isopropyl 9,11-dioxo-10-phenyl-6,9,10,11-tetrahydro-5H-pyrrolo
[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (6c): Yield 85%
(68.0 mg), light yellow solid. *H NMR (400 MHz, CDCl3) & = 8.60 (d, J
= 7.0 Hz, 1H), 7.62-7.28 (m, 8H), 5.34-5.20 (m, 1H), 4.79 (t, /= 6.9
Hz, 2H), 3.20 (t, J = 6.9 Hz, 2H), 1.45 (d, J = 6.2 Hz, 6H); 13C NMR (101
MHz, CDCl;) 6 = 163.40, 161.70, 159.48, 133.49, 132.89, 132.62,
130.47, 129.16, 128.21, 128.00, 127.86, 127.45, 125.86, 125.33,
119.43, 116.44, 69.91, 43.60, 28.61, 22.09. HRMS (ESI): m/z [M+H]*
calcd for Cy4H,1N,04: 401.1496, found 401.1499.

Isobutyl 9,11-dioxo-10-phenyl-6,9,10,11-tetrahydro-5H-pyrrolo[3',
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4':3, 4]pyrrolo[2,1-alisoquinoline-8-carboxylate (6d): Yield 80%
(66.3 mg), light yellow solid. *H NMR (400 MHz, CDCl3) & = 8.57 (d, J
= 7.0 Hz, 1H), 7.49-7.30 (m, 7H), 7.27-7.19 (m, 1H), 4.76 (t, J = 6.4
Hz, 2H), 4.13 (d, /= 6.4 Hz, 2H), 3.16 (t, J = 6.4 Hz, 2H), 2.26-2.06 (m,
1H), 1.03 (d, J = 6.5 Hz, 6H); 13C NMR (101 MHz, CDCl;) & = 163.35,
161.62, 160.10, 133.69, 132.85, 132.65, 130.52, 129.13, 128.21,
127.98, 127.85, 127.41, 125.80, 125.35, 118.77, 116.57, 72.06,
43.68, 28.60, 28.04, 19.39. HRMS (ESI): m/z [M+H]* calcd for
CysH23N,04: 415.1652, found 415.1659.

Tert-butyl 9,11-dioxo-10-phenyl-6,9,10,11-tetrahydro-5H-pyrrolo
[3', 4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (6e): Yield 78%
(64.6 mg), light yellow solid. *H NMR (400 MHz, CDCl3) & = 8.59 (d, J
=7.1Hz, 1H), 7.50 (t, J = 7.7 Hz, 2H), 7.44-7.32 (m, 5H), 7.30 (d, J =
7.0 Hz, 1H), 4.77 (t, J = 6.8 Hz, 2H), 3.18 (t, J = 6.8 Hz, 2H), 1.67 (s,
9H); 13C NMR (101 MHz, CDCl3) 8 = 163.46, 161.80, 159.24, 133.24,
132.94, 132.64, 130.37, 129.16, 128.18, 128.16, 127.98, 127.83,
127.49, 125.95, 124.90, 120.45, 116.26, 83.66, 43.53, 28.64, 28.52.
The data was consistent with the known literature.5f

Benzyl 9,11-dioxo-10-phenyl-6,9,10,11-tetrahydro-5H-
pyrrolo[3',4': 3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (6f):
Yield 70% (62.7 mg), light yellow solid. H NMR (400 MHz, CDCl3) & =
8.65-8.55 (m, 1H), 7.60 (d, J = 7.3 Hz, 2H), 7.54-7.47 (m, 2H), 7.46-
7.27 (m, 9H), 5.46 (s, 2H), 4.78 (t, J = 6.9 Hz, 2H), 3.18 (t, / = 6.9 Hz,
2H); 3C NMR (101 MHz, CDCl3) 6 = 163.28, 161.66, 159.67, 135.72,
133.89, 132.85, 132.65, 130.60, 129.12, 128.79, 128.59, 128.50,
128.24, 128.00, 127.86, 127.39, 125.73, 118.46, 116.62, 67.26,
43,70, 28.55. HRMS (ESI): m/z [M+H]* caled for CygH»1N,0,:
449.1496, found 449.1502.

Phenyl 9,11-dioxo-10-phenyl-6,9,10,11-tetrahydro-5H-pyrrolo[3',4'
:3,-4]pyrrolo[2,1-alisoquinoline-8-carboxylate (6g): Yield 74% (64.3
mg), light yellow solid. *H NMR (400 MHz, CDCl3) & = 8.64 (d, J = 7.0
Hz, 1H), 7.78-7.27 (m, 13H), 4.83 (t, J = 6.7 Hz, 2H), 3.24 (t, / = 6.6
Hz, 2H); 3C NMR (101 MHz, CDCl5) 6 = 163.23, 161.65, 158.01,
150.61, 134.57, 132.78, 132.71, 130.83, 129.65, 129.14, 128.39,
128.34, 128.06, 127.96, 127.33, 126.65, 126.29, 125.66, 121.65,
117.82, 116.94, 43.73, 28.55. HRMS (ESI): m/z [M+H]* calcd for
Cy7H19N,04: 435.1339, found 435.1343.

Ethyl 2-chloro-9,11-dioxo-10-phenyl-6,9,10,11-tetrahydro-5H-pyrr-
olo-[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (6h): Yield
74% (62.2 mg), light yellow solid. *H NMR (400 MHz, CDCl3) & = 8.75
(s, 1H), 7.58-7.43 (m, 3H), 7.43-7.32 (d, J = 8.5 Hz, 2H), 7.27 (d, J =
2.4 Hz, 1H, overlapped in CDCl5), 7.18 (d, / = 8.1 Hz, 1H), 4.79 (t, J =
6.8 Hz, 2H), 4.45 (q, J = 7.0 Hz, 2H), 3.16 (t, / = 6.8 Hz, 2H), 1.48 (t, J
= 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) 6 = 162.87, 161.33, 159.69,
133.85, 133.46, 132.18, 131.26, 131.21, 130.73, 129.52, 129.40,
128.52, 127.46, 125.20, 121.96, 119.50, 116.87, 62.07, 43.52, 28.15,
14.39. HRMS (ESI): m/z [M+H]* calcd for Cy3H13CIN,O,4: 421.0950,
found 421.0954.

Ethyl 2-bromo-9,11-dioxo-10-phenyl-6,9,10,11-tetrahydro-5H-pyr-
rolo[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (6ia): Yield
78% (72.4 mg), light yellow solid. *H NMR (400 MHz, CDCl3) & = 8.78
(s, 1H), 7.63-7.35 (m, 6H), 7.17 (d, J = 8.1 Hz, 1H), 4.79 (t, / = 6.9 Hz,
2H), 4.44 (q, J = 7.1 Hz, 2H), 3.15 (t, J = 6.8 Hz, 2H), 1.48 (t, J = 7.1
Hz, 3H); 3C NMR (101 MHz, CDCl5) 6 = 163.21, 161.64, 159.80,
133.35, 132.70, 132.01, 131.24, 130.76, 129.47, 129.24, 128.20,
127.57,127.43, 125.47, 121.95, 119.34, 117.13, 62.01, 43.49, 28.18,
14.39. The data was consistent with the known literature.”
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Ethyl 2-bromo-10-(4-chlorophenyl)-9,11-dioxo-6,9,10,11-tetrahyd-.
ro-5H-pyrrolo[3',4':3,4]pyrrolo[2,1-alisoquiReliné-8:éarboxylate) "
(6ib): Yield 72% (71.7 mg), light yellow solid. *H NMR (400 MHz,
CDCl3) 6 = 8.63 (d, J = 1.9 Hz, 1H), 7.54-7.47 (m, 2H), 7.41 (d,J=7.9
Hz, 2H), 7.35 (dd, J = 8.1, 2.0 Hz, 1H), 7.24 (d, J = 8.1 Hz, 1H), 4.79 (t,
J=6.9 Hz, 2H), 4.45 (q, J = 7.1 Hz, 2H), 3.18 (t, J = 6.9 Hz, 2H), 1.48
(t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) & = 163.20, 161.66,
159.80, 134.18, 132.67, 132.19, 130.75, 130.44, 129.23, 128.19,
127.87, 127.40, 127.24,125.45, 119.31, 117.10, 62.01, 43.55, 28.11,
14.39. HRMS (ESI): m/z [M+Na]* caled for C3HiBrCIN,NaO,:
520.9874, found 520.9869.

Ethyl 2-bromo-10-(4-methoxyphenyl)-9,11-diox0-6,9,10,11-tetrah-
ydro-5H-pyrrolo[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate
(6ic): Yield 80% (79.0 mg), light yellow solid. *H NMR (400 MHz,
CDCl3) 6 = 8.76 (s, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.30 (d, J = 8.8 Hz,
2H), 7.16 (d, J = 8.1 Hz, 1H), 7.01 (d, J = 8.8 Hz, 2H), 4.77 (t, /= 6.9
Hz, 2H), 4.43 (q, J = 7.1 Hz, 2H), 3.85 (s, 3H), 3.14 (t, J = 6.8 Hz, 2H),
1.46 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCl;) & = 163.50,
161.98, 159.80, 159.41, 133.29, 131.91, 131.22, 130.72, 129.45,
128.74, 127.57, 125.51, 125.34, 121.90, 119.24, 117.12, 114.63,
61.98, 55.75, 43.45, 28.16, 14.37. HRMS (ESI): m/z [M+Na]* calcd for
Cy4H19BrN,NaOs: 517.0370, found 517.0377.

Ethyl 2-bromo-9,14-dioxo-5,6,9,14-tetrahydrobenzo[5,6]isoindolo-
[1,2-alisoquino-line-8-carboxylate (6id): Yield 82% (73.6 mg), light
yellow solid. *H NMR (400 MHz, CDCl5) 6 = 9.30 (s, 1H), 8.35(d, J =
6.7 Hz, 1H), 8.23 (d, J = 6.6 Hz, 1H), 7.74 (s, 2H), 7.53 (d, J = 7.7 Hz,
1H), 7.17 (d, J = 7.9 Hz, 1H), 4.56 (dd, J = 13.9, 6.9 Hz, 2H), 4.41-4.17
(m, 2H), 3.21-2.97 (m, 2H), 1.51 (t, J = 7.0 Hz, 3H); 13C NMR (101
MHz, CDCl5) 6 = 179.92, 179.57, 161.53, 135.74, 134.84, 134.14,
133.63, 133.34, 132.95, 132.48, 131.73, 129.11, 128.45, 127.66,
126.85, 126.56, 123.52, 121.48, 118.21, 62.82, 43.26, 28.90, 14.22.
HRMS (ESI): m/z [M+H]* calcd for Cy3H;;BrNO,: 450.0335, found
450.0338.

Ethyl 2,3-dimethoxy-9,11-dioxo-10-phenyl-6,9,10,11-tetrahydro-5

H-pyrrolo[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxylate (6ja):
Yield 88% (78.5 mg), light yellow solid. *H NMR (400 MHz, CDCl;) 6 =
8.27 (s, 1H), 7.57-7.47 (m, 2H), 7.45-7.33 (m, 3H), 6.77 (s, 1H), 4.76
(t, J = 7.0 Hz, 2H), 4.43 (q, J = 7.1 Hz, 2H), 3.99 (s, 3H), 3.95 (s, 3H),
3.14 (t, J = 7.0 Hz, 2H), 1.47 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz,
CDCl3) 6 = 163.82, 161.97, 159.96, 150.95, 148.89, 134.36, 132.84,
129.32, 128.20, 127.61, 125.84, 125.37, 118.61, 118.44, 115.08,
110.79, 110.53, 61.80, 56.46, 56.28, 43.74, 28.17, 14.41. The data
was consistent with the known literature.”

Ethyl 10-(4-chlorophenyl)-2,3-dimethoxy-9,11-diox0-6,9,10,11-tet-
rahydro-5H-pyrrolo[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carboxy-
late (6jb): Yield 82% (78.7 mg), light yellow solid. 'H NMR (400 MHz,
CDCl3) 6 = 8.23 (s, 1H), 7.46 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 8.5 Hz,
2H), 6.77 (s, 1H), 4.76 (t, J = 6.8 Hz, 2H), 4.43 (q, J = 7.0 Hz, 2H),
4.19-3.74 (m, 6H), 3.14 (t, J = 6.7 Hz, 2H), 1.47 (t, J = 7.1 Hz, 3H); 3C
NMR (101 MHz, CDCl3) 6 = 163.49, 161.64, 159.84, 151.00, 148.84,
134.54, 133.85, 131.32, 129.47, 128.71, 125.88, 125.06, 118.77,
118.26, 114.78, 110.68,110.49, 61.85, 56.43, 56.27, 43.75, 28.11,
14.40. HRMS (ESI): m/z [M+H]* calcd for CysH,,CIN,Og: 481.1161,
found 481.1167.

Ethyl 2,3-dimethoxy-10-(4-methoxyphenyl)-9,11-dioxo-6,9,10,11-
tetrahydro-5H-pyrrolo[3',4':3,4]pyrrolo[2,1-alisoquinoline-8-carb-
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oxylate (6jc): Yield 90% (85.7 mg), light yellow solid. *H NMR (400
MHz, CDCl3) 6 = 8.26 (s, 1H), 7.29 (d, J = 8.7 Hz, 2H), 7.01 (d, J = 8.7
Hz, 2H), 6.76 (s, 1H), 4.75 (t, J = 6.9 Hz, 2H), 4.42 (q, J = 7.0 Hz, 2H),
4.10-3.88 (m, 6H), 3.84 (s, 3H), 3.13 (t, J = 6.8 Hz, 2H), 1.46 (t, J =
7.1 Hz, 3H); 13C NMR (101 MHz, CDCl) & = 164.13, 162.30, 159.96,
159.41, 150.88, 148.84, 134.26, 128.92, 125.78, 125.47, 125.41,
118.51, 118.43, 115.07, 114.73, 110.73, 110.48, 61.77, 56.43, 56.25,
55.72, 43.69, 28.14, 14.38. HRMS (ESI): m/z [M+H]* calcd for
CaeH2sN,05: 477.1656, found 477.1664.

Ethyl 2,3-dimethoxy-9,14-dioxo-5,6,9,14-tetrahydrobenzol5,6]iso-
indolo[1,2-alisoquinoline-8-carboxylate (6jd): Yield 78% (67.3 mg),
light yellow solid. *H NMR (400 MHz, CDCls) & = 8.95 (s, 1H), 8.39—
8.28 (m, 1H), 8.24-8.11 (m, 1H), 7.81-7.63 (m, 2H), 6.77 (s, 1H),
4.55 (q,J = 7.1 Hz, 2H), 4.29 (t, J = 6.7 Hz, 2H), 4.12 (s, 3H), 3.96 (s,
3H), 3.07 (t, J = 6.6 Hz, 2H), 1.51 (t, J = 7.1 Hz, 3H); 3C NMR (101
MHz, CDCl5) 6 = 179.94, 179.79, 161.84, 150.50, 148.00, 136.53,
136.13, 134.96, 133.42, 133.05, 127.54, 127.20, 126.77, 126.20,
123.28, 119.41, 116.64, 112.67, 110.50, 62.69, 56.55, 56.22, 43.54,
28.85, 14.24. The data was consistent with the known literature.5f
8,10-diphenyl-5H-pyrrolo[3',4':3,4]pyrrolo[2,1-alisoquinoline-9,11
(6H, 10H)-dione (6ka): Yield 56% (43.7 mg), light yellow solid. H
NMR (400 MHz, CDCls) & = 8.59 (d, J = 7.3 Hz, 1H), 7.69 (d, J = 6.8 Hz,
2H), 7.59-7.25 (m, 11H), 4.31 (s, 2H), 3.16 (s, 2H); 3C NMR (101
MHz, CDCl5) 6 = 163.91, 163.74, 133.29, 132.98, 132.09, 130.59,
129.75, 129.59, 129.46, 129.06, 128.95, 128.38, 128.31, 127.79,
127.63, 127.56, 127.20, 126.97, 118.26, 115.77, 43.38, 29.26. HRMS
(ESI): m/z [M+H]* calcd for CogH19N,05: 391.1441, found 391.1440.
10-(4-chlorophenyl)-8-phenyl-5H-pyrrolo[3',4':3,4]pyrrolo[2,1-a]is-
oquinoline-9,11(6H,10H)-dione (6kb): Yield 33% (28.0 mg), light
yellow solid. *H NMR (400 MHz, CDCls) & = 8.56 (d, J = 7.6 Hz, 1H),
7.67 (d, J = 7.2 Hz, 2H), 7.61-7.48 (m, 3H), 7.48-7.27 (m, 7H), 4.31
(t,J = 6.7 Hz, 3H), 3.16 (t, J = 6.4 Hz, 3H); 13C NMR (101 MHz, CDCls)
6 = 163.59, 163.43, 133.20, 133.10, 132.11, 131.81, 130.80, 129.95,
129.71, 129.59, 129.11, 129.10, 128.33, 128.28, 128.25, 127.84,
127.58, 126.83, 117.98, 115.47, 43.37, 29.21. HRMS (ESI): m/z
[M+H]* caled for CpgH15CIN,O,: 425.1051, found 425.1054.
10-(4-methoxyphenyl)-8-phenyl-5H-pyrrolo[3',4':3,4]pyrrolo[2,1-a]
isoquinoline-9,11(6H,10H)-dione (6kc): Yield 52% (43.7 mg), light
yellow solid. *H NMR (400 MHz, CDCls) & = 8.57 (d, J = 7.6 Hz, 1H),
7.68 (d, J = 7.3 Hz, 2H), 7.60-7.27 (m, 8H), 6.99 (d, J = 8.4 Hz, 2H),
4.30 (t, J = 6.1 Hz, 2H), 3.85 (s, 3H), 3.15 (t, J = 5.9 Hz, 2H); 3C NMR
(101 MHz, CDCl3) 6 164.20, 164.04, 158.94, 132.86, 132.06, 130.46,
129.72, 129.54, 129.40, 129.04, 128.50, 128.39, 128.29, 127.78,
127.59, 126.98, 126.02, 118.26, 115.78, 114.35, 55.70, 43.33, 29.25.
HRMS (ESI): m/z [M+H]* caled for CpyH,N,05: 421.1547, found
421.1544.
8-phenyl-5,6-dihydrobenzo[5,6]isoindolo[1,2-alisoquinoline-9,14-
dione (6kd): Yield 57% (42.8 mg), light yellow solid. "H NMR (400
MHz, CDCl;) 6 =9.11 (d, /= 7.6 Hz, 1H), 8.33 (d, /= 7.0 Hz, 1H),
8.15(d, J=7.0 Hz, 1H), 7.88-7.43 (m, 8H), 7.36 (t,J= 7.1 Hz, 1H),
7.25 (d, J = 6.4 Hz, 1H), 3.959 (t, J = 5.4 Hz, 2H), 3.00 (s, 2H); 13C
NMR (101 MHz, CDCls) 6 = 180.38, 180.34, 138.08, 136.45, 135.51,
134.53, 134.00, 133.14, 132.95, 130.68, 129.71, 128.81, 128.64,
127.65, 127.57, 127.46, 127.33, 126.59, 119.73, 117.68, 42.51,
29.76. HRMS (ESI): m/z [M+H]* calcd for C,6H:sNO,: 376.1332, found
376.1336.
3-phenyl-5,6-dihydropyrrolo[2,1-alisoquinoline-1-carbonitrile (6ke)
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: Yield 31% (16.7 mg), light yellow oil. *H NMR (400 MHz, CRCl).8,=
8.21 (d, J = 7.7 Hz, 1H), 7.51-7.44 (m, 2H), 74417 B5RORAY. 7026
(s, 2H), 6.56 (s, 1H), 4.13 (t, J = 6.6 Hz, 2H), 3.05 (t, J = 6.6 Hz, 2H);
13 NMR (101 MHz, CDCl3) & = 135.93, 134.79, 132.04, 131.02,
129.22, 128.97, 128.43, 128.41, 128.17, 128.10, 127.56, 124.38,
118.15, 112.62, 88.64, 42.50, 29.54. HRMS (ESI): m/z [M+H]* calcd
for C1oH1sN,: 271.1230, found 271.1233.
2-(4-methoxyphenyl)-3-phenyl-5,6-dihydropyrrolo[2,1-aJisoquinol-
ine (6kf): Yield 20% (14.0 mg), light yellow oil. *H NMR (400 MHz,
CDCl3) & = 7.48-7.43 (m, 5H), 7.41-7.30 (m, 3H), 7.24-7.19 (m, 1H),
7.07 (dd, J = 16.7, 8.1 Hz, 2H), 6.94 (d, J = 8.6 Hz, 2H), 6.36 (s, 1H),
4.14 (t, J = 6.3 Hz, 2H), 3.87 (s, 3H), 3.05 (t, J = 6.2 Hz, 2H); 3C NMR
(101 MHz, CDCl;) & = 158.49, 133.61, 132.77, 132.57, 130.40,
130.28, 130.02, 129.23, 128.95, 128.68, 127.88, 127.19, 126.78,
125.68, 124.57, 122.70, 114.15, 111.27, 55.50, 42.68, 30.63. HRMS
(ESI): m/z [M+H]* calcd for C,5H,,NO: 352.1696, found 352.1698.
5,8-dimethyl-2-phenyl-3a,4,5,9b-tetrahydro-1H-pyrrolo[3,4-clqui-
noline-1,3(2H)-dione (8a): Yield 62% (38.0 mg), light yellow solid. *H
NMR (400 MHz, CDCl3) & = 7.36 (t, J = 7.5 Hz, 2H), 7.31-7.25 (m, 2H),
7.24-7.17 (m, 2H), 6.96 (dd, J = 15.6, 8.7 Hz, 1H), 6.59 (d, J = 8.3 Hz,
1H), 4.05 (d, J =9.6 Hz, 1H), 3.52 (dd, J = 11.4, 2.6 Hz, 1H), 3.48-3.42
(m, 1H), 2.99 (dd, J = 11.4, 4.3 Hz, 1H), 2.73 (s, 3H), 2.23 (s, 3H); 13C
NMR (101 MHz, CDCl3) 6 = 177.95, 176.04, 146.43, 132.24, 131.04,
129.47, 129.36, 129.19, 128.70, 126.59, 118.76, 112.86, 51.15,
43.71, 42.37, 39.84, 20.65. The data was consistent with the known
literature.11b
2-(4-chlorophenyl)-5,8-dimethyl-3a,4,5,9b-tetrahydro-1H-pyrrolo-
[3,4-clquinoline-1,3(2H)-dione (8b): Yield 57% (38.8 mg), light
yellow solid. *H NMR (400 MHz, CDCls) & 7.39-7.30 (m, 2H), 7.23—
7.10 (m, 3H), 7.03-6.94 (m, 1H), 6.61 (d, J = 8.3 Hz, 1H), 4.06 (d, J =
9.6 Hz, 1H), 3.52 (dd, J = 11.4, 2.6 Hz, 1H), 3.49-3.42 (m, 1H), 3.00
(dd, J = 11.4, 4.3 Hz, 1H), 2.74 (s, 3H), 2.24 (s, 3H); 13C NMR (101
MHz, CDCl3) & 177.68, 175.77, 146.36, 134.46, 131.01, 130.69,
130.37, 129.58, 129.38, 127.80, 118.61, 112.98, 51.11, 43.70, 42.35,
39.87, 20.66. The data was consistent with the known literature.!1®
3-(4-methoxyphenyl)-5,8-dimethyl-3a,4,5,9b-tetrahydro-1H-pyrro-
lo[3,4-c]quinoline-1,3(2H)-dione (8c): Yield 68% (45.7 mg), light
yellow solid. 'H NMR (400 MHz, CDCl5) & = 7.36 (s, 1H), 7.22-7.13
(m, 2H), 7.05 (dd, J = 8.2, 1.6 Hz, 1H), 6.99-6.86 (m, 2H), 6.67 (d, J =
8.3 Hz, 1H), 4.12 (d, J = 9.5 Hz, 1H), 3.81 (s, 3H), 3.59 (dd, J = 11.4,
2.7 Hz, 1H), 3.55-3.47 (m, 1H), 3.07 (dd, J = 11.4, 4.4 Hz, 1H), 2.81
(s, 3H), 2.31 (s, 3H); 13C NMR (101 MHz, CDCl;) & = 178.18, 176.25,
159.63, 146.38, 131.06, 129.44, 129.39, 127.81, 124.91, 118.87,
114.52, 112.88, 55.69, 51.17, 43.61, 42.30, 39.88, 20.67. The data
was consistent with the known literature. !

Ethyl 2-(1-oxo-3,4-dihydroisoquinolin-2(1H)-yl)acetate (9): Yield
21% (19.5 mg), light yellow solid. *H NMR (400 MHz, CDCl5) & = 8.09
(d,J=7.7 Hz, 1H), 7.44 (t, J = 7.5, 1.2 Hz, 1H), 7.35 (t, J = 7.5 Hz, 1H),
7.20 (d, J = 7.5 Hz, 1H), 4.35 (s, 2H), 4.23 (q, J = 7.1 Hz, 2H), 3.67 (t, J
= 6.6 Hz, 2H), 3.08 (t, J = 6.6 Hz, 2H), 1.29 (t, J = 7.1 Hz, 3H); 3C NMR
(101 MHz, CDCl3) & = 169.51, 165.21, 138.64, 132.15, 129.05,
128.68, 127.26, 127.20, 61.49, 49.40, 47.62, 28.27, 14.40. HRMS
(ESI): m/z [M+H]* calcd for Cy3H1sNO;: 233.1052, found 233.1055.
The data was consistent with the known literature.4

Conflicts of interest

This journal is © The Royal Society of Chemistry 20xx

Page 8 of 11


https://doi.org/10.1039/d0ob01403f

Page 9 of 11

Published on 20 August 2020. Downloaded on 8/22/2020 2:52:14 AM.

There are no conflicts to declare.

Acknowledgements

Financial support by the Scientific and Technological Projects
of Henan Province [Nos. 182102310066], the key project of
education department of Henan Province [Nos. 18B350007,
Nos. 14A150056] and the National Natural Science Foundation
of China [Nos. 21702083].

Notes and references

1

(a) K. Kacprzak, I. Skiera, M. Piasecka and Z. Paryzek, Chem.
Rev., 2016, 116, 5689; (b) H. Fan, J. Peng, M. T. Hamann, and
J. Hu, Chem. Rev., 2008, 108, 264; (c) V. Estévez, M.
Villacampa, and J. C. Menéndez, Chem. Soc. Rev., 2014, 43,
4633; (d) D. Mal, B. Shome, and B. K. Dinda, Het. In. Nat.
Prod. Synth., 2011, P187; (e) J. Bergman, and T. Janosik,
Modern Het. Chem., 2011, P269.

(a) K. Yoshida, R. Itoyama, M. Yamahira, J. Tanaka, N. Loaéc,
O. Lozach, E. Durieu, T. Fukuda, F. Ishibashi, L. Meijer, and M.
Iwao, J. Med. Chem., 2013, 56, 7289; (b) M. D. Matveeva, R.
Purgatorio, L. G. Voskressensky, and C. D. Altomare, Fut.
Med. Chem., 2019, 11, 2735; (c) S. Park, E. H. Kim, J. Kim, S.
H. Kim,and I. Kim, Eur. J. Med. Chem., 2018, 144, 435; (d) A.
Breier, L. Gibalova, M. Seres, M. Barancik, and Z. Sulova,
Anti-Cancer. Agents. In. Med. Chem., 2013, 13, 159; (e) P.
krishnaiah, V. L. Reddy, G. Venkataramana, K. Ravinder, M.
Srinivasulu, T. V. Raju, K. Ravikumar, D. Chandrasekar, S.
Ramakrishna, and Y. Venkateswarlu, J. Nat. Prod., 2004, 67,
1168; (f) H. Sun, X. He, C. Liu, L. Li, R. Zhou, T. lJin, S. Yue, D.
Feng, J. Gong, J. Sun, J. Ji and L. Xiang, ACS Chem. Neurosci.,
2017, 8, 155.

For selected examples, see: (a) P. Ploypradith, C. Mahidol, P.
Sahakitpichan, S. Wongbundit, and S. Ruchirawat, Angew.
Chem. Int. Ed., 2004, 43, 866; Angew. Chem., 2004, 116, 884,
(b) K. B. Manjappa, J. Syu, and D. Yang, Org. lett., 2016, 18,
332; (c) S. Liu, Y. Gao, Y. Shi, L. Zhou, X. Tang, and H. Cui, J.
Org. Chem., 2018, 83, 13754; (d) W. Lin, and S. Ma, Org.
Chem. Front., 2017, 4, 958; (e) Q. Li, J. Jiang, A. Fan, Y. Cui,
and Y. lJia, Org. lett., 2011, 13, 312; (f) D. Basavaiah, B.
Lingaiah, G. C. Reddy and B. C. Sahu, Eur. J. Org. Chem.,
2016, 2016, 2398; (g) D. Basavaiah, B. Devendar, D. Lenin,
and T. Satyanarayana, Synlett, 2009, 2009, 411; (h) X. Tang,
M. Yang, C. Ye, L. Liu, H. Zhou, X. Jiang, X. You, B. and Han, H.
Cui, Org. Chem. Front., 2017, 4, 2128; (i) H. Cui, L. Jiang, H.
Tan, and S. Liu, Adv. Synth. Catal., 2019, 361, 4772; (j) Q.
Wang, T. Yuan, Q. Liu, Y. Xu, G. Xie, X. Lv, S. Ding, X. Wang,
and C. Li, Chem. Commun., 2019, 55, 8398; (k) Y. Yu, Y. Liu, A.
Liu, H. Xie, H. Li, and W. Wang, Org. Biomol. Chem., 2016, 14,
7455.

For selected examples, see: (a) H. Erguven, D. C. Leitch, E. N.
Keyzer, and B. A. Arndtsen, Angew. Chem. Int. Ed., 2017, 56,
6078; (b) J. Brioche, C. Meyer, and J. Cossy, Org. lett., 2015,
17, 2800; (c) B. Shen, B. L, and B. Wang, Org. lett., 2016, 18,
2816; (d) J. Feng, T. Lin, C.-Z. Zhu, H. Wang, H. Wu, and J.

This journal is © The Royal Society of Chemistry 20xx

10

11

Organic& Biomolecular Chemistry

Zhang, J. Am. Chem. Soc., 2016, 138, 2178; (e),WrZhos,H-
Liu, Y. Guo, Y. Gu, J. Han, J. Chen, MDA WPOSRAG;OKL.
Zhang, and W. Cao, J. Fluor. Chem., 2019, 222-223, 51; (f) V.
Xu, Y. Liao, L. Lin, Y. Zhou, J. Li, X. Liu, and X. Feng, ACS Catal.,
2015, 6, 589.

For selected examples, see: (a) U. Bora, A. Saikia, and R. C.
Boruah, Org. lett., 2003, 5, 435; (b) K. Zheng, M. You, W. Shu,
Y. Wu, and A. Wu, Org. lett., 2017, 19, 2262; (c) K. Zheng, S.
Zhuang, M. You, W. Shu, A. Wu, and Y. Wu, Chemistryselect,
2017, 2, 10762; (d) M. Leonardi, M. Villacampa, and J. C.
Menéndez, J. Org. Chem., 2017, 82, 2570; (e) R. Chen, Y.
Zhao, H. Sun, Y. Shao, Y. Xu, M. Ma, L. Ma, and X. Wan, J.
Org. Chem., 2017, 82, 9291; (f) W. Wang, J. Sun, H. Hu and Y.
Liu, Org. Biomol. Chem., 2018, 16, 1651.

(a) C. Yu, Y. Zhang, S. Zhang, H. Li, and W. Wang, Chem.
Commun., 2011, 47, 1036; (b) H. Wang, and C. Lu,
Tetrahedron Lett., 2013, 54, 3015; (c) C. Feng, J. Su, Y. Yan, F.
Guo, and Z. Wang, Org. Biomol. Chem., 2013, 11, 6691; (d) S.
Nekkanti, N. P. Kumar, P. Sharma, A. Kamal, F. M. Nachtigall,
0. Forero-Doria, L. S. Santos, and N. Shankaraiah, RSC Adv.,
2016, 6, 2671; (e) H. Huang, F. Huang, Y. Li, J. Jia, Q. Ye, L.
Han, and J. Gao, RSC Adv., 2014, 4, 27250; (f) H. Huang, Y. Li,
Q. Ye, W. Yu, L. Han, J. Jia, and J. Gao, J. Org. Chem., 2014,
79, 1084.

(a) Y. Zou, L. Lu, L. Fu, N. Chang, J. Rong, J. Chen, and W.
Xiao, Angew. Chem. Int. Ed., 2011, 50, 7171; Angew. Chem.,
2011, 123, 7309; (b) S. Guo, H. Zhang, L. Huang, Z. Guo, G.
Xiong, and J. Zhao, Chem. Commun., 2013, 49, 8689; (c) L.
Huang, and J. Zhao, Chem. Commun., 2013, 49, 3751; (d) Y.
Jiang, J. Sun, Q. Sun, and C. Yan, Asian. J. Org. Chem., 2017,
6, 862; (e) Y. Quan, Q. Li, Q. Zhang, W. Zhang, H. Lu, J. Yu, J.
Chen, X. Zhao, and X. Wang, RSC Adv., 2016, 6, 23995; (f) A.
Fujiya, M. Tanaka, E. Yamaguchi, N. Tada, and A. Itoh, J. Org.
Chem., 2016, 81, 7262.

For selected examples, see: (a) S. Murahashi, N. Komiya, H.
Terai, and T. Nakae, J. Am. Chem. Soc., 2003, 125, 15312; (b)
Z. Li, and C. Li, J. Am. Chem. Soc., 2004, 126, 11810; (c) Z. Li,
and C. Li, J. Am. Chem. Soc., 2005, 127, 3672; (d) Z. Li, and C.
Li, J. Am. Chem. Soc., 2005, 127, 6968; (e) Z. Li, D. S. Bohle,
and C. Li, PNAS, 2006, 103, 8928; (f) E. Boess, C. Schmitz, and
M. Klussmann, J. Am. Chem. Soc., 2012, 134, 5317; (g) K. R.
Campos, Chem. Soc. Rev., 2007, 36, 1069; (h) C. S. Yeung,
and V. Dong, Chem. Rev., 2011, 111, 1215; (i) G. Zhang, Y.
Ma, S. Wang, Y. Zhang, and R. Wang, J. Am. Chem. Soc.,
2012, 134, 12334.

(a) Z. Xie, J. Jia, X. Liu, and L. Liu, Adv. Synth. Catal., 2016,
358, 919; (b) Z. Xie, L. Liu, W. Chen, H. Zheng, Q. Xu, H. Yuan,
and H. Lou, Angew. Chem. Int. Ed., 2014, 53, 3904; (c) Z. Xie,
X. Liu, and L. Liu, Org. lett., 2016, 18, 2982; (d) Z. Xie, X. Zan,
S. Sun, X. Pan, and L. Liu, Org. lett., 2016, 18, 3944; (e) W.
Chen, Z. Xie, H. Zheng, H. Lou, and L. Liu, Org. lett., 2014, 16,
5988; (f) D. Li, Y. Chen, M. Ma, Y. Yu, Z. Jia, P. Li, Z. Xie, Synth.
Commun., 2019, 49, 1231.

S. T. Handy, Y. Zhang, and H. Bregman, J. Org. Chem., 2004,

69, 2362.
(a) S. Murata, K. Teramoto, M. Miira and M. Nomura,

J. Name., 2013, 00, 1-3 | 9


https://doi.org/10.1039/d0ob01403f

janic-& Biomotecular Chemisti

ARTICLE Journal Name

Heterocycles, 1992, 34, 1177; (b)M. Nishino, K. Hirano, T. View Article Online
Satoh, and M. Miura, J. Org. Chem., 2011, 76, 6447. DOl 10.1039/D0OB01403F

12 For selected examples, see: (a) R. Lin, F. Chen, and N. Jiao,
Org. lett., 2012, 14, 4158; (b) Y. Yan, P. Feng, Q. Zheng, Y.
Liang, J. Lu, Y. Cui, and N. Jiao, Angew. Chem. Int. Ed., 2013,
52, 5827; (c) J. Shen, N. Li, Y. Yu, and C. Ma, Org. lett., 2019,
21, 7179; (d) L. Zhang, H. Yi, J. Wang, and A. Lei, Green.
Chem., 2016, 18, 5122; (e) L. Jiang, J. Ming, L. Wang, Y. Jiang,
L. R, Z. Wang, and W. Cheng, Green Chem., 2020, 22, 1156-
1163.

13 M. Sortino, F. Garibotto, V. C. Filho, M. Gupta, R. Enriz, and S.

Zacchino, Bioorg. Med. Chem., 2011, 19, 2823.
14 W. Xie, B. Gong, S. Ning, N. Liu, Z. Zhang, X. Che, L. Zheng and
J. Xiang, Synlett., 2019, 30, 2077.

Published on 20 August 2020. Downloaded on 8/22/2020 2:52:14 AM.

10 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



https://doi.org/10.1039/d0ob01403f

Page 11 of 11

® O, as the terminal oxidant

® broad substrate scopes
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NHPI (10% mol)  RUC
CuBr (10% mol) = \N R2
CuBr (10% mol) p
0O
0,, MeCN, 60 °C et

47 examples
up to 91% yield

® excellent functional group tolerance

® mild condition and convenient operation
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An efficient and enviromental friendly copper(I)/NHPI co-catalyzed aerobic oxidative
[3+2] cycloaddition-aromatization cascade was realized with tertiary amine and

dipolarophiles.
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