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Abstract

The aberrant activation of STAT3 occurs in many human cancers and promotes tumor progression. 

Phosphorylation of a tyrosine at amino acid Y705 is essential for the function of STAT3. 

Synthesized carbazole derived with fluorophore compound 12 was discovered to target STAT3 

phosphorylation. Compound 12 was found to inhibit STAT3-mediated transcription as well as to 

reduce IL-6 induced STAT3 phosphorylation in cancer cell lines expressing both elevated and low 

levels of phospho-STAT3 (Y705). Compound 12 potently induced apoptosis in a broad number of 

TNBC cancer cell lines in vitro and was effective at inhibiting the in vivo growth of human TNBC 

xenograft tumors (SUM149) without any observed toxicity. Compound 12 also effectively 

inhibited the growth of human lung tumor xenografts (A549) harboring aberrantly active STAT3. 

In vitro and in vivo studies showed that the inhibitory effects of 12 on phospho-STAT3 were 

through up-regulation of the protein–tyrosine phosphatase PTPN6. Our present studies strongly 

support the continued preclinical evaluation of compound 12 as a potential chemotherapeutic 

agent for TNBC and cancers with constitutive STAT3 signaling.

Graphical abstract

*Corresponding Authors. For M.L.B.: phone, 202-687-8603; fax, 202-687-5659; mb544@georgetown.edu. For I.B.: phone, 202 687 
5267; ib42@georgetown.edu.
⊥S.H., Y.W.Y., and H.J.K. contributed equally to this work.

ASSOCIATED CONTENT
Supporting Information
1H and 13C NMR spectra of new compounds and HPLC purity analysis of compounds 12 and 13. This material is available free of 
charge via the Internet at http://pubs.acs.org.

The authors declare the following competing financial interest(s): Patent applications have been filed by Georgetown University on the 
behalf of the inventors that are listed as authors in this work.

HHS Public Access
Author manuscript
J Med Chem. Author manuscript; available in PMC 2018 March 15.

Published in final edited form as:
J Med Chem. 2014 August 14; 57(15): 6342–6353. doi:10.1021/jm4018042.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://pubs.acs.org


INTRODUCTION

Current emphasis in cancer drug development has shifted from nonspecific cytotoxic 

chemotherapies to molecularly targeted reagents.1 The etiology of cancer is multimodal, but 

great progress has been made in recent times toward the understanding of these diseases. 

Discovery of oncogenes2 and transcription factors3,4 that play the critical roles in regulating 

gene expression with the development of cancers has aided in the development of new 

approaches for the cancer treatment. Signal transducers and activators of transcription 3 

(STAT 3),5–7 one of seven known members of the mammalian STAT family, regulates 

transcription of several genes upon activation of membrane receptors by various cytokines.8 

Ligand binding to cytokine receptors triggers activation of cytokine receptor associated 

kinases such as Janus kinases (JAKs) or receptor tyrosine kinases.8 Activation of STAT3 is 

achieved by phosphorylation of Y705 residue by these cytokine receptor associated kinases.8 

Phosphorylated STAT3 translocates into the nucleus to bind STAT3 responsive elements and 

regulates expression of target genes.7 Phosphorylation of STAT3 is also regulated by protein 

tyrosine phosphatases such as tyrosine–protein phosphatase nonreceptor type 6 (PTPN6/

SHP-1), tyrosine–protein phosphatase nonreceptor type 11 (PTPN11/SHP-2), and T-cell 

protein–tyrosine phosphatase (TC-PTP).9

Constitutive STAT3 activation has been detected in a large number of human cancers, and 

elevated levels of the activated STAT3 are associated with a poor clinical prognosis.10,11 

Studies showed that the inhibition of STAT3 expression attenuated the proliferation and 

survival of STAT3-positive cancer cell lines in vitro and in vivo, while normal tissues were 

unaffected by loss of STAT3.5,12–14 Furthermore, the causal role of STAT3 in oncogenesis 

has been confirmed via molecular biology and pharmacology tools in disease-relevant 

models.15 All of these support STAT3 as a molecular target for cancer drug discovery,9,15–17 

however, only one STAT3 inhibitor has been advanced into clinical trials18 because of the 

physicochemical problems of the studied molecules.16 To address those problems that are an 

obstacle to the STAT3 inhibitors’ being promoted into clinical trials, further studies have 

been carried out in the field recently and many advances have been achieved as the results.
12,19–22

A wide range of synthetic analogues based on natural products have emerged as 

therapeutically useful antitumor agents.23 Among these natural products, natural and 

synthetic congeners of the carbazole alkaloids comprise a large group of therapeutically 

useful antitumor agents in the various stages of clinical development.24–26 Although earlier 

reports27,28 have demonstrated that some of carbazoles negatively regulate the STAT3-

mediated transcription and/or STAT3-DNA binding and phospho-STAT3 with relatively high 

concentration (30–50 µM), the mechanisms of these regulations still remain unknown. We 

have been interested in targeting STAT3 pathways.29,30 In an effort to discover targeted 
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therapeutics to treat cancers, we have developed fluorescent small molecules, which could 

be observed directly as it interacts with receptor-positive cell lines, as potential anticancer 

agents.31–33 Meanwhile, our previously studies34 showed that the antiproliferative effect on 

the cancer cell lines of the free carbazole is much less than the corresponding scaffolds with 

dansyl group. Herein, novel imageable carbazoles (Figure 1) were designed and synthesized, 

and their biological activities as STAT3 inhibitors were further evaluated.

RESULTS

Chemistry

A palladium-catalyzed cross-coupling reaction35 was carried out (Scheme 1) between the 

commercially available compounds tert-butyl 4-iodo-2-methylphenylcarbamate (1) and 4-

methoxy-2-nitrophenylboronic acid (2), providing the intermediate tert-butyl 4′-methoxy-3-

methyl-2′-nitrobiphenyl-4-ylcarbamate (3) in a yield of 79%. Deprotection of 3 in the 

presence of 20% trifluoroacetic acid–dichloromethane and followed by dansylation with 

dansyl chloride resulted in the formation of the fluorescent compound 4. Treatment of 4 with 

triphenylphosphine in 1,2-dichlorobenzene under reflux36,37 overnight resulted in the 

reductive cyclization of the 2-nitrobiphenyl to form a mixture of two carbazole 5 and 6 (ca. 

1:1), which were readily separable by chromatography. The structural assignment of the two 

isomers was based on the 1H NMR coupling patterns of the aryl protons. The 1H NMR 

spectrum of compound 6 showed two doublets (δ 6.48 and 7.46, J = 8.4 Hz) corresponding 

to the protons on carbons 3 and 4, respectively, whereas the 1H NMR spectrum of compound 

5 showed two singlets (δ 6.61 and 7.52) corresponding to the protons on carbons 1 and 4.

The known compound 1134 was prepared in an improved way as shown in Scheme 2. The 

commercially available reagents 7 and 8 were coupled under the standard Suzuki reaction 

condition, providing the biphenyl-4-ol compound 9 (80%). After dansylation (10) and 

reductive cyclization, two isomers, 7-methoxy-1-methyl-9H-carbazol-2-yl 5-

(dimethylamino)-naphthalene-1-sulfonate (11) and 7-methoxy-3-methyl-9H-carbazol-2-yl 5-

(dimethylamino)naphthalene-1-sulfonate,34 were formed. Because our previously studies 

indicated that 11 is around 20 times stronger than the corresponding isomer to the cancer 

cell lines,34 several conditions were investigated to increase the ratio of 11 to its isomer. We 

found that the removal of oxygen atmosphere could increase the yield of 11 from 40% to 

60% in the presence of triphenylphosphine and 1,2-dichlorobenzene under reflux. The 

demethylation was carried out in the presence of BBr3 in dichloromethane. Concerned that 

the dansyl ester is good leaving group, the deprotection was performed at low temperature 

(−78 °C) and the process of the demethylation was monitored by TLC. The result of TLC 

indicated that compound 11 was intact at low temperature (−78 °C to −30 °C), even up to 8 

h. When the mixture was warmed up to ambient temperature, the demethylation proceeded 

cleanly and afforded the phenol product 12 with a yield of 81%. Compound 12 was treated 

with dansyl chloride in anhydrous dichloromethane and triethylamine, resulting in the 

didansylated compound 13.

Hou et al. Page 3

J Med Chem. Author manuscript; available in PMC 2018 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Biology

Compound 12 Inhibits the STAT3-Mediated Transcription and IL-6-Induced 
Phosphorylation of STAT3 in Triple-Negative Breast Cancer (TNBC) Cells—To 

determine the biological effect of our novel compounds and a natural product carbazole 

mahanine38,39 on the STAT3 pathway, we performed a typical reporter gene assay. HS578T 

cells were transfected with the expression vector for a constitutively active STAT3 

(STAT3C)40 and the APRE-Luc reporter (a STAT3-responsive reporter).41 The cells were 

treated with 1 µM of compounds for 24 h, and the luciferase reporter activity was measured 

(Figure 2A). From this screening, compound 12 was identified as the most potent analogue 

in reduce the STAT3C-induced reporter gene activity in HS578T cells at 1 µM 

concentration. The effect of compound 12 on STAT3C-mediated transcription was 

comparable to that of AZD1480,42 a JAK2 kinase inhibitor (Figure 2A). In HS578T cells 

transfected with STAT3C expression vector and the APRE-Luc, 12 repressed the STAT3C-

dependent transactivation in a dose-dependent manner (Figure 2B). The effect of 12 on the 

STAT3 pathway was also assessed in the interleukin-6 (IL-6) induction model. HS578T and 

MCF7 cells, transfected with the APRE-Luc, were pretreated for 1 h with an increasing 

amount of compound 12 followed by 2 h (for HS578T) or 16 h (for MCF-7) activation with 

5 ng/mL of IL-6. Under these conditions, compound 12 significantly reduced the IL-6-

induced activation of endogenous STAT3-mediated transcription (Figure 2C). In addition, 12 
reduced the IL-6-induced phosphorylation of STAT3 (Y705) in a dose-dependent manner in 

two separate TNBC cell lines, HS578T and SUM149PT (Figure 2D).

Compound 12 Exhibits the Antiproliferative Effects on a Broad Range of 
Cancer Cell Lines—Because activation of STAT3 has been implicated in human cancers, 

we determined the level of phospho-STAT3 (Y705) in a panel of breast cancer cell lines by 

Western blot analysis. Interestingly, the level of phospho-STAT3 (Y705) was elevated in all 

the TNBC cell lines tested as compared to two luminal breast cancer cells, T47D and MCF7 

(Figure 3A). We further determined the cytotoxic effects of 12 on the panel of TNBC cell 

lines. The cells were treated with increasing concentration of 12 for ~72 h, and the viable 

cells were measured by MTT assay. Interestingly, compound 12 demonstrated 

antiproliferative affects on a broad range of TNBC cell lines (Figure 3B). Compound 12 also 

exhibited the antiproliferative effects on additional cancer cell lines, including A431 (a 

squamous carcinoma cell line), A549 (a lung cancer cell line) and PC-3 (a prostate cancer 

cell line) with GI50 values 0.16 µM (for A431), 2.5 µM (for A549), and 3 and 7.9 µM (for 

PC-3), respectively, in MTT assay with ~72 h treatment (data not shown).

Compound 12 Reduces Phospho-STAT3 by Inducing Protein–Tyrosine 
Phosphatase PTPN6—Because elevated phospho-STAT3 was detected in various TNBC 

cell lines, we further treated two TNBC cell lines with compound 12 without extracellular 

IL-6 stimulation and the level of phospho-STAT3 was determined by Western blot analysis. 

As shown in Figure 3C, 12 reduced the phospho-STAT3 (Y705) in a dose-dependent 

manner. We also found that the level of cyclin D1, a transcriptional target of STAT3, was 

also reduced by compound 12 treatment.
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The effect of compound 12 on the mRNA expressions of STAT3 targets was assessed by 

semiquantitative reverse-transcription PCR. Consistent with Western blot analysis, the level 

of cyclin D1 mRNA was decreased by compound 12 in two TNBC cells (Figure 3D). Under 

these conditions, the mRNA expression of survivin, another STAT3 target was also reduced 

by compound 12. Interestingly the mRNA expression of PTPN6 was induced by compound 

12 in a dose-dependent manner (Figure 3D).

To determine the effect of PTPN6 upregulation on STAT3, HS578T, and SUM149PT, cells 

were treated with compound 12 or CP690550 (a JAK1/2 inhibitor)43 in the presence of a 

phosphatase inhibitor, pervanadate, for 16 h, and the level of phospho-STAT3 was 

determined by Western blot analysis. Consistent with the induction of PTPN6 mRNA, the 

compound 12 mediated reduction of phospho-STAT3 (Y705) was reversed by increasing the 

amount of pervanadate (Figure 3E). On the contrary, the kinase inhibitor CP690550-

mediated inhibition of phospho-STAT3 was not affected by pervanadate.

To further verify the PTPN-dependent dephosphorylation of phospho-STAT3, we performed 

siRNA-based knockdown of PTPN6 in HS578T cells. HS578T cells were transfected with 

either control- or PTPN6-siRNA for 3 days and further treated with compound 12 for 24 h, 

and then the level of proteins were determined by Western blot analysis. Consistent with 

PTPN6 mRNA expression, treatment of compound 12 induced PTPN6 protein expression in 

HS578T cells transfected with control-siRNA (Figure 3F). As expected, transfection of 

PTPN6-siRNA reduced the compound 12 mediated PTPN6 protein expression. Under these 

conditions, knockdown of PTPN6 reversed the dephosphorylation of STAT3. Taken together, 

these results suggest that compound 12 inhibits phospho-STAT3 (Y705) by induction of 

PTPN6 phosphatase in TNBC cells.

Imaging of Compound 12 in Human Breast Cancer Cells—Compound 12 contains 

a dansyl moiety, which allows it to visibly fluoresce at 552 nm when excited at 370 nm 

(Figure 4). After treatment of the human breast cancer MDA-MB-231 cells with compound 

12, a multiphoton laser was used to excite the compound, and its emission from within the 

cells was observed by two-photon confocal microscopy (Figure 4). Compound 12 (shown in 

green) was present within the cytoplasm of the cells but not in the nuclei (Figure 4a).

In Vivo Studies Indicated 12 Significantly Reduces Nonsmall-Cell (A549) Lung 
Tumor and Human Breast Cancer (SUM 149) Growth in Xenograft Mice—
Athymic Balb/c nude mice bearing A549 human nonsmall cell lung tumor that harbor 

aberrantly active STAT344–46 were dosed via intraperitoneal injection with 10 mg/kg 

compound 12 at every other day for 27 days (total 13 doses, N = 5, Figure 5). The onset of 

the antitumor growth effect of compound 12 occurred on day 5 (inhibition rate 68.7%) with 

the maximum inhibitory effect occurring on day 9 (inhibition rate 73.76%). The duration of 

inhibition lasted up to 27 days (P < 0.05), with tumor growth inhibition rate between 54.94 

to 73.76% during this period.

Athymic Balb/c nude mice bearing human TNBC tumor (SUM149) were dosed via 

intraperitoneal injection with 10 and 30 mg/kg compound 12 at every other day for 5 days 
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(Figure 6A). No significant changes in body weight or obvious signs of toxicity such as loss 

of appetite, decreased activity, or lethargy were observed during the efficacy study.

Compound 12 was effective at directly inhibiting the growth of the SUM149 xenograft and 

resulted in a 57% reduction in tumor volume at day 5 (Figure 6A). Western analysis of the 

SUM149 tumors treated with compound 12 also revealed an up-regulation of PTPN6 

(statistical significant at 30 mg/kg, Figure 6B) and pSTAT3 (Figure 6C). This data strongly 

supports the potential for use and further preclinical examination of compound 12 in TNBC.

Acute toxicity was evaluated by using the acute toxicity up-and-down procedure,47 where 

animals were dosed with compound 12 via ip injection and observed for 14 days. The 

estimated LD50 of 550 mg/kg was determined, with the 95% PL confidence interval between 

116.4 and 811 mg/kg.

DISCUSSION AND CONCLUSIONS

Conventional chemotherapeutic agents do not distinguish between healthy and cancer cells. 

As a newer type of cancer treatment, targeted therapy uses drugs to more precisely identify 

and attack cancer cells while doing little damage to normal cells. The aberrant activation of 

STAT3 occurs in the majority of human cancers and its cancer promoting activities have 

been confirmed involves with cell proliferation, metastasis, angiogenesis, host immune 

evasion, and resistance to apoptosis.48,49 Given its importance to cancer, STAT3 is 

considered a molecular target for the development of new cancer therapy.

Phosphorylation of a tyrosine at amino acid Y705 is essential for the function of STAT3, and 

elevated levels of STAT3 phosphorylation have been correlated with tumor invasion, nodal 

metastasis, and staging.50,51 Phospho-STAT3 has gained much attention,52–54 and although 

several phospho-STAT3 inhibitors have been reported,18,55–57 only one of them have 

reached the clinic for several reasons including lacking of specificity and scaffold suitability. 

Herein we described the discovery and characterization of a novel carbazole compound 12 
that strongly inhibits STAT3-mediated transcription as well STAT3 phosphorylation induced 

by IL-6. IL-6 is the most notable activator of STAT3 pathway and crucial for inducing and 

maintaining a cancer-promoting inflammatory environment, tumor cell survival through the 

up-regulation of antiapoptotic genes, and metastasis of tumor cells.5 Recently, it has been 

demonstrated that TNBC cell lines have autocrine secretion of high levels of inflammatory 

cytokines including IL-6, IL-8, and CXCL1.58 Consistent with this, we found that TNBC 

cell lines expressed a high level of phospho-STAT3 without exogenous IL-6 and compound 

12 also reduced the activated phospho-STAT3 in these cell lines as well (Figure 7).

The observed cytoplasmic fluorescence of compound 12 provides visual evidence that the 

compound enters human breast cancer cells. Further, it provides strong support for 

molecular target engagement of compound 12 in the cytoplasm and provides a new tool for 

study of STAT3 mechanistic pathways involved in mediating protein up-regulation via 

cytoplasmic signaling.

We found that the inhibition of phospho-STAT3 by compound 12 was via the up-regulation 

of cytoplasmic protein–tyrosine phosphatase PTPN6. Although loss of PTPN6 has been 
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shown to enhance JAK3/STAT3 signaling in ALK-positive anaplastic large-cell lymphoma,
59 the roles of PTPN6 in TNBC are not yet understood. One emerging question in our study 

relates to how compound 12 induces the expression of PTPN6. Because the loss of PTPN6 

expression is due to its promoter DNA methylation that is mediated by STAT3/DNMT1,60 

we are currently investigating the potential role of compound 12 in the epigenetic regulation 

of gene expression in TNBC cells via a cytoplasmic control.

Compound 12 was effective at inhibiting the growth of both human TNBC xenograft tumors 

(SUM149) and human xenograft (A549) tumors that harbor aberrantly active STAT3 without 

any observed toxicity. Our present studies strongly support the continued preclinical 

evaluation of compound 12 as a potential chemotherapeutic agent for TNBC and cancers 

with constitutive STAT3 signaling.

EXPERIMENTAL SECTION

All reagents and solvents were purchased from commercial suppliers and used as received 

unless noted otherwise. Flash column chromatography separations were done on a Biotage 

SP1 system monitoring at 254 and 310 nm. NMR spectra were recorded on a Varian 400 

spectrometer at 25 °C, operating at 400 MHz for 1H and 100 MHz for 13C NMR. The 

chemical shifts are expressed in ppm downfield from TMS as an internal standard. Reactions 

were monitored by thin-layer chromatography (TLC) on silica gel 60 glass slides. The 

structure of the synthesized compounds follows unequivocally from the mode of synthesis 

and the m/z values found in their low- and high-resolution mass spectra, TLC, and NMR 

spectroscopy verified the purity. The HPLC system from Shimadzu consisted of a CBM-20A 

connector, LC-20AD pumps, an SDP-10AV UV detector, and a SIL-HTA autosampler. 

Compounds 12 and 13 were monitored at 254 nm by the UV detector. A Symmetry C18 

column with 4.6 mm × 250 mm and 5 µm from Waters was used. The mobile phase for 12 
consisted of 70% acetonitrile and 30% water containing 0.1% acetic acid or 80% acetonitrile 

and 20% water containing 0.1% acetic acid. The mobile phase for 13 consisted of 70% 

acetonitrile and 30% water containing 0.1% acetic acid or 90% acetonitrile and 10% water 

containing 0.1% acetic acid. The flow rate of mobile phase was 1.0 mL/min. The retention 

time of 12 was 9.0 or 4.7 min and 13 was 6.4 or 5.1 min. HPLC showed that the purity of 

both of the compounds is ≥95%.

tert-Butyl 4′-Methoxy-3-methyl-2′-nitrobiphenyl-4-ylcarbamate (3)

4-Methoxy-2-nitrophenylboronic acid 2 (1.07 g, 5.5 mmol) was added to a solution of tert-
butyl 4-iodo-2-methylphenylcarbamate 1 (1.66 g, 5.0 mmol) in CH3CN–H2O (20 mL, v/v = 

2:1), followed by Pd(PPh3)4 (115 mg, 0.1 mmol) and K2CO3 (2.65 g, 25 mmol). The 

mixture was refluxed for 16 h. After cooling to room temperature, the mixture was filtered 

through a Celite pad and the filtrate was concentrated to remove acetonitrile. The residue 

was diluted with DCM (100 mL) and washed with saturated brine (2 × 30 mL), and the 

organic phase was dried over Na2SO4 and concentrated. tert-Butyl 4′-methoxy-3-methyl-2′-

nitrobiphenyl-4-ylcarbamate (3) (1.42 g, 79%) was afforded after concentration and 

chromatography (hexane/ethyl acetate = 6:1); mp 136 °C (from ethanol). 1H NMR (400 

MHz, CDCl3), δ 7.89 (d, J = 8.4 Hz, 1 H), 7.33–7.29 (m, 2 H), 7.12 (d, J = 2.4 Hz, 1 H), 
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7.10 (d, J = 2.8 Hz, 1 H), 7.06 (brs, 1 H), 6.31 (brs, 1 H), 3.88 (s, 3 H), 2.26 (s, 3 H), 1.53 (s, 

9 H). 13C NMR (100 MHz, CDCl3), δ 158.8, 1559.9, 152.8, 149.5, 136.2, 132.7, 132.1, 

129.8, 128.2, 126.5, 120.5, 118.5, 108.9, 80.6, 55.8, 28.3 (3 C), 17.7. Anal. Calcd for 

C19H22N2O5: C 63.67, H 6.19, N, 7.82. Found: C 63.59, H 6.16, N 7.77.

5-(Dimethylamino)-N-(4′-methoxy-3-methyl-2′-nitrobiphenyl-4-yl)naphthalene-1-
sulfonamide (4)

A solution of 3 (1.0 g, 2.79 mmol) in 20% trifluoroacetic acid–dichloromethane (15 mL) 

was stirred at room temperature for 5 h and concentrated to dryness. The residue was added 

to EtOH (2 × 3 mL) and concentrated to completely remove the residual trifluoroacetic acid. 

The product was used for next step without further purification. Dansyl chloride (2.25 g, 

8.37 mmol) was added to a solution of the fresh prepared residue in pyridine (15 mL) at 0 °C 

and warmed up to room temperature. After stirring for 24 h, the mixture was concentrated 

and chromatographed (hexane/ethyl acetate = 3:1) to afford the 5-(dimethylamino)-N-(4′-

methoxy-3-methyl-2′-nitrobiphenyl-4-yl)naphthalene sulfonamide (4) (1.1 g, 80% over two 

steps). 1H NMR (400 MHz, CDCl3), δ 8.55 (d, J = 8.4 Hz, 1 H), 8.35 (d, J = 8.8 Hz, 1 H), 

8.20 (dd, J = 1.2 Hz, 7.6 Hz, 1 H), 7.57 (dd, J = 8.0 Hz, 8.8 Hz, 1 H), 7.48 (t, J = 8.4 Hz, 1 

H), 7.30 (d, J = 2.4 Hz, 1 H), 7.20 (m, 2 H), 7.12 (d, J = 9.2 Hz, 1 H), 7.08 (dd, J = 3.2 Hz, 

8.4 Hz, 1 H), 6.93 (m, 2 H), 6.54 (s, 1 H), 3.86 (s, 3 H), 2.89 (s, 6 H), 2.00 (s, 3H). 13C 

NMR (100 MHz, CDCl3), 159.0, 149.4, 134.7, 134.4, 132.6, 131.0, 130.8, 130.2, 129.5, 

128.4, 127.6, 126.5, 123.2, 118.6, 108.9, 55.8, 45.4, 17.6. HRMS (TOF-ES+): m/z [M + 1]+ 

calcd for C26H25N3O5S, 492.1593; found, 492.1660.

5-(Dimethylamino)-N-(7-methoxy-3-methyl-9H-carbazol-2-yl)naphthalene-1-sulfonamide (5) 
and 5-(Dimethylamino)-N-(7-methoxy-1-methyl-9H-carbazol-2-yl)naphthalene-1-
sulfonamide (6)

Triphenylphosphine (1.32 g, 5.0 mmol) was added to a solution of 5 (980 mg, 2 mmol) in 

1,2-dichlorobenzene (10 mL). The mixture was refluxed under N2 for 48 h, concentrated, 

and chromatographed (hexane–ethyl acetate–methanol 4:1:0.01) to afford 5-

(dimethylamino)-N-(7-methoxy-3-methyl-9H-carbazol-2-yl)-naphthalene-1 sulfonamide (5) 

(390 mg, 42%) and 5-(dimethylamino)-N-(7-methoxy-1-methyl-9H-carbazol-2-

yl)naphthalene-1-sulfonamide (6) (350 mg, 38%).

5: 1H NMR (400 MHz, CDCl3), δ 8.50 (d, J = 8.4 Hz, 1 H), 8.41 (d, J = 8.4 Hz, 1 H), 8.12 

(dd, J = 1.2 Hz, 7.2 Hz, 1 H), 7.82 (s, 1 H), 7.74 (d, J = 8.4 Hz, 1 H), 7.53 (dd, J = 7.6 Hz, 

8.8 Hz, 1 H), 7.52 (s, 1 H), 7.38 (dd, J = 7.6 Hz, 8.4 Hz, 1 H), 7.18 (d, J = 7.2 Hz, 1 H), 6.82 

(d, J = 2.0 Hz, 1 H), 6.78 (dd, J = 7.0 Hz, 8.8 Hz, 1 H), 6.61 (s, 1 H), 3.86 (s, 3 H), 2.88 (s, 6 

H), 2.01 (s, 3 H). 13C NMR (100 MHz, CDCl3), δ 159.0, 141.3, 138.2, 134.8, 131.2, 130.5, 

130.2, 129.6, 128.3, 123.2, 122.5, 121.5, 120.7, 120.6, 116.4, 115.2, 108.2, 106.1, 94.6, 

55.6, 45.4, 17.8. HRMS (TOF-ES+): m/z [M + 1]+ calcd for C26H26N3O3S, 460.1695; 

found, 460.1720; Anal. Calcd for C26H25N3O3S + 1.2H2O: C 64.90, H 5.74, N, 8.73. 

Found: C 64.83, H 5.49, N 8.45.

6: 1H NMR (400 MHz, CDCl3), δ 8.52 (d, J = 8.4 Hz, 1 H), 8.41 (d, J = 8.4 Hz, 1 H), 8.00 

(dd, J = 1,2 Hz, 7.2 Hz, 1 H), 7.81 (s, 1 H), 7.78 (d, J = 8.8 Hz, 1 H), 7.56 (dd, J = 8.0 Hz, 
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8.8 Hz, 1 H), 7.46 (d, J = 8.4 Hz, 1 H), 7.37 (dd, J = 7.6 Hz, 8.4 Hz, 1 H), 7.20 (d, J = 7.6 

Hz, 1 H), 6.89 (d, J = 2.0 Hz, 1 H), 6.80 (dd, J = 7.0 Hz, 8.8 Hz, 1 H), 6.48 (t, 4.0 Hz, 2 H), 

3.87 (s, 3 H), 2.90 (s, 6 H), 2.28 (s, 3 H). 13C NMR (100 MHz, CDCl3), δ 159.1, 155.2, 

141.2, 139.1, 134.5, 131.2, 130.5, 130.4, 129.9, 129.7, 128.4, 123.1, 121.1, 118.8, 117.2, 

116.8, 115.1, 108.5, 94.7, 55.6, 45.4, 12.1. HRMS (TOF-ES+): m/z [M + 1]+ calcd for 

C26H26N3O3S, 460.1695; found, 460.1719. Crystallization from ethyl acetate: mp 165–

168 °C. Anal. Calcd for C26H25N3O3S + 0.25EtOAc: C 67.34, H 5.65, N, 8.73. Found: C 

67.06, H 5.71, N 8.63.

4′-Methoxy-3-methyl-2′-nitrobiphenyl-4-ol (9)

4-Hydroxyphenylboronic acid (8) (1.5 g, 10 mmol) was added to a solution of 4-iodo-3-

nitroanisole (7) (3.1 g, 11 mmol) in CH3CN–H2O (30 mL, v/v = 2:1), followed by 

Pd(PPh3)4 (350 mg, 0.3 mmol) and K2CO3 (5.3 g, 50 mmol), the mixture was refluxed 

overnight. After cooling to room temperature, the mixture was filtered through a Celite pad. 

The filtrate was concentrated, diluted with DCM (100 mL), and washed with saturated brine 

(3 × 30 mL). After concentration and chromatography (hexane/acetone = 6:1) afforded 4′-

methoxy-3-methyl-2′-nitrobiphenyl-4-ol (9) (2.1 g, 80%). 1H NMR (400 MHz, CDCl3), δ 
7.31 (m, 2 H), 7.12 (dd, J = 2.8 Hz, 8.4 Hz, 1 H), 7.04 (s, 1 H), 6.98 (d, J = 8.0 Hz, 1 H), 

6.78 (d, J = 8.0 Hz, 1 H), 3.88 (s, 3 H), 2.26 (s, 3 H). 13C NMR (100 MHz, CDCl3), δ 158.7, 

153.7, 132.7, 130.6, 129.5, 128.3, 126.7, 124.1, 118.5, 115.1, 108.8, 55.8, 15.7. MS (TOF-

ES+): 260.3 m/z [M + 1]+.

4 ′-Methoxy-3-methyl-2′-nitrobiphenyl-4-yl 5-(Dimethylamino)naphthalene-1-sulfonate (10)

Dansyl chloride (3.14 g, 12 mmol) was added to a solution of 9 (1.5 g, 5.8 mmol) in DCM–

TEA (15 mL, v/v, 3:1) with stirring at 0 °C. The mixture was allowed to room temperature 

and stirred overnight, diluted with DCM (90 mL), and washed with saturated brine (30 mL). 

After drying over Na2SO4 and concentration, the residue was purified via chromatography 

(hexane/EtOAc = 5:1) to afforded 4′-methoxy-3-methyl-2′-nitrobiphenyl-4-yl 5-

(dimethylamino)naphthalene-1-sulfonate (10) (2.41 g, 85%). 1H NMR (400 MHz, CDCl3), δ 
8.67 (d, J = 8.8 Hz, 1 H), 8.49 (d, J = 8.8 Hz, 1 H), 8.19 (dd, J = 1.2 Hz, 7.2 Hz, 1 H), 7.65 

(dd, J = 7.6 Hz, 8.8 Hz, 1 H), 7.53 (dd, J = 7.6 Hz, 8.4 Hz, 1 H), 7.33 (d, J = 2.4 Hz, 1 H), 

7.25 (m, 2 H), 7.10 (dd, J = 2.8 Hz, 8.8 Hz, 1 H), 7.08 (d, J = 2.4 Hz, 1 H), 6.86 (dd, J = 2.0 

Hz, 8.4 Hz, 1 H), 6.66 (d, J = 8.4 Hz, 1 H), 3.87 (s, 3 H), 2.93 (s, 6 H), 2.21 (s, 3 H). 13C 

NMR (100 MHz, CDCl3), δ 159.2, 149.4, 148.3, 135.9, 132.6, 132.1, 132.0, 131.8, 131.2, 

130.8, 130.0, 128.9, 127.4, 126.5, 123.1, 121.8, 118.6, 115.7, 109.0, 55.9, 45.4, 16.6. MS 

(TOF-ES+): 493.5 m/z [M + 1]+. Anal. Calcd for C26H24N2O6S: C 63.40, H 4.91, N, 5.69. 

Found: C 63.79, H 4.59, N 5.45.

7-Methoxy-1-methyl-9H-carbazol-2-yl 5-(dimethylamino)-naphthalene-1-sulfonate (11)

A solution of compound 10 (200 mg, 0.41 mmol) and triphenylphosphine (534 mg, 2.03 

mmol) in 1,2-DCB (10 mL) was vacuumed and flushed with N2 for three times. The mixture 

was refluxed for 15 h and concentrated. After chromatography (hexane/ethyl acetate = 5;1) 

gave 7-methoxy-1-methyl-9H-carbazol-2-yl 5-(dimethylamino)naphthalene-1-sulfonate (11) 

(117 mg, 60%). NMR data were identical with those of reported.34
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7-Hydroxy-1-methyl-9H-carbazol-2-yl 5-(dimethylamino)-naphthalene-1-sulfonate (12)

1.0 M solution of BBr3 (0.22 mL, 0.22 mmol) was added to the solution of compound 11 (48 

mg, 0.11 mmol) in anhydrous dichloromethane (5 mL) under N2 with stirring at −78 °C 

dropwisely. The mixture was warmed up to ambient temperature within 1 h and stirred 

overnight. The reaction was cooled with ice–water and diluted with dichloromethane (40 

mL), and saturated aq NaHCO3 (3.0 mL) was added within 15 min. After of the addition, the 

mixture was washed with saturated brine aq (20 mL) and the organic phase was dried over 

Na2SO4 and concentrated, then chromatographed (toluene/acetone = 6:1) to afford 12 (37 

mg, 81%, purity >97% based on HPLC analysis, see Supporting Information). 1H NMR 

(400 MHz, acetone-d6), δ 10.17 (s, 1 H), 8.71 (dt, J = 1.2 Hz, 8.8 Hz, 1H), 8.54 (dt, J = 0.8 

Hz, 8.8 Hz, 1 H), 8.38 (brs, 1 H), 8.11(dd, J = 1.2 Hz, 7.2 Hz, 1 H), 7.79 (d, J = 8.4 Hz, 1 H), 

7.45 (dd, J = 7.6 Hz, 8.8 Hz, 1 H), 7.61 (dd, J = 7.6 Hz, 8.4 Hz, 1 H), 7.55 (d, J = 8.8 Hz, 

1H), 7.36 (dd, J = 0.8 Hz, 7.6 Hz, 1 H), 6.93 (dd, J = 0.4 Hz, 2.0 Hz, 1 H), 6.73 (dd, J = 2.4 

Hz, 8.4 Hz, 1 H), 6.34 (d, J = 8.4 Hz, 1 H), 2.92 (s, 6 H), 2.37 (s, 3 H). 13C NMR (100 MHz, 

acetone-d6), δ 156.7, 152.1, 145.1, 142.4, 139.7, 132.2, 131.8, 130.8, 130.0, 129.8, 128.9, 

123.2, 121.7, 120.8, 119.3, 116.3, 115.9, 115.6, 113.7, 112.7, 109.0, 96.7, 44.7, 10.6. HRMS 

(TOF-ES+): m/z [M + 1]+ calcd for C25H22N2O4S, 447.1379; found, 447.1399. Crystallized 

from toluene: mp 99–103 °C. Anal. Calcd for C25H22N2O4S +0.25toluene: C 68.42, H 5.15, 

N, 5.97. Found: C 68.17, H 5.32, N 5.89.

1-Methyl-9H-carbazole-2,7-diyl Bis(5-(dimethylamino)-naphthalene-1-sulfonate) (13)

Dansyl chloride was added to a solution of 12 (30 mg, 0.067 mmol) in anhydrous 

dichloromethane (2 mL) in the presence of Et3N (0.5 mL) under N2 with stirring at 0 °C. 

After stirring for 2 h, the mixture was concentrated and chromatographed (hexane/acetone = 

3:1) to give compound 13 (32 mg, 71%, purity >95% based on HPLC analysis, see 

Supporting Information). 1H NMR (400 MHz, CDCl3), 8.63 (d, J = 8.8 Hz, 1 H), 8.59 (d, J 
= 8.4 Hz, 1 H), 8.54 (d, J = 8.8 Hz, 2 H), 8.11–8.05 (m, 3 H), 7.71–7.64 (m, 2 H), 7.50–7.38 

(m, 3 H), 7.30 (d, J = 8.4 Hz, 1 H), 7.26 (d, J = 7.6 Hz, 2 H), 7.00 (d, J = 2.0 Hz, 1 H), 6.62 

(dd, J = 2.0 Hz, 8.4 Hz, 1 H), 6.36 (d, J = 8.8 Hz, 1 H), 2.92 (s, 6 H), 2.91 (s, 6 H), 2.33 (s, 

3H). 13C NMR (100 MHz, CDCl3), δ 151.9, 151.8, 147.7, 146.2, 140.0, 139.8, 132.0, 131.9, 

131.8, 131.2, 131.1, 130.7, 130.1 (2 C), 129.8, 129.7, 129.0, 128.9, 122.9, 121.8, 120.6, 

120.3, 119.6, 119.5, 117.7, 115.6 (2 C), 114.2, 113.9, 113.8, 104.8, 45.4, 11.2. HRMS 

(TOF-ES+): m/z [M + 1]+ calcd for C37H33N3O6S2, 680.1889; found, 680.1891.

Cell Culture and Reagents

All cell lines, except for SUM1315MO2 and SUM149PT, were obtained from the Tissue 

Culture Shared Resource of Georgetown University Medical Center. The reagents for cell 

culture were purchased from Invitrogen (Carlsbad, CA, USA), Lonza (Basel, Switzerland), 

or Cellgro (Manassas, VA, USA). T47D, HS578T, MDA-MB-436, MDA-MB-453, MDA-

MB-468, BT-549, A431, and PC-3 cells were maintained in DMEM containing 10% (v/v) 

heat-inactivated FBS (HI-FBS; HyClone, Logan, UT, USA) and 100 units/mL penicillin/ 

streptomycin. MDA-MB-231 and MCF7 cells were maintained in DMEM with 5% HI-FBS 

and 100 units/mL penicillin/streptomycin. HCC1937 cells were grown in RPMI with 10% 

HI-FBS, 100 units/mL penicillin/streptomycin, and 1% HEPES. A549 lung cell line (ATCC, 
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Manassas, VA) was cultured in RPMI-1640 with L-glutamine (Mediatech Inc., Herdon, VA), 

5% FBS, and 2.5 mM L-glutamine. SUM1315MO2 and SUM149PT were maintained 

according to manufacturer’s recommendations (Asterand, Detroit, MI, USA). Viable cells 

were monitored by the Luna automated cell counter (Logos Biosystems, Gyunggi-do, 

Korea). AZD1480 was purchased from Selleck Chemicals (Houston, TX, USA), and 

CP690550 was obtained from LC Laboratories (Woburn, MA, USA). Stock solutions of 

compounds were made at 10 mM concentration in dimethyl sulfoxide (DMSO) and stored at 

−20 °C in small aliquots. Mahanine was a kind gift from Dr. Samir Bhattacharya and Dr. 

Bikas C. Pal (Indian Institute of Chemical Biology, Kolkata, India) and dissolved in ethanol. 

IL-6 was purchased from Sigma-Aldrich (St. Louis, MO, USA).

Multiphoton Laser Imaging

After incubation of slides with a fibronectin/cortactin solution for 30 min, MDA-MB-231 

cells were plated onto the slides and incubated overnight. The cells were then treated with a 

10 µM solution of 12 or DMSO control and incubated for 1 h before washing with PBS. The 

slides were fixed with a 4% formaldehyde solution and washed with PBS. The compound 

was excited at 725 nm with a multiphoton laser and imaged with a 500–550 nm filter.

Plasmid DNAs and Reporter Gene Assay

Transfection and reporter gene assay was performed as described.61 APRE-Luc was 

described previously51 and kindly provided by Dr. T. Hirano (Osaka University, Osaka, 

Japan). STAT3C expression DNA was described previously50 and kind gift from Dr. J. 

Bromberg (Memorial Sloan–Kettering Cancer Center, Weill Cornell Medical College, New 

York, NY).

Cell Proliferation Assay

MTT (3-(4,5)-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay was performed 

as described previously.62 The half-maximal inhibitory concentration (EC50) and the 

concentration for 50% of maximal inhibition of cell proliferation (GI50) values were 

calculated by CompuSyn software V1.0 (ComboSyn, Paramus, NJ).

Western Blot Analysis

Western blot analysis was performed on cell and tissue lysates as described.62 Antibodies 

used in this study were as follows: phospho-STAT3 (Y705) (no. 9145) and STAT3 (no. 

4904) from Cell Signaling (Danvers, MA), Cyclin D1 (sc-717) from Santa Cruz 

Biotechnologies (Santa Cruz, CA), β-actin (A1978) from Sigma-Aldrich (St. Louis, MO, 

USA), and GAPDH (no. 3783) from ProsciΨ (Poway, California, USA).

Reverse Transcription-PCR (RT-PCR)

The RT-PCR was performed as described.63 The primers used in this study were synthesized 

from Sigma Genosys (St. Louise, MO, USA) or Bioneer (Seoul, Korea) with the following 

sequences: survivin, forward 5′-CCA CTG AGA ACG AGC CAG AC-3′ and reverse 5′-

GCA CTT TCT TCG CAG TTT CC-3′; cyclin D1, forward 5′-CCG TCC ATG CGG AAG 

ATC-3′ and reverse 5′-ATG GCC AGC GGG AAG AC-3′; PTPN6, forward 5′-TCT CTT 
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GCA AGC ATT GGC AAG GTC-3′ and reverse 5′-TGC CAG GAT TCA AAC CCA GAC 

AGT-3′; GAPDH, forward 5′-GTA TGA CAA CGA ATT TGG CTA CAG-3′ and reverse 

5′-AGC ACA GGG TAC TTT ATT GAT GGT-3′.

Transfection of siRNA

To knockdown the PTPN6 expression, transfection of siRNA was performed as described 

previously.64 In brief, cells in 6-well plates were transfected with 100 nM/well of siRNA by 

Lipofectamine 2000 reagent (Invitrogen) in serum free media. Four hours after transfection, 

an equal volume of normal growth media containing 20% FBS was added to each well and 

the cells were further incubated for 3 days. Transfected cells were further treated with either 

DMSO or 12 for 24 h before harvest, and then Western blot analysis was performed. 

Densitometry analysis was performed by ImageJ.65 The siRNAs were purchased from 

Bioneer (Seoul, Korea) with following sequences: control-siRNA, 5′-GAC GAG CGG CAC 

GUG CAC AUU-3′; PTPN6-2, 5′-CAG UUC AUU GAA ACC ACU A(dTdT)-3′; and 

PTPN6-4, 5′-GAG AAC GCU AAG ACC UAC A(dTdT)-3′.

Animals

Balb/c mice and athymic balb/c nude mice were purchased from the NCI. Animals were 

housed five per cage with microisolater tops and provided food (Purina mice chow) and 

water ad libitum. The light cycle was regulated automatically (12 h light/dark cycle), and 

temperature was maintained at 23 ± 1 °C. All animals were allowed to acclimate to this 

environment for 1 week prior to experimental manipulations. The Georgetown University 

Animal Care and Use Committee approved all animal studies (protocol no. 11-029) in 

accordance with the guideline adopted by the National Institutes of Health.

In Vivo Xenograft Study

The stock solution of compound 12 was dissolved in DMSO at 200 mg/mL. The working 

solution was prepared in a Cremophore and PEG400 mixture (Cremophore 10% and 

PEG400 3% and 1× PBS 87%) to give a 1 mg/mL solution. Male and female athymic balb/c 

nude mice (18–22 g) were injected with human A549 lung or SUM149 breast cancer cells (3 

× 106 cells in a volume of 0.3 mL) into the subcutaneous tissue of the right auxiliary region 

of the mice. Three days after the tumor cell inoculation, the mice were randomly sorted into 

three groups with five mice per group. The tumor-bearing mice were either given an ip 

injection 10 mg/kg of compound 12 or the vehicle only once a day on every other day. The 

treatment was initiated when the tumor burden of mice reached around 50 mm3. The tumor 

size was measured by caliper three times a week to document tumor growth and calculated 

by the formula: length × width × width/2, and the body weight was measured and recorded. 

The therapeutic efficacy was evaluated based on body weight loss, tumor growth inhibition 

[determined by using calipers and calculated with formula: tumor inhibit rate (%) = (tumor 

volCon − tumor volTre)/tumor volCon].

Statistical Analysis

To compare two groups of interest, the two-tailed Student’s t test was applied for statistical 

analysis. * indicates P < 0.05, ** indicates P < 0.01, and *** indicates P < 0.001.
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Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS USED

Dansyl 5-(dimethylamino)naphthalene

TLC thin layer chromatography

DCB dichloronenzene

DCM dichloromethane

TEA triethylamine

NMR nuclear magnetic resonance

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

PEG polyethylene glycol

GI50 concentration of drug needed to inhibit cell growth by 50%

EC50 half-maximal effective concentration of drug

LD50 dose where 50% of test subjects exposed would be killed

CT Control
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Figure 1. 
Novel carbazoles fluorophore.
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Figure 2. 
Repression of STAT3C-mediated transcription by compound 12. (A) Reporter gene assay for 

STAT3C transactivation in HS578T cells. HS578T cells were transfected with the APRE-

Luc and STAT3C expression vector and further treated with 1 µM of compounds for 24 h. 

(B) HS578T cells were transfected with the APRE-Luc and STAT3C expression vector and 

further treated with increasing amount of compound 12 for 24 h. (C) HS578T and MCF7 

cells were transfected with the APRE-Luc and treated with increasing amount of compound 

12 for 1 h. The cells were further treated with 5 ng/mL of IL-6 for 2 h for HS578T or 16 h 

for MCF7 before reporter gene assay. (A–C) The relative reporter activities are presented as 
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mean ± SD from experiments performed in triplicate. *P < 0.05, **P < 0.01, and ***P < 

0.001. (D) Compound 12 inhibits the IL-6-induced phosphorylation of STAT3. HS578T cells 

were treated with 12 for 2 h as indicated. The IL-6 (5 ng/mL) was added to the culture 

medium and incubated for 30 min. The cell lysates were analyzed by the indicated 

antibodies and β-actin was used as a loading control.
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Figure 3. 
Antiproliferative effects and induction of PTPN6 by 12 in TNBC cells. (A) The elevated 

expression of phospho-STAT3 (Y705) in TNBC cell lines. The cell lysates from 

exponentially growing cells were analyzed by indicated antibodies. β-Actin was used as a 

loading control. (B) EC50 values of 12 were determined by MTT cell viability assay. Data 

from two independent experiments performed in triplicate are shown as mean ± SEM (C) 

HS578T and SUM149PT cells were treated with increasing amount of 12 for 24 h and the 

cell lysates were analyzed by indicated antibodies and β-actin was used as a loading control. 

(D) RT-PCR analysis of cells treated as in (C), GAPDH was used as a loading control. (E). 
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The cells were treated with compound 12 or CP690550 in the absence or presence of 

increasing amount of pervanadate for 16 h. The cell lysates were analyzed by indicated 

antibodies, and β-actin was used as a loading control. (F) The cells were transfected with 

either control- or PTPN6-siRNA for 3 days and further treated with 12 for 24 h. The cell 

lysates were subjected to Western blot analysis with indicated antibodies.
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Figure 4. 
Compound 12 fluoresces in the cytoplasm of MDA-MB-231 cells. MDA-MB-231 cells were 

treated with 10 µM of compound 12 for 1 h. The fluorophore of compound 12 was excited at 

725 nm with a multiphoton laser and imaged with a 500–550 nm filter. (a) Compound 12 
fluorescence shown in green. (b) Differential interference contrast (DIC) image. (c) Parts a 

and b are merged.
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Figure 5. 
Treatment with compound 12 reduces the volume of human nonsmall cell (A549) lung 

xenograft tumors. Mice bearing A549 tumors were administered 12 via ip 10 mg/kg every 

other day. Tumor sizes were measured every other day and converted into volumes by L × w 
× w/2, plotted against days of treatment. Data are present as the mean ± SEM (n = 5, P < 

0.05).
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Figure 6. 
Treatment with compound 12 reduces the volume of human breast cancer (SUM149) 

xenograft tumors. (A) Mice bearing SUM149 tumors were administered compound 12 via ip 

10 and 30 mg/kg every other day. Tumor sizes were measured every other day and converted 

into volumes by L × w × w/2, plotted against days of treatment. Data are present as the mean 

± SEM (n = 5, P < 0.05). (B) Western blot of day 5 for compound 12 treated SUM149 

tumors were evaluated for PTPN6, STAT3, and pSTAT3. GAPDH was used as a control. (C) 

Densitometry of PTPN6 with statistical significance using a one tailed t test (* P < 0.005).
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Figure 7. 
STAT3 pathway (A) and mechanism of compound 12’s STAT3 pathway inhibition (B).
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Scheme 1. Synthesis of Compounds 5 and 6a

aReagents and conditions: (a) Pd(PPh3)4, K2CO3, CH3CN–H2O, reflux, 79%; (b) (i) 20% 

TFA–DCM, (ii) dansyl chloride, pyridine, 80%; (c) PPh3, 1,2-DCB, reflux under N2, 42% 

for 5 and 38% for 6.
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Scheme 2. Synthesis of Compounds 12 and 13a

aReagents and conditions: (a) Pd(PPh3)4, K2CO3, CH3CN–H2O, reflux, 80%; (b) dansyl 

chloride, DCM–TEA, 85%; (c) PPh3, 1,2-DCB, reflux under N2, 60%; (d) BBr3, 

dichloromethane, −78 °C to room temperature, 81%; (e) dansyl chloride, DCM–TEA, 71%.
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