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ABSTRACT: A novel metal-free protocol for the effective and
efficient construction of pyrrolo[2,1-a]isoquinolines via a diethyl
azodicarboxylate (DEAD)-promoted oxidative [3 + 2] cyclo-
addition/aromatization tandem reaction is described. Instead of the
reported two-component oxidation systems, DEAD, as the sole
oxidant, could smoothly transfer the tertiary amines to azomethine
ylides via oxidation-deprotonation tandem process. The reaction
proceeded with a broad substrate scope, giving rise to products in moderate to good isolated yields.

■ INTRODUCTION

Lamellarins were first discovered by Faulkner and co-workers
in 1985.1 These marine natural alkaloids, bearing a pyrrolo-
[2,1-a]isoquinoline core, were proven to have a wide spectrum
of pharmacological activities.2,3 Some lamellarins exhibited
potent antitumor activity including multidrug resistant cell
lines by inhibition,3a,d for example, human topoisomerase I.3e

Also, sulfated lamellarins such as lamellarin α-20-sulfate were
expected to be selective human immunodeficiency virus
integrase inhibitors at noncytotoxic concentrations.3b,c To
better understand these attractive compounds and their
biological activities, as early as 1997, a number of laboratories
realized the total synthesis.4,5 Furthermore, the construction of
the pyrrolo[2,1-a]isoquinoline core has become a crucial issue,
for which a variety of synthetic methods have been developed,
including 1,3-dipolar cycloaddition,4a,c,6 oxidative dimeriza-
tion,7 and double-barreled Heck cyclization,8 providing a
wealth of ideas for the synthesis of natural and non-natural
lamellarins.
The 1,3-dipole cycloaddition reaction between azomethine

ylides and dipolarophiles is currently a widely accepted
approach to build the pyrrolo[2,1-a]isoquinoline core.9−11 In
this strategy, the ylide was generated by a deprotonation
process of the corresponding iminium ion, which could
originate from the direct oxidation of tertiary amines. Three
two-component oxidation systems (Scheme 1) have been
proposed for the formation of the fused-ring skeleton,
including the metal catalyst/peroxide system,9 the photo-
catalyst/O2 system,10 and the iodide/peroxide system.11

Without a doubt, the exploration of a novel and efficient
oxidation system has been the focus of research. Indeed, a
mechanistically distinct method based on an external oxidant-
free electrochemical protocol has been well established by Li
and co-workers in 2019, making a breakthrough in the
oxidation/[3 + 2] cycloaddition cascade.12

In the abovementioned three oxidation systems, the initial
step always involves single-electron transfer to generate
iminium ions, and the subsequent deprotonation process
almost totally relies on the superstoichiometric peroxide
anions, accumulating large amounts of hydrogen peroxide as
a byproduct. In addition, complex catalytic system, high
reaction temperature, and unsatisfactory yield are also potential
factors that affect the practical application of the above
methods. It is imminent to develop a simpler and more
efficient synthetic technology. Therefore, we believe that
choosing an appropriate dual-functional reagent with both
oxidation and dehydrogenation functions may greatly simplify
the reaction system.
Diethyl azodicarboxylate (DEAD) has long been employed

as an essential electrophilic species in the Mitsunobu
reaction.13 For more than a decade, the oxidative abilities of
DEAD for the transformation of tertiary amines to iminium
ions have gradually come into view.14,15 In 2008, Li and co-
workers first revealed that DEAD could convert tertiary amines
to corresponding enamines, which underwent the 1,3-dipolar
addition with sulfonyl azide. Later, the same group expanded
the application of DEAD in the alkynylation and hydration of
tertiary amines. In 2016, the oxidative cross-dehydrogenative
coupling promoted by DEAD was successfully achieved
between N-phenyl tetrahydroisoquinoline and nucleophiles.
Quite recently, our group explored two types of DEAD-
promoted oxidative Ugi-type reactions of tertiary amines.16,17

We have been committed to broadening the application range
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of DEAD-assisted oxidations, which prompted us to explore
the [3 + 2] cycloaddition-based synthesis of pyrrolo[2,1-
a]isoquinoline.

■ RESULTS AND DISCUSSION
We optimized the condition using benzyl 2-(3,4-dihydroiso-
quinolin-2-(1H)-yl) acetate 1a and dimethyl but-2-ynedioate
2a as model substrates, choosing 1.2 equiv of azodicarboxylate
as the oxidant. All reactions were carried out at room
temperature. The desired product 3a was obtained in good
yield (Table 1, entry 1) when using DEAD as the oxidant and

CH3CN as the solvent, while with diisopropyl azodicarboxylate
(DIAD) and di-tert-butyl azodicarboxylate (DBAD) in
CH3CN, 3a was isolated only in 55 and 13% yields respectively
(Table 1, entries 2−3). To our delight, the reaction proceeded
smoothly under a better yield when nonpolar solvents such as
dichloromethane (DCM), dichloroethane (DCE), or toluene
were used (Table 1, entries 4−6). Unlike CH3CN, other polar
solvents such as tetrahydrofuran (THF), 1,4-dioxone, or
dimethyl formamide (DMF) did not maintain the reactivity
(Table 1, entries 7−9). With an excess amount of DEAD, only
limited yield improvement was observed (Table 1, entries 10).
The yield was slightly down as the equivalent of 2a decreased,
indicating that the equivalent was a key factor (Table 1, entries

11). In addition, the pretreatment of DEAD led to the decrease
of yield (Table 1, entries 12). According to the above results,
the sequential [3 + 2] cycloaddition/oxidative aromatization
reaction of 1a and 2a (1.5 equiv), with DEAD (1.2 equiv) as
the oxidant, was optimally carried out in DCE (0.1 M) at room
temperature.
With these optimized reaction conditions in hand, we

decided to explore the reaction scope, which is presented in
Scheme 2. Dimethyl but-2-ynedioate (2a) and diethyl but-2-
ynedioate (2b) were chosen as the dipolarophile. Substrate 1
with various ester groups (e.g., benzyl, methyl, ethyl, and tert-
butyl) reacted smoothly with dipolarophile 2, affording the
corresponding products 3a−h in 75−89% yield. The reaction
appears quite general concerning the ester groups, and the
steric hindrance effect of the ester group has little effect on the
reaction. Moreover, the electron-donating group (e.g.,
methoxy) and the electron-withdrawing group (e.g., bromo)
on the benzene ring of 1 were both well-tolerated, giving rise
to 3i and 3j in good yield.
When another activated alkyne methyl propiolate 2c was

employed as the dipolarophile (Scheme 3), model substrate 1a
successfully provided the desired product 3k in 71% yield. The
reaction also gave comparable results when benzyl ester was
replaced by the ethyl group. However, the substrate with
dimethoxy on dihydroisoquinoline has poor reactivity to the [3
+ 2] cycloaddition, and only a 29% yield of 3m was obtained.
Next, we investigated other dipolarophiles such as 1,4-

naphthoquinone and N-substituted maleimide (Scheme 4).
We still examined the reactions involving 1 containing different
ester groups. Similar to the above, the ester group has little
effect on the reaction, and 1 can react well with 1,4-
naphthoquinone in good yield. Structural variation in the
ester groups of 1 can also be accomplished without obvious
loss in the reaction efficiency. The electrical properties of the
substituents also did not affect the reaction yield. In particular,
the yield of the reaction involving the substrate containing the
dimethoxy group reached 85%.
Similarly, 1 can also be reacted with N-substituted

maleimide derivatives, getting the desired product in moderate
to good yields. It is worth noting that N-bromosuccinimide
(NBS) must be added to the reaction in which N-substituted
maleimide participated.
Besides, 1a and (E)-(2-nitrovinyl)benzene 2g could also

achieve the [3 + 2] cycloaddition reaction in 67% yield
(Scheme 5).
After carrying out a series of substrate expansions, we further

investigated the practicality of the reaction. First, we completed
the gram-scale preparation (up to 3g) of product 3a, which
afforded the comparable yield and confirmed the convenience
of the protocol in this study (Scheme 6).

Scheme 1. Oxidation Systems for the Generation of Azomethine Ylides

Table 1. Optimization of Reaction Conditionsa

entry azodicarboxylate solvent yield (%)b

1 DEAD CH3CN 80
2 DIAD CH3CN 55
3 DBAD CH3CN 13
4 DEAD DCM 82
5 DEAD DCE 89
6 DEAD toluene 83
7 DEAD THF 77
8 DEAD 1,4-dioxone 71
9 DEAD DMF 64
10c DEAD DCE 87
11d DEAD DCE 74
12e DEAD DCE 53

a1a (0.3 mmol), 2a (0.45 mmol), azodicarboxylate (0.36 mmol), and
solvent (3.0 mL). DEAD and 2a were added at the same time;
reaction for 12 h at room temperature. bisolated yield. cazodicarbox-
ylate (0.6 mmol). d2a (0.36 mmol). e1a was treated with DEAD for 2
h and treated with 2a subsequently.
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We also synthesized a series of pyrrolo[2,1-a]isoquinoline
derivatives (Scheme 7). The benzyl ester of 3a was removed
from the Pd/C−H2 system to obtain carboxylic acid 4. The
carboxyl group of 4 was selectively reduced, converting the
carboxyl group to hydroxymethyl (Scheme 7, eq 1). On the
other hand, after 4 was treated with trifluoroacetyl (TFA),
decarboxylation occurs to generate 6, which could further
undergo hydrazinolysis and cyclization, giving rising to luminol
analogue 7. The aromatization of products was also developed.
3a was stable with the treatment of 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone (DDQ), while 3i, containing dimethoxy
substitution, could smoothly undergo further aromatization.
We have implemented a variety of derivation methods, and
some of the derivatives, demonstrating potential for further
applications in drug design, are now involved in the ongoing
project in our group.
The plausible reaction pathway is illustrated in Scheme 8.

The electrophilic DEAD and tertiary amine 1a underwent
nucleophilic addition, and the corresponding intermediate
carried out intramolecular dehydrogenation, furnishing the

iminium ion A. The formation of the key iminium ion A was
accompanied by the production of the basic counter anion of
DEAD (1H-DEAD anion). Subsequently, the anion could
easily remove the α-H of the iminium ion A, affording the
azomethine ylide B. The subsequent [3 + 2] cycloaddition
occurred between ylide B and dimethyl but-2-ynedioate to
form intermediate C, which is then aromatized to produce 3a.
Notably, DEAD served as both an oxidant and a base during
this process.

■ CONCLUSIONS

In conclusion, the novel metal-free methodology described
above is a broadly reliable pathway for the synthesis of a range
of pyrrolo[2,1-a]isoquinoline scaffolds. The substrate scope is
large, and the isolated yields are desired under a simple
oxidation system, suggesting that DEAD should be a promising
oxidant for the practical synthesis of the complex natural
product-like compounds via the oxidative [3 + 2] cyclo-
addition/aromatization tandem reactions. Moreover, DEAD is
indeed a versatile oxidant of tertiary amines, which we are

Scheme 2. Substrate Scope A

Scheme 3. Substrate Scope B
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exploring for application in the construction of complex
molecules.

■ EXPERIMENTAL SECTION
General Methods. 1H and 13C NMR spectra were recorded on

ACF*300Q and 500Q Bruker spectrometers. High-resolution mass
spectra were recorded in a Q-TOF instrument equipped with an ESI
source. Reactions were monitored by thin-layer chromatography
(TLC) on silica gel 60 F254 plates. Column chromatography was
carried out on silica gel (200−300 mesh). Data for 1H NMR are
recorded as follows: chemical shift (δ, ppm); multiplicity (s = singlet,
d = doublet, t = triplet, m = multiplet or unresolved, br s = broad

singlet, and coupling constant (s) in Hz, integration). Data for 13C
NMR are reported in terms of chemical shift (δ, ppm).

General Procedure for Synthesis of Substrate 1. Benzyl 2-(3,4-
Dihydroisoquinolin-2(1H)-yl)acetate (1a). A dried 250 mL round-
bottom flask was equipped with a magnetic stir bar and charged with
1,2,3,4-tetrahydroisoquinoline (4 g, 30 mmol), Na2CO3 (6.3 g, 20
mmol), and THF (60 mL, 0.5 M). Then, methyl 2-bromoacetate (6.8
g, 40 mmol) was added, and the resulting mixture appeared as a pale
yellow emulsion. The reaction was stirred at room temperature
overnight. After 1,2,3,4-tetrahydroisoquinoline was completely
consumed as indicated by TLC, ethyl acetate and water were added
to the reaction. The aqueous layer was extracted with ethyl acetate (3
× 10 mL). The combined organic layers were washed with brine and
dried over Na2SO4. After the organic phase was filtered and
concentrated, the residue was purified by flash chromatography
(petroleum ether/ethyl acetate, 20:1 to 2:1) to give 1a (4.97 g, 59%
yield).

The other substrates could be prepared with the abovementioned
method.

Benzyl 2-(3,4-Dihydroisoquinolin-2(1H)-yl)acetate (1a). Eluent:
petroleum ether/ethyl acetate: 20/1 to 5/1. Colorless oil, 4.97 g, 59%

yield. 1H NMR (300 MHz, chloroform-d): δ 7.46−7.27 (m, 5H),
7.17−7.07 (m, 3H), 7.04−6.95 (m, 1H), 5.21 (s, 2H), 3.81 (s, 2H),
3.48 (s, 2H), 3.02−2.84 (m, 4H). 13C{1H} NMR (75 MHz,
chloroform-d): δ 169.6, 135.1, 133.6, 133.1, 128.0, 127.9, 127.6,

Scheme 4. Substrate Scope C

Scheme 5. Substrate Scope D

Scheme 6. Gram-Scale Preparation of 3a

The Journal of Organic Chemistry pubs.acs.org/joc Article

https://dx.doi.org/10.1021/acs.joc.0c01567
J. Org. Chem. XXXX, XXX, XXX−XXX

D

https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=sch5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=sch5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=sch6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=sch6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.0c01567?ref=pdf


125.8, 125.5, 124.9, 65.7, 58.3, 54.6, 49.9, 28.2. HRMS (ESI) m/z: [M
+ H]+ calcd for C18H20NO2, 282.1489; found, 282.1493.
Methyl 2-(3,4-Dihydroisoquinolin-2(1H)-yl)acetate (1b). Eluent:

petroleum ether/ethyl acetate: 20/1 to 5/1. Colorless oil, 330 mg,

54% yield. 1H NMR (300 MHz, chloroform-d): δ 7.24−7.08 (m, 3H),
7.08−6.98 (m, 1H), 3.82 (s, 2H), 3.78 (s, 3H), 3.45 (s, 2H), 3.01−
2.86 (m, 4H). 13C{1H}NMR (75 MHz, chloroform-d): δ 170.9,
134.1, 133.7, 128.6, 126.4, 126.1, 125.6, 59.0, 55.3, 51.6, 50.7, 28.9.
HRMS (ESI) m/z: [M + H]+ calcd for C12H16NO2, 206.1176; found,
206.1180.

Ethyl 2-(3,4-Dihydroisoquinolin-2(1H)-yl)acetate (1c). Eluent:
petroleum ether/ethyl acetate: 20/1 to 5/1. Light yellow oil, 513
mg, 78% yield. 1H NMR (300 MHz, chloroform-d): δ 7.45−6.64 (m,

Scheme 7. Further Experiments

Scheme 8. Proposed Mechanism
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4H), 4.25 (q, J = 7.1 Hz, 2H), 3.84 (s, 2H), 3.45 (s, 2H), 2.94 (dt, J =
9.2, 4.7 Hz, 4H), 1.32 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (75 MHz,
chloroform-d): δ 170.3, 134.2, 133.8, 128.7, 126.4, 126.2, 125.6, 60.6,
59.0, 55.2, 50.6, 28.8. HRMS (ESI) m/z: [M + H]+ calcd for
C13H18NO2, 220.1332; found, 220.1330.
tert-Butyl 2-(3,4-Dihydroisoquinolin-2(1H)-yl)acetate (1d). Elu-

ent: petroleum ether/ethyl acetate: 20/1 to 5/1. Light yellow oil, 555

mg, 75% yield. 1H NMR (300 MHz, chloroform-d): δ 7.20−6.92 (m,
4H), 3.83 (s, 2H), 3.34 (s, 2H), 2.94 (h, J = 5.1 Hz, 4H), 1.52 (s,
9H). 13C{1H} NMR (75 MHz, chloroform-d): δ 169.7, 134.5, 133.9,
128.6, 126.4, 126.0, 125.5, 81.0, 59.7, 55.2, 50.5, 29.0, 28.2. HRMS
(ESI) m/z: [M + H]+ calcd for C15H22NO2, 248.1645; found,
248.1652.
Benzyl 2-(6,7-Dimethoxy-3,4-dihydroisoquinolin-2(1H)-yl)-

acetate (1e). Eluent: petroleum ether/ethyl acetate: 20/1 to 2/1.

Colorless oil, 808 mg, 79% yield. 1H NMR (300 MHz, chloroform-d):
δ 7.41 (d, J = 2.7 Hz, 5H), 6.62 (s, 1H), 6.52 (s, 1H), 5.23 (s, 2H),
3.87 (s, 3H), 3.86 (s, 3H), 3.76 (s, 2H), 3.50 (s, 2H), 2.95−2.71 (m,
4H). 13C{1H} NMR (75 MHz, chloroform-d): δ 170.3, 147.6, 147.3,
135.7, 128.6, 128.3, 126.0, 125.7, 111.5, 109.4, 66.4, 58.8, 55.9, 55.9,
54.8, 50.7, 28.4. HRMS (ESI) m/z: [M + H]+ calcd for C20H24NO4,
342.1700; found, 342.1702.
Benzyl 2-(5-Bromo-3,4-dihydroisoquinolin-2(1H)-yl)acetate (1f).

Eluent: petroleum ether/ethyl acetate: 20/1 to 5/1. White semi-solid,

940 mg, 87% yield. 1H NMR (300 MHz, chloroform-d): δ 7.40 (d, J =
4.0 Hz, 6H), 7.09−6.82 (m, 2H), 5.23 (s, 2H), 3.83 (s, 2H), 3.50 (s,
2H), 3.11−2.63 (m, 4H). 13C{1H} NMR (75 MHz, chloroform-d): δ
170.0, 136.6, 135.6, 133.6, 130.3, 128.6, 128.4, 127.0, 125.6, 66.5,
58.5, 55.2, 50.6, 29.9. HRMS(ESI)m/z: [M + H]+ calcd for
C18H19NO2Br, 360.0594; found, 360.0599.
General Procedure for the Synthesis of 3a−z. Method A.

Substrate 1 (0.3 mmol), dipolarophiles (0.45 mmol), and DCE (3.0
mL) were added to a 10 mL flask. DEAD (58 μL, 63 mg, 0.36 mmol,
1.2 equiv) was then added, and the resulting mixture was stirred at
room temperature for 12 h. Then, the solvent was directly extracted
with ethyl acetate (3 × 5 mL), and the combined organic layer was
washed with brine and dried over Na2SO4. After the organic phase
was removed under reduced pressure, the residue was purified by flash
chromatography (petroleum ether/ethyl acetate, 500:1−20:1) to give
products 3a−q, 3z. Some products could be further purified by
trituration with diethyl ether or tert-butyl ether.
Method B. After the abovementioned reaction was stirred for 12 h,

NBS (0.3 mmol) was added and the resulting mixture was stirred for
another 2 h. Then, the solvent was directly extracted with ethyl
acetate (3 × 5 mL), and the combined organic layer was washed with
brine and dried over Na2SO4. After the organic phase was removed
under reduced pressure, the residue was purified by flash
chromatography (petroleum ether/ethyl acetate, 100:1 to 2:1) to
give products 3r−3y. Some products could be further purified by
trituration with diethyl ether or tert-butyl ether.

Spectral Data of Products. 3-Benzyl 1,2-Dimethyl 5,6-
Dihydropyrrolo[2,1-a]isoquinoline-1,2,3-tricarboxylate (3a). Elu-

ent: petroleum ether/ethyl acetate: 50/1 to 2/1. White solid, 112
mg, 89%. mp 127−129 °C; 1H NMR (300 MHz, chloroform-d): δ
8.19−8.12 (m, 1H), 7.75−6.97 (m, 9H), 5.27 (s, 2H), 4.56 (t, J = 6.5
Hz, 2H), 3.81 (s, 3H), 3.55 (s, 3H), 3.01 (t, J = 6.5 Hz, 2H). 13C{1H}
NMR (75 MHz, chloroform-d): δ 165.9, 163.3, 159.1, 136.5, 134.7,
133.8, 128.9, 128.1, 128.0, 127.9, 126.9, 126.5, 125.9, 66.6, 51.7, 51.3,
42.2, 28.9. HRMS (ESI) m/z: [M + H]+ calcd for C24H22NO6,
420.1442; found, 420.1439.

3-Benzyl 1,2-Diethyl 5,6-Dihydropyrrolo[2,1-a]isoquinoline-
1,2,3-tricarboxylate (3b). Eluent: petroleum ether/ethyl acetate:

50/1 to 2/1. White solid, 102 mg, 76%. mp 111−112 °C; 1H NMR
(300 MHz, chloroform-d): δ 8.29−8.13 (m, 1H), 7.49−7.21 (m, 8H),
5.30 (s, 2H), 4.67−4.47 (m, 2H), 4.32 (q, J = 7.1 Hz, 2H), 4.03 (q, J
= 7.2 Hz, 2H), 3.02 (t, J = 6.6 Hz, 2H), 1.33 (t, J = 7.1 Hz, 3H), 1.18
(t, J = 7.2 Hz, 3H). 13C{1H} NMR (75 MHz, chloroform-d): δ 165.9,
163.3, 159.6, 137.0, 135.3, 134.2, 129.2, 128.54, 128.49, 128.47, 128.4,
127.2, 126.9, 126.4, 66.9, 61.4, 60.7, 42.6, 29.3, 14.0, 13.8. HRMS
(ESI) m/z: [M + H]+ calcd for C26H26NO6, 448.1755; found,
448.1760.

Trimethyl 5,6-Dihydropyrrolo[2,1-a]isoquinoline-1,2,3-tricarbox-
ylate (3c). Eluent: petroleum ether/ethyl acetate: 50/1 to 2/1. White

solid, 88 mg, 85%. mp 123−125 °C; 1H NMR (300 MHz,
chloroform-d): δ 8.28−7.91 (m, 1H), 7.45−7.19 (m, 3H), 4.57 (t, J
= 6.5 Hz, 2H), 3.96 (s, 3H), 3.89 (s, 3H), 3.87 (s, 3H), 3.05 (t, J = 6.5
Hz, 2H). 13C{1H} NMR (75 MHz, chloroform-d): δ 169.1, 166.4,
162.8, 139.3, 136.8, 131.9, 130.9, 130.0, 129.6, 129.0, 121.6, 113.2,
55.2, 54.6, 54.4, 45.3, 31.9. HRMS (ESI) m/z: [M + H]+ calcd for
C18H18NO6, 344.1129, found 344.1133.

1,2-Diethyl 3-Methyl 5,6-Dihydropyrrolo[2,1-a]isoquinoline-
1,2,3-tricarboxylate (3d). Eluent: petroleum ether/ethyl acetate:

50/1 to 2/1. White solid, 91 mg, 81%. mp 92−94 °C; 1H NMR (300
MHz, chloroform-d): δ 8.27−8.17 (m, 1H), 7.42−7.22 (m, 3H), 4.56
(t, J = 6.5 Hz, 2H), 4.48−4.25 (m, 4H), 3.88 (s, 3H), 3.03 (t, J = 6.5
Hz, 2H), 1.43 (t, J = 7.1 Hz, 3H), 1.36 (t, J = 7.1 Hz, 3H). 13C{1H}
NMR (75 MHz, chloroform-d): δ 168.5, 166.0, 162.9, 139.3, 136.8,
131.8, 131.0, 129.9, 129.7, 129.5, 129.0, 121.4, 119.5, 64.0, 63.3, 54.4,
45.2, 31.9, 16.8, 16.6. HRMS (ESI) m/z: [M + H]+ calcd for
C20H22NO6, 372.1442; found, 372.1451.

3-Ethyl 1,2-Dimethyl 5,6-Dihydropyrrolo[2,1-a]isoquinoline-
1,2,3-tricarboxylate (3e). Eluent: petroleum ether/ethyl acetate:
50/1 to 2/1. White solid, 85 mg, 79%. mp 114−116 °C; 1H NMR
(300 MHz, chloroform-d): δ 8.25−8.10 (m, 1H), 7.43−7.16 (m, 3H),
4.56 (t, J = 6.5 Hz, 2H), 4.33 (q, J = 7.1 Hz, 2H), 3.94 (s, 3H), 3.85
(s, 3H), 3.02 (t, J = 6.5 Hz, 2H), 1.37 (t, J = 7.1 Hz, 3H). 13C{1H}
NMR (75 MHz, chloroform-d): δ 169.1, 166.4, 162.4, 139.3, 136.8,
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131.9, 130.9, 129.9, 129.6, 129.0, 121.7, 113.1, 63.6, 55.0, 54.4, 45.2,
31.9, 16.6. HRMS (ESI) m/z: [M + H]+ calcd for C19H20NO6,
358.1285; found, 358.1291.
Triethyl 5,6-Dihydropyrrolo[2,1-a]isoquinoline-1,2,3-tricarboxy-

late (3f). Eluent: petroleum ether/ethyl acetate: 50/1 to 2/1.

Colorless oil, 87 mg, 75%; 1H NMR (300 MHz, chloroform-d): δ
8.26−8.15 (m, 1H), 7.38−7.22 (m, 3H), 4.70−4.52 (m, 2H), 4.47−
4.27 (m, 6H), 3.02 (t, J = 6.6 Hz, 2H), 1.54−1.27 (m, 9H). 13C{1H}
NMR (75 MHz, chloroform-d): δ 166.0, 163.4, 159.8, 136.6, 134.2,
129.2, 128.4, 127.2, 126.9, 126.4, 119.0, 110.8, 61.4, 60.9, 60.7, 42.6,
29.3, 14.1, 14.0. HRMS (ESI) m/z: [M + H]+ calcd for C21H24NO6,
386.1598; found, 386.1606.
3-(tert-Butyl) 1,2-Dimethyl 5,6-Dihydropyrrolo[2,1-a]-

isoquinoline-1,2,3-tricarboxylate (3g). Eluent: petroleum ether/

ethyl acetate: 50/1 to 2/1. White solid, 92 mg, 80%. mp 115−117
°C; 1H NMR (300 MHz, chloroform-d): δ 8.21−8.12 (m, 1H), 7.40−
7.24 (m, 3H), 4.55 (t, J = 6.5 Hz, 2H), 3.95 (s, 3H), 3.86 (s, 3H),
3.03 (t, J = 6.5 Hz, 2H), 1.59 (s, 9H). 13C{1H} NMR (75 MHz,
chloroform-d): δ 166.5, 163.9, 159.1, 136.2, 134.2, 129.1, 128.2,
127.3, 126.9, 126.5, 126.0, 120.3, 110.3, 82.5, 52.3, 51.7, 42.5, 29.4,
28.1. HRMS (ESI) m/z: [M + H]+ calcd for C21H24NO6, 386.1598;
found, 386.1604.
3-(tert-Butyl) 1,2-Diethyl 5,6-Dihydropyrrolo[2,1-a]isoquinoline-

1,2,3-tricarboxylate (3h). Eluent: petroleum ether/ethyl acetate: 50/

1 to 2/1. White solid, 100 mg, 81%. mp 129−131 °C; 1H NMR (300
MHz, chloroform-d): δ 8.52−7.49 (m, 1H), 7.48−6.78 (m, 3H), 4.54
(t, J = 6.5 Hz, 2H), 4.45−4.37 (m, 2H), 4.37−4.30 (m, 2H), 3.02 (t, J
= 6.5 Hz, 2H), 1.59 (s, 9H), 1.44 (t, J = 7.2 Hz, 3H), 1.36 (t, J = 7.1
Hz, 3H). 13C{1H} NMR (75 MHz, chloroform-d): δ 166.0, 163.6,
159.2, 136.1, 134.2, 129.0, 128.3, 127.2, 126.8, 126.6, 126.1, 120.3,
82.4, 61.3, 60.6, 42.5, 29.4, 28.1, 14.1, 14.0. HRMS (ESI) m/z: [M +
H]+ calcd, for C23H28NO6, 414.1911; found, 414.1919.
3-Benzyl 1,2-Dimethyl 8,9-Dimethoxy-5,6-dihydropyrrolo[2,1-a]-

isoquinoline-1,2,3-tricarboxylate (3i). Eluent: petroleum ether/ethyl

acetate: 50/1 to 2/1. White solid, 120 mg, 85%. mp 102−104 °C; 1H
NMR (300 MHz, chloroform-d): δ 8.04 (s, 1H), 7.49−7.31 (m, 5H),
6.76 (s, 1H), 5.28 (s, 2H), 4.58 (t, 2H), 3.94 (s, 6H), 3.81 (s, 3H),
3.56 (s, 3H), 2.96 (t, J = 6.6 Hz, 2H). 13C{1H} NMR (75 MHz,
chloroform-d): δ 166.6, 163.8, 159.6, 149.9, 147.6, 137.6, 135.2,
128.8, 128.4, 127.6, 127.5, 124.4, 123.5, 119.0, 118.1, 112.2, 110.3,

67.0, 56.1, 56.0, 52.2, 51.7, 42.7. HRMS (ESI) m/z: [M + H]+ calcd
for C26H26NO8, 480.1653; found, 480.1655.

3-Benzyl 1,2-Dimethyl 7-Bromo-5,6-dihydropyrrolo[2,1-a]-
isoquinoline-1,2,3-tricarboxylate (3j). Eluent: petroleum ether/

ethyl acetate: 50/1 to 2/1. White solid, 129 mg, 87%. mp 143−144
°C; 1H NMR (300 MHz, chloroform-d): δ 8.10 (d, J = 7.9 Hz, 1H),
7.56 (d, J = 8.0 Hz, 1H), 7.47−7.29 (m, 5H), 7.19 (t, J = 8.0 Hz, 1H),
5.28 (s, 2H), 4.56 (t, J = 6.6 Hz, 2H), 3.79 (s, 3H), 3.55 (s, 3H), 3.17
(t, J = 6.6 Hz, 2H). 13C{1H} NMR (75 MHz, chloroform-d): δ 166.1,
163.6, 159.4, 135.8, 135.0, 133.9, 133.2, 128.6, 128.5, 128.0, 127.5,
127.2, 123.1, 118.7, 67.2, 52.2, 51.8, 42.1, 29.0. HRMS (ESI) m/z: [M
+ H]+ calcd for C24H21NO6Br, 498.0547; found, 498.0555.

3-Benzyl 1-Methyl 5,6-Dihydropyrrolo[2,1-a]isoquinoline-1,3-
dicarboxylate (3k). Eluent: petroleum ether/ethyl acetate: 50/1 to

2/1. Colorless oil, 77 mg, 71%; 1H NMR (300 MHz, chloroform-d): δ
8.53−8.44 (m, 1H), 7.82−6.80 (m, 10H), 5.35 (d, J = 2.1 Hz, 2H),
4.65 (t, J = 6.6 Hz, 2H), 3.89 (s, 3H), 3.05 (t, J = 6.6 Hz, 2H).
13C{1H} NMR (75 MHz, chloroform-d): δ 164.8, 160.6, 138.1, 136.1,
134.0, 129.0, 128.6, 128.5, 128.2, 127.3, 127.0, 121.7, 120.8, 112.1,
66.0, 51.4, 42.4, 29.4. HRMS (ESI) m/z: [M + H]+ calcd for
C22H20NO4, 362.1387; found, 362.1393.

3-Ethyl 1-Methyl 5,6-Dihydropyrrolo[2,1-a]isoquinoline-1,3-di-
carboxylate (3l). Eluent: petroleum ether/ethyl acetate: 50/1 to 2/

1. White solid, 59 mg, 66%. mp 90−92 °C; 1H NMR (300 MHz,
chloroform-d): δ 8.49−8.28 (m, 1H), 7.52 (s, 1H), 7.43−7.20 (m,
3H), 4.62 (t, J = 6.6 Hz, 2H), 4.34 (q, J = 7.1 Hz, 2H), 3.88 (s, 3H),
3.04 (t, J = 6.6 Hz, 3H), 1.40 (t, J = 7.1 Hz, 4H). 13C{1H} NMR (75
MHz, chloroform-d): δ 164.9, 160.9, 137.8, 134.0, 128.8, 128.4, 127.2,
126.9, 121.3, 111.9, 60.3, 51.3, 42.3, 29.4, 14.3. HRMS (ESI) m/z: [M
+ H]+ calcd for C17H18NO4, 300.1230; found, 300.1237.

3-Benzyl 1-Methyl 8,9-Dimethoxy-5,6-dihydropyrrolo[2,1-a]-
isoquinoline-1,3-dicarboxylate (3m). Eluent: petroleum ether/ethyl

acetate: 50/1 to 2/1. Yellow solid, 37 mg, 29%. mp 128−130 °C; 1H
NMR (300 MHz, chloroform-d): δ 8.39 (s, 1H), 7.53−7.35 (m, 5H),
6.78 (s, 1H), 5.34 (s, 2H), 4.64 (t, J = 6.7 Hz, 2H), 4.01 (s, 3H), 3.96
(s, 3H), 3.88 (s, 3H), 3.00 (t, J = 6.7 Hz, 2H). 13C{1H} NMR (75
MHz, chloroform-d): δ 164.9, 160.6, 149.5, 147.6, 138.5, 136.1, 128.6,
128.2, 128.1, 127.2, 120.3, 119.8, 112.3, 111.1, 110.3, 65.9, 56.1, 55.9,
51.4, 42.5, 28.9. HRMS (ESI) m/z: [M + H]+ calcd for C24H24NO6,
422.1598; found, 422.1604.

Benzyl 9,14-Dioxo-5,6,9,14-tetrahydrobenzo[5,6]isoindolo[1,2-
a]isoquinoline-8-carboxylate (3n). Eluent: petroleum ether/ethyl
acetate: 50/1 to 2/1. Yellow solid, 78 mg, 60%. mp 174−179 °C; 1H
NMR (300 MHz, chloroform-d): δ 9.46−8.76 (m, 1H), 8.46−8.17
(m, 2H), 7.80−7.64 (m, 2H), 7.60 (d, J = 7.1 Hz, 2H), 7.53−7.35 (m,
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5H), 7.28 (s, 1H), 5.55 (s, 2H), 4.28 (t, J = 6.5 Hz, 2H), 3.09 (t, J =
6.5 Hz, 2H). 13C{1H} NMR (75 MHz, chloroform-d) :δ 179.2, 179.0,
160.8, 135.3, 135.2, 134.6, 134.3, 133.2, 132.8, 132.5, 129.6, 128.4,
128.22, 128.17, 128.1, 127.0, 126.9, 126.8, 126.2, 125.9, 125.0, 123.2,
117.1, 67.8, 42.8, 28.6. HRMS (ESI) m/z: [M + H]+ calcd for
C28H20NO4, 434.1387; found, 434.1392.
Methyl 9,14-Dioxo-5,6,9,14-tetrahydrobenzo[5,6]isoindolo[1,2-

a]isoquinoline-8-carboxylate (3o). Eluent: petroleum ether/ethyl

acetate: 50/1 to 2/1. Yellow solid, 75 mg, 70%. mp 190−193 °C; 1H
NMR (300 MHz, chloroform-d): δ9.07 (d, J = 7.7 Hz, 1H), 8.52−
8.33 (m, 1H), 8.33−8.22 (m, 1H), 7.91−7.69 (m, 2H), 7.66−7.38
(m, 2H), 7.37−7.25 (m, 1H), 4.37 (t, J = 6.5 Hz, 2H), 4.14 (s, 3H),
3.18 (t, J = 6.5 Hz, 2H). 13C{1H} NMR (75 MHz, chloroform-d): δ
179.6, 179.5, 161.9, 135.8, 135.7, 134.7, 133.6, 133.3, 133.0, 130.1,
128.9, 127.42, 127.37, 127.2, 126.6, 126.3, 117.6, 53.0, 43.2, 29.1.
HRMS (ESI) m/z: [M + H]+ calcd for C22H16NO4, 358.1074; found,
358.1077.
Ethyl 9,14-Dioxo-5,6,9,14-tetrahydrobenzo[5,6]isoindolo[1,2-a]-

isoquinoline-8-carboxylate (3p). Eluent: petroleum ether/ethyl

acetate: 50/1 to 2/1. Light brown solid, 74 mg, 66%. mp 134−136
°C; 1H NMR (300 MHz, chloroform-d): δ 9.05 (d, J = 7.8 Hz, 1H),
8.38−8.29 (m, 1H), 8.25 (d, J = 7.4 Hz, 1H), 7.82−7.68 (m, 2H),
7.68−7.35 (m, 2H), 7.31 (d, J = 6.7 Hz, 1H), 4.58 (q, J = 7.1 Hz,
2H), 4.33 (t, J = 6.5 Hz, 2H), 3.15 (t, J = 6.6 Hz, 2H), 1.54 (t, J = 7.1
Hz, 3H). 13C{1H} NMR (75 MHz, chloroform-d): δ 182.3, 182.1,
164.0, 138.3, 137.4, 136.2, 135.9, 135.5, 132.7, 131.5, 130.1, 130.0,
129.8, 129.2, 129.0, 65.1, 45.8, 31.8, 16.6. HRMS (ESI) m/z: [M +
H]+ calcd for C23H18NO4, 372.1230; found, 372.1234.
Benzyl 2,3-Dimethoxy-9,14-dioxo-5,6,9,14-tetrahydrobenzo-

[5,6]isoindolo[1,2-a]isoquinoline-8-carboxylate (3q). Eluent: petro-

leum ether/ethyl acetate: 50/1 to 2/1. Brown solid, 126 mg, 85%. mp
106−109 °C; 1H NMR (300 MHz, chloroform-d): δ 8.94 (s, 1H),
8.36−8.27 (m, 1H), 8.25−8.19 (m, 1H), 7.78−7.33 (m, 7H), 6.74 (s,
1H), 5.52 (s, 2H), 4.23 (t, J = 6.6 Hz, 2H), 4.11 (s, 3H), 3.95 (s, 3H),
3.03 (t, J = 6.6 Hz, 2H). 13C{1H} NMR (75 MHz, chloroform-d): δ
179.6, 179.5, 161.4, 150.3, 147.7, 136.4, 135.8, 135.1, 134.7, 133.1,
132.7, 128.7, 128.6, 128.5, 127.3, 126.9, 126.5, 125.3, 123.4, 119.1,

116.5, 112.5, 110.3, 68.2, 56.3, 55.9, 43.3, 28.5. HRMS (ESI) m/z: [M
+ H]+ calcd for C30H24NO6, 494.1598; found, 494.1600.

Benzyl 4-Bromo-9,14-dioxo-5,6,9,14-tetrahydrobenzo[5,6]-
isoindolo[1,2-a]isoquinoline-8-carboxylate (3r). Eluent: petroleum

ether/ethyl acetate: 50/1 to 2/1. Yellow solid, 99 mg, 65%. mp 155−
157 °C; 1H NMR (300 MHz, chloroform-d): δ 9.20−8.79 (m, 1H),
8.39−8.09 (m, 2H), 7.81−7.49 (m, 5H), 7.49−7.20 (m, 4H), 5.93−
5.09 (m, 2H), 4.25 (dd, J = 13.2, 6.7 Hz, 2H), 3.23 (dq, J = 13.6, 6.7
Hz, 2H). 13C{1H} NMR (75 MHz, chloroform-d): δ 179.6, 179.3,
161.0, 144.0, 135.5, 135.0, 134.61, 134.55, 133.9, 133.4, 133.3, 133.1,
128.69, 128.65, 128.60, 128.4, 128.2, 128.1, 127.2, 126.7, 125.4, 123.9,
123.1, 117.9, 68.4, 42.7, 28.8. HRMS (ESI) m/z: [M + H]+ calcd for
C28H19NO4Br, 512.0492; found, 512.0495.

Benzyl 10-Benzyl-9,11-dioxo-5,9,10,11-tetrahydro-6H-pyrrolo-
[3′,4′:3,4]pyrrolo[2,1a]isoquinoline-8-carboxylate (3s). Eluent: pe-

troleum ether/ethyl acetate: 50/1 to 2/1. Light yellow solid, 108 mg,
78%. mp 173−175 °C; 1H NMR (300 MHz, chloroform-d): δ 8.59−
8.50 (m, 1H), 7.62 (s, 2H), 7.54−7.08 (m, 11H), 5.47 (s, 2H), 4.84
(s, 2H), 4.72 (t, J = 6.9 Hz 2H), 3.13 (t, J = 6.9 Hz, 2H). 13C{1H}
NMR (75 MHz, chloroform-d): δ 163.7, 162.1, 159.4, 137.1, 135.6,
133.2, 132.3, 130.2, 128.5, 128.4, 128.2, 127.91, 127.89, 127.6, 127.5,
126.0, 125.5, 117.9, 116.7, 66.9, 43.4, 41.9. HRMS (ESI) m/z: [M +
H]+ calcd for C29H23N2O4, 463.1652; found, 463.1655.

Benzyl 9,11-Dioxo-10-phenyl-5,9,10,11-tetrahydro-6H-pyrrolo-
[3′,4′:3,4]pyrrolo[2,1a]isoquinoline-8-carboxylate (3t). Eluent: pe-

troleum ether/ethyl acetate: 50/1 to 2/1. Light yellow solid, 95 mg,
71%. mp 217−218 °C; 1H NMR (300 MHz, Chloroform-d): δ 8.63
(d, J = 6.9 Hz, 1H), 7.99−7.18 (m, 13H), 5.49 (s, 2H), 4.80 (t, J = 7.0
Hz, 2H), 3.20 (t, J = 7.0 Hz, 2H). 13C{1H} NMR (75 MHz,
chloroform-d): δ 163.1, 161.4, 159.5, 135.5, 133.7, 132.7, 132.4,
130.4, 128.9, 128.6, 128.4, 128.3, 128.0, 127.8, 127.6, 127.2, 125.5,
67.0, 43.5, 28.3. HRMS (ESI) m/z: [M + H]+ calcd for C28H21N2O4,
449.1496; found, 449.1500.

Methyl 10-Benzyl-9,11-dioxo-5,9,10,11-tetrahydro-6H-pyrrolo-
[3′,4′:3,4]pyrrolo[2,1a]isoquinoline-8-carboxylate (3u). Eluent: pe-

troleum ether/ethyl acetate: 50/1 to 2/1. Light yellow solid, 84 mg,
73%. mp 226−227 °C; 1H NMR (300 MHz, chloroform-d): δ 8.81−

The Journal of Organic Chemistry pubs.acs.org/joc Article

https://dx.doi.org/10.1021/acs.joc.0c01567
J. Org. Chem. XXXX, XXX, XXX−XXX

H

https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.0c01567?fig=&ref=pdf
pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.0c01567?ref=pdf


8.31 (m, 1H), 7.83−6.72 (m, 8H), 4.82 (s, 2H), 4.74 (t, J = 6.9 Hz,
2H), 4.01 (s, 3H), 3.16 (t, J = 6.9 Hz, 2H). 13C{1H} NMR (75 MHz,
chloroform-d): δ 163.7, 162.4, 160.1, 137.1, 132.3, 130.2, 128.6,
127.92, 127.86, 127.6, 127.52, 125.49, 117.8, 116.5, 52.3, 43.3, 41.9,
28.3. HRMS (ESI) m/z: [M + H]+ calcd for C23H19N2O4, 387.1339;
found, 387.1346.
Methyl 9,11-Dioxo-10-phenyl-5,9,10,11-tetrahydro-6H-pyrrolo-

[3′,4′:3,4]pyrrolo[2,1a]isoquinoline-8-carboxylate (3v). Eluent: pe-

troleum ether/ethyl acetate: 50/1 to 2/1. Brown solid, 95 mg, 85%.
mp 233−234 °C; 1H NMR (300 MHz, chloroform-d): δ 8.68−8.52
(m, 1H), 7.71−7.36 (m, 7H), 7.35−7.19 (m, 1H), 4.80 (t, J = 6.9 Hz,
2H), 4.02 (s, 3H), 3.21 (t, J = 6.9 Hz, 2H). 13C{1H} NMR (75 MHz,
chloroform-d): δ 162.9, 161.5, 160.0, 133.6, 132.6, 132.4, 130.3,
128.8, 128.0, 127.7, 127.6, 127.0, 125.5, 125.3, 118.1, 116.3, 52.3,
43.4, 28.3. HRMS (ESI) m/z: [M + H]+ calcd for C22H17N2O4,
373.1183; found, 373.1181.
Ethyl 10-Benzyl-9,11-dioxo-5,9,10,11-tetrahydro-6H-pyrrolo-

[3′,4′:3,4]pyrrolo[2,1-a]isoquinoline-8-carboxylate (3w). Eluent:

petroleum ether/ethyl acetate: 50/1 to 2/1. White solid, 83 mg,
69%. mp 195−196 °C; 1H NMR (300 MHz, chloroform-d): δ 8.80−
8.39 (m, 1H), 7.77−6.76 (m, 8H), 4.83 (s, 2H), 4.74 (t, J = 6.9 Hz,
2H), 4.46 (q, J = 7.1 Hz, 2H), 3.16 (t, J = 6.9 Hz, 2H), 1.51 (t, J = 7.1
Hz, 3H). 13C{1H} NMR (75 MHz, chloroform-d): δ163.8, 162.2,
159.6, 137.1, 133.0, 132.3, 130.1, 128.5, 128.4, 127.9, 127.8, 127.6,
127.4, 125.7, 125.6, 118.3, 116.5, 61.5, 43.3, 41.8, 28.3, 14.2. HRMS
(ESI) m/z: [M + H]+ calcd for C24H21N2O4, 401.1496; found,
401.1501.
Benzyl 2,3-Dimethoxy-9,11-dioxo-10-phenyl-5,9,10,11-tetrahy-

dro-6H-pyrrolo[3′,4′:3,4]pyrrolo[2,1-a]isoquinoline-8-carboxylate
(3x). Eluent: petroleum ether/ethyl acetate: 50/1 to 2/1. Yellow solid,

100 mg, 65%. mp 190−192 °C; 1H NMR (300 MHz, chloroform-d):
δ 8.29 (s, 1H), 7.89−7.00 (m, 10H), 6.77 (s, 1H), 5.47 (s, 2H), 4.76
(t, J = 6.9 Hz, 2H), 4.01 (s, 3H), 3.96 (s, 3H), 3.12 (t, J = 7.0 Hz,
2H). 13C{1H} NMR (75 MHz, chloroform-d): δ 163.5, 161.5, 159.4,
150.8, 148.7, 135.6, 134.3, 132.7, 129.0, 128.5, 128.3, 128.2, 127.9,
127.3, 125.6, 125.4, 118.1, 117.9, 110.6, 110.3, 66.9, 56.2, 56.0, 43.6,
27.9. HRMS (ESI) m/z: [M + H]+ calcd for C30H25N2O6, 509.1707;
found, 509.1711.
Benzyl 10-Benzyl-4-bromo-9,11-dioxo-5,9,10,11-tetrahydro-6H-

pyrrolo[3′,4′:3,4]pyrrolo[2,1-a]isoquinoline-8-carboxylate (3y). Elu-
ent: petroleum ether/ethyl acetate: 50/1 to 2/1. White solid, 128 mg,
79%. mp 187−188 °C; 1H NMR (300 MHz, chloroform-d): δ 8.59−
8.52 (m, 1H), 7.95−7.49 (m, 3H), 7.55−7.01 (m, 9H), 5.46 (s, 2H),
4.82 (s, 2H), 4.72 (t, J = 7.0 Hz, 2H), 3.26 (t, J = 7.0 Hz, 2H).
13C{1H} NMR (75 MHz, chloroform-d): δ 163.6, 161.9, 159.3, 137.0,
135.5, 134.0, 132.0, 129.1, 128.5, 128.4, 128.3, 127.5, 127.4, 127.1,

126.2, 123.6, 118.0, 117.2, 67.0, 42.9, 41.9, 28.3. HRMS (ESI) m/z:
[M + H]+ calcd for C29H22N2O4Br, 541.0757; found, 541.0762.

Benzyl 2-Phenyl-5,6-dihydropyrrolo[2,1-a]isoquinoline-3-car-
boxylate (3z). Eluent: petroleum ether/ethyl acetate: 100/1 to 5/1.

Colorless oil, 74 mg, 67%. 1H NMR (300 MHz, chloroform-d): δ 7.61
(d, J = 7.2 Hz, 1H), 7.48−7.40 (m, 2H), 7.38−7.23 (m, 9H), 7.12−
7.00 (m, 2H), 6.62 (s, 1H), 5.19 (s, 2H), 4.70 (t, J = 6.7 Hz, 2H),
3.15 (t, J = 6.8 Hz, 2H). 13C{1H} NMR (75 MHz, chloroform-d): δ
161.0, 136.3, 135.3, 134.5, 134.3, 131.4, 129.1, 127.7, 127.5, 127.5,
127.3, 127.2, 127.0, 126.7, 126.1, 123.1, 117.9, 106.6, 106.6, 65.0,
42.2, 28.5. HRMS (ESI) m/z: [M + H]+ calcd for C26H22NO2,
380.1645; found, 380.1642.

Synthesis of Compound 4. A two-necked, 50 mL round-bottom
flask was charged with 3a (419 mg, 1 mmol) and 10% Pd−C (41.9
mg, 10 wt % of the substrate). Then, the reaction was stirred at room
temperature under a hydrogen atmosphere (balloon) for 12 h. Finally,
the mixture was removed by filtration with Celite, and the filtrate was
concentrated under reduced pressure to give the crude product, which
was further purified by trituration with diethyl ether to give
compound 4.

1,2-bis(Methoxycarbonyl ) -5 ,6-dihydropyrrolo[2 ,1-a]-
isoquinoline-3-carboxylic acid (4). Eluent: dichloromethane/men-

thol: 50/1 to 20/1. White solid, 316 mg, 96%. mp 181−182 °C; 1H
NMR (300 MHz, DMSO-d6): δ 13.36 (br s, 1H), 8.01−7.91 (m, 1H),
7.43−7.29 (m, 3H), 4.60−3.93 (m, 2H), 3.77 (s, 3H), 3.74 (s, 3H),
3.04 (t, J = 6.5 Hz, 2H). 13C{1H} NMR (75 MHz, DMSO-d6): δ
165.3, 163.5, 160.5, 134.4, 128.9, 127.5, 127.1, 126.5, 125.9, 125.0,
120.4, 109.8, 52.0, 51.6, 42.3, 28.3. HRMS (ESI) m/z: [M − H]+

calcd for C17H14NO6, 328.0827; found, 328.0831.
Synthesis of Compound 5. To a solution of 4 (66 mg, 0.2 mmol)

and triethylamine (28 μL, 0.2 mmol) in THF (3 mL) at 0 °C was
added a solution of isobutyl chloroformate (26 μL, 0.2 mmol) in THF
(1 mL) dropwise. The mixture was stirred in an ice bath for 4 h and
filtered directly into a stirred solution of sodium borohydride (16 mg,
0.4 mmol) in water (1 mL) at 0 °C. After stirring for 6 h, the mixture
was acidified with 1 N HCl and poured into a mixture of ethyl acetate
(20 mL) and water (20 mL). The aqueous phase was separated and
extracted with ethyl acetate (2 × 10 mL), and the combined organic
extracts were washed with brine and dried over anhydrous NaSO4.
After removal of the solvent, the residue was further purified by
trituration with diethyl ether to give compound 5.

Dimethyl 3-(Hydroxymethyl)-5,6-dihydropyrrolo[2,1-a]-
isoquinoline-1,2-dicarboxylate (5). Eluent: petroleum ether/ethyl
acetate: 5/1 to 1/1. White solid, 70 mg, 75%. mp 144−145 °C; 1H
NMR (300 MHz, chloroform-d): δ 7.72−7.61 (m, 1H), 7.34−7.21
(m, 3H), 4.85 (s, 2H), 4.13 (t, J = 6.5 Hz, 2H), 3.93 (s, 3H), 3.86 (s,
3H), 3.07 (t, J = 6.5 Hz,2H). 13C{1H} NMR (75 MHz, chloroform-
d): δ 167.1, 164.6, 136.3, 131.6, 127.9, 127.3, 127.2, 127.0, 126.7,
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124.0, 112.7, 112.3, 53.5, 51.8, 51.2, 40.8, 28.6. HRMS (ESI) m/z: [M
+ Na]+ calcd for C17H17NO5Na, 338.0999; found, 338.1007.
Synthesis of Compound 6. A 15 mL round-bottom flask was

charged with compound 4 (66 mg, 0.2 mmol) and TFA (2 mL) and
stirred at 45 °C for 12 h in oil bath. The reaction was monitored by
TLC until 4 was consumed completely. After TFA was removed
under reduced pressure, the crude product was purified by flash
chromatography (petroleum ether/ethyl acetate, 100:1 to 20:1) to
give desired compound 6.
Dimethyl 5,6-Dihydropyrrolo[2,1-a]isoquinoline-1,2-dicarboxy-

late (6). Eluent: petroleum ether/ethyl acetate: 30/1 to 5/1. White

solid, 48 mg, 84%. mp 114−116 °C; 1H NMR (300 MHz,
chloroform-d): δ 7.65 (d, J = 7.5 Hz, 1H), 7.38−7.05 (m, 4H),
4.06 (t, J = 6.5 Hz, 2H), 3.94 (s, 3H), 3.81 (s, 3H), 3.05 (t, J = 6.5 Hz,
2H). 13C{1H} NMR (75 MHz, chloroform-d): δ 167.6, 163.9, 132.0,
129.1, 128.1, 127.63, 127.58, 125.50, 125.47, 124.5, 114.7, 113.2, 52.5,
51.4, 44.7, 29.4. HRMS (ESI) m/z: [M + Na]+ calcd for
C16H15NO4Na, 308.0893; found, 308.0899.
Synthesis of Compound 7. In a 10 mL sealed glass vial, 6 (28.5

mg, 0.1 mmol) and hydrazine hydrate (80 wt %,1 mL) were added.
The mixture was stirred at 90 °C for 1 h in oil bath. Then, the
redundant hydrazine hydrate was removed under reduced pressure to
get the crude product, which was purified by trituration with diethyl
ether and isopropyl alcohol, giving the desired compound 7.
5,6,10,11-Tetrahydropyridazino[4′ ,5′ :3,4]pyrrolo[2,1-a]-

isoquinoline-9,12-dione (7). Eluent: dichloromethane/menthol: 50/

1 to 10/1. White solid, 35 mg, 61%. mp over 300 °C; 1HNMR (300
MHz, DMSO-d6): δ 10.71 (s, 2H), 9.02 (d, J = 7.7 Hz, 1H), 7.54 (s,
1H), 7.37−7.14 (m, 3H), 4.27 (t, J = 6.8 Hz, 2H), 3.07 (t, J = 6.7 Hz,
2H). 13C{1H} NMR (75 MHz, DMSO-d6): δ 157.1, 152.9, 133.1,
129.1, 128.4, 128.1, 128.0, 127.9, 127.3, 119.0, 115.8, 112.1, 45.4,
29.0. HRMS (ESI) m/z: [M − H]− calcd for C14H10N3O2, 252.0779;
found, 252.0771.
Synthesis of Compound 8. A suspension of 3j (144 mg, 0.3 mmol)

and DDQ (84 mg, 0.375 mmol) in anhydrous DCM (3 mL) was
stirred under argon at room temperature for 12 h. After 3j was
consumed completely, 2 M NaOH solution (2 mL) was added. The
resulting mixture was extracted by DCM (3 × 5 mL). The combined
organic layer was washed with brine and dried over Na2SO4. After the
organic phase was removed under reduced pressure, the crude
product was further purified by flash chromatography (petroleum
ether/ethyl acetate, 20:1 to 5:1) to give desired compound 8.
3-Benzyl 1,2-Dimethyl 8,9-Dimethoxypyrrolo[2,1-a]isoquinoline-

1,2,3-tricarboxylate (8). Eluent: petroleum ether/ethyl acetate: 50/1

to 5/1. White solid, 45 mg, 93%. mp 179−180 °C; 1H NMR (300
MHz, DMSO-d6): δ 9.18 (d, J = 7.5 Hz, 1H), 8.95 (s, 1H), 7.57−7.26
(m, 7H), 5.32 (s, 2H), 3.92 (s, 3H), 3.89 (s, 3H), 3.80 (s, 3H), 3.54
(s, 3H). 13C{1H} NMR (75 MHz, DMSO-d6): δ 167.5, 163.9, 131.9,
129.1, 128.0, 127.58, 127.58, 127.4, 125.4, 124.5, 114.7, 113.2, 52.4,
51.3, 44.7, 29.4. HRMS (ESI) m/z: [M + H]+ calcd for C26H24NO8,
478.1496; found, 478.1501.
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