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Abstract

A novel series of A-ring modified hexacyclic camptothecin derivatives containing a pyranone ring fused at the 9-positions
and 10-positions were designed and synthesized. These new derivatives were screened against four human tumor cell lines
and the results showed most of the compounds possessed comparable cytotoxicity to 10-hydroxycamptothecin (HCPT)
in vitro. The pyranono-fused derivatives, except for the one with methoxyformyl group at 4’-position (12), displayed similar
inhibitory efficiency to saturated dihydropyrano-fused camptothecins (6 and 7) and superior cytotoxic activity compared
with topotecan (TPT). These results indicated that the saturated and unsaturated fused-pyran rings would not disrupt the
base-stacking between camptothecins and the DNA base pair, as well as the interactions between the compounds and

Topoisomerase 1.
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Introduction

Camptothecin (CPT, 1, Fig. 1) is a cytotoxic pentacyclic
ring alkaloid, which was first isolated from the Chinese tree
Camptotheca acumunata by Wall and co-workers in 1966
(Wall et al. 1966, 1993). CPT has attracted worldwide
attention because of its novel structure and its mechanism of
action as an inhibitor of topoisomerase I (Topo I), which is
an essential enzyme that relaxes DNA supercoiling and
relieves torsional strain during DNA processing, including
transcription and replication (Wang 1996). Up to now, four
camptothecin analogs (Gao et al. 2005; Martino et al. 2017),
including 10-hydroxycamptothecin (HCPT, 2), topotecan
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(TPT, 3), irinotecan and belotecan have been launched in
several countries for the treatment of ovarian cancer, lung
cancer, colorectal cancer and the other cancers. However,
their significant advances in clinical application are strongly
limited due to the underlying side effects and inherently low
water-solubility. Therefore, many efforts were made to
overcome these defects and several other camptothecins,
such as exatecan, gimatecan, CKD-602, diflomotecan and
silatecan are in various stages of preclinical or clinical
development (Thomas et al. 2004; Venditto and Simanek
2010; Hu et al. 2015).

The SAR studies showed that substitutions at the 7-
position, 9-position, or 10-position of camptothecin could
enhance their antitumor activity (Hsiang et al. 1985; Sheng
et al. 2008). For instance, some small lipophilic groups,
such as ethyl, oxyiminoalkyl, alkylsilyl and alkylsilylalkyl
at the 7-position of camptothecin can promote not only the
stability of the E-lactone ring but also their antitumor
activities (Martino et al. 2017). When an additional ring is
combined with ring-A and -B, such as in lurtotecan (4) and
exatecan (5), the derivatives demonstrate potent antitumor
activity, superior to that of the original pentacyclic camp-
tothecins, possibly because of the increased planarity
exerted by an additional ring (Kingsbury et al. 1991).

In our previous studies, topotecan hydrochloride was
found that could react with a series of alcohols and thiols to
produce the corresponding 9-alkanyloxy-camptothecins and
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Fig. 1 Structures of
camptothecin (1) and its
derivatives

Camptothecin, 1, R=H
10-Hydroxycamptothecin, 2, R = OH

Fig. 2 The formation of 2’-
alkoxydihydropyrano-fused
camptothecins

Topotecan Hydrochloride

9-alkanylthio-camptothecins by an ortho-quinone methide
(0-QM) mechanism (Li et al. 2011). Subsequently, a series
of dihydropyrano-fused camptothecins (6a—d and 7a-b)
were prepared, as shown in Fig. 2, through [4 + 2]
cycloaddition of the same 0-QM intermediate from topo-
tecan hydrochloride with various alkyl vinyl ethers (Tan
et al. 2015). All the dihydropyrano-fused compounds
demonstrated comparative anti-proliferative activity to
HCPT and superior activity to TPT, against cancer cell
lines, such as HepG2, KB, HCT-8, and SGC7901 (Tan et al.
2015). Hence, it is reasonable to suppose that the presence
of bulky hydrophobic side chains at the 9-position and 10-
position of camptothecin is beneficial to their bioactivity.
Herein, the synthesis and antitumor activity of a series of
novel unsaturated pyrano-fused camptothecins, fused at the
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ortho-Quinonemethide

N
\
/ OH O
9-position and 10-position are reported to further explore
the impact of a different ring type on the antitumor activity.
Theoretically, unsaturated fused rings should increase the
planarity more than saturated rings. We postulated that the
structural characteristics of these new hexacyclic camp-
tothecins should increase the stability of the E-lactone ring
and improve the antitumor activity.

Materials and methods

All of the synthesized compounds were chemically char-
acterized by thin layer chromatography (TLC), proton
nuclear magnetic resonance (lH—NMR, 400 MHz), elec-
trospray ionization mass spectrometry (ESI-MS), melting
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point, and high resolution mass spectrum (HR-MS). Silica
gel thin layer chromatography (TLC) was performed on
precoated plates (Qingdao Haiyang Chemical Ltd, China).
"H-nuclear magnetic resonance (NMR) and 13C-NMR
spectra were determined with Bruker-DPX 400 and 600
MHz spectrometer respectively, using TMS as an internal
standard and DMSO-dg as solvent. Chemical shifts are
given in parts per million (ppm) (5). ESI-MS was per-
formed using an Agilent G1946D. Melting points were
determined on a SGWX-4 microscopic melting point
apparatus. HR-MS was performed on a Bruker Daltonics,
Inc. APEXIII 7.0 TESLA FTMS. Column chromato-
graphy separations were performed on silica gel (300-
400 mesh, Qingdao Huanghai Chemical Ltd., China). All
commercially available solvents and reagents were used
without further purification.

9-Formoxyl-10-hydroxycamptothecin (8)

Compound 2 (300 mg, 0.824 mmol) was dissolved in TFA
(6ml). A solution of hexamethylenetetramine (HMTA)
(2.4 g) in 40 ml TFA was added at 0 °C. The solution was
stirred at 85 °C for 20 h under N,. The residue obtained
after eliminating TFA through vacuum distillation was
poured into ice-cold water to give an orange solid. The
crude product was purified by flash chromatography
(CH,Cl,: MeOH = 100: 1, v/v) to give 8 as a yellow solid
(60 mg, 18.6%). m.p.: 247-249 °C. '"H NMR (DMSO-ds,
400 MHz) &: 0.85 (t, J=7.24 Hz, 3H, 18-CHj3), 1.84 (m,
2H, 19-CH,), 5.28 (s, 2H, 5-CH;), 5.40 (s, 2H, 17-CHy),
6.52 (s, 1H, 20-OH), 7.25 (s, 1H, 14-CH), 7.58 (d, J=
9.39Hz, 1H, 11-CH), 8.30 (d, J=9.39Hz, 1H, 12-CH),
9.71 (s, 1H, 7-CH), 10.74 (s, 1H, 9-CHO); ESI-MS m/z
393.2 [M+H]".

General method for the preparation of compounds
9 and 10

A mixture of 9-formoxyl-10-hydrocamptothecin (8) (100
mg, 0.255mmol) and ylide reagent Ph;P=C(R;)-COOR,
(0.306 mmol) was stirred in a mixed solvent composed of
xylene (8 ml) and DMSO (I ml) at 80°C for 4h. The
resulting mixture was poured into ice-cold water and fil-
tered. The filtrate was extracted twice with ethyl acetate and
was dried over MgSQOy. The organic residue and the filtered
solid were combined and purified by chromatography on
silica gel (CH,Cl,: MeOH = 80: 1, v/v) to afford yellow
solids.

2’-Oxo0-2H-pyrano[3,2-ilcamptothecin (9a)

Yield 7.1%. m.p.: 293-295 °C. '"H NMR (DMSO-ds, 400
MHz) &: 0.87 (t, 3H, 18-CH,), 1.85 (m, 2H, 19-CH,), 5.34
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(s, 2H, 5-CH,), 5.42 (s, 2H, 17-CH,), 6.54 (s, 1H, 20-OH),
6.77 (d, 1H, J=9.78 Hz, 5'-CH), 7.34 (s, 1H, 14-CH), 7.92
(d, 1H, J=9.39 Hz, 11-CH), 8.37 (d, J =9.39 Hz, 1H, 12-
CH), 8.95 (d, 1H, J = 8.60 Hz, 4'-CH), 9.33 (s, 1H, 7-CH);
13C NMR (DMSO-d;s, 150 MHz) &: 172.2, 159.4, 156.6,
153.4, 152.1, 149.9, 145.0, 139.6, 133.6, 131.5, 126.5,
124.3, 121.2, 119.1, 116.3, 113.2, 113.1, 96.6, 72.2, 65.1,
50.3, 30.2, 7.6; ESI-MS m/z 417.1 [M+H]"; HRMS calcd.
for Cp3H,5N,0 [M—H]™ 415.0936, found 415.0934.

3’-Allyl-2’-ox0-2H-pyrano[3,2-ilcamptothecin (9¢)

Yield 4.1%. m.p.: 317-319 °C. 'H NMR (DMSO-dg, 400
MHz) &: 0.87 (t, 3H, 18-CH;), 1.87 (m, 2H, 19-CH,), 3.37
(d, 2H, J=6.26 Hz, 5'-CH,-), 5.22 (m, 2H, 5'-C-C=CH,),
5.34 (s, 2H, 5-CH,), 5.403 (s, 2H, 17-CH,), 6.08 (m, 1H,
J=6.26Hz, 5'-C-CH), 6.55 (s, 1H, 20-OH), 7.34 (s, 1H, 14-
CH), 7.92 (d, 1H, J=9.00Hz, 11-CH), 8.33 (d, 1H,
J=9.00Hz, 12-CH), 8.76 (s, 1H, 4'-CH), 9.33 (s, 1H, 7-CH);
13C NMR (DMSO-ds, 150 MHz) &: 1723, 159.4, 156.6,
153.4, 152.2, 149.9, 145.0, 142.7, 139.6, 138.3, 133.6, 131.4,
128.6, 126.5, 121.2, 119.1, 116.3, 113.2, 96.6, 95.9, 72.2,
65.1, 504, 50.2, 30.2, 7.6; ESI-MS m/z: 455.0 [M—H];
HRMS caled. for CosHyN,Og [M+H]T 457.1394, found
457.1386.

3’-Methyl-2’-ox0-2H-pyrano[3,2-ilcamptothecin (9d)

Yield 4.9%. m.p.: >330°C. 'H NMR (DMSO-d;, 400
MHz) 8: 0.87 (t, 3H, 18-CHj3), 1.85 (m, 2H, 19-CH,), 2.24
(s, 3H, 5'-CH3), 5.35 (s, 2H, 5-CH,), 5.42 (s, 2H, 17-CH,),
6.56 (s, 1H, 20-OH), 7.34 (s, 1H, 14-CH), 7.91 (d, 1H,
J=9.78Hz, 11-CH), 8.30 (d, 1H, J=8.61 Hz, 12-CH),
8.88 (s, 1H, 4-CH). 9.33 (s, 1H, 7-CH); *C NMR
(DMSO-dg, 150 MHz) 8: 172.2, 160.7, 156.6, 152.0, 149.9,
145.0, 135.1, 1322, 131.2, 128.6, 126.4, 125.4, 123.9,
120.9, 119.1, 115.5, 113.7, 96.6, 72.2, 65.1, 50.2, 30.2,
16.9, 7.6; ESI-MS m/z: 429.0 [M—H]~; HRMS calcd. for
C24H17N206 [M—H]i 4291092, found 429.1108.

3’-Methoxy-2’-ox0-2H-pyrano[3,2-ilcamptothecin (9e)

Yield 7.8%. m.p.: 301-303 °C. 'H NMR (DMSO-dj, 400
MHz) &: 0.87 (t, 3H, 18-CHj), 1.86 (m, 2H, 19-CH,), 3.94
(s, 3H, 5’-OCH3), 5.35 (s, 2H, 5-CH,), 5.42 (s, 2H, 17-
CH,), 6.54 (s, 1H, 20-OH), 7.34 (s, 1H, 14-CH), 8.24
(s, 2H, 11-CH, 12-CH), 8.61 (s, 1H, 4'-CH), 9.20 (s, 1H, 7-
CH); *C NMR (DMSO-ds, 150 MHz) §: 172.2, 158.7,
156.6, 153.0, 151.5, 149.9, 145.8, 145.3, 131.5, 130.8,
129.9, 127.6, 122.9, 122,5, 118.8, 116.9, 113.7, 96.3, 72.2,
65.1, 52.3, 50.2, 30.2, 7.6; ESI-MS m/z 447.1 [M+H]";
HRMS caled. for CoHoN,O; [M+H]" 447.1186, found
447.1179.
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3’-Bromo-2'-ox0-2H-pyrano[3,2-ilcamptothecin (9f)

Yield 15.3%. m.p.: >330°C. '"H NMR (DMSO-ds, 400
MHz) é: 0.87 (t, 3H, 18-CHj3), 1.86 (m, 2H, 19-CH,), 5.33
(s, 2H, 5-CH,), 5.43 (s, 2H, 17-CH,), 6.55 (s, 1H, 20-OH),
7.34 (s, 1H, 14-CH), 7.93 (d, 1H, J =9.39 Hz, 11-CH), 8.39
(d, 1H, J=9.39Hz, 12-CH), 9.40 (s, 1H, 4’-CH), 9.48
(s, 1H, 7-CH); *C NMR (DMSO-d;, 150 MHz) &: 172.3,
156.6, 156.2, 152.6, 149.9, 144.9, 140.9, 133.8, 131.6,
126.8, 123.7, 121.0, 119.2, 114.0, 111.9, 96.8, 72.2, 65.1,
50.2, 45.6, 30.2, 8.5, 7.6; ESI-MS m/z: 493.0 [M—H];
HRMS calcd. for C23H16N206Br [1\/I—|—I‘I]Jr 495.01 86, found
495.0168.

(E)-9-Methoxycarbonylvinyl-10-hydroxycamptothecin (10a)

Yield 13.9%. m.p.: 297-299 °C. 'H NMR (DMSO-dj, 400
MHz) &: 0.86 (t, 3H, 18-CHs), 1.83 (m, 2H, 19-CH,), 3.77
(s, 3H, -COOCHj3), 5.20 (s, 2H, 5-CH,), 5.25 (s, 2H, 17-
CH,), 6.50 (s, 1H, 20-OH), 6.92 (d, 1H, J = 15.65 Hz, 9-p-
CH), 7.25 (s, 1H, 14-CH), 7.58 (d, 1H, J=9.39 Hz, 11-
CH), 8.08 (d, 1H, J=9.39 Hz, 12-CH), 8.24 (d, 1H, J=
16.43 Hz, 9-CH), 8.89 (s, 1H, 7-CH), 11.39 (s, 1H, 10-OH);
13C NMR (DMSO-d, 150 MHz) &: 172.3, 167.2, 156.7,
149.9, 149.4, 145.4, 143.3, 136.2, 132.5, 130.8, 127.9,
126.1, 122.6, 121.9, 118.3, 112.4, 95.9, 72.2, 65.1, 51.4,
50.4, 30.1, 7.6; ESI-MS m/z: 447.0 [M—H]~; HRMS calcd.
for CpsH;oN,O; [M—H]™ 447.1198, found 447.1209.

(E)-9-Ethoxycarbonylvinyl-10-hydroxycamptothecin (10b)

Yield 10.5%. m.p.: >330°C. 'H NMR (DMSO-d,, 400
MHz) §: 0.86 (t, 3H, 18-CHj), 1.28 (t, 3H, COOCH,CHj),
1.84 (m, 2H, 19-CH,), 4.23 (m, 2H, -COOCH,-C), 5.21 (s,
2H, 5-CH,), 5.25 (s, 2H, 17-CH,), 6.50 (s, 1H, 20-OH),
6.92 (d, 1H, J = 16.04 Hz, 9-p-CH), 7.25 (s, 1H, 14-CH),
7.58 (d, 1H, J=9.39 Hz, 11-CH), 8.08 (d, 1H, J = 9.39 Hz,
12-CH), 8.24 (d, 1H, J = 15.65 Hz, 9-CH), 8.89 (s, 1H, 7-
CH), 11.39 (s, 1H, 10-OH); ¥C NMR (DMSO-ds, 150
MHz) &: 172.3, 166.8, 156.9, 156.7, 149.9, 149.5, 145.4,
1433, 136.0, 1324, 130.8, 1279, 126.1, 122.5,
122.4,118.3, 112.5, 95.9, 72.2, 65.1, 59.9,50.4, 30.1, 14.1,
7.6; ESI-MS m/z: 463.0 [M+H]"; HR-MS calcd. for
C,5H,N,NaO; [M+Nal] ™t 485.1319, found 485.1330.

(E)-2'-Allyl-9-methoxycarbonylvinyl-10-
hydroxycamptothecin (10c)

Yield 26.6%. m.p.: >330°C. 'H NMR (DMSO-ds, 400
MHz) &: 0.85 (t, 3H, 18-CH3), 1.84 (m, 2H, 19-CH,), 2.88
(d, 2H, J=6.26Hz, 9-p-CH,-), 3.79(s, 3H, -COOCH3),
4.78 (m, 2H, —-CH,CH=CH,), 5.22 (s, 2H, 5-CH,), 5.28 (s,
2H, 17-CH,), 5.66 (m, 1H, J = 6.26 Hz, -CH,CH=), 6.50

(s, 1H, 20-OH), 7.25 (s, 1H, 14-CH), 7.54 (d, 1H, J =9.00
Hz, 11-CH), 7.73 (s, 1H, 9-CH), 8.04 (d, 1H, J =9.00 Hz,
12-CH), 8.29 (s, 1H, 7-CH), 10.74 (s, 1H, 10-OH); C
NMR (DMSO-dg, 150 MHz) &: 172.4, 166.8, 156.7, 153.3,
149.8, 149.3, 145.6, 143.0, 134.6, 134.4, 133.6, 130.7,
130.1, 127.2, 127.0, 122.4, 118.2, 115.9, 114.4, 95.8, 72.2,
65.1, 51.8, 50.2, 32.5, 30.1, 7.6; ESI-MS m/z: 487.0 [M
—H]~; HRMS calcd. for Co;H,3N,0; [M—H]™ 487.1511,
found 487.1527.

(E)-2'-Methyl-9-methoxycarbonylvinyl-10-
hydroxycamptothecin (10d)

Yield 26.6%. m.p.: >330°C. 'H NMR (DMSO-ds, 400
MHz) &: 0.85 (t, 3H, 18-CH3), 1.68 (s, 3H, 2/-CH3), 1.84
(m, 2H, 19-CH,), 3.80 (s, 3H, -COOCH3), 5.34 (s, 2H, 5-
CH,), 5.39 (s, 2H, 17-CH,), 6.49 (s, 1H, 20-OH), 7.25 (s,
1H, 14-CH), 7.54 (d, 1H, J=9.00Hz, 11-CH), 7.75 (s,
1H,9-CH), 8.05 (d, 1H, J=9.39 Hz, 12-CH), 8.29 (s, 1H,
7-CH). 10.55 (s, 1H, 10-OH). '3C NMR (DMSO-dg, 150
MHz) &: 172.4, 167.3, 156.7, 153.5, 149.8, 149.3, 145.6,
143.0, 132.8, 131.8, 130.7, 130.2, 127.2, 127.1, 122.4,
118.2, 114.6, 95.8, 72.2, 65.1, 51.8, 50.3, 30.1, 14.8, 7.6;
ESI-MS m/z: 463.0 [M—H]; HRMS calcd. for
C,5HyN,NaO; [M+Na] ™t 485.1319, found 485.1333.

1’-Methoxycarbonyl-9-methoxycarbonylvinyl-10-
hydroxycamptothecin (11)

A mixture of 10-hydrocamptothecin (2) (500 mg, 1.37
mmol) and PhsP (540 mg, 2.06 mmol) was stirred in a
mixed solvent composed of xylene (25 ml) and DMSO (2
ml) at room temperature. A solution of dimethylacetylene-
dicarboxylate (DMAD) in xylene (0.31 ml DMAD in 10 ml
xylene) was added at 0 °C. The solution was stirred at 100 °
C for 10 h. The residue obtained after eliminating most of
the solvent through vacuum distillation was poured into ice-
cold water to give an orange solid. The filtrate was extracted
twice with DCM and was dried over MgSO,. The organic
layer and solid were combined, purified by chromatography
on silica gel (CH,Cl,: MeOH = 100:1, v/v) to afford com-
pound 12 as a mixture of cis and trans isomers (cis:trans
1:2). Yield: 51.1%. Cis isomer: '"H NMR (DMSO-d, 400
MHz) §: 0.86 (t, J=7.04 Hz, 3H, 18-CH3), 1.83 (m, 2H,
19-CH,), 3.68 (s, 3H, 9-C-COOCHj;), 3.77 (s, 3H,
9-C=CH-COOCHj3), 5.16 (s, 2H, 5-CH,), 5.38 (s, 1H,
9-C=CH-), 5.39 (s, 2H, 17-CH,), 6.50 (s, 1H, 20-OH),
7.25 (s, 1H, 14-CH), 7.48 (d, 1H, J=9.78, 11-CH), 8.05 (d,
J=9.00Hz, 1H, 12-CH), 8.49 (s, 1H, 7-CH). 10.77 (s, 1H,
10-OH). Trans isomer: 'H NMR (DMSO-dy, 400 MHz) §:
0.86 (t, J="7.04 Hz, 3H, 18-CHj3), 1.83 (m, 2H, 19-CH,),
3.32 (s, 3H, 9-C-COOCH3;), 3.44 (s, 3H, 9-C=CH-
COOCH3), 5.16 (s, 2H, 5-CH,), 5.23 (s, 1H, 9-C=CH-),
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5.39 (s, 2H, 17-CH,), 6.50 (s, 1H, 20-OH), 7.25 (s, 1H, 14-
CH), 7.48 (d, 1H, J=9.78,11-CH), 8.05 (d, J=9.00 Hz,
1H, 12-CH), 8.15 (s, 1H, 7-CH), 10.44 (s, 1H, 10-OH).
ESI-MS m/z 5074 [M+H]"; HRMS caled. for
Cy6H2oN,NaOy [M+Na]™ 529.1218, found 529.1207.

4’-Methoxycarbonyl-6-pyrano[3,2-ijcamptothecin (12)

Compound 11 was dissolved in a mixed solvent composed
of xylene (10 ml) and DMSO (1 ml) and stirred at 160 °C
for 14 h. The residue obtained after eliminating most of the
solvent through vacuum distillation was poured into ice-
cold water to give an orange solid. The filtrate was extracted
twice with DCM and was dried over MgSQ,. The organic
layer and solid were combined, purified by chromatography
on silica gel (CH,Cl,:MeOH = 100:1, v/v) to afford com-
pound 12 as a yellow solid. Yield: 46.0%. m.p.: >330 °C.
"H NMR (DMSO-dg, 400 MHz) 8: 0.86 (t, J = 7.04 Hz, 3H,
18-CH3), 1.85 (m, 2H, 19-CH,), 4.08 (s, 3H, 4’-COOCH3),
5.32 (s, 2H, 5-CH,), 5.42 (s, 2H, 17-CH,), 6.50 (s, 1H, 20-
OH), 7.00 (s, 1H, 5’-CH), 7.32 (s, 1H, 14-CH), 7.96 (d, 1H,
J=8.99Hz, 11-CH), 843 (d, /J=9.00Hz, 1H, 12-CH),
8.40 (s, 1H, 7-CH); *C NMR (DMSO-d,, 150 MHz) &:
172.3, 166.3, 158.3, 156.6, 154.5, 152.2, 149.8, 1454,
144.7, 144.1, 135.0, 131.5, 126.8, 122.9, 121.7, 119.3,
117.1, 109.7, 96.8, 72.2, 65.1, 54.0, 50.8, 30.1, 7.6; ESI-
MS m/z 475.3 [M+H]'; HR-MS calcd. for C,5H,3N>NaOg
[M+Na]* 497.0955, found 497.0974.

Cell culture

The cell lines HepG2, KB, HCT-8, and SGC7901 were
maintained as a monolayer culture in DMEM or
RPMI1640, supplemented with 10% FBS, in a humidified
atmosphere (5% CO,) at 37 °C.

Cell proliferation assay

Cell proliferation was determined using CCK8 dye (Wuhan
Boster) according to manufacturer’s instructions. Cells (3—
5x 10% per well) were seeded in a 96-well plate and grown
at 37°C for 12h. Subsequently, cells were treated with
compounds at increasing concentrations (0.5, 5, 50, 500,
5000, and 50,000 umol/l) in the presence of 10% FBS for
48 h. After 10 ul CCKS8 dye was added to each well, cells
were incubated at 37 °C for 1-2 h. The absorbance (OD) of
the plates was read using a Spectra Max M5 microplate
reader (Molecular Devices) at 450 nm. The percentage
inhibition was calculated by comparison of the ICsy values
of compounds with DMSO-treated control wells. All the
experiments were performed three times.

Results and discussion

All the 2'-oxopyrano-fused camptothecins were synthesized
as shown in Schemes 1 and 2. In earlier work, various
synthetic methods for constructing pyranones were con-
ducted in an attempt to synthesize the desired compounds,
such as the Perkin reaction (Bahekar and Shinde 2004),
Pechmann condensation (Bose et al. 2003), and Knoevenagel
reaction (Song et al. 2003) using 10-hydroxycamptothecin
(10-HCPT, 2) as substrate. But none of them found success,
which can be ascribed, at some level, to the low reactivity of
A-ring of 10-HCPT. When 10-HCPT was heated with tri-
fluoroactic acid (TFA) and hexamethylenetetramine
(HMTA) at 85 °C, the Duff reaction afforded 9-formoxyl-
10-hydrocamptothecin (8) according to the literature
method (Dallavalle et al. 2008; Rodriguez-Berna et al.
2013) with a yield of only 18.6% after separation by column
chromatography. The key intermediate 8 was then reacted
with different phosphorus ylides, Ph;P=C-(R)-COOR,, to

CHO

Scheme 1 Synthesis of 3'- HO R1
substituted-2'-oxopyrano[3,2-i] N HO ph3p:d
camptothecins 9a, c—d \ HMTA/TEA COOR?2
O 85°C;20h Xylene: DMSO (8: 1)
/n ) 18.6% 80°C;4 h
HO O

10-HCPT, 2
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a.R'=-H,R?=-CH,

b.R'=-H, R?=-CH,CH,

c. R'=-CH,CH=CH,, R?=-CH,4
d. R'=-CH3, R?=-CH,




Medicinal Chemistry Research (2019) 28:884-891

889

Scheme 2 Synthesis of 3'-
substituted-pyrano[3,2-i]
camptothecins 9e and 9f

CHO

Scheme 3 Synthesis of 4'-
methoxycarbonylpyrano[3,2-i]
camptothecin 12

10-HCPT, 2

give the desired 2’-oxopyrano-fused camptothecins (9) and
corresponding ring-opened compounds (10). The config-
uration of 10 was confirmed to be (E) based on the '"H NMR
spectrum of compound 10a and 10b (R'=H), in which the
J-values of the olefin hydrogens are approximately 16-20
Hz. It can be presumed that the products of the Wittig
reaction are a mixture of E and Z isomers, and the latter
configuration undergoes cyclization to form a pyranone ring
(compound 9). The ratio of the yield of compound 10
to compound 9 is approximately 2-5:1, indicating that
the E-configuration is the main product in the reaction. The
cyclization of Z isomers of 10a and 10b all resulted in the
same product 9a.

When the ylide reagent was methyl 2-bromo-2-(triphe-
nylphosphanylidene)acetate as shown in Scheme 2, the
reaction gave the unexpected product 9e under stirring in
xylene: DMSO (8:1) at 80 °C. The reason for the formation
of this product can be attributed to intramolecular nucleo-
philic substitution by CH;0~, which formed as the cycli-
zation proceeded. When ethanol was added into the reaction
to block the CH;0", the product was the expected 3’-bromo-
2'-oxopyrano-fused camptothecin (9f). It is worth noting
that when the R! group of the ylide reagent included any
electron-withdrawing groups, such as -COOCH; or —CN,
unfortunately, the Wittig reaction was unable to occur to
provide the desired compounds.

In the interest of synthesizing derivatives with sub-
stituent groups at the 4-position of the pyrone ring, dimethyl
acetylene dicarboxylate (DMAD) and Ph;P were used as the

H3COOC™X_-COOCH,

(25:2)

HO O 100°C;10h

Xylene: DMSO (8: 1) O

80°C;4 h

o)
Xylene: DMSO: EtOH O
(8:1:0.5)
80°C;4h

HO
(25: 2)
2

1 / OH O

source of zwitterionic species (Galariniotou et al. 2007) in
xylene/DMSO (25:2) under 100 °C to give compound 11 as
a Z/E-mixture in 34.9% yield. Without separation, the
mixture was transformed to 12, also in xylene and DMSO
under reflux, with a yield of 46.1% (Scheme 3). Notably,
this method provides direct access to a carbon-carbon bond
and is a useful way to construct a pyranone ring in poorly
reactive natural products.

All the synthesized derivatives were screened against
HCT-8 (colonic carcinoma cell), SGC7901 (gastric carci-
noma cell), HepG2 (human hepatoma cell), and KB (human
oral epidermoid carcinoma cell) cell lines to evaluate their
antiproliferative activity, using 10-hydroxycamptothecin (2)
and topotecan hydrochloride (3) as reference compounds.
As shown in Table 1, the data depicted that camptothecins
9a, 9c—f, and 10a-d, exhibited considerable cytotoxic
activity with ICsq values in the range of 0.030—4.553 uM in
all the four cell lines, and showed superior cytotoxic activity
to TPT, and comparable cytotoxicity with HCPT. In parti-
cular, compound 10d was approximately 6-fold and 60-fold
more potent than HCPT and TPT, respectively, toward
HCT-8 cell lines. However, compounds 11 and 12 showed
lower anti-proliferative activity than the other compounds in
the series and the reference compounds, which indicated
that the ester group at the 4’-position in the pyranone ring
has a negative impact on the activity.

The X-ray co-structure (PDB code: 1K4T) indicated that
topotecan binds to the covalent complex of Topo I and
DNA mimicing a DNA base pair and binds at the site of
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Table 1 In vitro anti-proliferative activity of synthesized compounds
against four tumor cell lines

Compd ICs¢/(umol 171
HCT-8 SGC7901 HepG2 KB

9a 0.205 1.132 0.404 0.531
9c 0.156 1.318 0.518 1.669
9d 0.186 2.642 0.207 0.335
9e 0.534 1.426 0.742 1.589
9of 0.554 1.720 1.706 2.058
10a 2.229 3.792 2.811 2.060
10b 0.120 0.858 0.972 4.553
10c 0.197 1.279 0.549 0.940
10d 0.030 0.262 0.176 0.730
11 2.508 7.485 21.75 7.703
12 6.036 39.24 5232 8.202
6d 0.567 0.536 0.184 0.777
HCPT, 2 0.181 0.835 0.499 0.128
TPT, 3 1.875 2292 4.208 2.282

DNA cleavage by base-stacking (Staker et al. 2002; Fan
et al. 1998). Although 2’-oxopyrano-fused camptothecins
9a and 9c—f are more rigid partly compared with the
dihydropyrano-fused camptothecins 6 and 7, shown in
Fig. 2, all these compounds still possess similar activity.
This fact suggests that neither saturated nor unsaturated
pyran rings affect the base-stacking between camptothecins
and the DNA base pair. Furthermore, the binding mode of
dihydropyrano-fused and pyrano-fused camptothecin deri-
vatives with the Topo I-DNA complex was investigated via
molecular docking simulation of 2'-hydroxyldihydropyrano
[3,2-i]camptothecin  (6d) and 2’-oxo-2H-pyrano[3,2-i]
camptothecin (9a) in the complex of 1K4T. The result
suggested that both compounds were intercalated at the site
of DNA cleavage and interacted with Topoisomerase I
through H-bonds formed between the groups at E ring and
the fused pyran-ring and the surrounding residues (see
Supplementary Material).

It is worth noting that the substituents at the 3’-position
did not have an obvious influence on the activity except
for compound 9f with bromine group, which went against
the trend for improvement in activity compared with the
reference compounds. This subtle change in activity was
possibly related to the electron-withdrawing of the bro-
mine group, which changes the electronic properties of the
whole ring system (Tan et al. 2015). In addition, the ring-
opening products 10b—d but 10a, demonstrated cyto-
toxicity similarly as compound 9 did, which confirmed
our speculation to some extent regarding the equivalency
of the new ring and alkyl groups at 9-position or/and 10-
position.

@ Springer

Conclusion

In summary, six A-ring modified hexacyclic camptothecin
derivatives containing a pyranone ring fused at 9-positions
and 10-positions and five corresponding ring-opened pro-
ducts were designed and synthesized. Preliminary in vitro
antiproliferative activity demonstrated that all of the new
derivatives, except compounds 11 and 12, exhibited very
potent biological activity comparable to the clinically used
drug 10-hydroxycamptothecin (2) and topotecan (3). In
particular, compound 10d showed more potent in vitro
antiproliferative activity than HCPT. Furthermore, the
similar anti-proliferative of dihydropyrano-fused and
pyrano-fused camptothecin derivatives indicate that the
saturated and unsaturated pyran rings do not affect the base-
stacking between camptothecins and the DNA base pair, as
well as the interactions between the compounds and
Topoisomerase 1.
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