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Two telomerase-targeting Pt(i1) complexes of
jatrorrhizine and berberine derivatives induce

15247 apoptosis in human bladder tumor cells¥
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Two novel Pt(i1) complexes, [Pt(B-TFA)CICL (Pt1) and [Pt(J-TFA)CICL (Pt2) with jatrorrhizine and berberine
derivatives (B-TFA and J-TFA) were first prepared as desirable luminescent agents for cellular applications

and potent telomerase inhibitors, which can induce bladder T-24 tumor cell apoptosis by targeting telo-
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Introduction

Cisplatin and its derivatives have become the most widely used
anti-cancer agents in the clinics."”> However, Pt-based agents
can cause toxicity and resistance. Great efforts have been made
in the design of the novel Pt(i/iv) anti-cancer compounds,
which are more effective against typically Pt(u)-refractory
tumour cells.*”

Up to now, metal complexes with a large number of natural
products isolated from traditional Chinese medicines (TCMs),
such as liriodenine, oxoglaucine, plumbagin, matrine, oxoisoa-
porphine, coumarin and oxoaporphine, have been explored for
their selective anti-tumor activities.””” More significantly, (ox)
oisoaporphine Pt(un) and Ru(un) complexes have been reported
as telomerase inhibitors targeting telomeric G-quadruplex
DNA (G4 DNA), and exhibited high tumor inhibitory effects
in vivo and in vitro.” Telomerase is over-expressed in 85-90% of
cancer cells but has undetectable activity in the normal cell
line,”® thus its specific expression in tumor cells has
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merase, together with induction of mitochondrial dysfunction, telomere DNA damage and cell-cycle
arrest. Importantly, T-24 tumor inhibition rate (TIR) was 50.4% for Pt2, which was higher than that of Pt1
(26.4%) and cisplatin (37.1%). Taken together, all the results indicated that jatrorrhizine and berberine
derivatives Pt1 and Pt2 show low toxicity and could be novel Pt-based anti-cancer drug candidates.

prompted the design of next-generation TCMs telomerase-tar-
geting Pt(u) anti-cancer complexes.

Berberine (1) and jatrorrhizine (7) are the major bioactive
alkaloids isolated from Tinospora capillipes Gagnep.® They are
important compounds because of their wide range of pharma-
cological activities including antifungal, anti-tumor, and anti-
bacterial activities.” However, no jatrorrhizine and berberine
metal complexes have been reported. Herein, we report the
preparation and exploration of the in vitro and in vivo anti-
cancer mechanisms of Pt(u) complexes with jatrorrhizine and
berberine derivatives.

Results and discussion

Synthesis and characterization of jatrorrhizine and berberine
derivatives and their complexes Pt1 and Pt2

Berberine (1) and jatrorrhizine (7) were the major bioactive
alkaloids isolated from Tinospora capillipes Gagnep.” In
addition, the structures of two novel Pt(u) complexes with
jatrorrhizine and berberine derivatives [Pt(B-TFA)CI]|Cl (Pt1)
(B-TFA = trifluoroacetic acid 9-[9-(bis-pyridin-2-ylmethyl-
amino)-nonyloxy]-10-methoxy-5,6-dihydro-[1,3]dioxolo[4,5-g]
isoquino[3,2-ajisoquinolin-7-ylium; TFA = trifluoroacetic acid)
and [Pt(J-TFA)CI]CI (Pt2) (J-TFA = trifluoroacetic acid 3-[9-(bis-
pyridin-2-ylmethyl-amino)-nonyloxy}]-2,9,10-trimethoxy-5,6-dihydro-
isoquino[3,2-ajisoquinolinylium) are presented in Fig. 1,
Schemes S1 and S2.f The two jatrorrhizine and berberine
derivatives, and their Pt(u) complexes Ptl and Pt2 were first
synthesized (Fig. 1, Schemes S1 and S27), starting from berber-
ine (1) and jatrorrhizine (7). In addition, the characterization
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Fig. 1 Synthetic routes for the preparation of trifluoroacetic acid 9-[9-(bis-pyridin-2-ylmethyl-amino)-nonyloxyl-10-methoxy-5,6-dihydro-[1,3]
dioxolo[4,5-glisoquino[3,2-alisoquinolin-7-ylium (B-TFA), trifluoro-acetate 3-[9-(bis-pyridin-2-ylmethyl-amino)-nonyloxy]-2,9,10-trimethoxy-5,6-
dihydro-isoquino[3,2-alisoquinolinylium (J-TFA) and their Pt(1) complexes Ptl and Pt2.

of Pt1 and Pt2 and their stability in Tris-HCI solution (pH =
7.35,10.0 mM) are presented in Fig. S1-S24 (ESIT).

In vitro anti-cancer activity

Next, the cytotoxicity of Ptl and Pt2 was assessed with MTT
assay using human bladder T-24 tumor cells, cisplatin-resist-
ant cancer SK-OV-3 cells (SK-OV-3/DDP), lung cancer A549 cells
and hepatocyte normal HL-7702 cells. For comparison, the
B-TFA, cis-Pt(DMSO),Cl, (PtD), (B-TFA + PtD), (J-TFA + PtD),
TFA, J-TFA, and cisplatin were also treated under the same
conditions (Table 1). Importantly, Pt1 and Pt2 has much lower
1Cs, values (10.0 nM-15.2 pM) against the human bladder T-24
tumor cells, cisplatin-resistant cancer SK-OV-3 cells (SK-OV-3/
DDP), and lung cancer A549 cells than the corresponding
B-TFA and J-TFA ligands, cis-Pt(DMSO),Cl, (PtD), the mix
(B-TFA + PtD) and (J-TFA + PtD) compounds, suggesting the
synergistic effect in Pt1 and Pt2 after the berberine and jatror-
rhizine B-TFA and J-TFA ligands as a functional group were co-
ordinated to the Pt(un) metal, respectively. More significantly,
Pt2 showed rapid uptake into cancer cells, and displayed

15248 | Dalton Trans., 2019, 48, 15247-15254

Table 1 ICsq (M) of Ptl and Pt2 towards human cells

T-24 SK-OV-3/DDP  A549 HL-7702
B-TFA 18.7+0.3 >100 28.3+1.4 >150
Pt1 0.1+0.1 10.2 + 0.7 15.2+0.8 >150
J-TFA 13.2+0.9 >100 18.6+1.2 >150
Pt2 10.0+02nM 5.1+1.5 93+1.5  >150
PtD >150 >150 >150 >150
BTFA+PtD 17.3+0.9 >100 28.1+0.5 >150
JTFA+PtD  13.0 £0.1 >100 18.4+0.7 >150
TFA 75.3+0.6 94.2 + 1.5 81.1+0.2 61.2+0.5
Cisplatin 10.4 + 1.2 65.3+ 1.9 16.0+1.1 17.3+0.9

obvious cytotoxicity against human bladder cell line T-24 after
treatment for 6.0 h, with an IC5, value of 10.0 + 0.2 nM, which
was 1870.0, 10.0, 1320.0 and 1040.0 times lower than that of
B-TFA, Pt1, J-TFA, and cisplatin, respectively. Remarkably, Pt1
and Pt2 showed low cytotoxicity (ICs, > 150 puM) against
normal HL-7702 cells. Importantly, jatrorrhizine derivatives
complex Pt2 showed stronger antitumor activity (10.0 + 0.2
nM) against bladder T-24 tumor cells than that of liriodenine,

This journal is © The Royal Society of Chemistry 2019
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oxoglaucine, plumbagin, matrine, oxoisoaporphine, coumarin
and oxoaporphine metal complexes.®”

Cellular uptake

Table S11 shows that the cellular platinum(n) amount for Pt2
was (31.27 + 0.05 ng of Pt) per 10° cells, 1.4- and 4.1-times
higher than that of Pt1 ((15.06 + 0.03 ng of Pt) per 10° cells),
cisplatin ((5.25 + 0.03 ng of Pt) per 10° cells), liriodenine, oxo-
glaucine, plumbagin, matrine, oxoisoaporphine, coumarin
and oxoaporphine metal complexes,®” after treatment for 6 h.
As expected, the distribution of Pt2 (10.0 nM) in nuclear or
mitochondria fraction was higher than those of Pt1 (100.0 nM)
and cisplatin (10.4 pM). Furthermore, confocal microscopy
analysis indicated that Pt1 (100.0 nM) and Pt2 (10.0 nM)
exhibited 525-530 nm emission in T-24 cancer cells under
ambient conditions upon excitation at 490-495 nm (Fig. 2-4
and S25t), which acted as green-colored luminescent agents
for cellular applications. These images also suggested that Pt1
(100.0 nM) and Pt2 (10.0 nM) could be effectively taken up by
T-24 cancer cells and were mainly retained within the nuclear
fraction and targeted 53BP1, TRF1 and TRF2 after 6.0 h of
incubation (Fig. 2 and S257).

Pt1 and Pt2 induced telomeres damage

Mammalian telomeres consist of TRF1 and TRF2 two telo-
mere-specific proteins, which were closely associated with telo-
mere dysfunction/damage, telomere length, telomere mainten-
ance and telomere inhibition.”'® Furthermore, 53BP1 has
emerged as a key of DNA/telomere damage response factors. In
general, overexpression of 53BP1, TRF1 and TRF2 (emitted
skyblue fluorescence in the merge) in cancer cells, suggesting
that these Pt compounds can significantly induce telomeres
damage (TRF1 and TRF2) and DNA damage (53BP1).”'° To
investigate the effects of Pt1 (100.0 nM) and Pt2 (10.0 nM) on
telomere dysfunction, immunofluorescence assay of the levels

Brightfield DAPI 53BP1 Merge

control
50pm

Fig. 2 Ptl (100.0 nM) and Pt2 (10.0 nM) induced telomere dysfunction
in T-24 cells. The T-24 cells were incubated with Ptl1 (100.0 nM) and Pt2
(10.0 nM) at 37 °C for 6 h, and then processed for 53BP1 (red) and the
nuclei were stained with DAPI (blue). Excitation wavelength (1ex) of Ptl
and Pt2: 490-495 nm; emission filters (lem): 525-530 nm.

This journal is © The Royal Society of Chemistry 2019

View Article Online

Paper

Brightfield DAPI Merge

. . 50um
I .‘ . .

Fig. 3 Ptl (100.0 nM) and Pt2 (10.0 nM) induced telomere dysfunction
in T-24 cells. The T-24 cells were incubated with Pt1 (100.0 nM) and Pt2
(10.0 nM) at 37 °C for 6 h, and then processed for TRF1 (red) and the
nuclei were stained with DAPI (blue). Excitation wavelength (l,) of Ptl
and Pt2: 490-495 nm; emission filters (lem): 525—530 nm.

control

Brightfield DAPI Merge

control
50pm

P2

Pt1

Fig. 4 Ptl (100.0 nM) and Pt2 (10.0 nM) induced telomere dysfunction
in T-24 cells. The T-24 cells were incubated with Pt1 (100.0 nM) and Pt2
(10.0 nM) at 37 °C for 6 h, and then processed for TRF2 (red) and the
nuclei were stained with DAPI (blue). Excitation wavelength (1,) of Ptl
and Pt2: 490-495 nm; emission filters (lep): 525—-530 nm.

of telomere-related proteins in T-24 cells were performed. As
shown in Fig. 2-4 and S25,f the levels of TRF1, 53BP1 and
TRF2 expression were more remarkably increased after treated
with Pt2 (10.0 nM) than that of Pt1 (100.0 nM), and these
bladder T-24 tumor cells showed typical DNA damage features,
such as nuclear shrinkage (brightly stained), suggesting Pt1
(100.0 nM) and Pt2 (10.0 nM) can induce TRF1- and TRF2-telo-
meres damage.”"'°

Telomerase inhibition

Recently, c-myc, hTERT and telomerase inhibitory activity are
considered as key factors in cancer cell apoptosis.”'* Because
Pt1 (100.0 nM) and Pt2 (10.0 nM) were accumulated in nuclear
fraction (Table S1t), thus TRAP-silver staining assay and

Dalton Trans., 2019, 48, 15247-15254 | 15249
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Fig. 5 Ptl1(100.0 nM) and Pt2 (10.0 nM) inhibited the expressions of tel-
omerase (A) and related proteins (B and C) in bladder T-24 tumor cells
after treatment for 6 h.

western blot assay were carried out. As shown in Fig. 5B and C,
Pt2 (10.0 nM) with J-TFA ligand exhibited stronger c-myc and
hTERT inhibitory activity in T-24 cells than Pt1 with B-TFA
ligand, which was 3.1 and 13.0 times lower than that of Pt1,
respectively. Further, as shown in the Fig. 5A and S26,f the tel-
omerase inhibitory ratio (TIR) induced by jatrorrhizine
complex Pt2 (10.0 nM) was 61.67% in bladder T-24 tumor cells
that was higher than berberine complex Pt1 (100.0 nM, TIR =
45.00%), the corresponding ligands B-TFA (18.7 pM, TIR =
4.50%), J-TFA (13.2 pM, TIR = 31.83%) and previously reported
TCMs metal complexes,””’ respectively. These results indicated
that Pt1 (100.0 nM) and Pt2 (10.0 nM) induced telomerase
activity in T-24 cells was significantly correlated with the
down-regulation of hTERT and c-myc levels.”""

Cell-cycle regulation

Telomerase inhibition also plays a key role in cell-cycle
regulation.'™'? After Pt1 (100.0 nM) and Pt2 (10.0 nM) treat-
ment, the population of cells at the GO/G1 phase was signifi-
cantly increased to 52.68% and 54.59%, respectively, compar-
ing with the 41.47% of control. In the meantime, the popu-
lations in the S and G2/M phases gradually decreased (Fig. 6
and S277). G1 phase block and changes of cyclin D1-CDK2
complex were observed in Pt1 and Pt2 treated cells (Fig. 6, 7,
S27 and S287), which were more profound than the previously
reported complexes.” "’

Mitochondrial dysfunction

In addition, mitochondrial dysfunction activated by DNA
damage can induce apoptosis of cancer cells."*'* We showed
that Pt1 (100.0 nM) and Pt2 (10.0 nM) were accumulated in
mitochondrial fraction (Table S1t) and induced TRF1- and
TRF2-telomeres damage (Fig. 2-4 and S25%). Fig. 7, S28 and
S29t1 showed that Pt1 (100.0 nM) and Pt2 (10.0 nM) induced
obvious up-regulation/down-regulation of cytochrome c,
caspase-9, ROS (reactive oxygen species), caspase-3, bcl-2,

15250 | Dalton Trans., 2019, 48, 15247-15254
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Fig. 6 Cell cycle arrest effect in T-24 cells after (B) Ptl (100.0 nM) and
(C) Pt2 (10.0 nM) treatment for 6.0 h, compared with control cells (A).
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Fig. 7 (A) Western blot analysis to detect the levels of G1 phase- and
apoptosis-related proteins after Pt1 (100.0 nM) and (C) Pt2 (10.0 nM)
treatment for 6.0 h. (B) The whole cell extracts were prepared and ana-
lyzed by western blot analysis using antibodies against the related
proteins.

[Ca®'] and apaf-1 expressions, especially for Pt2 (10.0 nM)
treated cell. Moreover, Pt1 and Pt2 decreased the A, (mito-
chondrial membrane potential) level, and thereby activating
the mitochondria-mediated apoptosis pathway.

Pt1 and Pt2 induced T-24 tumor cell apoptosis in vitro and
in vivo
We next investigated whether Pt1 and Pt2 could induce T-24

tumor cell apoptosis in vitro and found that Pt2 (10.0 nM)
indeed caused more apoptosis (Fig. 8A) in T-24 cells than Pt1
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Fig. 8 Ptl and Pt2 induced T-24 tumor cell apoptosis in vitro and
in vivo. (A) Apoptosis of T-24 cells treated with Ptl (100.0 nM) and Pt2
(10.0 nM) for 24 h. (B) The images and (C) changes of tumors or
volumes after Pt2 (2.0 mg kg™ every 2 days (q2d)), Ptl (2.0 mg kg™* g2d)
and cisplatin (2.0 mg kg™ g2d) treated by intravenous injection.
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(100.0 nM). Furthermore, the in vivo anti-cancer efficacy of Pt2
(2.0 mg kg™ every 2 days (q2d)), Pt1 (2.0 mg kg™* q2d) and cis-
platin (2.0 mg kg™ q2d) on NCI-H460 xenograft was investi-
gated. Tables S2-S47 and Fig. 8B, C show that the T-24 tumor
inhibition rate (TIR) was 50.4% for Pt2 (Tables S2-S4} and
Fig. 8B, C), which was higher than that of Pt1 (26.4%) and
cisplatin  (37.1%) and many previously reported Pt
complexes.”7'%'*1> Remarkably, no damage and weight loss
were observed for Pt2 and Pt1 treated mice (Tables S2-S47),
suggesting that the low systemic toxicity of Pt(u) complexes
with jatrorrhizine and berberine derivatives.

Experimental materials and methods
Synthesis of B-TFA and J-TFA ligands

General procedure for preparation of compound 2.
Berberine (1) and jatrorrhizine (7) were the major bioactive
alkaloids isolated from Tinospora capillipes Gagnep.’
Berberine (1) (5.00 g, 13.4 mmol, 1.00 eq., HCI) was in three
flask bottle. The mixture was under N, at 25 °C and warmed to
190 °C for 2 h. TLC (dichloromethane : methanol = 5:1, Ry =
0.55) indicated berberine (5.00 g, 13.4 mmol, 1.00 eq., HCI)
was consumed completely and new spots formed. The
11-methoxy-21,22-dioxa-19-azoniapentacyclohenicosa-1,3(16),4
(14),5(15),-6(19),10(17),11(18),12-octaen-18-0l  (2) (3.75 g,
6.79 mmol, 50.7% yield) was obtained as a purple soild using
LC-MS spectrometry. ESI-MS m/z: 322.1 [M — CI]" (Tris-HCIl
buffer solution containing 5% DMSO as solvent). Elemental
analysis calcd (%) for C;oH;6CINO,: C 63.78, H 4.51, and N
3.91; found: C 63.76, H 4.54, and N 3.90.

General procedure for preparation of compound 4.
Compound 2 (2.00 g, 6.20 mmol, 1.00 eq.) and 1,9-dibromono-
nane (3) (5.32 g, 18.6 mmol, 3.00 eq.) were dissolved in MeCN
(60.0 mL). K,CO3 (2.57 g, 18.6 mmol, 3.00 eq.) was added to
the above mixture under N, at 25 °C and warmed to 60 °C
for 24 h. TLC (dichloromethane : methanol = 10: 1, R = 0.48)
indicated compound 2 was remained, and one major new spot
was detected. LC-MS indicated desired 27-(9-bromononoxy)-20-
methoxy-29,30-dioxa-28-azoniapentacyclohenicosa-1,3(25),4(23),
5(24),6(28),19(26),20(27),21-octaene (4) (56.6% purity). The
mixture was directly next step. ESI-MS m/z: 528.1 [M — Cl]"
(Tris-HCI buffer solution containing 5% DMSO as solvent).
Elemental analysis caled (%) for C,sH33BrCINO,: C 59.74,
H 5.91, and N 2.49; found: C 59.73, H 5.93, and N 2.47.

General procedure for preparation of B-TFA. Compound 4
(4.00 g, 7.58 mmol, 1.00 eq.) and 1-(2-pyridyl)-N-(2-pyridyl-
methyl) methanamine (5) (4.84 g, 24.3 mmol, 3.20 eq.) were
dissolved in MeCN (15.0 mL) at 25 °C. KI (1.01 g, 6.07 mmol,
0.80 eq.) was added to mixture to 90 °C for 12 h. The reaction
mixture was filtered and concentrated under reduced pressure
to remove MeCN (15.0 mL). The residue was diluted with DCM
(15.0 mL x 3) and extracted with H,O (30.0 mL). The combined
organic layers were washed with H,O (5.00 mL x 2), dried over
Na,SO0,, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by column chromato-
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graphy (SiO,, dichloromethane:MeOH = 5:1). The residue
was purified by prep-HPLC (column: Phenomenex luna C18
250 x 50 mm x 10 pm; mobile phase: [water(0.1%TFA)-ACN];
B%: 12%-42%, 20 min), and finally this target compound was
obtained as a yellow oil. LC-MS, "H NMR and '°F NMR and **C
NMR desired 9-[(32-methoxy-44,45-dioxa-42-azoniapentacyclo-
henicosa-7,11(29)12(35),13-(36),14(38),32(39),33,37(42-octaen-
39-yl)oxy]-N,N-bis(2-pyridylmethyl)nonan-1-amine (B-TFA)
(1.25 g, 1.55 mmol, 7.13% yield). "H NMR (400 MHz, CHCl;-d)
5 9.84 (s, 1H), 8.81 (d, J = 5.5 Hz, 2H), 8.26-8.20 (m, 2H),
8.20-8.16 (m, 1H), 7.87 (dd, J = 4.7, 8.3 Hz, 3H), 7.82-7.76 (m,
1H), 7.67 (t, J = 6.5 Hz, 2H), 7.36 (s, 1H), 6.85 (s, 1H), 6.11 (s,
2H), 5.01 (br t, J = 5.8 Hz, 2H), 4.42 (s, 4H), 4.36 (t, /] = 6.7 Hz,
2H), 4.06 (s, 3H), 3.29-3.20 (m, 2H), 2.87-2.77 (m, 2H),
1.93-1.82 (m, 2H), 1.65-1.52 (m, 2H), 1.48-1.39 (m, 2H),
1.34-1.29 (m, 2H), 1.23 (br s, 6H). *C NMR (400 MHz,
DMSO-dg) 6 158.9-158.6 (m, 2C), 150.8 (s, 1C), 150.4-149.8 (m,
1C), 149.0 (s, 2C), 147.7 (s, 1C), 145.3 (s, 1C), 142.9 (s, 1C),
137.9-137.5 (s, 2C), 130.6 (s, 1C), 126.7 (s, 1C), 125.0 (s, 1C),
124.1 (s, 1C), 123.3 (s, 1C), 121.7 (s, 1C), 120.4 (s, 1C), 120.2 (s,
1C), 117.4 (s, 1C), 114.5 (s, 1C), 108.4 (s, 1C), 105.4 (s, 1C),
102.1 (s, 1C), 74.3 (s, 1C), 57.0-56.8 (m, 3C), 55.3 (s, 1C), 53.9
(s, 1C), 29.5 (s, 1C), 28.7-28.4 (m, 2C), 26.4 (s, 1C), 25.9 (s, 1C),
25.2 (s, 1C), 23.2 (s, 1C). ESI-MS m/z: 645.3 [M — (TFA-H)]"
(Tris-HCI buffer solution containing 5% DMSO as solvent).
Elemental analysis caled (%) for C,,H;sF3N,O4: C 66.48, H
5.98, and N 7.38; found: C 66.45, H 6.00, and N 7.36. °F NMR
(471 MHz, CHCl;) § —75.8.

General procedure for preparation of compound 8.
Jatrorrhizine (7) (0.500 g, 1.33 mmol, 1.00 eq., HCl) and com-
pound 3 (954 mg, 3.33 mmol, 2.50 eq.) were dissolved in
MeCN (15.0 mL), K,CO; (553 mg, 4.00 mmol, 3.00 eq.)
was added to mixture at 25 °C, then warmed to 60 °C for 16 h,
TLC (dichloromethane : methanol = 5:1, Ry = 0.54) indicated
compound 7 (0.500 g, 1.33 mmol, 1.00 eq., HCl) was
consumed completely and many new spots formed. The
reaction of 6 batches were used directly in the next
step without work-up. The reaction of 6 batches were used
directly in the next step without purification. The reaction of 6
batches were used directly in the next step. ESI-MS m/z:
542.2 [M — CI]" (Tris-HCI buffer solution containing 5%
DMSO as solvent). Elemental analysis caled (%) for
C,9H;3,BrCINO,: C 60.16, H 6.44, and N 2.42; found: C 60.15, H
6.46, and N 2.40.

General procedure for preparation of J-TFA. A mixture of
compound 8 (0.750 g, 1.29 mmol, 1.00 eq., HCl) and com-
pound 5 (515 mg, 2.59 mmol, 2.50 eq.) and KI (172 mg,
1.03 mmol, 0.800 eq.) were dissolved in MeCN (6.00 mL) at
25 °C and warmed at 90 °C for 4 h. The mixture of 6 batches
were together filtered to obtain the filtrate. The filtrate was
evaporated to obtain the crude product. Consequently, these
crude product was purified by reversed-phase HPLC (column:
Welch Xtimate C18 250 x 50 mm x 10 pm; mobile phase:
[water (0.1%TFA)-ACN]; B%: 10%-40%, 20 min). LC-MS and
'H NMR compound N,N-bis(2-pyridylmethyl)-9-[(2,9,10-tri-
methoxy-5,6-dihydroisoquinolino[3,2-aJisoquinolin-7-ium-3-yl)
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oxy|nonan-1-amine (J-TFA) (1.20 g, 1.47 mmol, 18.9% yield)
was obtained as a yellow oil. "H NMR (400 MHz, CH;OH-d,):
5=9.78 (s, 1H), 8.82 (s, 1H), 8.69 (d, J = 4.8 Hz, 2H), 8.18-8.12
(m, 1H), 8.03 (d, J = 9.1 Hz, 1H), 7.93 (dt, J = 1.6, 7.7 Hz, 2H),
7.69 (s, 1H), 7.53 (d, J = 7.8 Hz, 2H), 7.48 (dd, J = 5.2, 7.3 Hz,
2H), 7.05 (s, 1H), 4.95 (br t, J = 6.3 Hz, 2H), 4.63 (s, 4H), 4.23
(s, 3H), 4.15-4.09 (m, 5H), 4.02 (s, 3H), 3.33 (br s, 2H), 3.29 (s,
2H), 1.92-1.81 (m, 4H), 1.59-1.49 (m, 2H), 1.38 (br s, 8H).
ESI-MS m/z: 660.9 [M — (TFA-H)]" (Tris-HCI buffer solution
containing 5% DMSO as solvent). Elemental analysis caled (%)
for C,3H,0F3N,04: C 66.65, H 6.37, and N 7.23; found: C 66.62,
H 6.39, and N 7.22. '°F NMR (471 MHz, CH;0H) § —77.3.

Synthesis and characterization of Pt1 and Pt2

The cis-Pt(DMSO),Cl, (1.0 mmol) was mixed with 1.0 mmol
B-TFA and J-TFA in CH;CN (5.0 mL) at 60 °C for 4.0 h to yield
yellow product of Pt1 and Pt2, which were isolated and charac-
terized (Fig. 1).

Data for Pt1. Yield: 87.06%. ESI-MS: m/z = 987.4 for [M — CI]"
(Tris-HCl buffer solution containing 5% DMSO as
solvent), m/z = 914.2 for [M — (TFA-H)]". Elemental analysis:
caled (%) for CyHys5CLF3N,O6Pt: C 49.22, H 4.43, N 5.47;
found: C 49.20 H 4.46, N 5.44. "H NMR (500 MHz, DMSO-dj)
59.72 (s, 1H), 8.92 (s, 1H), 8.77 (d, J = 5.3 Hz, 2H), 8.31 (t, ] =
7.2 Hz, 2H), 8.23-8.09 (m, 1H), 7.99 (s, 1H), 7.85 (s, 2H), 7.75
(s, 1H), 7.67 (t, J = 6.6 Hz, 2H), 7.08 (s, 1H), 6.18 (s, 2H), 5.37
(s, 2H), 4.94 (d,J = 31.1 Hz, 4H), 4.24 (t, ] = 6.4 Hz, 2H), 4.04 (s,
3H), 3.05 (s, 2H), 2.52 (s, 2H), 1.90-1.75 (m, 2H), 1.51 (s, 2H),
1.40 (t, J = 7.9 Hz, 2H), 1.31-1.20 (m, 4H), 1.16 (d, J = 14.4 Hz,
4H). ®C NMR (126 MHz, DMSO-ds) 6 166.3, 158.4, 158.2,
150.8, 150.2, 149.4, 148.1, 145.7, 143.3, 141.8, 137.9, 133.4,
131.1, 127.1, 125.9, 124.0, 123.8, 122.1, 120.9, 120.7, 108.9,
105.9, 102.6, 74.7, 68.5, 64.8, 57.5, 55.8, 40.6, 40.4, 40.2, 40.1,
39.9, 39.7, 39.6, 29.9, 29.3, 29.1, 29.0, 27.6, 26.9, 26.3, 25.6. '°F
NMR (471 MHz, DMSO-ds) § —73.5. Elemental analysis caled
(%) for C,Hyus5CLF3N,OgPt: C 49.22, H 4.43, and N 5.47;
found: C 49.20, H 4.46, and N 5.45.

Data for Pt2. Yield: 95.66%. ESI-MS: m/z = 928.0 for [M —
(TFA-H)]', m/z = 1002.8 for [M — Cl]'. Elemental analysis:
caled (%) for C,3H4CLF;N,OqPt: C 49.62, H 4.75, N 5.38;
found: C 49.60, H 4.78, N 5.36. "H NMR (500 MHz, DMSO-dj)
5 9.89 (s, 1H), 9.05 (s, 1H), 8.80-8.76 (m, 2H), 8.30 (td, J = 7.8,
1.6 Hz, 2H), 8.19 (d, J = 9.2 Hz, 1H), 8.05 (d, J = 9.1 Hz, 1H),
7.83 (d, ] = 7.9 Hz, 2H), 7.69 (s, 1H), 7.68-7.65 (m, 2H), 7.05 (s,
1H), 5.36 (d, J = 15.9 Hz, 2H), 4.97 (t, J = 6.3 Hz, 2H), 4.87 (d,
J = 15.8 Hz, 2H), 4.11 (s, 3H), 4.07 (s, 3H), 4.02 (t, J = 6.6 Hz,
2H), 3.94 (s, 3H), 3.23 (t, J = 6.4 Hz, 2H), 3.06-2.99 (m, 2H),
1.69 (p,J = 6.8 Hz, 2H), 1.49 (td, J = 11.3, 9.6, 5.9 Hz, 2H), 1.34
(t,J = 7.8 Hz, 2H), 1.25-1.19 (m, 4H), 1.12 (dt, J = 13.4, 7.2 Hz,
4H). ®C NMR (126 MHz, DMSO-ds) 6 166.3, 161.7, 158.9,
158.6, 158.4, 158.1, 151.3, 150.6, 149.5, 149.2, 145.9, 144.0,
141.8, 138.2, 133.6, 129.0, 127.2, 125.8, 123.9, 123.9, 121.8,
120.9, 120.3, 119.2, 118.5, 116.1, 113.8, 112.5, 109.3, 68.9, 68.4,
64.7, 62.4, 57.5, 56.6, 55.9, 40.5, 40.4, 40.2, 40.0, 39.8, 39.7,
39.5, 29.0, 28.9, 28.8, 28.7, 27.5, 26.4, 26.2, 25.8. "°F NMR
(471 MHz, DMSO-d¢) § —73.9. Elemental analysis caled (%) for
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C,3H4oCLF;N,O6Pt: C 49.62, H 4.75, and N 5.38; found: C
49.59, H 4.77, and N 5.36.

Materials and methods

For materials, the detailed methods and procedures of B-TFA,
TFA, J-TFA, their Pt1 and Pt2 complexes see in ESL.}

Conclusions

In summary, two novel Pt(u) complexes Pt1 and Pt2 with jatror-
rhizine and berberine derivatives were prepared. Their green-
colored luminescent properties and potent telomerase inhi-
bition were explored. In vitro and in vivo cytotoxicity results
suggested that human bladder T-24 tumor cells were sensitive
to Pt1 and Pt2. These two novel Pt(u) complexes induced
cancer cell apoptosis via targeting telomerase, together with
inducing mitochondrial dysfunction, damaging telomere DNA
and arresting cell-cycle. Remarkably, the in vivo results illus-
trated that jatrorrhizine Pt2 complex exhibited high safety and
even more effective inhibitory effect (TIR = 50.4%) on T-24
tumor xenograft than berberine Pt1 complex (26.4%) and cis-
platin (37.1%). Therefore, jatrorrhizine Pt2 complex may have
the potential to be further developed into safe and effective Pt-
based anticancer agents.
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