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ABSTRACT: We describe a novel approach for synthesizing diverse fused heterocyclic compounds by utilizing a sequential silver(I)
catalyzed reaction between readily obtainable N-amidonaphthyridin ylide and dialkyl acetylenedicarboxylates. This method provides
an efficient approach for the selective synthesis of tetracyclic ring-fused 1,6-naphthyridine and isoquinoline derivatives, offering
exceptional structural diversity. In addition, the title compounds constitute an interesting class of luminophores with tunable
emission solvatochromicity.

B INTRODUCTION heterocyclic compounds. The synthesis of pyrazolopyridines
has become a central thrust in modern organic synthesis due to
their prevalence in bioactive natural products and pharma-
ceuticals. This class of pyrazolopyridine and diverse pyrazolo-
1,6-naphthopyridine scaffolds is found widely in both drugs
and biological molecules and include CB2 receptor antagonists
(inverse agonists),sa dopamine D3 agonists (the treatment of
psychostimulant addictions),”” SHT;-adenosine antagonists
(nicotinic acetylcholine, glycine, and GABA, receptors/the
treatment of emesis and irritable bowel syndrome),** and
adenosine Al receptor antagonist (the treatment of cardiac
arrhythmias and for the diagnosis of ischemic heart diseases),™
as illustrated in Figure 1.

Nevertheless, in view of their potential applications, core-
containing scaffolds are very rare. Consequently, the develop-
ment of efficient synthetic methodologies to access these

N-imide ylides as zwitterionic intermediates with octet
structures are remarkable motifs of organic building blocks
utilized for the construction of nitrogen-containing biologically
active compounds.’ The appeal of bifunctional reagents arises
from their capacity to exhibit dual reactivity modes.” N-imide
ylides exhibit diverse reactivity modes and can participate in a
broad spectrum of reactions, including C—H functionalization,
nucleophilic addition, and cycloaddition.” The cycloaddition
reaction of N-imide ylides provides an efficient pathway for the
synthesis of N-heterocyclic scaffolds.” These privileged
structures serve as versatile platforms for the construction of
complex natural products, thus facilitating the discovery of
novel bioactive molecules with therapeutic potential.™® It
should be noted that recent investigations indicate that
nitrogen-containing heterocycles are prevalent within the
structures of >90% of drug candidates currently under
development by pharmaceutical companies. Among these,
pyridines and their derivatives, namely, particularly valuable
1,6-naphthyridines, emerge as the most prominent family
within this domain.”

Pyrazolopyridines and their extended derivatives, including
pyrazolo-1,6-naphthopyridines, form a cohesive family of
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Figure 1. Selected examples of biologically active pyrazolopyridines and pyrazolo-1,6-naphthyridine derivatives.

valuable frameworks has become a topic of significant interest.
To the best of our knowledge, some previous studies, as
illustrated in Scheme la—e, have reported cycloaddition
reactions between N-amidoisoquinolinium ylides and a diverse
array of substrates.

These reactions, including those involving 2-alkylenecyclo-
butanone (Scheme 1a),” bromoalkynes and alkenyl iodide
(Scheme 1b,c),"® 3-phenylpropiolaldehyde (Scheme 1d),""
a,B-unsaturated aldehydes (Scheme 1le),'” have emerged as
efficient strategies for the synthesis of substituted pyrazolopyr-
idines structures as five-membered N-heterocyclic frameworks.
The aforementioned four examples of existing methods for
synthesizing these scaffolds face significant challenges, such as
the need for harsh conditions, lengthy multistep procedures,
costly reagents, and/or dependence on hazardous dual-
transition-metal catalysis. In this regard, promoting a new
synthetic strategy that enables one-step procedures, thereby
eliminating the need for multistep processes, is in high
demand. The synthetic strategic utilization of bifunctional
reagents, harboring both nucleophilic and latent radical
character, offers a powerful approach for the streamlined
synthesis of complex molecular architectures.'” These versatile
reagents exploit their inherent orthogonality reactivities within
a single molecule through exploitation, enabling an eflicient
construction process. Therefore, we disclose the development
of a highly efficient one-step method for the synthesis of
pyrazolo-naphthyridine and pyrazolo-isoquinoline derivatives,
utilizing novel N-imide ylides as key intermediates. This
approach enables the production of functionalized fused
heterocyclic compounds with exceptional efficiency and
minimal catalyst loading. The reaction could proceed through
in situ formation of imide ylide as a 1,3-dipole from and its [3 +
2] cycloaddition reaction with dialkyl acetylenedicarboxylates
catalyzed by Ag(I).

B RESULTS AND DISCUSSION

At the outset, we investigated the optimal reaction conditions
to achieve the synthesis of compound 3a. We employed model
substrates, N’-(2-alkynylquinolinylmethylene)hydrazide (1a)
and diethyl acetylenedicarboxylates (2a), to identify the ideal
suitable reaction conditions. This optimization process entailed
evaluating the influence of diverse catalysts, solvents, and
temperatures on the behavior of model substrates (Table 1).

14064

During our initial research, the absence of a catalyst prevented
product formation (Table 1, entry 1). Consequently, to
enhance the reaction’s efliciency, various transition-metal
catalysts, including Er(OTf);, InCl;, CuCl,, ZnCl,, Sc(OTf),,
and AgNO;, were evaluated, and the results revealed that
employing a catalyst was found to be a requirement to achieve
the desired product (Table 1, entries 2—7). It became evident
that the source of silver was paramount for facilitating the
proceeding, as it significantly increased the reaction yield to
82%. Following elucidation of the importance of the silver
source, we evaluated the influence of various silver salt
catalysts, such as AgNO;, AgO,, AgCO;, AgOAc, and AgOTL.
Our investigation revealed that AgOTf emerged as the most
effective catalyst for the reaction, affording product 3a in 94%
yield (Table 1, entries 8—11). Subsequently, a screening of
various types of polar and nonpolar solvents, including
methanol (MeOH), ethanol (EtOH), trifluoroethanol (TFE),
acetonitrile (CH;CN), 1,2-dichloroethane (DCE), 1,4-diox-
ane, toluene, dimethylformamide (DMF), tetrahydrofuran
(THF), and water, was conducted. Among these, this
evaluation identified methanol as the suitable solvent to access
the desired product in high yields (Table 1, entries 12—20).
Moreover, our investigation established a dependence of the
reaction yield on the catalyst equivalent. However, variations in
the catalyst quantity did not significantly affect the yield of the
desired product (Table 1, entries 21—23). Furthermore, the
reaction temperature demonstrated a demonstrable effect on
the yield of the desired product. Reducing the reaction
temperature from 80 to 50 °C and room temperature resulted
in a significant decrease, affording 60% and 18% yields,
respectively. On the other hand, raising the temperature to 100
°C affords the product in 64% yield (Table 1, entries 24—26).
Finally, we investigated the reaction at various time intervals
and found that reducing the reaction time prevents complete
conversion with the starting materials still present in the
mixture and leads to a decrease in efficiency. Conversely,
extending the reaction time beyond 12 h does not improve the
efficiency, which remains constant.

Now that we have established the optimal reaction
conditions (Table 1, entry 11), we sought to screen the
substrate scope to assess the corresponding products.

Additionally, we investigated both the limitations and the
generality of the protocol.

https://doi.org/10.1021/acsomega.4c11109
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Scheme 1. [3 + 2] Cycloaddition Reactions, Reported in (a—e) Previous Works and the Present Work, between N-imide Ylides
and a Diverse Array of Substrates
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First, this study aimed to evaluate the influence of various the arene rings of the quinoline moiety. These substrates
dialkyl acetylenedicarboxylate types to determine their effect incorporated various functional groups, including electron-
on the reaction process. Notably, despite employing diverse donating groups (such as isopropyl and methyl) and halogen
dialkyl acetylenedicarboxylate precursors, our findings revealed atoms (—Cl), at four different positions on the quinoline or
no significant changes in the product yields (Scheme 2). isoquinoline core (R') and participated successfully in the
Following the results achieved in detail, we introduced a reaction, affording the desired products with enhanced
broad range of substrates bearing various functional groups on efficiency. To investigate the influence of electron-withdrawing
14065 https://doi.org/10.1021/acsomega.4c11109

ACS Omega 2025, 10, 14063—-14074


https://pubs.acs.org/doi/10.1021/acsomega.4c11109?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c11109?fig=sch1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c11109?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

Table 1. Optimization of the Reaction Conditions”

cat. (mol%)

solvent, T (°C)
overnight, air

entry cat. (mol %) solvent T (°C) yield (%)”
1 MeOH 75 trace
2 InCl, (10) MeOH 75 32
3 Sc(0Tf), (10) MeOH 75 56
4 Er(OTf), (10) MeOH 75 43
5 ZnCl, (10) MeOH 75 35
6 CuCl, (10) MeOH 75 68
7 AgNO; (10) MeOH 75 82
8 Ag,0 (10) MeOH 75 74
9 Ag,CO,(10) MeOH 75 77
10 AgOAc (10) MeOH 75 87
11° AgOTf (10) MeOH 75 94
2 AgOTf (10) CH,CN 75 81
13 AgOTf (10) DCE 75 52
14 AgOTf (10) 1,4-dioxane 75 43
15 AgOTf (10) EtOH 75 84
16 AgOTf (10) TEE 75 77
17 AgOTf (10) Toluene 75 53
18 AgOTf (10) DMF 75 59
19 AgOTf (10) THF 75 4
20 AgOTF (10) H,0 75 NR
21 AgOTS (5) MeOH 75 70
22 AgOTf (15) MeOH 75 58
23 AgOTf (20) MeOH 75 47
24 AgOTf (10) MeOH rt 18
25 AgOTF (10) MeOH s5 60
26 AgOTf (10) MeOH 90 64

“Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), and catalyst (mol %) in 1.0 mL of solvent. bIsolated yields. “Within 6 h, a 50% yield is
observed. This increases to 94% after 12 h of reaction time, and extending the reaction time beyond 12 h does not improve the efficiency.

groups on this reaction, we conducted experiments employing
substrates bearing NO, and CF; substituents on the phenyl
ring. However, these reactions did not proceed efficiently
beyond the Vilsmeier—Haack step, yielding only trace amounts
of the desired products. This observation indicates that the
presence of electron-withdrawing groups significantly hinders
the reactions. Due to the extremely low yield at this step,
further advancement of the reactions was not possible.
Subsequently, phenylethynyl derivatives bearing electron-
donating substituents (methyl and methoxy) at the R? position
of the aryl fragment afforded the desired product in higher
yields compared to those with electron-withdrawing groups
(halogens such as chlorine and bromine) on the aromatic
rings, which still provided the corresponding products in good
to high yields.

In order to definitively elucidate the structure of compound
3r, single-crystal X-ray analysis was employed (CCDC number
2401250); the ellipsoid probability level was S0%. To illustrate
the synthetic applicability and efficiency of this approach, the
protocol was implemented in a large-scale reaction step.
Initially, a large-scale [3 + 2]-annulation reaction was carried
out under the optimized conditions by using 7.0 mmol N-

14066

amidonaphthyridin ylide to generate the desired product 3d in
72% yield. (Scheme 3).

A series of mechanistic experiments were performed to
elucidate the reaction mechanism pathway. To investigate the
influence of sulfonyl moiety on reactivity, the reaction between
(E)-3-(hydrazineylidenemethyl)-2-(phenylethynyl) quinoline
1s and diethyl acetylenedicarboxylate 2a was conducted
under optimized conditions, but the reaction did not proceed
(Scheme 4a). Subsequently, the sulfonyl-protecting group was
replaced with a mesyl group. Monitoring the reaction progress
revealed a notable decrease in the product yield. These results
indicate the pivotal role of phenyl in facilitating the departure
of the leaving group via rearomatization (Scheme 4b). Based
on the outcome of this observation, we believe that the
sulfonyl moiety within the quinoline core plays a crucial role in
facilitating the reaction.

The substantial influence of sulfonyl moiety on the
formation and stability of the desired azomethine imine is a
driving force contributing to the reaction’s outcome. Later, to
prove the efficiency of the alkynyl component in the structure
of the starting material as a key segment for intermediate
formation, p-toluenesulfonyl hydrazide was employed to react
with 2-chloroquinoline-3-carbaldehyde under standard con-

https://doi.org/10.1021/acsomega.4c11109
ACS Omega 2025, 10, 14063—14074
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Scheme 2. Substrate Scope: All Reactions Were Performed on a 0.2 mmol Scale under Standard Conditions

AgOTf (10 mol%)

MeOH, 75 °C
overnight, air

39, 91% 3r, 93%

30, 87%

3s,91%
CCDC NO. 2401250

ditions (Scheme 4c). However, the anticipated product was
not obtained due to inhibition of N-amidonaphthyridin ylide
intermediate formation. This observation suggests that the
phenylacetylene moiety plays a critical role in the reaction
mechanism, potentially by facilitating ylide intermediate
generation. In order to investigate whether silver trifluor-
omethanesulfonate had an essential role in the following steps

after the known formation of N-amidonaphthyridin ylide
intermediate, a control experiment was performed between
independently prepared N-amidonaphthyridin ylide and
diethyl acetylenedicarboxylate in the absence of reaction
catalysis, which indicates a surprising decrease in product

formation (Scheme 4d).

https://doi.org/10.1021/acsomega.4c11109
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Scheme 3. Scale-up Reaction
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Ultimately, a possible mechanism was proposed for the
synthesis of product 3, as shown in Scheme 5."* Initially, this
transformation is facilitated by the initiation of Ag(I)-catalysis-
assisted activation of the alkyne moiety, which promotes the
intramolecular nucleophilic attack by the nitrogen atom onto
the alkyne moiety (I). Following that, a reductive elimination
reaction would occur to release the silver catalyst, leading to
the formation of the N-amidonaphthyridin ylide intermediate
(11).

Then, the N-amidonaphthyridin ylide intermediate (II) acts
as a 1,3-dipole and undergoes a 1,3-dipolar cycloaddition
reaction with dialkyl acetylenedicarboxylate (2a—b) as the
dipolarophile, resulting in the formation of the key cyclo-
addition intermediate III. Our investigations elucidated a
bifunctional role of Ag(I) in the synthesis of pyrazolo-

14068

naphthyridine and isoquinoline-functionalized derivatives.
Finally, intermediate III undergoes a dehydrogenation-
desulfonylation process, which concurrently eliminates both
hydrogen and the tosyl group. This step leads to aromatization
of the cyclized core, affording the desired product, 3a.
Interestingly, a significant number of pyrazolo[$,1-f][1,6]-
naphthyridines exhibit strong luminescence in solution. To
further understand this phenomenon, this study investigates
the photophysical properties of a luminescent donor-7-
acceptor (D-m—A) compound in various solvents. The
absorption properties of compound 31 were systematically
examined in diverse solvent environments, including protic
solvents (methanol, ethanol), polar aprotic solvents (carbon
tetrachloride, 1,2-dichloroethane, chloroform, 1,4-dioxane,
tetrahydrofuran, dichloromethane, dimethylformamide, di-

https://doi.org/10.1021/acsomega.4c11109
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Scheme 5. Proposed Mechanism for the Synthesis of 3a—s
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Table 2. Absorbance Data for Compound 31 in the Different Solvents

solvent dielectric constant At (nm) Az (nm) Aabss (nm) Aabss (nm) & (x10°) (M~ ecm™) ES
CCl, 224 241 300 370 392 0.41 2.97
1,4-dioxane 2.25 262 291 371 389 0.45 2.94
toluene 2.38 254 295 371 393 0.36 2.94
xylene 2.57 255 294 371 393 0.33 2.94
CHClL, 4.81 266 303 370 392 0.50 2.95
THF 7.58 246 298 371 389 0.64 2.98
DCM 8.93 233 265 370 392 0.43 2.98
DCE 10.36 2221 300 370 392 0.41 2.89
EtOH 24.55 228 258 368 391 0.32 2.95
MeOH 32.70 214 294 368 391 0.30 2.95
DMF 36.70 254 275 371 392 0.40 2.90
DMSO 46.68 232 268 371 392 0.34 293
12 1.2 - 1.2 -
E g g —CCly E Dioxane H Xylene
s oz g g THF g Tol
3 104 P 5 DCF Z 1o N T 10 oluene
2 A ——DCM ] [ \ &
< I ——CHCL | |5 | b
2 08 { \ 2 08 | \\ g 08
= = | \ =
B l s 5 §
Z 06 Z 06 | \ Z 064
T " 3 # \ E
L] S | \ £
TE, 044 \ avolng:n . TE' 044 ‘ ";L mlnm TE’ 04 J7llnm
E \ L s | \ 1389 nm 5 1 393 nm
z z J o z
0.2 k oy 024 /Y N o 0.2 Vo
i —\ Vo
0.0 T T —L— 7 0.0 T T —t—L = 0.0 T T —L—Lr T
200 250 300 350 400 450 500 200 250 300 350 400 450 500 200 250 300 350 400 450 500
Wavelength (nm) ‘Wavelength (nm) Wavelength (nm)
12— 12 12
BE EtOH —— DMSO —cal,
_ E % MeOH _ DMF ~——— 1,4-Dioxane|
3 104 5 104 FEREE Toluene
< = =
4 by bt Xylene
E 0.8+ E 0.8 2 084 —— CHCl,
E £ 2 THF
s : H o
2 06 2 06 2 06 ggr
T 2 [ T
z 21 ‘ EOH
E 041 g 04y \ 1o TE= 0.4+ MeOH
= 5 / \ : £ —— DM
3 Jsx.nm s |/ / \ : 392, nm s — gx:EO
024 0.2 / \ 0.2
~/ \_/" |
0.0 . r r r 7 0.0 T T —L—Ly Tp— 0.0 . ;
200 250 300 150 400 450 500 200 250 300 350 400 450 500 200 300 0 00 600
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 2. Absorption spectrum of compound 31 with various solvents.
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methyl sulfoxide), and nonpolar solvents (toluene and xylene),
to assess solvent effects on its electronic transition. UV—vis
absorption maxima (4,,), extinction coefficients (3), and
optical band gaps (Ey,,) are tabulated in Table 2. The UV—vis
spectrum of compound 31 (Figure 2) reveals three absorption
bands. A strong absorption maximum in the range of 214—269
nm is assigned to a 6—c* electronic transition. The second
intense band, centered at around 280 nm, is attributed to a
m—n* transition localized on the pyrazole moiety. Additionally,
a weaker band observed at around 380 nm is assigned to an
n—z* transition. The absorption bands of compound 31
demonstrate a solvatochromic shift when increasing solvent
polarity from 1,4-dioxane to DMSO. Protic solvents exhibited
the lowest absorption bands, followed by polar aprotic solvents
and finally nonpolar solvents, indicating a decrease in the
energy gap.

A comparative analysis of molar extinction coefficients (&)
revealed that solvents, including THF, dioxane, and DCM,
exhibited significantly higher molar extinction coefficients (¢)
than polar aprotic (DMSO, DMF) and protic (EtOH, MeOH)
solvents, as evidenced by the data presented in Table 2. The
optical band gap (E,,,) for compound 31 was determined by
the absorption edge of the spectrum. The calculated Eg,, values
for the absorption band within the 417—430 nm range are
tabulated in Table 3. A hypsochromic shift in the optical band
gap was observed upon employing aprotic solvents such as
CCl,, 1,4-dioxane, THF, and DCM, leading to a blue shift and
an increase in the E,, value from 2.94 to 2.98 eV
(corresponding to a wavelength shift from 417 to 421 nm).
Protic solvents (MeOH, EtOH) exhibited the optical band gap
energy of 2.95 eV. In contrast, polar aprotic solvents (DMF,
DMSO) displayed upper band gap energies of 2.90 and 2.93
eV, respectively. These variations may be attributed to
intermolecular hydrogen bonding or specific interactions
involving the pyrazole moiety.

Photoluminescence (PL) spectra of compound 3l were
acquired in the same solvents used for the UV—vis absorption
studies. The maximum emission wavelengths (4,.) are
summarized in Table 3 and graphically illustrated in Figure

Table 3. Emission Data Compound 31 in the Different
Solvents

solvent dielectric constant Aem (nm)
cal, 224 414
1,4-dioxane 225 432
toluene 2.38 429
xylene 2.57 429
CHCl 481 433
THF 7.58 483
DCM 8.93 432
DCE 10.36 414
EtOH 24.55 433
MeOH 32.70 439
DMF 36.70 434
DMSO 46.68 439

3. Compound 3l demonstrated a red shift with increasing
solvent polarity. Notably, the solvent effect was more
pronounced in emission than in the absorption study, resulting
in a significant spectral shift from 413 to 439 nm. The optical
properties of a compound can be significantly influenced by
solvent polarity, resulting in substantial shifts in absorption and
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Figure 3. (a) Normalized emission spectra of compound 31 in several
solvents. (b) Solvatochromism.

emission band positions and intensities. Figure 3a illustrates
the significant impact of solvent polarity on the emission
spectra of compound 3l. A solvatochromic shift from green to
yellowish-orange was observed upon UV irradiation. This
positive solvatochromism is attributed to the stabilization of
local excited states through interactions with polar solvents,
resulting in a bathochromic shift.

B CONCLUSIONS

In conclusion, we developed a general strategy for the
construction of tetracyclic ring-fused 1,6-naphthyridine and
isoquinoline 3a—s as an interesting class of luminophores with
tunable emission solvatochromism effects, in good to excellent
yields, using two different materials, easily accessible aromatic
N-amidonaphthyridin ylide and N-amidoisoquinolinium ylide.
Remarkably, this reaction led to the formation of an in situ
ylide and constructed three new bonds (C—N, C=N, and
C=C) in a single step via a [3 + 2] cycloaddition reaction.
Notably, this transformation was achieved through the
concurrent cleavage of one C—H, one N-S, and one C-C
bond. Furthermore, this methodology exhibits a broad
substrate scope, excellent functional group tolerance, high
efficiency, and low catalyst loading, making it a mild and
operationally simple strategy. Importantly, it circumvents the
limitations of existing approaches, which often require harsh
reaction conditions, lengthy multistep procedures, expensive
reagents, and/or reliance on hazardous dual-transition-metal
catalysis. Subsequently, this gram-scale method for the
synthesis of [1,6]-naphthyridines paves the way for their
utilization in developing valuable bioactive compounds and
pharmaceutical advancements.

B EXPERIMENTAL SECTION

General Methods. All reagents and starting materials were
purchased in reagent grade and used without further
purification. Silica gel column chromatography was carried
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out using Silica gel 60 (230—400 mesh). Melting points (mp)
were determined in capillary tubes using an Electrothermal
9100 digital melting point apparatus and were uncorrected.
Analytical thin-layer chromatography (TLC) was performed
using a precoated TLC plate (silica gel 60 F,,) and visualized
under ultraviolet (UV) light. 'H and '*C NMR spectra were
recorded on a Bruker 250, 300, and 400 MHz spectrometer.
Chemical shifts and coupling constants are reported as 6/ppm
and Hz, respectively. Data are reported as follows: chemical
shift, multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, dd = doublet of doublets, td = triplet of doublets, m =
multiplet). High-resolution mass spectra (HRMS-ESI) were
attained using a Waters LCT Premier XE TOF (time-of-flight)
mass spectrometer. Single-crystal X-ray data were obtained
using a Bruker APEX-II Quazar area detector.

General Procedure for the Formation of Benzo[b]-
pyrazole[5,1-f][1,6]naphthyridine-1,2-dicarboxylates.
In a 25 mL one-necked, round-bottomed flask, the mixture of
(E)-4-methyl-N’-((2-(phenylethynyl)quinolin-3-yl)-
methylene)benzenesulfonohydrazide la—h (0.2 mmol, 1
equiv) and silver triflate (S mg, 10 mol %) in MeOH (1.5
mL) was stirred at 75 °C in an oil bath for about 3 h.
Afterward, dialkyl acetylenedicarboxylates 2a—b (0.2 mmol, 1
equiv) were added. The reaction mixture was stirred at 75 °C
in an oil bath overnight. After completion of the reaction, as
indicated by TLC, the solvent was removed under reduced
pressure, and the residue was purified by column chromatog-
raphy using hexane/ethyl acetate as the eluent to afford the
desired benzo[b]pyrazole[S,1-f][1,6]naphthyridine-1,2-dicar-
boxylate products 3a—s.

Representative Procedure for Synthesis of 3d in a
Gram-Scale Reaction. In a 25 mL one-necked round-
bottomed flask, the mixture of (E)-4-methyl-N'-((2-
(phenylethynyl)quinolin-3-yl)methylene)-
benzenesulfonohydrazide 1 (3170 mg, 7.0 mmol, 1.0 equiv)
and silver triflate (187 mg, 10 mol %) in MeOH (5.3 mL) was
stirred at 75 °C in an oil bath for about 3 h. Subsequently,
dialkyl acetylenedicarboxylate 2a (995 mg, 7.0 mmol, 1.0
equiv) was added. The reaction mixture was stirred at 75 °C in
the oil bath overnight. After completion of the reaction, as
indicated by TLC, the solvent was removed under reduced
pressure, and the residue was purified by column chromatog-
raphy using hexane/ethyl acetate (50:1) as the eluent to afford
the desired benzo[b]pyrazole[S,1-f][1,6 Jnaphthyridine-1,2-
dicarboxylate product 3d in 72% yield (2210 mg).

Diethyl 5-phenylbenzo[b]pyrazolo[5,1-f][1,6]-
naphthyridine-1,2-dicarboxylate (3a). Yellow solid (83 mg,
yield 94%, mp 190—192 °C), (n-hexane/EtOAc = 2:1, R; =
0.25); "H NMR (300 MHz, CDCL,): 6 = 9.99 (brs, 1H), 8.05
(d, ] = 8.5 Hz, 1H), 7.96 (d, J = 8.3 Hz, 1H), 7.92—7.88 (m,
2H), 7.73 (t, ] = 7.8 Hz, 1H), 7.55—7.48 (m, SH), 4.52 (q, ] =
7.1 Hz, 2H), 443 (q, ] = 7.1 Hz, 2H), 1.46 (t, ] = 7.1 Hz, 3H),
140 (t, J = 7.1 Hz, 3H) ppm; “C{'H} NMR (75 MHz,
CDCL,): 8¢ = 163.1, 162.5, 148.6, 146.3, 146.1, 141.9, 137.9,
134.3, 131.8, 131.0, 129.6, 129.4, 128.4, 128.3, 127.9, 126.2,
125.9, 116.8, 116.7, 109.4, 61.4, 61.1, 13.6 (2C) ppm; HRMS-
ESI(+) (m/z): calcd. for C,sH,,N;0, [M + H]' 440.1604,
found 440.1605.

Dimethyl 8,11-dimethyl-5-phenylbenzo[b]pyrazolo[5,1-
fI[1,6]naphthyridine-1,2-dicarboxylate (3b). Yellow solid
(80 mg, yield 92%, mp 180—182 °C), (n-hexane/EtOAc =
2:1, Ry = 0.25); 'H NMR (300 MHz, CDCl,): &;; = 10.08 (s,
1H), 7.95 (d, J = 7.8 Hz, 1H), 7.88—7.78 (m, 2H), 7.56 (s,

1H), 7.47—7.41 (m, 4H), 3.95 (s, 3H), 3.88 (s, 3H), 2.69 (s,
3H), 2.67 (s, 3H) ppm; *C{'H} NMR (101 MHz, CDCl,):
Oc = 164.3, 163.5, 148.9, 146.0, 145.4, 142.0, 138.9, 134.8,
133.7, 132.3, 131.1, 130.1, 129.9, 129.8, 128.5, 127.0, 126.3,
118.0, 116.5, 109.6, 52.9, 52.6, 18.9, 18.1 ppm; HRMS-ESI(+)
(m/z): caled. for C,H,,N;0, [M + H]* 440.1604, found
440.1612.

Diethyl 8,11-dimethyl-5-phenylbenzo[b]pyrazolo[5,1-f]-
[1,6]naphthyridine-1,2-dicarboxylate (3c). Yellow solid (82
mg, yield 88%, mp 218—220 °C), (n-hexane/EtOAc = 2:1, Ry
= 0.25); '"H NMR (300 MHz, CDCL): &y = 10.25 (s, 1H),
7.93 (brs, 2H), 7.63—7.23 (m, 6H), 4.56—4.39 (m, 4H), 2.78
(s, 6H), 1.42 (brs, 6H) ppm; “C{'H} NMR (75 MHz,
CDCL,): 6c = 163.6, 163.3, 162.7, 155.1, 148.3, 145.0, 141.5,
138.4, 134.3, 133.2, 132.0, 131.3, 130.4, 129.4, 129.3, 127.8,
1262, 117.3, 116.1, 61.3, 61.0, 18.2, 17.3, 13.7, 13.6 ppm;
HRMS-ESI(+) (m/z): caled. for C,gH,N;0, [M + H]*
468.1917, found 468.1920.

Dimethyl 9,10-dimethyl-5-phenylbenzo[b]pyrazolo[5,1-
f1[1,6]naphthyridine-1,2-dicarboxylate (3d). Yellow solid
(76 mg, yield 87%, mp 200—202 °C), (n-hexane/EtOAc =
2:1, R = 0.25); '"H NMR (300 MHz, CDCl,): &;; = 9.81 (brs,
1H), 7.93 (d, ] = 3.7 Hz, 1H), 7.91 (d, J = 2.1 Hz, 1H), 7.89
(s, 1H), 7.76 (brs, 1H), 7.58—7.50 (m, 4H), 4.05 (s, 3H), 3.97
(s, 3H), 2.49 (s, 3H), 2.46 (s, 3H) ppm; “C{'H} NMR (75
MHz, CDCL,): 8. = 163.8, 162.8, 145.5, 145.4, 142.5, 141.5,
138.2, 137.0, 133.0, 131.8, 129.5, 129.3, 127.9, 127.4, 127.3,
124.9, 116.8, 116.3, 109.0, 52.2, 52.0, 20.3, 19.6 ppm; HRMS-
ESI(+) (m/z): caled. for C,sH,,N;0, [M + H]* 440.1604,
found 440.1597.

Dimethyl 10-isopropyl-5-phenylbenzo[b]pyrazolo[5,1-f]-
[1,6]Jnaphthyridine-1,2-dicarboxylate (3e). Yellow solid (82
mg, yield 91%, mp 182—184 °C), (n-hexane/EtOAc = 2:1, R;
= 0.25); 'H NMR (300 MHz, CDCL,): 64 = 9.95 (brs, 1H),
8.09 (d, J = 8.9 Hz, 1H), 7.92 (d, ] = 2.8 Hz, 1H), 7.91—7.89
(m, 1H), 7.89—7.83 (m, 2H), 7.75 (dd, J = 8.9, 1.9 Hz, 1H),
7.56 (brs, 1H), 7.52 (brs, 2H), 4.05 (s, 3H), 3.97 (s, 3H),
3.21-3.05 (m, 1H), 1.38 (d, ] = 6.9 Hz, 3H), 1.37 (d, ] = 6.9
Hz, 3H) ppm; C{'H} NMR (75 MHz, CDCl,): 5. = 163.8,
162.7, 147.9, 147.2, 145.8, 145.4, 141.6, 138.2, 133.7, 133.7,
131.8, 129.5, 129.3, 128.3, 127.9, 126.2, 124.3, 117.0, 116.9,
109.3, 52.2, 52.1, 33.7, 23.2, 23.1 ppm; HRMS-ESI(+) (m/z):
caled. for C;H,, N30, [M + H]* 454.1761, found 454.1756.

Diethyl 9,10-dimethyl-5-phenylbenzo[b]pyrazolo[5,1-f]-
[1,6]naphthyridine-1,2-dicarboxylate (3f). Yellow solid (83
mg, yield 89%, mp 244—246 °C), (n-hexane/EtOAc = 2:1, R;
= 0.25); '"H NMR (300 MHz, CDCL,): &;; = 9.92 (brs, 1H),
7.94 (d, ] = 3.5 Hz, 1H), 7.91 (brs, 1H), 7.87 (brs, 1H), 7.76
(brs, 1H), 7.57—7.50 (m, 4H), 4.52 (q, J = 7.0 Hz, 2H), 4.45
(q,J = 7.5 Hz, 2H), 2.48 (s, 3H), 2.45 (s, 3H), 1.47 (t, ] = 6.9
Hz, 3H), 1.42 (t, ] = 6.9 Hz, 3H) ppm; C{'H} NMR (75
MHz, CDCLy): 8¢ = 163.3, 162.6, 148.1, 146.0, 145.8, 142.3,
141.4, 138.2, 136.8, 133.0, 132.9, 131.9, 129.4, 127.9, 127.4,
127.3, 124. 9, 116.9, 116.4, 108.9, 61.4, 61.0, 20.4, 20.3, 19.6,
19.5 ppm; HRMS-ESI(+) (m/z): caled. for C,sH,gN;O, [M +
H]* 468.1917, found 468.1920.

Diethyl 10-isopropyl-5-phenylbenzo[b]pyrazolo[5,1-f]-
[1,6]naphthyridine-1,2-dicarboxylate (3g). Yellow solid (89
mg, yield 93%, mp 250—252 °C), (n-hexane/EtOAc = 2:1, R¢
= 0.25); '"H NMR (300 MHz, CDCl,): 8y = 10.10 (s, 1H),
8.11 (d, J = 8.8 Hz, 1H), 7.93 (d, J = 3.7 Hz, 1H), 7.91 (brs,
1H), 7.88 (brs, 1H), 7.76 (d, ] = 8.9 Hz, 1H), 7.57 (brs, 1H),
7.56—7.42 (m, 3H), 4.53 (q, ] = 7.3 Hz, 2H), 4.45 (q, ] = 7.3
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Hz, 2H), 3.19—-3.05 (m, 1H), 1.46 (t, ] = 8.1 Hz, 3H), 1.44—
1.41 (m, 3H), 1.39 (d, J = 7.0 Hz, 6H) ppm; *C{'H} NMR
(75 MHz, CDCl,): 6. = 163.3, 162.6, 147.9, 147.1, 146.2,
145.9, 141.6, 1382, 134.0, 131.9, 131.7, 129.5, 129.3, 128.3,
127.9, 126.2, 124.3, 117.0, 116.9, 109.2, 61.4, 61.1, 33.7, 23.1
(2C), 13.6 (2C) ppm; HRMS-ESI(+) (m/z): calcd. for
CyoHN;0, [M + H]* 482.2074, found 482.2076.

Dimethyl 10-isopropyl-5-(p-tolyl)benzo[b]pyrazolo[5,1-f]-
[1,6]naphthyridine-1,2-dicarboxylate (3h). Yellow solid (86
mg, yield 92%, mp 150—152 °C), (n-hexane/EtOAc = 2:1, R;
= 0.25); 'H NMR (300 MHz, CDCL,): 8y = 99.94 (s, 1H),
8.09 (d, J = 8.8 Hz, 1H), 7.86 (s, 1H), 7.82 (d, ] = 7.9 Hz,
2H), 7.76 (dd, J = 8.8, 2.0 Hz, 1H), 7.55 (brs, 1H), 7.34 (d, ] =
7.9 Hz, 2H), 4.06 (s, 3H), 3.97 (s, 3H), 3.20—3.05 (m, 1H),
2.45 (s, 3H), 1.38 (d, ] = 6.9 Hz, 6H) ppm; C{'H} NMR
(75 MHz, CDCL): §c = 163.9, 162.8, 147.9, 147.1, 145.9,
145.4, 141.7, 139.7, 1382, 133.7, 131.7, 129.2, 128.9, 128.7,
128.3, 126.1, 124.3, 116.8, 116.6, 109.2, 52.2, 52.1, 33.7, 23.2,
23.1, 21.0 ppm; HRMS-ESI(+) (m/z): calcd. for C,sH,6N;0,
[M + H]* 468.1918, found 468.1928.

Diethyl 10-isopropyl-5-(p-tolyl)benzo[b]pyrazolo[5,1-f]-
[1,6]naphthyridine-1,2-dicarboxylate (3i). Yellow solid (86
mg, yield 87%, mp 240—242 °C), (n-hexane/EtOAc = 2:1, R;
=0.25); 'H NMR (300 MHz, CDCL,): 6 = 10.12 (brs, 1H),
8.12 (d, J = 8.8 Hz, 1H), 7.89 (s, 1H), 7.83 (d, ] = 7.8 Hz,
2H),7.79 (dd, ] = 8.9, 1.9 Hz, 1H), 7.58 (brs, 1H), 7.35 (d, ] =
7.8 Hz, 2H), 4.53 (q, ] = 7.1 Hz, 2H), 4.45 (q, ] = 7.1 Hz, 2H),
3.23-3.06 (m, 1H), 2.46 (s, 3H), 1.49—1.42 (m, 6H), 1.40 (d,
J = 6.9 Hz, 6H) ppm; *C{'H} NMR (75 MHz, CDCL,): 5. =
163.3, 162.6, 148.0, 147.1, 146.1, 146.0, 141.8, 139.7, 138.2,
133.9, 131.7, 129.2, 129.0, 128.6, 128.3, 126.2, 124.3, 117.0,
116.5, 109.2, 61.4, 61.1, 33.7, 23.2, 20.9, 13.7, 13.6 ppm;
HRMS-ESI(+) (m/z): caled. for CyH;0N;0, [M + H]*
496.2230, found 496.2227.

Dimethyl 5-(3-chlorophenyl)-8,9-dimethylbenzo[b]-
pyrazolo[5,1-f][1,6]naphthyridine-1,2-dicarboxylate(3j).
Yellow solid (79 mg, yield 88%, mp 148—150 °C), (n-hexane/
EtOAc = 2:1, R; = 0.25); 'H NMR (500 MHz, CDCL,): 6y =
9.83 (brs, 1H), 7.92 (t, ] = 1.8 Hz, 1H), 7.83 (dt, J = 7.2, 1.7
Hz, 1H), 7.79 (d, J = 8.5 Hz, 1H), 7.59 (d, ] = 0.9 Hz 1H),
7.50 (t, ] = 1.8 Hz, 1H), 7.49 (d, ] = 7.4 Hz, 1H), 7.42 (4, ] =
8.4 Hz, 1H), 4.06 (s, 3H), 4.00 (s, 3H), 2.81 (s, 3H), 2.54 (s,
3H) ppm; “C{'H} NMR (126 MHz, CDCl,): 6. = 164.1,
163.2, 148.4, 145.9, 145. 6, 140.1, 139.5, 138.8, 134.5, 134.4,
134.0, 133.9, 130.4, 130.0, 129.8, 129.6, 128.0, 125.9, 125.0,
118.7, 116.2, 109.5, 52.8, 52.6, 20.9, 13.2 ppm; HRMS-ESI(+)
(m/z): caled. for C,gH,,>CIN;0, [M + H]* 474.1215, found
474.1224.

Diethyl 5-(3-chlorophenyl)-8,9-dimethylbenzo[b]-
pyrazolo[5,1-f][1,6]naphthyridine-1,2-dicarboxylate (3k).
Yellow solid (85 mg, yield 85%, mp 205—207 °C), (n-
hexane/EtOAc = 2:1, R; = 025); 'H NMR (500 MHz,
CDCl,): 8 = 10.00 (brs, 1H), 7.94 (t, ] = 2.0 Hz, 1H), 7.86—
7.82 (m, 3H), 7.62 (brs, 1H), 7.49 (d, ] = 7.4 Hz, 1H), 7.45 (d,
J = 8.6 Hz, 1H), 4.54 (q, ] = 7.1 Hz, 2H), 4.45 (q, ] = 7.1 Hz,
2H), 2.84 (s, 3H), 2.57 (s, 3H), 1.49 (t, ] = 7.1 Hz, 3H), 1.45
(t, J = 7.1 Hz, 3H) ppm; *C{'H} NMR (126 MHz, CDCl,):
Sc = 163.6, 163.0, 148.5, 146.6, 145.7, 140.2, 139.5, 138.8,
134.8, 134.3, 134.1, 134.0, 130.4, 130.0, 129.8, 129.6, 128.1,
125.9, 125.2, 118.5, 116.4, 109.5, 62.0, 61.6, 20.9 (2C), 14.2,
14.2, 14.1 ppm; HRMS-ESI(+) (m/z): calcd. for
C,sH,*CIN;0, [M + H]* 502.1527, found 502.1525.

Dimethyl 5-(4-bromophenyl)-10-isopropylbenzo[b]-
pyrazolo[5,1-f][1,6]naphthyridine-1,2-dicarboxylate (3l).
Yellow solid (94 mg, yield 89%, mp 180—182 °C), (n-
hexane/EtOAc = 2:1, R; = 0.25); 'H NMR (300 MHz,
CDCL,): 8 = 9.99 (brs, 1H), 8.14 (d, J = 8.9 Hz, 1H), 7.90
(brs, 1H), 7.81 (d, ] = 8.2 Hz, 2H), 7.79 (brs, 1H), 7.69 (d, ] =
8.2 Hz, 2H), 7.60 (brs, 1H), 4.07 (s, 3H), 3.99 (s, 3H), 3.22—
3.16 (m, 1H), 1.41 (d, ] = 6.8 Hz, 6H) ppm; C{'H} NMR
(101 MHz, CDC13): 6c = 164.3, 163.2, 148.5, 148.0, 146.0,
145.9, 140.9, 138.7, 134.3, 133.8, 132.5, 131.8, 131.3, 131.1,
128.8, 126.8, 124.8, 117.6, 117.4, 109.9, 52.9, 52.8, 34.3, 23.7
ppm; HRMS-ESI(+) (m/z): caled. Cp,H,,”°BrN;0, [M + H]*
532.0866, found 532.0864.

Dimethyl 5-(4-bromophenyl)-9,10-dimethylbenzo[b]-
pyrazolo[5,1-f][1,6]naphthyridine-1,2-dicarboxylate (3m).
Yellow solid (94 mg, yield 91%, mp 207—209 °C), (n-
hexane/EtOAc = 2:1, R; = 025); 'H NMR (500 MHyz,
CDCl,): & = 9.84 (brs, 1H), 7.91 (s, 1H), 7.82 (s, 1H), 7.81
(d, J = 8.3 Hz, 2H), 7.68 (d, J = 8.3 Hz, 2H), 7.54 (s, 1H),
4.07 (s, 3H), 4.00 (s, 3H), 2.53 (s, 3H), 2.50 (s, 3H) ppm;
BC{'H} NMR (126 MHz, CDCL,): 6 = 164.2, 163.2, 148.7,
145.9, 145.8, 143.1, 140.6, 138.8, 137.6, 133.3, 131.7, 131.3,
131.1, 127.9, 127.8, 125.5, 124.5, 117.6, 116.8, 109.6, 52.8,
52.6, 20.8, 20.1 ppm; HRMS-ESI(+) (m/z): calcd. for
CysH,,”BrN;0, [M + H]" 518.0709, found 518.0714.

Diethyl 5-(4-bromophenyl)-9,10-dimethylbenzo[b]-
pyrazolo[5,1-f][1,6]Jnaphthyridine-1,2-dicarboxylate (3n).
Yellow solid (95 mg, yield 87%, mp 220—222 °C), (n-
hexane/EtOAc = 2:1, R; = 0.25); 'H NMR (500 MHz,
CDCl,): 8y = 9.94 (brs, 1H), 7.90 (s, 1H), 7.81 (q, ] = 8.5 Hz,
2H), 7.80 (s, 1H), 7.68(d, ] = 8.5 Hz, 2H), 7.52 (s, 1H), 4.54
(q,J = 7.1 Hz, 2H), 447 (q, ] = 7.1 Hz, 2H), 2.51 (s, 3H), 2.49
(s, 3H), 1.48 (t, ] = 7.1 Hz, 3H), 1.44 (t, ] = 7.1 Hz, 3H) ppm;
BC{'H} NMR (126 MHz, CDCl,): 6. = 163.7, 163.0, 148.6,
146.5, 146.0, 142.9, 140.6, 138.7, 137.5, 133.5, 131.6, 131.3,
131.2, 127.9, 127.8, 125.5, 124.4, 117.5, 116.9, 109.5, 62.0,
61.6, 20.8, 20.1, 14.2, 14.1 ppm; HRMS-ESI(+) (m/z): calcd.
for C,4H,;”BrN,0, [M + H]* 546.1022, found 546.1023.

Diethyl 5-(4-bromophenyl)-10-isopropylbenzo[b]-
pyrazolo[5,1-f][1,6]naphthyridine-1,2-dicarboxylate (30).
Yellow solid (97 mg, yield 87%, mp 198—200 °C), (n-
hexane/EtOAc = 2:1, R; = 0.25); 'H NMR (500 MHz,
CDCL,): 8 = 10.11 (brs, 1H), 8.13 (d, J = 9.5 Hz, 1H), 7.90
(s, 1H), 7.88—7.77 (m, 3H), 7.68 (d, ] = 8.7 Hz, 2H), 7.58 (s,
1H), 4.55 (q, J = 7.9 Hz, 2H), 4.47 (q, ] = 7.9 Hz, 2H), 3.20—
3.14 (m, 1H), 1.54—1.32 (m, 12H) ppm; “C{'H} NMR (126
MHz, CDCl3): Oc = 163.7, 163.0, 148.4, 147.8, 146.7, 146.1,
140.9, 138.7, 134.5, 132.4, 131.7, 131.3, 131.2, 128.8, 126.8,
124.8, 124.5, 117.5, 117.4, 109.8, 62.0, 61.7, 34.2, 23.6 (2C),
14.2, 14.1 ppm; HRMS-ESI(+) (m/z): calcd. for
C,oH,,”BrN;0, [M + H]* 560.1179, found 560.1177.

Dimethyl 8-chloro-5-(4-methoxyphenyl)pyrazolo[5,1-a]-
isoquinoline-1,2-dicarboxylate (3p). Yellow solid (75 mg,
yield 89%, mp 214—216 °C), (n-hexane/EtOAc = 2:1, R; =
0.25); 'H NMR (300 MHz, CDCL,): 6 = 8.90 (d, ] = 8.9 Hz,
1H), 7.77 (d, ] = 8.0 Hz, 2H), 7.71 (brs, 1H), 7.52 (d, ] = 8.9
Hz, 1H), 7.10 (s, 1H), 7.01 (d, ] = 8.3 Hz, 2H), 3.99 (s, 3H),
3.95 (s, 3H), 3.86 (s, 3H) ppm; “C{'H} NMR (75 MHz,
CDCI3): Oc = 164.1, 162.8, 160.4, 144.9, 138.7, 137.8, 135.1,
131.4, 130.6, 127.7, 126.8, 125.8, 124.1, 120.9, 113.7, 113.5,
107.5, 54.9, 52.1, 52.0 ppm; HRMS-ESI(+) (m/z): calcd. for
C,,H,i*CIN,O; [M + H]* 425.0898, found 425.0891.
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Diethyl 8-chloro-5-(4-methoxyphenyl)pyrazolo[5,1-a]-
isoquinoline-1,2-dicarboxylate (3q). Yellow solid (82 mg,
yield 91%, mp 230—232 °C), (n-hexane/EtOAc = 2:1, R; =
0.25); 'H NMR (300 MHz, CDCl,): 8, = 9.05 (d, ] = 8.8 Hz,
1H), 7.79 (dd, J = 8.8, 1.2 Hz, 2H), 7.72 (d, ] = 1.6 Hz, 1H),
7.54 (dd, J = 8.8, 1.9 Hz, 1H), 7.10 (s, 1H), 7.00 (d, ] = 8.6
Hz, 2H), 447 (q, ] = 7.2 Hz, 2H), 443 (q, ] = 7.2 Hz, 2H),
3.87 (s, 3H), 1.42 (t, ] = 7.2 Hz, 3H), 1.38 (t, ] = 7.2 Hz, 3H)
ppm; BC{'H} NMR (75 MHz, CDCl,): 6. = 163.6, 162.6,
160.4, 145.6, 138.7, 137.8, 135.0, 131.4, 130.6, 127.6, 127.1,
125.8, 124.2, 121.1, 113.6, 113.4, 107.4, 61.3, 61.0, 54.9, 13.7,
13.6 ppm; HRMS-ESI(+) (m/z): caled. for C,,H,,**CIN,Oq
[M + H]* 453.1211, found 453.1204.

Dimethyl 5-phenylpyrazolo[5,1-aJisoquinoline-1,2-dicar-
boxylate (3r). White solid (67 mg, yield 93%, mp 175—177
°C), (n-hexane/EtOAc = 2:1, R;= 0.25); '"H NMR (400 MHz,
DMSO-dy): & = 8.68 (dd, ] = 7.7, 1.6 Hz, 1H), 8.05 (dd, J =
7.9,1.5 Hz, 1H), 7.87—7.83 (m, 2H), 7.81—-7.72 (m, 2H), 7.66
(s, 1H), 7.62—7.54 (m, 3H), 3.97 (s, 3H), 3.89 (s, 3H) ppmy;
BC{'H} NMR (101 MHz, DMSO-d,): 6. = 164.7, 162.9,
144.1, 137.8, 137.8, 132.9, 130.5, 130.4, 130.1, 130.0, 129.0,
128.8, 128.6, 124.8, 122.8, 116.8, 108.3, 532, 53.2 ppm;
HRMS-ESI(+) (m/z): caled. for C,;H;;N,O, [M + H]*
361.1182, found 361.1180.

Diethyl 5-(3-chlorophenyl)pyrazolo[5,1-ajisoquinoline-
1,2-dicarboxylate (3s). Yellow solid (77 mg, yield 91%, mp
182—184 °C), (n-hexane/EtOAc = 2:1, R; = 0.25); "H NMR
(300 MHz, CDCl,): 6 = 8.96—8.90 (m, 1H), 8.09 (d,] = 7.6
Hz, 1H), 7.82 (d, ] = 6.4 Hz, 1H), 7.73—7.68 (m, 1H), 7.59—
7.55 (m, 2H), 7.45 (brs, 1H), 7.31 (t, J = 7.3 Hz, 1H), 7.18
(brs, 1H), 4.48 (d, J = 7.1 Hz, 2H), 441 (t, ] = 7.1 Hz, 2H),
144 (d, J = 7.1 Hz, 3H), 1.37(d, ] = 7.1 Hz, 3H) ppmy;
BC{'H} NMR (75 MHz, CDCl,): 6. = 163.9, 162.5, 144.8,
137.9, 137.6, 132.3, 129.8, 129.2, 129.1, 129.0, 128.9, 128.2,
127.8, 127.5, 126.9, 125.0, 122.9, 115.5, 107.7, 61.2, 61.0, 13.7,
13.6 ppm; HRMS-ESI(+) (m/z): caled. for C,3H,,* CIN,O,
[M + H]" 423.1105, found 423.1111.
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