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ABSTRACT: Multicomponent reaction (MCR) is often used to
rapidly assemble complex compounds for drug screening. Povarov
MCR has been used to prepare a new library containing tetrahydro-
3H-pyrazolo[4,3-f ]quinoline core and the library tested against
MDA-MB-231 (a triple-negative breast cancer, TNBC, cell line). A
few of the tetrahydro-3H-pyrazolo[4,3-f ]quinoline-containing
compounds, bearing 3-aminoindazolyl group, potently inhibited
MDA-MB-231. The most active compound, HSD1787, was
evaluated against NCI60 cell lines and this compound inhibited
melanoma, renal, breast, ovarian, and leukemia cancer cell lines
with GI50 values as low as 0.1 μM. The tetrahydro-3H-
pyrazolo[4,3-f ]quinoline core is therefore a new scaffold that could be developed into potent anticancer therapeutics against
difficult-to-treat cancers.

■ INTRODUCTION

Multicomponent reactions (MCRs), such as Ugi,1 Gewald,2

Groebke−Blackburn−Bienayme,́3 Hantzsch,4 Biginelli,5 Passer-
ini,6 etc., have been routinely used to make diverse libraries for
biological screening and many compounds with anticancer,
antibacterial, antiviral, etc., properties have been discovered
from such libraries.3,7−10 In addition to facilitating compound
library synthesis, MCRs have also been used to streamline drug
synthesis, highlighted by the classic synthesis of the blockbuster
drug nifedipine via a Hantzsch three-component reaction
(3CR).11

Other pertinent examples are the syntheses of HIV protease
inhibitors, crixivan and telaprevir, which can be synthesized on
scale utilizing Ugi reactions.12 The Groebke−Blackburn−
Bienayme,́4 a relatively newer MCR, was used for the synthesis
of GLPG1690, an autotaxin inhibitor that is in clinical
development for the treatment of idiopathic pulmonary fibrosis
(IPF).13 The Povarov reaction is another robust multi-
component reaction, which produces tetrahydroquinoline core
(a common scaffold found in many biologically active
compounds or drugs, see Figure 1).14−24 For example, the
FDA-approved drug talazoparib (Talzenna, Pfizer Inc.), a poly-
(ADP-ribose) polymerase-1/2 (PARP-1/2) orally bioavailable
inhibitor, contains a tetrahydroquinoline core (see Figure 1A).
Talazoparib is used for the treatment of germline BRCA-
mutated HER2-negative locally advanced and metastatic breast
cancer.25 BMS-593214, another compound that contains the
tetrahydroquinoline core (Figure 1A), is a factor V11a inhibitor
and an anticoagulant compound. Others have used the Povarov

reaction to make compounds with various biological properties.
For example, Jiang and co-workers reported that the furano[3,2-
c] tetrahydroquinoline 10a, with all cis stereochemistries across
the tetrahydroquinoline stereogenic centers (Figure 1A),
inhibited various cancer cell lines with IC50 values of 2.5−50
μM.26 Almansa and co-workers also reported novel hexahydro-
2H-pyrano[3,2-c]quinolones, synthesized via Povarov, which
are selective σ1 receptor ligands with potential application as
analgesics.27

■ RESULTS AND DISCUSSION

We decided to make a novel library for anticancer activity
screening by combining the privileged indazole (see Figure 1B
for FDA-approved drugs containing indazole core) with
tetrahydroquinoline to afford tetrahydro-3H-pyrazolo[4,3-f ]-
quinoline, which we rationalized could be readily synthesized via
Povarov reaction. The first series of compounds were initially
screened for growth inhibition of MDA-MB-231 (a triple-
negative breast cancer, TNBC, cell line).We selected TNBC cell
for initial screening because TNBC patients (who comprise
∼11% of all breast cancer patients) have worst prognosis.28 For
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metastatic TNBC, the median survival is only 13 months,29 and
therefore we were motivated to find lead compounds for this
indication.
Library Synthesis. For the synthesis of the Povarov library,

we followed previously reported protocols30,31 but with a slight
modification. Instead of using the typical dichloromethane or
acetonitrile solvent, we used hexafluroisopropanol (HFIP) as
solvent and 10 mol % scandium triflate as Lewis catalyst. The
switch to HFIP was needed because our starting amine, 5-
aminoindazole and its intermediate, imine, had limited solubility
in the traditional solvents dichloromethane and acetonitrile.
Treating 5-aminoindazole and corresponding aldehydes and
bicyclo[2.2.1]hept-2-ene (norbornene) as an activated alkene
source afforded tetrahydroquinoline-containing compounds in
33−66% yields after 8−12 h of stirring at room temperature.
X-ray Crystallographic Studies. Povarov reaction with

norbornene can lead to four possible diastereoisomers (see
Figure 2) of compound 1. Excitingly, only one diastereomer (see
Figure 2) was obtained in the Povarov reactions after column
chromatography (up to 66% yield) and single-crystal X-ray
diffraction analysis was used to confirm the stereochemical
assignments of compounds. Crystals of compound 1 were

obtained by slow diffusion of acetone in an ethanol solution. X-
ray diffraction analysis of compound 1 indicated that the
tetrahydro-pyrazolo-quinoline ring acquires a half-chair con-
formation and the H7A and H12A protons are trans to H13A
proton in the major diastereomer, which has exo−exo relative
sterochemistry (see Figure 2). The torsional angle for H-13A−
C-13A−C12A−H12A, H-7A−C-7A−C12A−H12A and C-
7A−C-12A−C13A−C17A are 166.7, −9.9, and 169.9°
respectively. The bond angle C-12A−C-13A−C-17A was
determined to be 112.8°. Out of four possible diasteroisomer
products in the Povarov reaction of 5-aminoindazole with 1-
norbornene, exo−exo diastereomer was observed as a major
product probably because of favorable exo-facial approach of
cyclization (see Scheme 1). This result is in agreement with
literature precedent, which also utilized norbornene in Povarov
reactions.30

Biological Evaluation. The series of 17 compounds were
obtained by the reaction of 5-aminoindazole and norbornene
with 17 different aldehydes (see Table 1). The inhibitions of
MDA-MB-231 viability by the compounds at 1 μM concen-
tration were evaluated by first treating the cancer cell line with
compounds and incubating for 72 h and using CellTiter-Blue

Figure 1. (A) Structure of biologically active tetrahydroquinoline core containing compounds, synthesized using Povarov reaction; (B) indazole-
containing drugs; and (C) combining the privileged indazole with tetrahydroquinoline to afford tetrahydro-3H-pyrazolo[4,3-f ]quinoline.

Figure 2.ORTEP diagram showing the molecular structure of compound 1. Disorder omitted for clarity (for details, see the Supporting Information).
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cell viability assay to evaluate growth inhibition. The anticancer
properties of the compounds (see Table 1 and Figure 3)
depended heavily on the nature of the starting aldehyde used for
the synthesis (Figure 4). Compounds 16 and 17, bearing 5-
indazolyl and 6-indazolyl groups, respectively, at the C13A
position were the most potent inhibitors (percent growth
inhibition at 1 μM of 78 and 91% for 16 and 17, respectively).
The aminoindazole analog of compound 17, HSD1787 (see
Figure 3), inhibited MDA-MB-231 at 95% at 1 μM
concentration.
Drugs that contain high fraction sp3 carbons are generally

considered as more druglike than analogs that contain a higher
degree of polycyclic aromatic moieties.32−36 Therefore, we also
designed a compound to investigate how the fraction sp3 of the
compound (compare HSD1787 and compound 18, Figure 3)
affected anticancer activities. Also, we designed compound 19,
which did not contain the bicyclo[2.2.1]heptan-2-yl moiety in
ring D but instead contained 2,3-dihydro-1,4-dioxine,37 to
investigate if the bridged bicyclic, bicyclo[2.2.1]heptan-2-yl
group found in HSD1787 and analogs is critical for anticancer
activities. Analog 18, with less sp3 carbon than HSD1878
inhibited MDA-MB-231 at only 19%, highlighting that a higher
fraction sp3 is important for anticancer activities for this series.
Compound 19, which did not contain the bicyclo[2.2.1]heptan-
2-yl moiety in ring D but instead contained 2,3-dihydro-1,4-
dioxine showed no activity.
Compound HSD1787 was sent to the National Cancer

Institute (NCI), Bethesda, MD (Drug Evaluation Branch), to
evaluate the effects on the NCI-60 cell panel. According to the
NCI protocol, HSD1787 was evaluated at five concentrations
(10-fold dilutions) with the highest concentration being 100 μM

and the incubation period was 48 h. A sulforhodamine B assay
was used to assay the effects of the compound on the cancer
cells. HSD1787 exhibited sub-micromolar GI50 (the concen-
tration that causes 50% growth inhibition) against the majority
of the cell lines in the NCI-60 panel (see Figure 5). The most
sensitive cell lines (see Table 2) were MDA-MB-435
(melanoma), SF-539 (glioma), A498 (renal), MDA-MB-468
and MCF7 (breast), OVCAR-3 and OVCAR-8 (ovarian), and
NCI-H522 (nonsmall cell lung cancer). On the other hand,
UACC-257 (melanoma) and T-47D (breast) were resistant to
HSD1787 with GI50 greater than 10 μM (Table 2). Thus, the
inhibitions of the cancer cell lines by HSD1787 do not
necessarily depend on the tissue type but probably on specific
cancer drivers. This is in line with current appreciation that
tumor mutational burden and not necessarily the anatomical
origin of the tumor determines treatment strategies or
outcomes. Compounds that do not grossly kill all cell types
but are selective for dysregulated pathways tend to be better
tolerated by patients.

■ CONCLUSIONS

We have synthesized a library of compounds containing the
tetrahydro-3H-pyrazolo[4,3-f ]quinoline core, using the Povar-
ov multicomponent reaction. These compounds, synthesized in
only a single-flask operation, potently inhibited NCI-60 cancer
cell lines at sub-micromolar concentrations. The tetrahydro-3H-
pyrazolo[4,3-f ]quinoline-containing compounds represent one
of the most potent anticancer agents synthesized via Povarov
reported to date. This work adds to literature examples whereby
multicomponent reactions have been used to make libraries that

Scheme 1. Three-Component Povarov Reaction of 5-Aminoindazole, Aldehyde, and Norbornene
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contain potent anticancer agents with nanomolar activ-
ities.10,38−41

■ EXPERIMENTAL SECTION
MDA-MB-231 cell line was a kind gift from Professor
Camarillo’s lab (Purdue University). The cells were cultured
using Dulbecco’s modified Eagle’s medium (DMEM) (Corn-
ing), supplemented with 10% fetal bovine serum (FBS) (Atlanta

Biologicals), 1× glutaMAX (Gibco), and 1× penicillin/
streptomycin (Corning) at 37 °C with 5% CO2. Cells were
seeded at 1.0 × 104 cells/mL in 96-well plates and incubated for
up to 24 h. Cells were then treated with 1 μM of different
compounds for 72 h in triplicates. The CellTiter-Blue Cell
Viability Assay (Promega) was then added to the cells and
incubated for 3 h before reading following the manufacturers’
recommendations.

Table 1. Synthesis of First Series Analogs

Figure 3. Further analogs of HSD1787 analogs, which were synthesized and tested for growth inhibition of MDA-MB-231.
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General Synthetic Considerations.All of the reagents and
solvents were purchased from commercial sources and used as
received, unless otherwise stated. The 1H and 13C nuclear
magnetic resonance (NMR) spectra were obtained in methanol-
d4 or dimethyl sulfoxide (DMSO)-d6 as solvents using a 500
MHz spectrometer using tetramethylsilane as an internal
standard. Chemical shifts reported in parts per million (δ
ppm) downfield. 1H NMR data reported as follows: chemical
shift (δ ppm) (multiplicity, coupling constant (Hz), integra-
tion). Multiplicities are reported as follows: s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet, or combinations
thereof. High-resolution mass spectra (HRMS) were recorded
using the electron spray ionization (ESI) technique and as a
time-of-flight (TOF) mass analyzer. All of the synthesized
compounds were characterized using 1H, 13CNMR, andHRMS.
General Procedure for the Multicomponent Reaction.

Amine (1 mmol) and aldehyde (1 mmol) in 4 mL of 1,1,1,3,3,3-
hexafluoro-2-propanol stirred for 2 h at 80 °C. After that, alkene

(2 mmol) and 10 mol % scandium(III) trifluoromethanesulfo-
nate were added to the reaction mixture at ambient temperature.
The reactionmixture was continued to stir for another 8−12 h at
room temperature. After completion, the reaction mixture was
concentrated and purified by silica gel chromatography
(hexanes/ethyl acetate 95:5 to 50:50) or dichloromethane/
methanol (99:01 to 95:05) to give the desired cyclized
compound.

7 - ( 3 - ( T r i fl u o r o m e t h y l ) - 1 H - p y r a z o l - 4 - y l ) -
6,7,7a,8,9,10,11,11a-octahydro 3H-8,11-methanopyrazolo-
[4,3-a]phenanthridine (1). Off-white solid (168 mg, 45%). 1H
NMR (500 MHz, DMSO-d6) δ 7.85 (s, 1H), 7.63 (s, 1H), 7.11
(d, J = 8.7 Hz, 1H), 6.79 (dd, J = 8.7, 1.8 Hz, 1H), 5.21 (s, 1H),
4.08−3.96 (m, 1H), 2.90 (d, J = 8.5 Hz, 1H), 2.68 (d, J = 3.9 Hz,
1H), 2.11 (t, J = 7.8 Hz, 1H), 2.04−1.98 (m, 1H), 1.66−1.58
(m, 2H), 1.58−1.48 (m, 2H), 1.29−1.20 (m, 1H), and 1.03−
0.94 (m, 1H); 13C NMR (126 MHz, DMSO-d6) δ 139.7, 138.3,
136.0, 131.4, 129.6, 124.1, 123.2, 121.8 (q = 269.64 Hz), 118.5,
114.6, 108.5, 51.7, 49.9, 43.1, 42.4, 40.9, 34.2, 29.8, and 29.4.
HRMS (ESI) m/z calcd for C19H19F3N5 [M + H]+ 374.1593,
found 374.1586.

7-(1H-Pyrazol-4-yl)-6,7,7a,8,9,10,11,11a-octahydro-3H-
8,11-methanopyrazolo[4,3-a]phenanthridine (2). Pale yellow
solid (158 mg, 52%). 1H NMR (500MHz, DMSO-d6) δ 7.83 (s,
1H), 7.49 (s, 2H), 7.08 (d, J = 8.6 Hz, 1H), 6.78 (d, J = 8.7 Hz,
1H), 6.04 (t, J = 6.6 Hz, 1H), 5.24 (s, 1H), 3.93 (d, J = 7.1 Hz,
1H), 3.92−3.80 (m, 2H), 2.87 (d, J = 8.6 Hz, 1H), 2.66 (d, J =
4.0 Hz, 1H), 2.17−2.05 (m, 2H), 1.66−1.58 (m, 2H), 1.58−
1.42 (m, 2H), 1.34−1.23 (m, 1H), 0.96 (d, J = 9.7 Hz, 1H); 13C
NMR (126 MHz, DMSO-d6) δ 140.0, 137.9, 135.8, 131.3,
126.5, 125.2, 123.3, 118.7, 114.8, 108.2, 51.2, 51.0, 43.2, 42.5,
41.0, 34.4, 29.8, and 29.6; HRMS (ESI)m/z calcd for C18H20N5
[M + H]+ 306.1719, found 306.1714.

2 - ( 6 , 7 , 7a , 8 , 9 , 1 0 , 1 1 , 1 1a -Oc t ahyd ro - 3H - 8 , 1 1 -
methanopyrazolo[4,3-a]phenanthridin-7-yl)thiazole (3).
Pale yellow solid (111 mg, 36%). 1H NMR (500 MHz,
methanol-d4) δ 7.88 (s, 1H), 7.63 (dd, J = 3.4, 1.2 Hz, 1H), 7.34
(dd, J = 3.3, 1.2 Hz, 1H), 7.20 (d, J = 8.7 Hz, 1H), 6.83 (dd, J =
8.8, 1.2 Hz, 1H), 4.60 (d, J = 4.5 Hz, 1H), 3.06 (d, J = 8.7 Hz,
1H), 2.61 (d, J = 4.3 Hz, 1H), 2.43 (dd, J = 8.7, 4.5 Hz, 1H),

Figure 4. Inhibition of MDA-MB-231 cell lines by compounds
(concentration: 1 μM). Experiments were done in triplicate.

Figure 5. In vitro NCI60 cell lines vs GI50 representation forHSD1787.
Asterisk represents poor dose response for T-47D so accurate GI50
could not be determined but at 10 μM, percent inhibition is less than
50%.

Table 2. GI50 by HSD1787 Against Select Cell Linesa

entry cell line cancer type GI50 (μM)

i MDA-MB-435 melanoma 0.12
ii A498 renal 0.18
iii NCI-H522 non-small cell lung 0.21
iv SF-539 CNS 0.23
v SR lymphoma 0.23
vi Ovcar-3 ovarian 0.24
vii K-562 leukemia 0.26
viii MDA-MB-468 breast 0.27
ix SF-295 CNS 0.34
x MCF7 breast 0.38
xi Ovcar-8 ovarian 0.48
xii NCI/ADR-RES ovarian 0.48
xiii SK-MEL-28 melanoma 0.93
xiv Ovcar-4 ovarian 2.14
xv TK-10 renal 3.86
xvi UACC-257 melanoma >10
xvii T-47D breast >10

a>10 means value is greater than 10 μM. Values are average of a
biological duplicate.
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2.36−2.29 (m, 1H), 1.83−1.75 (m, 1H), 1.75−1.68 (m, 1H),
1.65−1.53 (m, 2H), 1.45−1.35 (m, 1H), and 1.14−1.04 (m,
1H); 13C NMR (126 MHz, methanol-d4) δ 176.5, 140.5, 137.6,
136.2, 131.0, 122.6, 119.2, 119.1, 116.0, 108.3, 57.7, 50.1, 44.7,
42.1, 41.6, 34.0, 29.8, and 28.5. HRMS (ESI) m/z calcd for
C18H19N4S [M + H]+ 323.1330, found 323.1323.
7-(1H-Imidazol-4-yl)-6,7,7a,8,9,10,11,11a-octahydro-3H-

8,11-methanopyrazolo[4,3-a]phenanthridine (4). Off-white
solid (149 mg, 49%). 1H NMR (500 MHz, methanol-d4) δ 7.89
(s, 1H), 7.73 (s, 1H), 7.15 (d, J = 8.7 Hz, 1H), 6.89 (s, 1H), 6.80
(d, J = 8.7 Hz, 1H), 4.10 (d, J = 7.1 Hz, 1H), 2.94 (d, J = 8.6 Hz,
1H), 2.70 (d, J = 4.1 Hz, 1H), 2.34 (t, J = 7.8 Hz, 1H), 2.15 (d, J
= 3.8 Hz, 1H), 1.75−1.62 (m, 2H), 1.60−1.46 (m, 2H), 1.35−
1.29 (m, 1H), 1.01 (d, J = 9.9 Hz, 1H); 13C NMR (126 MHz,
methanol-d4) δ 140.2, 138.7, 136.5, 134.3, 131.0, 122.7, 121.6,
119.1, 116.0, 108.2, 53.1, 48.8, 43.3, 42.2, 41.0, 33.7, 29.1.
HRMS (ESI) m/z calcd for C18H20N5 [M + H]+ 306.1719,
found 306.1714.
7-(1-Methyl-3-(trifluoromethyl)-1H-pyrazol-4-yl)-

6,7,7a,8,9,10,11,11a-octahydro-3H-8,11-methanopyrazolo-
[4,3-a]phenanthridine (5). Off-white solid (144 mg, 37%). 1H
NMR (500 MHz, methanol-d4) δ 7.94 (s, 1H), 7.45 (s, 1H),
7.19 (d, J = 8.7 Hz, 1H), 6.80 (d, J = 8.7 Hz, 1H), 4.18 (d, J = 6.7
Hz, 1H), 3.81 (s, 3H), 3.04 (d, J = 8.6 Hz, 1H), 2.76 (d, J = 4.2
Hz, 1H), 2.20 (t, J = 7.6 Hz, 1H), 2.11 (d, J = 3.8 Hz, 1H), 1.78−
1.66 (m, 2H), 1.65−1.52 (m, 2H), 1.41−1.29 (m, 1H), and
1.15−0.89 (m, 1H); 13C NMR (126 MHz, methanol-d4) δ
138.7, 138.4, 136.4, 131.2, 130.9, 125.1 (q, J = 269.64 Hz),
124.6, 122.7, 118.9, 115.9, 108.1, 51.3, 50.0, 43.5, 42.3, 41.2,
38.1, 33.6, 29.2, and 29.1. HRMS (ESI) m/z calcd for
C20H21F3N5 [M + H]+ 388.1749, found 388.1742.
7-(4-(Trifluoromethyl)phenyl)-6,7,7a,8,9,10,11,11a-octa-

hydro-3H-8,11-methanopyrazolo[4,3-a]phenanthridine (6).
Off-white solid (161 mg, 42%). 1H NMR (500 MHz, DMSO-
d6) δ 8.01 (s, 1H), 7.86 (s, 1H), 7.67 (d, J = 8.2 Hz, 2H), 7.62 (d,
J = 8.2 Hz, 2H), 7.13 (d, J = 8.7 Hz, 1H), 6.81 (d, J = 8.7 Hz,
1H), 5.57 (s, 1H), 5.19−5.05 (m, 1H), 3.94 (d, J = 8.2 Hz, 1H),
2.88 (d, J = 8.5 Hz, 1H), 2.77 (d, J = 3.9 Hz, 1H), 2.10 (t, J = 8.4
Hz, 1H), 2.03 (d, J = 4.1 Hz, 1H), 1.70 (d, J = 9.8 Hz, 1H), 1.61
(dt, J = 12.7, 4.6 Hz, 1H), 1.50 (dtd, J = 12.0, 7.8, 3.8 Hz, 2H),
1.23−1.11 (m, 1H), and 1.02 (d, J = 9.8 Hz, 1H); 13C NMR
(126MHz, DMSO-d6) δ 150.4, 139.7, 136.0, 131.5, 129.0, 128.2
(q, J = 31.5 Hz), 125.9, 125.5, 125.4, 123.9 (q, J = 286.06 Hz),
123.7, 123.2, 118.5, 114.2, 108.6, 67.7 (quintet, J = 31.5 Hz),
59.7, 51.3, 42.7, 42.6, 34.2, 30.1, and 29.0; HRMS (ESI) m/z
calcd for C22H21F3N3 [M + H]+ 384.1688, found 384.1681.
7-(3-Fluoropyridin-4-yl)-6,7,7a,8,9,10,11,11a-octahydro-

3H-8,11-methanopyrazolo[4,3-a]phenanthridine (7). Light
brown solid (177 mg, 53%). 1H NMR (500 MHz, DMSO-d6)
δ 8.51 (s, 1H), 8.30 (d, J = 5.0 Hz, 1H), 7.85 (s, 1H), 7.36 (t, J =
5.7 Hz, 1H), 7.15 (d, J = 8.7 Hz, 1H), 6.80 (d, J = 8.7 Hz, 1H),
5.59 (s, 1H), 4.29 (d, J = 6.8 Hz, 1H), 2.91 (d, J = 8.5 Hz, 1H),
2.74−2.63 (m, 1H), 2.12 (t, J = 7.8 Hz, 1H), 2.06 (d, J = 3.4 Hz,
1H), 1.68−1.57 (m, 2H), 1.55−1.44 (m, 2H), 1.27−1.16 (m,
1H), and 1.02 (d, J = 9.8 Hz, 1H); 13C NMR (126 MHz,
DMSO-d6) δ 158.7 (J = 254.52 Hz), 146.4, 141.1, 139.3, 138.1,
136.0, 131.4, 123.6, 123.2, 118.3, 114.2, 108.9, 51.7, 50.2, 43.3,
42.3, 41.1, 34.3, 29.7, and 29.4. HRMS (ESI) m/z calcd for
C20H20FN4 [M + H]+ 335.1672, found 335.1667.
7-(Thiophen-2-yl)-6,7,7a,8,9,10,11,11a-octahydro-3H-

8,11-methanopyrazolo[4,3-a]phenanthridine (8). Pale yellow
solid (150 mg, 47%). 1H NMR (500 MHz, methanol-d4) δ 8.26
(d, J = 1.1 Hz, 1H), 7.51 (dd, J = 5.2, 1.2 Hz, 1H), 7.47 (dt, J =

8.8, 1.1 Hz, 1H), 7.32 (dd, J = 3.6, 1.3 Hz, 1H), 7.21 (d, J = 8.8
Hz, 1H), 7.11 (dd, J = 5.2, 3.5 Hz, 1H), 4.63 (d, J = 10.3 Hz,
1H), 3.33−3.31 (m, 1H), 3.17−3.04 (m, 1H), 2.63 (ddd, J =
10.0, 8.5, 1.2 Hz, 1H), 2.22−2.14 (m, 1H), 1.90−1.78 (m, 1H),
1.77−1.66 (m, 2H), 1.60 (dt, J = 10.5, 1.9 Hz, 1H), 1.49−1.38
(m, 1H), and 1.27−1.16 (m, 1H); 13C NMR (126 MHz,
methanol-d4) δ 140.7, 139.5, 132.7, 128.3, 127.9, 126.8, 126.5,
124.4, 122.0, 120.0, 109.4, 57.3, 49.5, 43.1, 39.8, 33.2, 29.4, and
28.2. HRMS (ESI) m/z calcd for C19H20N3S [M + H]+

322.1378, found 322.1371.
5 - ( 6 , 7 , 7a , 8 , 9 , 1 0 , 1 1 , 1 1a -Oc t ahyd ro - 3H - 8 , 1 1 -

methanopyrazolo[4,3-a]phenanthridin-7-yl)pyridin-2-
amine (9). Pale yellow solid (53mg, 16%). 1HNMR (500MHz,
methanol-d4) δ 7.95 (d, J = 1.1 Hz, 1H), 7.89 (d, J = 2.4Hz, 1H),
7.58 (dd, J = 8.6, 2.4 Hz, 1H), 7.18 (d, J = 8.7 Hz, 1H), 6.84 (d, J
= 8.7 Hz, 1H), 6.60 (d, J = 8.6 Hz, 1H), 3.72 (d, J = 9.3 Hz, 1H),
2.94 (dd, J = 21.9, 6.3 Hz, 2H), 2.17 (d, J = 8.9 Hz, 1H), 2.04 (d,
J = 4.2 Hz, 1H), 1.78−1.70 (m, 2H), 1.65−1.56 (m, 2H), 1.28
(tdd, J = 11.0, 5.6, 2.3Hz, 1H), and 1.11 (dt, J = 9.9, 1.5Hz, 1H);
13C NMR (126MHz, methanol-d4) δ 158.6, 146.5, 145.3, 139.6,
137.7, 128.8, 122.7, 119.0, 115.5, 109.1, 108.1, 58.1, 51.0, 42.9,
42.2, 39.6, 33.2, 29.7, and 28.3. HRMS (ESI) m/z calcd for
C20H22N5 [M + H]+ 332.1875, found 332.1870.

2-Fluoro-5-(-6,7,7a,8,9,10,11,11a-octahydro-3H-8,11-
methanopyrazolo[4,3-a]phenanthridin-7-yl)benzonitrile
(10). Off-white solid (154 mg, 43%). 1H NMR (500 MHz,
DMSO-d6) δ 7.94 (dd, J = 6.4, 2.3 Hz, 1H), 7.85 (d, J = 1.3 Hz,
1H), 7.83−7.75 (m, 1H), 7.46 (t, J = 9.0Hz, 1H), 7.12 (d, J = 8.6
Hz, 1H), 6.78 (d, J = 8.7 Hz, 1H), 5.51 (s, 1H), 3.93 (dd, J = 8.0,
1.4 Hz, 1H), 2.88 (d, J = 8.5 Hz, 1H), 2.74 (d, J = 3.9 Hz, 1H),
2.10 (t, J = 8.3 Hz, 1H), 2.01 (d, J = 4.0 Hz, 1H), 1.73−1.58 (m,
2H), 1.55−1.41 (m, 2H), 1.31−1.16 (m, 1H), and 1.01 (d, J =
9.8 Hz, 1H); 13C NMR (126 MHz, DMSO-d6) δ 162.9 (J =
255.78Hz), 143.4, 139.6, 136.0, 135.7, 133.4, 131.5, 123.2,
118.4, 116.8, (18.19Hz), 114.6, 114.3, 108.6, 100.1(15.12),
58.5, 51.0, 42.7, 42.6, 34.3, 30.1, and 29.0. HRMS (ESI) m/z
calcd for C22H20FN4 [M + H]+ 359.1672, found 359.1665.

4 - ( - 6 , 7 , 7a , 8 , 9 , 10 , 11 , 11a -Oc tahyd ro -3H -8 , 11 -
methanopyrazolo[4,3-a]phenanthridin-7-yl)phenol (11).
Off-white solid (151 mg, 45%). 1H NMR (500 MHz, DMSO-
d6) δ 9.26 (s, 1H), 7.85 (s, 1H), 7.19 (d, J = 8.5 Hz, 2H), 7.08 (d,
J = 8.7 Hz, 1H), 6.82 (d, J = 8.7 Hz, 1H), 6.70 (d, J = 8.5 Hz,
2H), 5.20 (s, 1H), 3.64 (d, J = 9.0 Hz, 1H), 2.85−2.74 (m, 2H),
2.05−1.93 (m, 2H), 1.77−1.58 (m, 2H), 1.55−1.44 (m, 2H),
1.23−1.09 (m, 1H), and 0.99 (d, J = 9.7 Hz, 1H); 13C NMR
(126 MHz, DMSO-d6) δ 156.8, 140.6, 135.9, 131.5, 129.2,
123.3, 118.6, 115.3,. 9, 108.3, 59.9, 52.0, 43.0, 42.0, 34.0, 30.4,
and 28.8. HRMS (ESI) m/z calcd for C21H22N3O [M + H]+

332.1763, found 332.1755.
4 - ( 6 , 7 , 7a , 8 , 9 , 1 0 , 1 1 , 1 1a -Oc t ahyd ro - 3H - 8 , 1 1 -

methanopyrazolo[4,3-a]phenanthridin-7-yl)benzamide
(12). Off-white solid (122 mg, 34%). 1H NMR (500 MHz,
DMSO-d6) δ 7.89 (s, 1H), 7.85 (s, 1H), 7.80 (d, J = 8.0 Hz, 2H),
7.46 (d, J = 8.0 Hz, 2H), 7.28 (s, 1H), 7.10 (d, J = 8.6 Hz, 1H),
6.81 (d, J = 8.8 Hz, 1H), 5.44 (s, 1H), 3.87 (d, J = 8.2 Hz, 1H),
2.86 (d, J = 8.6 Hz, 1H), 2.77 (s, 1H), 2.11−2.08 (m, 1H), 2.03
(s, 1H), 1.70 (d, J = 9.9 Hz, 1H), 1.64−1.59 (m, 1H), 1.54−1.46
(m, 2H), 1.21−1.15 (m, 1H), and 1.04−1.00 (m, 1H); 13C
NMR (126 MHz, DMSO-d6) δ 169.0, 149.8, 140.9, 136.7,
134.3, 132.3, 128.8, 128.6, 124.1, 119.3, 114.9, 109.3, 60.7, 52.3,
43.6, 43.3, 35.0, 31.0, and 29.8. HRMS (ESI) m/z calcd for
C22H23N4O [M + H]+ 359.1872, found 359.1865.
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7 - ( 3 -Cyc l op ropy l - 1 -me thy l - 1H -py razo l - 4 - y l ) -
6,7,7a,8,9,10,11,11a-octahydro-3H-8,11-methanopyrazolo-
[4,3-a]phenanthridine (13). Light brown solid (166 mg,
46%).1H NMR (500 MHz, DMSO-d6) δ 7.86 (s, 1H), 7.35 (s,
1H), 7.09 (d, J = 8.6 Hz, 1H), 6.81 (d, J = 8.7 Hz, 1H), 5.09 (s,
1H), 3.90 (d, J = 8.4 Hz, 1H), 3.63 (s, 2H), 2.85 (d, J = 8.5 Hz,
1H), 2.77 (d, J = 3.8 Hz, 1H), 2.11 (t, J = 8.5 Hz, 1H), 2.07 (d, J
= 3.9 Hz, 1H), 1.90 (tt, J = 8.2, 5.1 Hz, 1H), 1.69−1.64 (m, 1H),
1.61 (dt, J = 10.7, 3.6 Hz, 1H), 1.52 (tdd, J = 13.3, 8.0, 3.8 Hz,
2H), 1.21 (ddd, J = 13.1, 9.8, 6.7 Hz, 1H), 1.02−0.96 (m, 1H),
0.83−0.69 (m, 4H).13C NMR (126 MHz, DMSO-d6) δ 150.6,
140.5, 135.9, 131.5, 129.7, 123.4, 123.3, 118.6, 114.3, 108.3,
51.8, 51.0, 42.8, 42.4, 38.6, 34.1, 30.2, 29.2, 7.9, 7.8, and 7.7.
HRMS (ESI) m/z calcd for C22H26N5 [M + H]+ 360.2188,
found 360.2182.
3-Fluoro-4-(6,7,7a,8,9,10,11,11a-octahydro-3H-8,11-

methanopyrazolo[4,3-a]phenanthridin-7-yl)phenol (14).
Off-white solid (209 mg, 66%). 1H NMR (500 MHz, DMSO-
d6) δ 9.76 (s, 1H), 7.85 (s, 1H), 7.24 (t, J = 8.6 Hz, 1H), 7.10 (d,
J = 8.7 Hz, 1H), 6.81 (d, J = 8.7 Hz, 1H), 6.57 (dd, J = 8.5, 2.4
Hz, 1H), 6.52 (dd, J = 12.2, 2.4 Hz, 1H), 5.24 (s, 1H), 4.02 (d, J
= 8.7 Hz, 1H), 2.84 (d, J = 8.5 Hz, 1H), 2.78 (s, 1H), 2.06 (t, J =
8.6 Hz, 1H), 1.97 (s, 1H), 1.71−1.57 (m, 2H), 1.51 (td, J = 10.8,
4.0 Hz, 2H), 1.24−1.12 (m, 1H), and 1.05−0.98 (m, 1H); 13C
NMR (126 MHz, DMSO-d6) δ 161.9, 160.0 (J = 253.26 Hz),
140.4, 135.9, 131.5, 129.8, 123.3, 122.2, 118.5, 112.1, 108.4,
102.5, 102.3, 52.1, 51.4, 42.9, 42.3, 34.1, 30.3, and 28.9. HRMS
(ESI) m/z calcd for C21H21FN3O [M + H]+ 350.1669, found
350.1663.
7-(3-Methoxypyridin-4-yl)-6,7,7a,8,9,10,11,11a-octahy-

dro-3H-8,11-methanopyrazolo[4,3-a]phenanthridine (15).
Pale yellow solid (169 mg, 47%). 1H NMR (500 MHz,
DMSO-d6) δ 8.56 (s, 1H), 8.33 (d, J = 5.6 Hz, 1H), 7.90 (s, 1H),
7.59 (d, J = 5.6 Hz, 1H), 7.21 (d, J = 8.7 Hz, 1H), 6.88 (d, J = 8.7
Hz, 1H), 4.52 (d, J = 5.7 Hz, 1H), 4.03 (s, 3H), 2.96 (d, J = 8.6
Hz, 1H), 2.63 (s, 1H), 2.22 (t, J = 7.2 Hz, 1H), 2.11 (d, J = 3.4
Hz, 1H), 1.65−1.56 (m, 2H), 1.52 (dt, J = 8.8, 5.2 Hz, 2H),
1.30−1.21 (m, 1H), and 1.01 (d, J = 9.7 Hz, 1H); 13C NMR
(126 MHz, DMSO-d6) δ 154.8, 137.3, 137.3, 137.2, 136.6,
131.4, 128.2, 124.0, 123.0, 123.0, 118.4, 109.3, 57.8, 52.2, 48.7,
44.3, 42.1, 41.8, 34.5, 29.8, and 29.4. HRMS (ESI)m/z calcd for
C21H23N4O [M + H]+ 347.1872, found 347.1866.
7-(1H-Indazol-5-yl)-6,7,7a,8,9,10,11,11a-octahydro-3H-

8,11-methanopyrazolo[4,3-a]phenanthridine (16). Off-white
solid (120 mg, 33%). 1H NMR (500MHz, DMSO-d6) δ 8.01 (t,
J = 1.3 Hz, 1H), 7.87 (s, 1H), 7.74 (s, 1H), 7.50 (d, J = 8.7 Hz,
1H), 7.44 (dd, J = 8.6, 1.6 Hz, 1H), 7.11 (d, J = 8.7 Hz, 1H), 6.84
(d, J = 8.8 Hz, 1H), 5.36 (s, 1H), 3.87 (d, J = 8.9 Hz, 1H), 2.86
(d, J = 8.6 Hz, 1H), 2.83 (s, 1H), 2.13 (t, J = 8.8 Hz, 1H), 2.02 (s,
1H), 1.73 (d, J = 9.8 Hz, 1H), 1.65−1.55 (m, 1H), 1.55−1.42
(m, 2H), 1.19−1.09 (m, 1H), and 1.02 (d, J = 9.8 Hz, 1H); 13C
NMR (126 MHz, DMSO-d6) δ 140.5, 139.8, 137.5, 135.9,
133.8, 131.5, 126.8, 123.4, 123.1, 119.6, 118.6, 113.9, 110.3,
108.4, 60.6, 52.0, 43.0, 42.1, 34.1, 30.4, and 28.8. HRMS (ESI)
m/z calcd for C22H22N5 [M + H]+ 356.1875, found 356.1869.
7-(1H-Indazol-6-yl)-6,7,7a,8,9,10,11,11a-octahydro-3H-

8,11-methanopyrazolo[4,3-a]phenanthridine (17). Off-white
solid (133 mg, 37%). 1H NMR (500MHz, DMSO-d6) δ 8.00 (s,
1H), 7.86 (s, 1H), 7.69 (d, J = 8.3 Hz, 1H), 7.49 (s, 1H), 7.19
(dd, J = 8.4, 1.4 Hz, 1H), 7.11 (d, J = 8.7 Hz, 1H), 6.83 (d, J = 8.7
Hz, 1H), 5.44 (s, 1H), 3.94 (d, J = 8.3 Hz, 1H), 2.88 (d, J = 8.6
Hz, 1H), 2.83−2.74 (m, 1H), 2.15 (t, J = 8.5 Hz, 1H), 2.07 (d, J
= 4.1 Hz, 1H), 1.74 (d, J = 9.8 Hz, 1H), 1.67−1.56 (m, 1H),

1.57−1.39 (m, 2H), 1.25−1.10 (m, 1H), and 1.03 (d, J = 9.7 Hz,
1H); 13C NMR (126 MHz, DMSO-d6) δ 143.9, 140.4, 140.3,
135.9, 133.6, 131.5, 123.3, 122.5, 121.3, 120.5, 118.5, 114.0,
109.0, 108.4, 60.5, 51.8, 42.9, 42.5, 34.2, 30.2, and 29.0. HRMS
(ESI) m/z calcd for C22H22N5 [M + H]+ 356.1875, found
356.1870.

5 - ( 6 , 7 , 7a , 8 , 9 , 1 0 , 1 1 , 1 1a -Oc t ahyd ro - 3H - 8 , 1 1 -
methanopyrazolo[4,3-a]phenanthridin-7-yl)-1H-indazol-3-
amine (HSD1787). Compound 10 (0.3 mmol) was treated with
hydrazine monohydrate (2.5 equiv) in ethanol (3 mL) at reflux
for 4−8 h. After that completion reaction was concentrated and
purified by silica gel chromatography (dichloromethane/
methanol (99:01 to 95:05)). Off-white solid (94 mg, 85%).
1H NMR (500 MHz, DMSO-d6) δ 11.29 (s, 1H), 7.88 (s, 1H),
7.75 (d, J = 1.6 Hz, 1H), 7.32 (dd, J = 8.6, 1.6 Hz, 1H), 7.19 (d, J
= 8.5 Hz, 1H), 7.10 (d, J = 8.7 Hz, 1H), 6.85 (d, J = 8.7 Hz, 1H),
5.29 (s, 3H), 3.74 (d, J = 9.6 Hz, 1H), 2.86 (dd, J = 15.4, 6.2 Hz,
2H), 2.11 (t, J = 9.1 Hz, 1H), 2.03 (d, J = 4.2 Hz, 1H), 1.71 (d, J
= 9.8 Hz, 1H), 1.64 (tt, J = 12.3, 4.4 Hz, 1H), 1.56−1.44 (m,
2H), 1.18−1.09 (m, 1H), and 1.04 (d, J = 9.7 Hz, 1H);13CNMR
(126 MHz, DMSO-d6) δ 149.6, 141.6, 140.8, 135.9, 134.5,
131.6, 126.9, 123.4, 119.7, 118.6, 114.3, 113.7, 109.5, 108.3,
61.0, 52.3, 43.2, 41.7, 39.3, 34.0, 30.6, and 28.6; HRMS (ESI)
m/z calcd for C22H23N6 [M + H]+ 371.1984, found 371.1977.

5-(8,9,10,11-Tetrahydro-3H-8,11-methanopyrazolo[4,3-
a]phenanthridin-7-yl)-1H-indazol-3-amine (18). Synthesized
by oxidation of HSD1787. To a reaction mixture of compound
HSD1787 (0.3 mmol) dissolved in acetonitrile (5 mL), DDQ
was added (1.5 equiv) and reaction stirred for 8 h at room
temperature. After completion, reaction mixture was diluted
with ethyl acetate and washed with the aqueous solution of
sodium hydroxide followed by washing with brine. Organic layer
was concentrated and purified by silica gel column chromatog-
raphy. Brown solid (49 mg, 45%). 1H NMR (500MHz, DMSO-
d6) δ 11.53 (s, 1H), 8.68 (s, 1H), 7.87 (d, J = 9.6 Hz, 1H), 7.84−
7.74 (m, 2H), 7.37 (d, J = 8.6 Hz, 1H), 5.52 (s, 2H), 4.34 (s,
1H), 3.86 (d, J = 3.3 Hz, 1H), 2.27−2.11 (m, 2H), 1.84 (d, J =
8.8 Hz, 1H), 1.69 (d, J = 8.7 Hz, 1H), 1.47−1.32 (m, 1H), and
1.32−1.20 (m, 1H); 13C NMR (126 MHz, DMSO-d6) δ 152.4,
150.4, 144.9, 141.6, 139.5, 138.0, 134.9, 129.9, 129.5, 127.8,
121.3, 116.3, 115.9, 114.7, 114.4, 109.6, 49.9, 43.4, 42.6, 27.1,
and 25.5. HRMS (ESI) m/z calcd for C22H19N6 [M + H]+

367.1671, found 367.1666.
2-Fluoro-5-(2,3,4a,6,9,11c-hexahydro-5H-[1,4]dioxino-

[2,3-c]pyrazolo[4,3-f ]quinolin-5-yl)benzonitrile (S-1). Pale
yellow solid (126 mg, 36%). 1H NMR (500 MHz, DMSO-d6)
δ 8.02−7.99 (m, 1H), 7.96−7.92 (m, 1H), 7.89 (d, J = 1.0 Hz,
1H), 7.53 (t, J = 9.1 Hz, 1H), 7.27 (d, J = 8.9 Hz, 1H), 6.81 (d, J
= 8.8 Hz, 1H), 5.81 (s, 1H), 5.29 (d, J = 3.5 Hz, 1H), 4.65 (s,
1H), 3.92−3.84 (m, 1H), 3.59−3.48 (m, 2H), 3.38−3.35 (m,
1H), and 3.26−3.20 (m, 1H); 13C NMR (126MHz, DMSO-d6)
δ 163.1 (J = 255.7 Hz), 139.9, 139.0, 136.1, 133.4, 122.4, 122.0,
119.8, 118.3, 116.6, 116.4, 114.6, 106.7, 99.7, 72.3, 70.4, 66.3,
59.7, and 57.3. HRMS (ESI) m/z calcd for C19H16 FN4O2 [M +
H]+ 351.1257, found 351.1260.

5-(2,3,4a,6,9,11c-Hexahydro-5H-[1,4]dioxino[2,3-c]-
pyrazolo[4,3-f ]quinolin-5-yl)-1H-indazol-3-amine (19). Pre-
pared using same method as for HSD1787. Pale yellow solid (88
mg, 81%). 1H NMR (500 MHz, DMSO-d6) δ 11.28 (s, 1H),
7.88 (d, J = 4.5 Hz, 2H), 7.39 (dd, J = 8.6, 1.6 Hz, 1H), 7.24 (d, J
= 8.7 Hz, 1H), 7.18 (d, J = 8.5 Hz, 1H), 6.85 (d, J = 8.8 Hz, 1H),
5.70 (s, 1H), 5.35 (d, J = 3.5 Hz, 1H), 5.29 (s, 2H), 4.59 (s, 1H),
3.83 (d, J = 3.6 Hz, 1H), 3.57−3.45 (m, 2H), 3.40−3.34 (m,
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1H), and 3.24 (td, J = 11.4, 3.1 Hz, 1H); 13C NMR (126 MHz,
DMSO-d6) δ 149.6, 141.7, 140.7, 135.5, 132.2, 130.2, 127.2,
122.3, 119.9, 118.3, 114.2, 110.3, 109.0, 106.4, 73.3, 70.8, 66.2,
59.7, and 59.1. HRMS (ESI) m/z calcd for C19H19N6O2 [M +
H]+ 363.1569, found 363.1570.
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