R700 J. Med. Chem. 2010, 53, 8700-8708
DOL 10.1021/jm101249z

Journal of
Medicinal
Chemistry

Article

Antitumor Agents 286. Design, Synfhesis, and Structure—Activity Relationships of 3R, 4'R-
Disubstituted-2’,2'-dimethyldihydropyrano[2,3-f Jchromone (DSP) Analogues as Potent

Chemosensitizers to Overcome Multidrug Resistance

Ting Zhou,' Qian Shi,! Kenneth F. Bastow,** and Kuo—H'siung' Lee* T

tNatural Products Research Labovatories, Eshelivian School of Pharmacy, University of North Carolina, Chape! Hill, North Carclina 27599-7568,

United States, ¥ Division of Medicinal Chemr.stry & Natural Products, Eskelman School of Pharmacy, University of North Carolina, Chapel Hill,
North Caroling 27599-7568, United States, and *Chinese Medicine Research and Development Center, China Medical University and Hospital,

Taichung, Taiwan

Received September 27,2010

In this study, various 3'R,4' R-disubstituted-2',2'-dimethydihydropyrano[2,3-f Ichromone (DSP} deri-
vatives were discovered as potent chernosensitizers in the treatment of multidrug resistant cancer cells.
Twenty-four DSP analogues (5--28) were synthesized and evaluated against a multidrug resistant
(MDR) cell line (KB—«Vm) with and without vincristine (VCR), All DSP analogues exhibited fow
intrinsic cytotoxicity, However, in combination treatment, most DSPs reversed resistance to VCR and
lowered the GIs value of VCR by 12—349-fold. At a concentration of 1 gg/mL, three compounds, 11,
14, and 21, fully reversed resistance to VCR in KB-Vin cancer cells, a 2-fold increase compared to
vcrapamx] a first-generation chemosensitizer, Detailed structure—activity relationship (SAR) conclu-
sions were established based on 3’ and 4’ substitutions. Moreover, a preliminary mechanism study
indicated that the chemosensitizing activity of DSP apalogues results from inhibition of P-glycoprotein

(P-gp) overexpressed in MDR cancer cells.

Introductimi

Resistance of cancer cells to anticancer drugs remains one
- of the major obstacles in-achieving an effective treatment for

cancer. Three primary mechanisms of anticancer drug resis--

tance have been identified: decreased uptake of water-soluble
drugs, various changes in cells that affect the capacity of
cytotoxic drugs to kill cells, and the most cormmonly encotin-
tered, increased energy-dependent efflux of hydrophobic cy-
totoxic drugs by one of a family of energy-dependent trans-
porters, such as P-gp (also known as MDRI9).” One approach

usedin clinical research to reverse MDR is the development of-

chemosensitizers, especially drugs that target P-gp and inhibit
its activity. Verapamil and cyclosporine A (Figure 1) are
examples of first-generation chemosensitizers that inhibit
the activity of P-gp and were evaluated clinically as adjuvants
for chemotherapy. Both compounds are able to increase
the intracellular concentration of cytotoxic agents, such as

VCR, cyclophosphamide, dexamethasone, and doxorubicin,

in MDR cells.>* Moreover, both verapamil and eyclospor-
ine A are widely used medications, verapamil as a calcium
~channel blocker to treat hypertension and cyclosporine A as
an immunosuppressant to reduce the activity of the patient’s
immune system in postallogeneic organ transplant. However,
clinical studies showed that both compounds were generally
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toxic at the doses required to attenuate P-gp function.* Since
then, several potent and selective next-generation inhibitors
have been developed and investigated, but none of them have
yet shown significant clinical benefit. Inhibition of P-gp by
chemosensitizers may also be problematic because drug dlS-
tribution and elimination can be affected by these agents.®
However, it is still possible that the ideal chemotype for a’
chemosensitizer has yet to be identified and developed.

It has been reported that the naturally existing pyranocou-

matin (&)-praeruptorin A (PA) and its khellactone analogues

‘with ¥ 4'-modifications (Figure 2) can reverse P-gp-mediat-

ed MDR.%7 (£)-3-0-4'-0-Bis(3,4-dimethoxycinnamoyl)-cis-

khellactone (DMDCK, 3) showéd the highest potency among -

these analogues. At a congentration of 4 uM, 3 was able to

increase the activity of the chémotherapy drug vinblastine over |
-110-fold.” However, even at such a high concentration, 3 was

unable to completely reverse vinblastine resistance in the liver
cancer cell system used.” In addition, it was also reported that
the side chains at the 3’ and 4' positions of the khellactone
system play an important role in maintaining high activity.
Unfortunately, only a few khellactone analogues with 3,4/
modifications have been reported to show potent chemosensi-
tizing activity, so detailed SAR information is unavailable.

"Therefore, continuing research to develop novel active ana-

logues is merited and forms the basis for the work on the DSP
series reported herein.

Design
Even before the structure of P-gp protein was resolved,? a
general pharmacophore model for P-gp binding ard inhibition
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