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A series of novel ATB-429 (an anti-inflammatory candidate) derivatives containing a nitric oxide
(NO)-releasing moiety were designed, synthesized and evaluated for their in vitro activity against six
human cancer cell lines. Our results reveal that phenylsulfonylfuroxan-based derivatives have
considerable antitumor activity, and compounds 7–9 (IC50s: 0.256–3.024 lM) against HT-29 and
PANC-1, 8a,b (IC50s: 2.677–3.051 lM) against MCF-7 and 8a (IC50: 1.270 lM) against DU145 are more
active than Vandetanib (IC50s: 1.925–4.107 lM).

� 2016 Published by Elsevier Ltd.
Nonsteroidal anti-inflammatory drugs (NSAIDs), in general, and
aspirin, in particular, are recognized as the prototypical chemopre-
ventive agents against many forms of cancers1 and may serve as
possible adjunct in cancer treatment.2 However, NSAID-induced
upper gastrointestinal (GI) side effects remain a major problem
that affects a broad segment of the population, due to frequent pre-
scription and over the counter dispensing.3 And this has stimulated
the search for alternative anti-inflammatory drugs that are safe for
long-term use. Hydrogen sulfide (H2S), nitric oxide (NO) and car-
bon monoxide (CO) form parts of a group of biologically active
gases that are termed gasotransmitters or gasomediators.4 It was
reported that NO-releasing NSAIDs are indeed safer to the GI
mucosa than the parent drugs.5 Similarly, H2S-releasing NSAIDs
have been shown to be more effective than the parent drugs in
reducing inflammation, while producing significantly less damage
in the GI tract.6,7 For example, ATB-429 (Fig. 1), a H2S-releasing
derivative of mesalamine (5-aminosalicylicacid, a first-line therapy
for inflammatory bowel disease), exhibits a marked increase in
anti-inflammatory activity and potency in a murine model of coli-
tis and exerts antinociceptive effects in a model of post inflamma-
tory hypersensitivity model of colitis.6,8 On the other hand, many
of NO-releasing aspirins and H2S-releasing aspirins have proved
to possess antitumor activity.9,10 More recently, Kashfi et al.
described a series of new NOSH (NO-, H2S-releasing) aspirins (such
as NOSH-1, Fig. 1) which are extremely effective in inhibiting the
growth of different human cancer cell lines.11 More interesting, dif-
ferent active compounds containing a novel phenylsulfonyl-
furoxan-based NO releasing moiety (such as hydrids 1 and 2,
Fig. 1) display potent antitumor activity both in vivo and
in vitro.12,13

Receptor tyrosine kinases (RTKs) represent a large family of
membrane-bound enzymes that play key roles in tumor growth,
survival, and metastasis.14 Inhibition of RTK pathways has become
an important approach for the discovery of new anticancer drugs.15

Many RTK inhibitors have been introduced to the market during
the last decade, such as Sorafenib and Linifanib (Fig. 1) having a
diaryl urea motif.16–18

Inspired by the above research results, we decided to make
structural modifications on ATB-429 by introduction of a NO-
releasing moiety and replacement of the amino group with an aryl
urea unit in this study. Our primary object was to identify potent
and novel antitumor compounds so as to lay a foundation for the
further study.

Detailed synthetic pathways to the intermediate 5 and ATB-429
derivatives 7–10, 13 and 14a–f are shown in Schemes 1 and 2,
respectively. Treatment of 5-(4-methoxyphenyl)-3H-1,2-dithiole-
3-thione (ADT-OCH3, 1) with pyridine hydrochloride gave ADT-OH
(2).19 5-Amino-2-hydroxybenzoic acid 3 was protected by reaction
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Figure 1. Structures of selected compounds.
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Scheme 1. Synthesis of Boc-protected ATB-429 (5). Reagents and conditions: (a) C5H5N�HCl, 215 �C, 2 h, 80%; (b) Boc2O, NaOH, dioxane/H2O, rt, 4 h, 93%; (c) DCC/DMAP,
CH2Cl2, 0 �C-rt, 8 h, 62%.
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with di-tert-butyl dicarbonate (Boc2O) produced compound 4.20

Esterification of ADT-OH and the acid 4 in the presence of dicyclo-
hexylcarbodiimide (DCC)/4-dimethylaminopyridine (DMAP)
yielded Boc-protected ATB-429 (5) (Scheme 1).

The Boc-protected ATB-429 (5) was treated with 2-bro-
moethan-1-ol, 3-bromopropan-1-ol or 2-(2-chloroethoxy)ethan-
1-ol to provide the intermediates 6a–c. Condensation of 6a,b with
3,4-diphenylsulfonyl-1,2,5-oxadiazole 2-oxide in the presence of
1,8-diazabicyclo[5.4.0]undec-7-ene(DBU) yielded compounds 7a,
b. The Boc-protecting group of 7a,b was removed by pumping
hydrogen chloride gas in CH2Cl2 to afford ATB-429 derivatives 8a,
b. The target compound 10 was obtained from 6c in a similar man-
ner as for the preparation of 8a,b (Scheme 2).23

Esterification of the phenol 5 and 4-bromobutyric acid in the
presence of DCC/DMAP yielded compound 11. The bromo moiety
in the bromide 11 was then substituted with nitrate using AgNO3

to give compound 12, on which the Boc-protecting group was
removed by pumping hydrogen chloride gas in CH2Cl2 to afford
amine 13. Ureas 14a–f were obtained by condensation of 13 with
commercially available various phenyl isocyanates (Scheme 2).

For preliminary screening of antitumor candidates, all the
newly synthesized ATB-429 derivatives 7–10, 13 and 14a–f were
first investigated for cytotoxic activity in vitro against HT-29 (colon
adenocarcinoma), PANC-1 (pancreatic carcinoma), MCF-7 (breast
cancer), A549 (lung adenocarcinoma), DU-145 (prostate cancer)
and HL60 (human leukemia), and the compounds having >100%
Please cite this article in press as: Wang, C.; et al. Bioorg. Med. Chem. L
inhibition against HT-29 or A549, and >90% inhibition against the
other four cells at the concentration of 30 lM were subjected to
IC50s (50% inhibition concentrations) determination. Six target
compounds 7–10 containing a phenylsulfonylfuroxan-based NO
releasing moiety meeting this criterion (Table 1) were further eval-
uated for their in vitro antitumor activity in the above six cell lines
by standard MTT assay.21 The IC50 values were compared with
those of Vandetanib, a multi-targeted receptor TK inhibitor22

(Table 2).
The selected ATB-429 derivatives 7–10 have potent in vitro

antitumor activity against the tested cancer cell lines. Among
them, compounds 7–9 (IC50s: 0.256–3.024 lM) against HT-29
and PANC-1, 8a,b (IC50s: 2.677–3.051 lM) against MCF-7 and 8a
(IC50: 1.270 lM) against DU145 are more active than Vandetanib
(IC50s: 1.925, 4.107, 3.536 and 1.974 lM against the four cell lines,
respectively) (Table 2).

According to the biological evaluation results showed in Tables
1 and 2, antitumor activity of the ATB-429 derivatives 7–10, 13 and
14a–f depends mainly on the NO-releasing moiety. In general, the
contribution of the phenylsulfonylfuroxan moiety to the antitumor
activity is significantly greater than the corresponding nitrate one
(AONO2) (8a,b, 10 vs 13) (Table 1). Compound 13 and its deriva-
tives 14a–f having an aryl urea motif, contrary to expectation, have
virtually no activity at 30 lM against the tested cell lines (Table 1).
On the other hand, the antitumor activity of phenylsulfonyl-
furoxan-based ATB-429 derivatives is closely related to the linkers.
ett. (2016), http://dx.doi.org/10.1016/j.bmcl.2016.03.012
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Table 2
In vitro activity of selected compounds 7–10 against six cell lines

Cell lines IC50 (lM)

Compd HT-29 PANC1 MCF-7 A549 DU145 HL60

7a 0.256 1.448 — — — —
7b 0.926 3.024 — — — —
8a 0.769 1.858 2.677 4.171 1.270 1.877
8b 0.559 0.971 3.051 3.275 2.236 —
9 0.536 2.797 — — — —
10 5.437 8.002 11.894 — — —
Vandetanib 1.925 4.107 3.536 2.630 1.974 1.492
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Scheme 2. Synthesis of ATB-429 derivatives 7–10, 13 and 14a–f. Reagents and conditions: (i) Br(CH2)nOH, K2CO3, DMF, reflux, 3 h, 44–50%; (ii) DBU, CH2Cl2, 0 �C-rt, 12 h, 35–
38%; (iii) HCl (g), CH2Cl2, rt, 1 h, 50–90%; (iv) Cl(CH2)O(CH2)2OH, K2CO3, DMF, reflux, 5 h, 42%; (v) Br(CH2)3CO2H, DCC/DMAP, CH2Cl2, 0 �C-rt, 8 h, 69%; (vi) AgNO3, CH3CN,
70 �C, 3 h, 38%; (vii) Et3N, C6H5CH3, reflux, 4 h, 30–40%.

Table 1
In vitro activity of compounds 7–10, 13 and 14a–f against six cell lines (at 30 lM)

Cell lines % inhibition

Compd HT-29 PANC1 MCF-7 A549 DU145 HL60

7a 102.87 97.12 83.12 88.45 61.60 84.62
7b 102.63 97.40 25.19 �23.80 67.91 83.98
8a 101.92 96.64 90.13 100.42 93.81 92.33
8b 102.63 97.45 92.12 100.47 94.81 87.32
9 102.95 97.88 63.09 18.73 54.74 84.45
10 100.64 97.12 90.03 62.75 63.20 84.39
13 �13.27 �10.51 �5.55 �18.38 �7.67 8.73
14a 12.11 2.19 15.97 3.19 �6.39 8.30
14b 6.92 �12.95 19.06 �27.18 15.30 8.68
14c �6.41 �14.80 �6.87 �28.03 �7.47 0.43
14d 13.15 �5.71 �6.78 �22.11 �14.25 14.06
14e 21.53 �17.26 6.10 �23.29 5.49 10.90
14f 9.56 �14.25 13.89 �19.77 �19.32 7.34
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For example, compounds with an alkyl (ethyl or propyl) linker
show much better activity for HT-29, PANC-1 and MCF-7 than
the analogs containing an ethoxyethyl one (IC50s: 0.559–
3.051 lM for 8a,b vs 5.437–11.894 lM for 10) (Table 2), although
all of the three have similar rates of growth inhibitions at 30 lM
(Table 1). Moreover, the sizes of the alkyl linkers seem to have
no significantly impact on the activity (8a vs 8b) (Tables 1 and
2). Finally, some ATB-429 derivatives with a Boc moiety on the
amino group at the C-5 position, by comparison, were found to
be more active against some cell lines (7a vs 8a, 9 vs 10), which
suggests that a carbamate moiety is permitted at the C-5 position
of these phenylsulfonylfuroxan-basedATB-429 derivatives and
would be more beneficial to the increase of the antitumor activity
that could lay a solid foundation for the further study.
Please cite this article in press as: Wang, C.; et al. Bioorg. Med. Chem. L
In summary, a series of novel ATB-429 derivatives containing a
NO-releasing moiety were designed, synthesized and evaluated for
their antitumor activity. Our results reveal that phenylsulfonyl-
furoxan-based derivatives have potent antitumor activity, and
compounds 7–9 (IC50s: 0.256–3.024 lM) against HT-29 and
PANC-1, 8a,b (IC50s: 2.677–3.051 lM) against MCF-7 and 8a
(IC50: 1.270 lM) against DU145 are more active than Vandetanib
(IC50s: 1.925–4.107 lM).
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3 mmol) in toluene (8 mL) was stirred for 4 h under refluxing and then filtered.
The solid was purified by column chromatography (silica gel) eluting with
CH2Cl2/MeOH (100:1, v/v) to get target compounds 14a–f (30–40%) as orange
solids.
Compound 7a (24.5%, from 5), mp 155–156 �C. 1H NMR (500 MHz, DMSO-d6) d
9.74 (1H, s, –NH), 8.20 (1H, d, J = 2.5 Hz, Ar-H), 7.97 (1H, dd, J = 8.5, 2.5 Hz, Ar-
H), 7.81–7.72 (5H, m, Ar-H), 7.69 (1H, s, @CH), 7.62–7.59 (2H, m, Ar-H), 7.24
(1H, d, J = 8.5 Hz, Ar-H), 6.84–6.80 (2H, m, Ar-H), 4.48 (2H, t, J = 5.0 Hz,AOCH2),
4.37 (2H, t, J = 5.0 Hz, AOCH2), 1.49 (9H, s, AC(CH3)3). MS-ESI (m/z): 730.2 (M
+H)+. Compound 7b (20%, from 5), mp 170–172 �C. 1H NMR (500 MHz, DMSO-
d6) d 9.72 (1H, s, ANH), 8.16 (d, J = 2.5 Hz, 1H), 7.99–7.95 (2H, m, Ar-H), 7.87
(1H, dd, J = 8.5, 2.5 Hz, Ar-H), 7.82–7.78 (2H, m, Ar-H), 7.73–7.71 (3H, m, Ar-H),
7.69 (1H, s, @CH), 7.20 (1H, d, J = 8.5 Hz, Ar-H), 6.89 (2H, m, Ar-H), 4.23 (2H, t,
J = 6.0 Hz, AOCH2), 4.19 (2H, t, J = 6.0 Hz, ACH2OH), 2.05–1.94 (2H, m, ACH2A),
1.49 (9H, s, AC(CH3)3). MS-ESI (m/z): 744.2 (M+H)+. Compound 9 (25%, from 5),
mp 175–177 �C. 1H NMR (500 MHz, DMSO-d6) d 9.71 (1H, s, ANH), 8.17 (1H, d,
J = 2.0 Hz, Ar-H), 8.00–7.97 (2H, m, Ar-H), 7.88–7.86 (2H, m, Ar-H), 7.85 (1H,
dd, J = 8.0, 2.0 Hz, Ar-H), 7.74 (1H, s,@CH), 7.74–7.68 (3H, m, Ar-H), 7.20 (1H, d,
J = 8.0 Hz, Ar-H), 6.95–6.91 (2H, m, Ar-H), 4.43 (2H, t, J = 5.0 Hz, ACH2A), 4.25
(2H, t, J = 5.0 Hz, ACH2A), 3.70 (2H, t, J = 5.0 Hz, ACH2A), 3.59 (2H, t, J = 5.0 Hz,
ACH2A), 1.48 (9H, s, AC(CH3)3). MS-ESI (m/z): 774.1 (M+H)+.
Compound 8a (75.5%), mp 95–96 �C. 1H NMR (500 MHz, DMSO-d6) d 7.98–7.95
(2H, m, Ar-H), 7.83–7.80 (1H, m, Ar-H), 7.72–7.70 (2H, m, Ar-H), 7.67 (1H, s,
@CH), 7.64–7.61 (2H, m, Ar-H), 7.21 (1H, d, J = 2.5 Hz, Ar-H), 6.98 (1H, d,
J = 8.5 Hz, Ar-H), 6.91 (1H, dd, J = 8.5, 2.5 Hz, Ar-H), 6.79–6.77 (2H, m, Ar-H),
5.53 (2H, s, ANH2), 4.43 (2H, dd, J = 5.0, 3.0 Hz, AOCH2), 4.31 (2H, dd, J = 5.0,
3.0 Hz, AOCH2). 13C NMR (500 MHz, DMSO-d6) d 214.65, 173.04, 164.52,
162.67, 158.15, 146.68, 142.10, 136.97, 135.95, 134.10, 129.78, 128.61, 128.17,
124.21, 124.07, 123.40, 119.35, 115.90, 115.44, 109.99, 68.89, 61.84. MS-ESI
(m/z): 630.0 (M+H)+. HRMS-ESI (m/z): Calcd. for C26H19N3O8S4 (M+H)+:
630.0055; Found: 630.0100. Compound 8b (80%), mp 103–105 �C. 1H NMR
(500 MHz, DMSO-d6) d 7.99–7.97 (2H, m, Ar-H), 7.90–7.87 (1H, m, Ar-H), 7.79–
7.77 (2H, m, Ar-H), 7.74–7.71 (2H, m, Ar-H), 7.68 (1H, s, @CH), 7.17 (1H, d,
J = 2.0 Hz, Ar-H), 6.94 (1H, d, J = 8.0 Hz, Ar-H), 6.87 (1H, dd, J = 8.0, 2.0 Hz, Ar-
H), 6.86–6.83 (2H, m, Ar-H), 5.49 (2H, s, ANH2), 4.19 (2H, t, J = 6.0 Hz, AOCH2),
4.15 (2H, t, J = 6.0 Hz, AOCH2), 1.95 (2H, m, ACH2A). 13C NMR (500 MHz,
DMSO-d6) d 214.81, 173.35, 164.95, 162.87, 158.53, 146.80, 142.16, 137.15,
136.16, 134.34, 130.04, 129.00, 128.30, 124.39, 124.25, 123.83, 119.32, 116.12,
115.50, 110.29, 67.77, 60.76, 27.26. MS-ESI (m/z): 644.1 (M+H)+. HRMS-ESI (m/
z): Calcd. for C27H21N3O8S4 (M+H)+: 644.0211; Found: 644.0256. Compound 10
(50%), mp 118–120 �C. 1H NMR (500 MHz, DMSO-d6) d 7.98–7.96 (2H, m, Ar-
H), 7.85–7.83 (1H, m, Ar-H), 7.71 (1H, s, @CH), 7.70–7.67 (2H, m, Ar-H), 7.12
(1H, d, J = 2.0 Hz, Ar-H), 6.93 (1H, d, J = 8.0 Hz, Ar-H), 6.88–6.86 (2H, m, Ar-H),
6.84 (1H, dd, J = 8.0, 2.0 Hz, Ar-H), 5.45 (2H, s, ANH2), 4.41 (2H, t, J = 5.0 Hz,
ACH2A), 4.19 (2H, t, J = 5.0 Hz, ACH2A), 3.66 (2H, t, J = 5.0 Hz, ACH2A), 3.54
(2H, t, J = 5.0 Hz, ACH2A). 13C NMR (500 MHz, DMSO-d6) d 214.85, 173.55,
164.77, 162.97, 158.82, 146.72, 142.28, 137.18, 136.10, 134.37, 129.97, 129.01,
128.29, 124.33, 124.24, 123.90, 119.21, 116.29, 115.35, 110.47, 70.76, 68.31,
67.71, 63.95. MS-ESI (m/z): 674.1 (M+H)+. Compound 11, mp 199–201 �C. 1H
NMR (500 MHz, DMSO-d6) d 9.73 (1H, s, ANH), 8.38 (1H, d, J = 2.5 Hz, Ar-H),
8.06–8.03 (2H, m, Ar-H), 7.86 (1H, s, @CH), 7.76 (1H, dd, J = 8.8, 2.5 Hz, Ar-H),
7.44–7.40 (2H, m, Ar-H), 7.27 (1H, d, J = 8.8 Hz, Ar-H), 3.58 (2H, t, J = 6.5 Hz,
ACH2Br), 2.71 (2H, t, J = 7.5 Hz, ACOCH2), 2.16–2.10 (2H, m, ACH2A), 1.50 (9H,
s, AC(CH3)3). MS-ESI (m/z): 612.1 (M+H)+. Compound 12, 1H NMR (500 MHz,
DMSO-d6) d 9.73 (1H, s, ANH), 8.38 (1H, d, J = 2.5 Hz, Ar-H), 8.06–8.01 (2H, m,
Ar-H), 7.86 (1H, s, @CH), 7.76 (1H, dd, J = 8.8, 2.5 Hz, Ar-H), 7.44–7.38 (2H, m,
Ar-H), 7.26 (1H, d, J = 8.8 Hz, Ar-H), 4.56 (2H, t, J = 6.5 Hz, AONO2CH2), 2.70
(2H, t, J = 7.0 Hz, ACOCH2), 1.98–2.03 (2H, m, ACH2A), 1.50 (9H, s, AC(CH3)3).
MS-ESI (m/z): 593.1 (M+H)+. Compound 13, mp 160–162 �C. 1H NMR
(500 MHz, DMSO-d6) d 8.02–8.00 (2H, m, Ar-H), 7.85 (1H, s, @CH), 7.41–7.37
(2H, m, Ar-H), 7.36 (1H, d, J = 2.7 Hz, Ar-H), 6.98 (1H, d, J = 8.7 Hz, Ar-H), 6.91
(1H, dd, J = 8.7, 2.8 Hz, Ar-H), 5.50 (2H, s, ANH2), 4.55 (2H, t, J = 6.5 Hz,
AONO2CH2), 2.64 (2H, t, J = 7.0 Hz, ACOCH2), 2.01–1.96 (2H, m, ACH2A). MS-
ESI (m/z): 493.0 (M+H)+. Compound 14a (38.5%), mp 187–188 �C. 1H NMR
(500 MHz, DMSO-d6) d 9.01 (1H, s, ANH), 8.58 (1H, s, ANH), 8.35 (1H, d,
J = 2.7 Hz, Ar-H), 8.05–8.02 (2H, m, Ar-H), 7.87 (1H, s, @CH), 7.77 (1H, dd,
J = 8.8, 2.7 Hz, Ar-H), 7.45–7.42 (2H, m, Ar-H), 7.38–7.35 (2H, m, Ar-H), 7.27
(1H, d, J = 8.8 Hz, Ar-H), 6.90–6.86 (2H, m, Ar-H), 4.56 (2H, t, J = 6.5 Hz,
AONO2CH2), 3.72 (3H, s, AOCH3), 2.70 (2H, t, J = 7.0 Hz, ACOCH2), 2.02–1.97
(2H, m, ACH2A). 13C NMR (500 MHz, DMSO-d6) d 215.74, 172.87, 171.56,
162.44, 154.87, 153.32, 152.95, 144.66, 138.40, 136.12, 132.53, 129.42, 129.07,
124.71, 123.37, 121.75, 120.83, 120.60, 114.16, 72.77, 55.36, 29.82, 21.62. MS-
ESI (m/z): 642.0 (M+H)+. HRMS-ESI (m/z): Calcd. for C28H23N3O9S3 (M+H)+:
642.0596; Found: 642.0686. Compound 14b (35.5%), mp 189–191 �C. 1H NMR
(500 MHz, DMSO-d6) d 9.10 (1H, s, ANH), 8.83 (1H, s, ANH), 8.36 (1H, d,
J = 2.4 Hz, Ar-H), 8.03–8.05 (2H, m, Ar-H), 7.87 (1H, s, @CH), 7.78 (1H, dd,
J = 8.8, 2.5 Hz, Ar-H), 7.49 (2H, m, Ar-H), 7.42–7.44 (2H, m, Ar-H), 7.28 (1H, d,
J = 8.8 Hz, Ar-H), 7.14 (2H, t, J = 8.8 Hz, Ar-H), 4.56 (2H, t, J = 6.5 Hz, AONO2-
CH2), 2.70 (2H, t, J = 7.0 Hz, ACOCH2), 2.08–1.96 (2H, m, ACH2A). 13C NMR
(500 MHz, DMSO-d6) d 215.99, 173.13, 171.82, 162.68, 158.93, 157.03, 153.58,
153.15, 145.11, 138.45, 136.39, 136.17, 129.69, 129.34, 125.09, 123.63, 122.06,
121.29, 120.83, 115.77, 73.04, 30.10, 21.89. MS-ESI (m/z): 630.0 (M+H)+.
HRMS-ESI (m/z): Calcd. for C27H20FN3O8S3 (M+H)+: 630.0397; Found:
630.0498. Compound 14c (32.5%), mp 181–183 �C. 1H NMR (500 MHz,
DMSO-d6) d 9.41 (1H, s, ANH), 8.58 (1H, s, ANH), 8.36 (1H, d, J = 2.6 Hz, Ar-
H), 8.03 (3H, m, Ar-H), 7.87 (1H, s, @CH), 7.77 (1H, dd, J = 8.8, 2.6 Hz, Ar-H),
ett. (2016), http://dx.doi.org/10.1016/j.bmcl.2016.03.012
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7.44 (2H, m, Ar-H), 7.29 (2H d, J = 8.8 Hz, Ar-H), 7.06 (1H, t, J = 9.0 Hz, Ar-H),
4.56 (2H, t, J = 6.5 Hz, AONO2CH2), 2.71 (2H, t, J = 7.0 Hz, ACOCH2), 2.03–1.98
(2H, m,ACH2A). MS-ESI (m/z): 648.0 (M+H)+. Compound 14d (34.5%), mp 170–
172 �C. 1H NMR (500 MHz, DMSO-d6) d 9.24 (1H, s, ANH), 9.18 (1H, s, ANH),
8.37 (1H, d, J = 2.7 Hz, Ar-H), 8.05–8.01 (3H, m, Ar-H), 7.87 (1H, s, @CH), 7.82
(1H, dd, J = 8.8, 2.7 Hz, Ar-H), 7.63 (1H, d, J = 8.9 Hz, Ar-H), 7.53 (1H, t,
J = 8.0 Hz, Ar-H), 7.45–7.42 (2H, m, Ar-H), 7.34 (1H, d, J = 7.7 Hz, Ar-H), 7.30
(1H, d, J = 8.8 Hz, Ar-H), 4.56 (2H, t, J = 6.5 Hz, AONO2CH2), 2.71 (2H, t,
J = 7.0 Hz, ACOCH2), 2.03–1.98 (2H, m, ACH2A). MS-ESI (m/z): 680.0 (M+H)+.
Compound 14e (31.5%), mp 168–170 �C. 1H NMR (500 MHz, DMSO-d6) d 9.23
(1H, s, ANH), 9.06 (1H, s, ANH), 8.37 (1H, d, J = 2.7 Hz, Ar-H), 8.04 (2H, d,
Please cite this article in press as: Wang, C.; et al. Bioorg. Med. Chem. L
J = 8.7 Hz, Ar-H), 7.87 (1H, s, @CH), 7.79 (1H, dd, J = 8.8, 2.7 Hz, Ar-H), 7.72 (1H,
s, Ar-H), 7.46–7.42 (2H, m, Ar-H), 7.28–7.32 (3H, m, Ar-H), 7.05–7.02 (1H, m,
Ar-H), 4.56 (2H, t, J = 6.5 Hz,AONO2CH2), 2.71 (2H, t, J = 7.0 Hz,ACOCH2), 2.03–
1.98 (2H, m, ACH2A). MS-ESI (m/z): 646.0 (M+H)+. Compound 14f (31.5%), mp
178–180 �C. 1H NMR (500 MHz, DMSO-d6) d 9.08 (1H, s, ANH), 8.70 (1H, s,
ANH), 8.37 (1H, d, J = 2.7 Hz, Ar-H), 8.05–8.02 (2H, m, Ar-H), 7.87 (1H, s, @CH),
7.77 (1H, dd, J = 8.8, 2.7 Hz, Ar-H), 7.46–7.42 (2H, m, Ar-H), 7.33 (1H, s, Ar-H),
7.28 (1H, d, J = 8.8 Hz, Ar-H), 7.24 (1H, d, J = 7.7 Hz, Ar-H), 7.17 (1H, t, J = 7.8 Hz,
Ar-H), 6.81 (1H, d, J = 7.4 Hz, Ar-H), 4.56 (2H, t, J = 6.5 Hz, AONO2CH2), 2.70
(2H, t, J = 7.0 Hz, ACOCH2), 2.28 (3H, s, ACH3), 2.04–1.97 (2H, m, ACH2A). MS-
ESI (m/z): 626.1 (M+H)+.
ett. (2016), http://dx.doi.org/10.1016/j.bmcl.2016.03.012
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