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Recent drug discovery programs targeting urokinase plasminogen activator (uPA) have resulted in non-
peptidic inhibitors consisting of amidine or guanidine functional groups attached to aromatic or hetero-
aromatic scaffolds. There is a general problem of poor oral bioavailability of these charged inhibitors. In
this paper, we report the synthesis and evaluation of a series of naphthamide and naphthalene sulfona-
mides as uPA inhibitors containing non-basic groups as substitute for amidine or guanidine groups.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Urokinase plasminogen activator (uPA),1 a trypsin-like serine
protease,2 is a key initiator of the extracellular proteolytic cascade
driving cellular invasiveness.3 Proteolytically active uPA is a disul-
fide-linked two-chain protein generated from proteolytically inac-
tive pro-uPA by the hydrolysis of the Lys158-Ile159 peptide bond.4

The central function of uPA is to convert plasminogen to plasmin,
which digests the components of the extracellular matrix and
basement membranes either directly or by activation of proen-
zymes of matrix metalloproteinases.3,5 uPA secreted by tumor cells
or the adjacent stroma exists as a free enzyme or bound to the cell
surface receptor, uPAR.6 Binding to uPAR significantly increases the
rate of cell surface-associated plasminogen activation by uPA and
can serve to spatially focus its activity. uPA in particular has been
shown to be involved in various malignancies including cancer of
breast, ovarian, kidney, prostate, lung, bladder, stomach, cervix
and the thyroid gland.7 Higher levels of uPA have been correlated
with poor patient prognosis and uPA is involved in extracellular
matrix degradation, tumor cell invasion, angiogenesis and metas-
tasis.8 The role of the plasminogen activator system in various can-
cers has been reviewed extensively.7,9 Also, uPA has been
associated with several diseases and disorders including wound
ll rights reserved.
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healing, macular degeneration, stroke, multiple sclerosis and rheu-
matoid arthritis.10

Most published inhibitors of uPA contain an amidino or guani-
dino group that forms a salt bridge with the carboxylate of Asp189
in the S1 pocket of the active site.11 An amidine based, peptide-de-
rived inhibitor (1, Fig. 1) reduces the number of experimental lung
metastases in a fibrosarcoma model in mice,12 and two clinical
phase I trials with uPA inhibitors 2a (WX-UK1)13 and its prodrug
2b (WX-671 or MESUPRON�) have been successfully completed.
Moreover, compound 2b showed favorable results in randomized
phase II trial in patients with locally advanced nonmetastatic pan-
creatic cancer and phase II trial in patients with HER2-negative
metastatic breast cancer (MBC) has been initiated.14 Wendt et al.
reported a series of substituted naphthamidines as inhibitors of
uPA (3a–c as representative examples) and 3c was shown to pos-
sess high selectivity towards tPA, thrombin and plasmin.15 Our
research group reported potent and highly selective nonpeptidic
irreversible diaryl phosphonate inhibitors (4a and 4b) of uPA with
a strong anti-metastatic effect in the BN-472 rat mammary carci-
noma model (Fig. 1).16 Zhu and co-workers reported a novel uPA
inhibitor 5 (UK122) that is highly potent and specific against uPA
in cell-free assays and exhibits potent antimigration and invasion
activities.17 These and other amidine and guanidine containing
inhibitors tend to have a very low oral bioavailability.14–18 More
recently, less basic orally bioavailable inhibitors of uPA (6, 7b
and 7c) containing primary amines were reported.19 The selectivity
profile of all these uPA inhibitors is presented in Table 1.

http://dx.doi.org/10.1016/j.bmc.2011.12.040
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Figure 1. Selection of uPA inhibitors reported in the literature.

Table 1
Selectivity profile of uPA inhibitors from the literature

Compd Ki
a/IC50

b (lM)c

uPA tPA Thrombin Plasmin

1a 0.0077 7.4 0.11 0.54
2aa 0.41 4.9 0.49 0.39
3aa 0.631 ± 0.086 31.8 ± 17.8 5.64 ± 2.16 1.95 ± 0.58
3ba 0.139 ± 0.011 — — —
3ca 0.04 58.4 >100 16 ± 0.9
4ab 0.0031 ± 0.0005 23 ± 6 17 ± 2.3 13 ± 2
4bb 0.0034 ± 0.0004 6.1 ± 0.7 1.13 ± 0.06 2.8 ± 0.5
5b 0.2 >100 >100 >100
6b 0.072 >3.6 — >3.6
7ab 0.098 3.9 — 2.1
7bb 0.24 22 — 5
7cb 0.039 >30 — 5

a Ki values for compounds 1,12 2a28 and 3a–c.15

b IC50 values for compounds 4a–b,16 5,17 619a and 7a–c.19b

c ±Standard deviation.
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For other trypsin-like serine proteases such as FXa non-basic
inhibitors have been developed (Fig. 1). A successful example is
rivaroxaban (8), a novel factor Xa inhibitor that recently entered
the market as an oral anticoagulant.20 However, until now there
is no report on similar non-basic uPA inhibitors. This prompted
us to develop the new class of non-basic uPA inhibitors reported
in this paper.

As a starting point for our design, the naphthamidine inhibitors
3a–c attracted our attention because of their low molecular weight
combined with a good inhibitory activity and selectivity.15 Similar
to the FXa inhibitors, we replaced the amidine moiety by small
groups such as –H, –Br, –OMe, –CN, –COOH, –COOMe and –CONH2

(Series A, 9a–k). Also, we investigated compounds with a biphenyl
instead of a phenyl moiety (Series B, 10a–u), and with a sulfon-
amide linker (Series C, 11a–p) (Fig. 2). The reason for selecting
the polar sulfonamide group is to increase solubility and lower lipo-



Scheme 1. Reagents: (a) KOH, dioxane, D; (b) SOCl2, toluene, D; (c) 7 N NH3 in MeOH; (d) LiOH, THF, H2O; (e) TFAA, pyridine, dioxane; (f) aniline, TBTU, iPr2NEt, DMF; (g)
LiN(TMS)2, THF and then aq HCl.

Figure 2. Three different series designed from reference amidine compounds 3a–c.
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philicity. The sulfonamide group was also reported as linker in uPA
inhibitors such as 1-(7-sulfonamidoisoquinolinyl)guanidines.18e

2. Chemistry

The synthesis of compounds belonging to Series A–C is outlined
in Schemes 1–7. Monosaponification of diester 12 gave acid 13
which was converted to nitrile 16 via dehydration of amide 14.
Hydrolysis of the remaining ester group in 14 and 16 gave the 6-
carbamoyl- and 6-cyano-naphthalene-2-carboxylic acids (15 and
17). Coupling of 17 with aniline using TBTU in DMF afforded 9a
which was converted into amidine 3a15,21 (Scheme 1).

The 6-substituted-N-phenyl-2-naphthamides 9b–f and 9h–j
were obtained by coupling the 6-substituted-naphthalene-2-car-
boxylic acids with the respective anilines. Compound 9g was ob-
tained from 9f by hydrolysis (Scheme 2). The primary amine
function of 4-(aminomethyl)aniline 24a was selectively protected
with a Boc-group using di-tert-butyl dicarbonate to give 24b. Cou-
pling of 24b with acid 15 using TBTU in DMF afforded 25 which on
deprotection with TFA yielded 9k (Scheme 2).

Synthesis of reference amidines 3b and 3c with LiN(TMS)2 using
a reported procedure failed in our hands.18d This was due to incom-
plete reaction even after using excess LiN(TMS)2 and practical
difficulties in separation of the amidines from the complex reac-
tion mixture. Hence we synthesized these amidines by converting
nitriles to the thioamide, followed by conversion to the thioimidate
and reaction with ammonium acetate (Scheme 3).22

Suzuki coupling of 4-bromonitrobenzene (28) with boronic
acids 29a and 29b afforded nitrobiphenyl acids 30a and 30b which
were converted into nitrobiphenylmethyl esters 31a and 31b.
Reduction of nitro compounds using Pd/C in methanol yielded
biphenylamines 32a and 32b.23 Compound 32c was prepared by
reduction of 30c (Scheme 4). Scheme 5 shows the synthesis of
biphenyl amines 35a–i.24 The compounds 35a–h were prepared



Scheme 2. Reagents: (a) TBTU, iPr2NEt, DMF; (b) LiOH, THF, H2O; (c) (Boc2)O, THF, H2O; (d) TFA, CH2Cl2.

Scheme 3. Reagents: (a) TBTU, iPr2NEt, DMF; (b) diethyl dithiophosphate, iPr2NEt, H2O, 1,2-dimethoxyethane, D; (c) MeI, acetone; (d) NH4OAc, MeOH; (e) TFA, CH2Cl2.

Scheme 4. Reagents: (a) Pd(PPh3)4, K2CO3, toluene, EtOH, H2O, D; (b) SOCl2, MeOH, D; (c) H2, Pd/C, MeOH; (d) SOCl2, toluene, D; (e) 7 N NH3 in MeOH.
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Scheme 6. Reagents: (a) TBTU, iPr2NEt, DMF; (b) LiOH, THF, H2O.

Scheme 5. Reagents: (a) Pd(PPh3)4, Na2CO3, toluene, EtOH, H2O, D.
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relying on Suzuki coupling of 4-bromoaniline 33 with substituted
boronic acids 34a–h. Similarly, Suzuki coupling of 3-methoxy-4-
bromoaniline (36) with 4-methoxyphenylboronic acid (34g) affor-
ded 35i.

The synthesis of the target compounds 10a–u is shown in
Scheme 6. Compound 37 was obtained from 20 by a reported pro-
cedure.25 The compounds 10a–j and 10l–u were made by coupling
of substituted naphthalene carboxylic acids with substituted
biphenyl amines using TBTU. Compound 10k was obtained from
10j by hydrolysis. Scheme 7 shows the synthesis of biphenyl
sulfonamides 11a–p. 6-Methoxynapthalene-sulfonylchloride was
prepared by a reported procedure.26 The reaction of sulfonyl chlo-
rides 38 and 39 with substituted biphenylamines in pyridine affor-
ded biphenyl sulfonamides 11a–k and 11m–p. Compound 11l was
obtained by reduction of 11k using Pd/C in methanol.

3. Results and discussion

3.1. Biochemical evaluation

The inhibitory potential toward uPA was determined for all
compounds. The amidine group of 3a was replaced by small moie-
ties such as –H, –CN, –Br, –NH2, –OMe, –COOMe, –COOH and –
CONH2 (9a–h, Table 2). Compounds 9a–g were found to be inactive
but amide 9h showed uPA inhibition comparable with the refer-
ence amidine 3a. However, replacement of the amidine group of
the more potent compounds 3b and 3c by an amide group (9i
and 9k) did not result in a similar uPA inhibition.

The amide 9h was chosen as a starting point for further optimi-
zation in Series B (10a–u, Table 3). Replacement of the phenyl
amide of 9h by a biphenyl amide containing a methyl ester func-
tionality at R3 increased the activity fourfold (10c, IC50 = 3.6 lM).
The introduction of functional groups –CONH2 and –OMe at R1

and –COOMe, –OMe, –NO2 and –CF3 at R3 was more favorable
and the best compounds obtained in this series were 10c, 10d,
10e, 10l, 10m, 10n and 10o. Remarkably, potency of these com-
pounds is comparable with amidines 3b and 3c.

Table 4 shows the IC50 values of the compounds 11a–p (Series
C). In this series we replaced the amide linker by a sulfonamide lin-
ker. Potency of 11e and 11g was comparable with their respective
amide analogs 10l and 10o. The other sulfonamides are less potent.

Selectivity of our compounds was profiled against the highly
related enzymes tPA, thrombin and plasmin. Since these enzymes
are involved in the blood coagulation cascade and fibrinolysis, an



Scheme 7. Reagents: (a) Pyridine; (b) H2, Pd/C, MeOH.

Table 3
uPA inhibitory activity of naphthamide biphenyl analogs 10a–u

R1

O

NH R4

R3R2

Compd R1 R2 R3 R4 IC50
a (lM)

10a H H COOMe H 16
10b H H OMe H 9.8 ± 1.2
10c CONH2 H COOMe H 3.6 ± 0.2
10d CONH2 H OMe H 2.9 ± 0.2
10eb CONH2 H CF3 H 2.4 ± 0.7
10f CONH2 H Cl H 8.1 ± 1.6
10g CONH2 OMe H OMe 6.4 ± 0.6
10h COOMe H COOMe H 14 ± 1
10i CN H OMe H 20 ± 11
10j CN H COOMe H 9 ± 2
10k CN H COOH H >250
10l OMe H COOMe H 4.0 ± 0.2
10m OMe H OMe H 4.0 ± 0.2
10n OMe H NO2 H 2.6 ± 0.1
10ob OMe H CF3 H 2.1 ± 0.6
10p OMe H H OMe 12 ± 2
10q OMe H OMe OMe 31
10r OMe OMe H OMe >31
10s Cl H COOMe H 7.0 ± 0.5
10t Br H COOMe H 11 ± 2
10u NH2 H COOMe H 31
3b 2.6 ± 0.7
3c 1.2 ± 0.2

a ±Standard deviation.
b Slow binding and non-competitive inhibitor.

Table 2
uPA inhibitory activity of non-basic compounds 9a–k and amidines 3a–c

O

NH

R1 R2

R3

R4

Compd R1 R2 R3 R4 IC50
a (lM)

9a CN H H H >62
9b H H H H >62
9c Br H H H >62
9d NH2 H H H >62
9e OMe H H H >62
9f COOMe H H H >62
9g COOH H H H >62
9hb CONH2 H H H 15 ± 1
9i CONH2 OMe H OMe 30 ± 12
9k CONH2 H CH2NH2 H 45 ± 7
3ac C(@NH)NH2 H H H 13 ± 2
3b C(@NH)NH2 OMe H OMe 2.6 ± 0.7
3c C(@NH)NH2 H CH2NH2 H 1.2 ± 0.2

a ±Standard deviation.
b Slow binding and non-competitive inhibitor.
c Competitive inhibitor (Ki = 1.9 ± 0.2 lM).
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adequate degree of selectivity is required.27 The most interesting
compounds 10c–e, 10g, 10l–o, 11e and 11g were selected for eval-
uation (Table 5). We found that 11e showed good uPA selectivity
towards both thrombin and plasmin, comparable to the selectivity
of 3c. The selectivity of 11e towards tPA was only 10-fold, whereas
for 3c this selectivity was more than 50-fold. However, our com-
pound 11e compares favorably with the clinically relevant com-
pound 2a which has only 12-fold selectivity of uPA over tPA, and
no selectivity towards plasmin and thrombin28 (Ki lM:
uPA = 0.41, tPA = 4.9, plasmin = 0.39 and thrombin = 0.49).

4. Conclusion

This is the first report on uPA inhibitors without a basic moiety.
In summary, we designed and synthesized three series of non-ba-
sic compounds 9a–k (Series A), 10a–u (Series B) and 11a–p (Series
C) and evaluated their uPA inhibition in comparison with reference
amidines 3a–c. Several non-basic compounds show comparable
uPA inhibition with reference amidines 3b and 3c. The selectivity
profile of 11e is similar with that of the amidine 3c for thrombin
and plasmin, but 11e is much more selective than the clinically rel-
evant amidine 2a. The remarkable potency and selectivity of these
first non-basic uPA inhibitors promises a good starting point for
the future development of compounds with potential to reduce



Table 4
uPA inhibitory activity for naphthalene sulfonamide biphenyl analogs 11a–p

R1

S
O

O

H
N

R2 R3

R4

Compd R1 R2 R3 R4 IC50
a (lM)

11a H H COOMe H 16
11b H H H COOMe 9.8 ± 1.2
11c H H OMe H 31
11d OMe H H H 31
11eb OMe H COOMe H 2.8 ± 0.1
11f OMe H CONH2 H >62
11g OMe H CF3 H 4.1 ± 0.6
11h OMe H F H >62
11i OMe H Cl H >62
11j OMe H OMe H 19 ± 4
11k OMe H NO2 H 6.9 ± 0.3
11l OMe H NH2 H 62
11m OMe H H COOMe 16
11n OMe H H OMe 23 ± 10
11o OMe H OMe OMe 8
11p OMe OMe H OMe 8
3b 2.6 ± 0.7
3c 1.2 ± 0.2

a ±Standard deviation.
b Slow binding and non-competitive inhibitor.

Table 5
uPA selectivity profile of selected compounds and reference compounds 3a–c

Compd IC50 (lM)

uPA tPA Thrombin Plasmin

10c 3.6 ± 0.2 11 ± 1 >125 >125
10d 2.9 ± 0.2 5.7 ± 0.1 >62 12 ± 1
10e 2.4 ± 0.7 3.4 ± 0.2 >62 6.3 ± 0.4
10g 6.4 ± 0.6 9.7 ± 0.5 — —
10l 4.0 ± 0.2 8.4 ± 0.2 >62 4
10m 4.0 ± 0.2 21 ± 1 >62 20 ± 1
10n 2.6 ± 0.1 8.6 ± 0.6 >62 31
10o 2.1 ± 0.6 5.3 ± 0.3 >62 6.5 ± 0.5
11e 2.8 ± 0.1 26 ± 3 >62 >62
11g 4.1 ± 0.6 13 ± 3 — —
3a 13 ± 2 125 56 ± 10 22 ± 2
3b 2.6 ± 0.7 >62 >62 13 ± 2
3c 1.2 ± 0.2 >62 >62 >62

a±Standard deviation.
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invasion and metastasis of malignant cancer types and with im-
proved pharmacokinetic properties.

5. Experimental section

5.1. General

Reagents were obtained from Sigma–Aldrich or Acros. Melting
points were determined using Electrothermal melting point appa-
ratus (Thermo Scientific) and are uncorrected. Characterization of
all compounds was done with 1H NMR and mass spectrometry.
1H NMR spectra were recorded on a 400 MHz Bruker Avance
DRX-400 spectrometer. ES mass spectra were obtained from an Es-
quire 3000plus iontrap mass spectrometer from Bruker Daltonics.
Purity was determined using two diverse HPLC systems using,
respectively, a mass and UV-detector. Water (A) and CH3CN (B)
were used as eluents. LC–MS spectra were recorded on an Agilent
1100 Series HPLC system using a Alltech Prevail C18 column
(2.1 � 50 mm, 3 lm) coupled with an Esquire 3000plus as MS
detector and a 5–100% B, 20 min gradient was used with a flow
rate from 0.2 mL/min. Formic acid 0.1% was added to solvents A
and B. Reversed phase HPLC was run on a Gilson instrument
equipped with an Ultrasphere ODS column (4.6 � 250 mm,
5 lm). A 10–100% B, 35 min gradient was used with a flow rate
from 1 mL/min. Trifluoroacetic acid 0.1% was added to solvents A
and B. A wavelength of 214 nm was used. The products were puri-
fied with flash chromatography on a Flashmaster II (Jones chroma-
tography), with a 30 min gradient of 0–30% EtOAc in hexane or
0–10% MeOH in EtOAc in necessary cases. The synthesis of
compounds 13, 14, 16, 17, 9a, 3a, 9j, 37, 39 was already repor-
ted.15,25,18d Modified procedure was used to make the compounds
3b and 3c.22

5.1.1. 6-Carbamimidoyl-N-phenyl-2-naphthamide (3a)
To a solution of 9a (0.3 g, 1.1 mmol) in 20 mL of dry THF was

added LiN(TMS)2 (1 M solution in THF, 6.6 mL, 6.6 mmol), stirred
at room temperature for 72 h, treated with 2 M HCl (20 mL), stirred
for another 24 h and basified with saturated Na2CO3 and extracted
with EtOAc (3 � 75 mL). The extracts were washed with brine,
dried (Na2SO4), filtered and concentrated. Evaporation of solvent
afforded yellow color solid. The crude mixture was chromato-
graphed using EtOAc followed by 10% MeOH in EtOAc to provide
40 mg (13%) as light brown sticky powder, which was lyophilized.
1H NMR (DMSO-d6) d 7.16–7.20 (m, 1H), 7.37–7.42 (m, 2H), 7.74 (d,
2H, J = 8.6 Hz), 7.88 (dd, 1H, J = 8.6 Hz), 8.11 (dd, 1H, J = 8.6 Hz),
8.17 (d, 1H, J = 8.6 Hz), 8.22 (d, 1H, J = 8.6 Hz), 8.47 (br s, 1H),
8.58 (s, 1H); HPLC (214 nm) tr 14.5 min, 100%; LC–MS (214 nm)
tr 11.2 min, 100%; MS (ESI) m/z 290 (M+H)+.

5.1.2. N-Phenyl-2-naphthamide (9b)
To a solution of 19 (170 mg, 1 mmol) in 7 mL DMF was added

iPr2NEt (0.7 mL, 4 mmol) and TBTU (350 mg, 1.1 mmol), stirred
for 15 min, treated with aniline (0.1 mL, 1.1 mmol) and stirred
for 24 h. The mixture was poured into water (50 mL), extracted
with EtOAc (2 � 75 mL), washed with water and brine, dried
(Na2SO4), filtered, and concentrated to afford a light brown powder
which was washed with methanol to provide 90 mg of 9b as white
powder. Yield 36%, mp180–181 �C; 1H NMR (DMSO-d6) d 7.11 (t,
1H, J = 7.4 Hz), 7.37 (t, 2H, J = 7.6 Hz), 7.59–7.66 (m, 2H), 7.81 (d,
2H, J = 7.8 Hz), 7.99–8.09 (m, 4H), 8.57 (s, 1H), 10.39 (s, 1H); HPLC
(214 nm) tr 24.8 min, 100%; LC–MS (214 nm) tr 16.8 min, 100%; MS
(ESI) m/z 248 (M+H)+.

5.1.3. 6-Bromo-N-phenyl-2-naphthamide (9c)
Prepared from 20 using the procedure described for the prepa-

ration of 9b, White powder, Yield 67%, mp 213–214 �C; 1H NMR
(DMSO-d6) d 7.11 (t, 1H, J = 7.4 Hz), 7.36 (t, 2H, J = 7.6 Hz), 7.73
(dd, 1H, J = 8.8 Hz), 7.80 (d, 2H, J = 8.4 Hz), 8.04–8.07 (m, 3H),
8.30 (s, 1H), 8.58 (s, 1H), 10.42 (s, 1H); HPLC (214 nm) tr

27.8 min, 95%; LC–MS (214 nm) tr 18.4 min, 100%; MS (ESI) m/z
330 (M+H)+.

5.1.4. 6-Amino-N-phenyl-2-naphthamide (9d)
Prepared from 21 using the procedure described for the prepa-

ration of 9b. The crude product was flash chromatographed on sil-
ica gel eluting with 50% EtOAc in hexanes to provide 9d. Brown
powder, Yield 46%, mp 196–197 �C; 1H NMR (DMSO-d6) d 5.69 (s,
2H), 6.84 (s, 1H), 6.99–7.09 (m, 2H), 7.34 (t, 2H, J = 7.7 Hz), 7.56
(d, 1H, J = 8.7 Hz), 7.72 (d, 1H, J = 8.8 Hz), 7.78–7.83 (m, 3H), 8.3
(s, 1H), 10.13 (s, 1H); HPLC (214 nm) tr 14.7 min, 100%; LC–MS
(214 nm) tr 14.1 min, 100%; MS (ESI) m/z 263 (M+H)+.

5.1.5. 6-Methoxy-N-phenyl-2-naphthamide (9e)
Prepared from 22 using the procedure described for the prepa-

ration of 9b. White powder, Yield 54%, mp 195–196 �C; 1H NMR
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(DMSO-d6) d 3.9 (s, 3H), 7.09–7.12 (m, 1H), 7.25 (dd, 1H, J = 8.9 Hz),
7.34–7.41 (m, 3H), 7.80 (dd, 2H, J = 8.6 Hz), 7.91–8.00 (m, 3H), 8.50
(s, 1H), 10.30 (s, 1H); HPLC (214 nm) tr 24.6 min, 94%; LC–MS
(214 nm) tr 17.0 min, 100%; MS (ESI) m/z 278 (M+H)+.

5.1.6. Methyl 6-(phenylcarbamoyl)-2-naphthoate (9f)
Prepared from 13 using the procedure described for the prepa-

ration of 9b. White powder, Yield 38%, mp 222–223 �C; 1H NMR
(DMSO-d6) d 3.93 (s, 3H), 7.12 (t, 1H, J = 7.4 Hz), 7.38 (t, 2H,
J = 8.0, 7.6 Hz), 7.81 (d, 2H, J = 7.8 Hz), 8.05–8.09 (m, 2H), 8.19 (d,
1H, J = 8.6 Hz), 8.27 (d, 1H, J = 8.5 Hz), 8.62 (s, 1H), 8.70 (s, 1H),
10.47 (s, 1H); HPLC (214 nm) tr 24.8 min, 100%; LC–MS (214 nm)
tr 17.2 min, 100%; MS (ESI) m/z 306 (M+H)+.

5.1.7. 6-(Phenylcarbamoyl)-2-naphthoic acid (9g)
Prepared from 9f using the procedure described for the prepara-

tion of 15. White powder, Yield 40%, mp >300 �C; 1H NMR (DMSO-
d6) d 7.12 (t, 1H, J = 7.4 Hz), 7.37 (t, 2H, J = 7.6 Hz), 7.81 (d, 2H,
J = 7.7 Hz), 8.05–8.11 (m, 2H), 8.17 (d, 1H, J = 8.6 Hz), 8.23 (t, 1H,
J = 8.7 Hz), 8.61 (s, 1H), 8.67 (s, 1H), 10.5 (s, 1H), 13.18 (s, 1H);
HPLC (214 nm) tr 20.2 min, 100%; LC–MS (214 nm) tr 15.1 min,
100%; MS (ESI) m/z 292 (M+H)+.

5.1.8. N2-Phenylnaphthalene-2,6-dicarboxamide (9h)
Prepared from 15 using the procedure described for the prepa-

ration of 9b. White powder, Yield 24%, mp 296–297 �C;1H NMR
(DMSO-d6) d 7.12 (t, 1H, J = 7.4 Hz), 7.35–7.40 (m, 2H), 7.51 (s,
1H), 7.82 (dd, 2H, J = 8.1 Hz), 8.02–8.28 (m, 5H), 8.54–8.64 (m,
2H), 10.46 (s, 1H); HPLC (214 nm) tr 17.7 min, 97%; LC–MS
(214 nm) tr 14.5 min, 99%; MS (ESI) m/z 291 (M+H)+.

5.1.9. N2-(3,5-Dimethoxyphenyl)naphthalene-2,6-
dicarboxamide (9i)

Prepared by coupling 23 with 15 using the procedure described
for the preparation of 9b. White powder, Yield 11%, mp 280–
281 �C; 1H NMR (DMSO-d6) d 3.75 (s, 6H), 6.28 (s, 1H), 7.12 (s,
2H), 7.51 (s, 1H), 8.03 (d, 2H, J = 8.6 Hz), 8.11–8.17 (m, 3H), 8.54
(s, 1H), 8.58 (s, 1H), 10.38 (s, 1H); HPLC (214 nm) tr 18.6 min,
93%; LC–MS (214 nm) tr 14.8 min, 95%; MS (ESI) m/z 351 (M+H)+.

5.1.10. 6-Cyano-N-(3,5-dimethoxyphenyl)-2-naphthamide (9j)
Prepared by coupling 23 with 17 using the procedure described

for the preparation of 9b. White powder, Yield 60%, mp 206–
207 �C; 1H NMR (DMSO-d6) d 3.74 (s, 6H), 6.29 (s, 1H), 7.10–7.13
(m, 2H), 7.88 (dd, 1H, J = 8.5 Hz), 8.11 (dd, 1H, J = 8.6 Hz), 8.19 (d,
1H, J = 8.7 Hz), 8.26 (d, 1H, J = 8.6 Hz), 8.63–8.66 (m, 2H), 10.43
(s, 1H); LC–MS: tr 17.2 min, 80%; MS (ESI) m/z 333 (M+H)+.

5.1.11. N2-(4-(Aminomethyl)phenyl)naphthalene-2,6-
dicarboxamide trifluoroacetate (9k)

Prepared by deprotection of 25 which was obtained by coupling
of 24b with 15. White powder, Yield 10%, mp >300 �C; 1H NMR
(MeOH-d4) d 4.13 (br s, 2H), 7.48 (d, 2H, J = 8.4 Hz), 7.87 (d, 2H,
J = 8.4 Hz), 8.02–8.17 (m, 4H), 8.51–8.55 (m, 2H); HPLC (214 nm)
tr 10 min, 88%; LC–MS (214 nm) tr 9.3 min, 87%; MS (ESI) m/z 318
(M�H)�.

5.1.12. 6-Carbamimidoyl-N-(3,5-dimethoxyphenyl)-2-
naphthamide (3b)

To a solution of 9j (100 mg, 0.3 mmol) in 5 mL of 1,2-dime-
thoxyethane was added iPr2NEt (0.15 mL, 0.03 mmol) and H2O
(0.3 mL) and then diethyl dithiophosphate (0.25 mL, 1.5 mmol)
was added and the reaction mixture was refluxed for 24 h. Solvents
were evaporated and the crude mixture was washed with water,
filtered and dried to get the thioamide 26a. To the resulting 26a
in acetone (10 mL) was added CH3I (2 mL) and the mixture stirred
for 5 h, after which the precipitated imidate thioester HI salt 26b
was collected by filtration. The salt was dissolved in MeOH
(10 mL), to which was added NH4OAc (0.31 g, 4.0 mmol) and the
reaction mixture was stirred overnight. After evaporation of the
solvent the crude mixture was chromatographed using EtOAc
followed by 5% MeOH in EtOAc to provide 40 mg (42%) of 3b as
light brown sticky powder, which was lyophilized. 1H NMR
(MeOH-d4) d 2.34 (s, 6H), 4.86 (s, 1H), 5.57 (s, 2H), 6.42 (dd, 1H,
J = 8.6 Hz), 6.65–6.68 (m, 2H), 6.73 (d, 1H, J = 8.7 Hz), 6.80 (d, 1H,
J = 8.6 Hz), 7.04 (s, 1H), 7.14 (s, 1H); HPLC (214 nm) tr 15.8 min,
85%; LC–MS (214 nm) tr 11.7 min, 82%; MS (ESI) m/z 350 (M+H)+.

5.1.13. N-(4-(Aminomethyl)phenyl)-6-carbamimidoyl-2-
naphthamide trifluoro acetate (3c)

Prepared by deprotection of 27d which was prepared from 24b
using the procedure described for the preparation of 3b. Lyophi-
lized light brown powder, Yield 30%; 1H NMR (MeOH-d4) d 4.13
(s, 2H), 7.49 (d, 2H, J = 8.6 Hz), 7.85–7.91 (m, 3H), 8.14 (dd, 1H,
J = 8.6 Hz), 8.21 (d, 1H, J = 8.7 Hz), 8.26 (d, 1H, J = 8.7 Hz), 8.51 (s,
1H), 8.64 (s, 1H); HPLC (214 nm) tr 8.1 min, 83%; MS (ESI) m/z
319 (M+H)+.

5.1.14. Methyl 40-(2-naphthamido)biphenyl-3-carboxylate (10a)
To a solution of 19 (170 mg, 1 mmol) in 7 mL of DMF was added

iPr2NEt (0.7 mL, 4 mmol) and TBTU (350 mg, 1.1 mmol), stirred for
15 min, treated with 32a (0.1 mL, 1.1 mmol) and stirred for 48 h.
The mixture was poured into water (50 mL), extracted with EtOAc
(2 � 75 mL), washed with water and brine, dried (Na2SO4), filtered,
and concentrated to afford dark brown solid which was washed
with methanol to provide 110 mg of 10a as white powder, Yield
29%, mp 234–235 �C; 1H NMR (DMSO-d6) d 3.90 (s, 3H), 7.60–
7.66 (m, 3H), 7.74 (d, 2H, J = 8.6 Hz), 7.93 (d, 1H, J = 7.7 Hz), 7.97
(d, 3H, J = 8.6 Hz), 8.01 (d, 1H, J = 9.1 Hz), 8.03–8.11 (m, 3H), 8.21
(s, 1H), 8.6 (s, 1H), 10.50 (s, 1H); HPLC (214 nm) tr 29.6 min,
100%; LC–MS (214 nm) tr 19.6 min, 100%; MS (ESI) m/z 382 (M+H)+.

5.1.15. N-(30-Methoxybiphenyl-4-yl)-2-naphthamide (10b)
Prepared from 35b using the procedure described for the prep-

aration of 10a. White powder, Yield 71%, mp 206–207 �C; 1H NMR
(DMSO-d6) d 3.83 (s, 3H), 6.90 (dd, 1H, J = 8.2 Hz), 7.20 (s, 1H), 7.24
(d, 1H, J = 8.0 Hz), 7.36 (t, 1H, J = 7.9 Hz), 7.61–7.66 (m, 2H), 7.69 (d,
2H, J = 8.7 Hz), 7.92 (d, 2H, J = 8.7 Hz), 8.00–8.10 (m, 4H), 8.59 (s,
1H), 10.50 (s, 1H); HPLC (214 nm) tr 29.8 min, 100%; LC–MS
(214 nm) tr 19.4 min, 100%; MS (ESI) m/z 354 (M+H)+.

5.1.16. Methyl 40-(6-carbamoyl-2-naphthamido)biphenyl-3-
carboxylate (10c)

Prepared by coupling of 32a with 15 using the procedure de-
scribed for the preparation of 10a. White powder, Yield 12%, mp
>300 �C; 1H NMR (DMSO-d6) d 3.89 (s, 3H), 7.51 (s, 1H), 7.61
(t, 2H, J = 7.7 Hz), 7.74 (d, 3H, J = 8.5 Hz), 7.92–8.25 (m, 8H), 8.54
(s, 1H), 8.62 (s, 1H), 10.60 (s, 1H); HPLC (214 nm) tr 23.0 min,
92%; LC–MS (214 nm) tr 17.4 min, 95%; MS (ESI) m/z 425 (M+H)+.

5.1.17. N2-(30-Methoxybiphenyl-4-yl)naphthalene-2,6-
dicarboxamide (10d)

Prepared by coupling of 35b with 15 using the procedure de-
scribed for the preparation of 10a. White powder, Yield 10%, mp
>300 �C; 1H NMR (DMSO-d6) d 3.82 (s, 3H), 6.90 (dd, 1H,
J = 8.1 Hz), 7.20 (s, 1H), 7.25 (d, 1H, J = 8.1 Hz), 7.36 (t, 1H, J = 7.9,
6.1 Hz), 7.50 (s, 1H), 7.71 (dd, 2H, J = 8.6 Hz), 7.91 (dd, 2H,
J = 8.6 Hz), 8.02–8.23 (m, 5H), 8.54–8.66 (m, 2H), 10.59 (s, 1H);
HPLC (214 nm) tr 23.3 min, 100%; LC–MS (214 nm) tr 17.2 min,
100%; MS (ESI) m/z 397 (M+H)+.
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5.1.18. N2-(30-(Trifluoromethyl)biphenyl-4-yl)naphthalene-2,6-
dicarboxamide (10e)

Prepared by coupling of 35d with 15 using the procedure de-
scribed for the preparation of 10a. White powder, Yield 9%, mp
>300 �C; 1H NMR (DMSO-d6) d 7.52 (s, 1H), 7.69 (d, 2H,
J = 5.1 Hz), 7.81 (dd, 2H, J = 8.7 Hz), 7.96–8.26 (m, 9H), 8.50–8.68
(m, 2H), 10.61 (s, 1H); HPLC (214 nm) tr 26.4 min, 93%; LC–MS
(214 nm) tr 19.0 min, 100%; MS (ESI) m/z 435 (M+H)+.

5.1.19. N2-(30-Chlorobiphenyl-4-yl)naphthalene-2,6-
dicarboxamide (10f)

Prepared by coupling of 35f with 15 using the procedure de-
scribed for the preparation of 10a. Light brown powder, Yield 8%,
mp >300 �C; 1H NMR (DMSO-d6) d 7.39 (d, 1H, J = 8.0 Hz), 7.50 (t,
2H, J = 8.0 Hz), 7.66 (d, 1H, J = 7.8 Hz), 7.73–7.75 (m, 3H), 7.93–
8.23 (m, 7H), 8.54–8.67 (m, 2H), 10.60 (s, 1H); HPLC (214 nm) tr

25.8 min, 95%; LC–MS (214 nm) tr 18.6 min, 97%; MS (ESI) m/z
399 (M�H)�.

5.1.20. N2-(2,40-Dimethoxybiphenyl-4-yl)naphthalene-2,6-
dicarboxamide (10g)

Prepared by coupling of 35i with 15 using the procedure de-
scribed for the preparation of 10a. Light brown powder, Yield 7%,
mp >300 �C; 1H NMR (DMSO-d6) d 3.77 (s, 6H), 6.95 (d, 2H,
J = 8.7 Hz), 7.25 (dd, 1H, J = 8.3 Hz), 7.42 (d, 2H, J = 8.6 Hz), 7.52
(dd, 2H, J = 8.2 Hz), 7.65 (s, 1H), 8.02–8.18 (m, 5H), 8.51–8.65 (m,
2H), 10.54 (s, 1H); HPLC (214 nm) tr = 23.1 min, 100% and LC–MS
(214 nm) tr 17.2 min, 100%; MS (ESI) m/z 425 (M�H)�.

5.1.21. Methyl 6-(30-(methoxycarbonyl)biphenyl-4-
ylcarbamoyl)-2-naphthoate (10h)

Prepared by coupling of 32a with 13 using the procedure de-
scribed for the preparation of 10a. Light brown powder, Yield
20%, mp 233–234 �C; 1H NMR (DMSO-d6) d 3.88 (s, 3H), 3.93 (s,
3H), 7.62 (d, 1H, J = 7.8 Hz), 7.74 (d, 2H, J = 8.6 Hz), 7.92 (d, 1H,
J = 7.7 Hz), 7.97 (d, 3H, J = 8.6 Hz), 8.06–8.12 (m, 2H), 8.21 (t,
J = 8.2 Hz, 2H), 8.29 (d, 1H, J = 8.6 Hz), 8.6 (s, 1H), 8.7 (s, 1H), 10.6
(s, 1H); HPLC (214 nm) tr 30.2 min, 98%; LC–MS (214 nm) tr

20.6 min, 99%; MS (ESI) m/z 440 (M+H)+.

5.1.22. 6-Cyano-N-(30-methoxybiphenyl-4-yl)-2-naphthamide
(10i)

Prepared by coupling of 35b with 17 using the procedure de-
scribed for the preparation of 10a. White powder, Yield 41%; 1H
NMR (DMSO-d6) d 3.83 (s, 3H), 6.90 (d, 1H, J = 8.1 Hz), 7.20 (s,
1H), 7.24 (d, 1H, J = 7.6 Hz), 7.36 (t, 1H, J = 7.9 Hz), 7.70 (d, 2H,
J = 8.5 Hz), 7.90 (t, 3H, J = 8.5 Hz), 8.20 (dd, 2H, J = 8.5, 8.7 Hz),
8.29 (d, 1H, J = 8.5 Hz), 8.68 (s, 2H), 10.6 (s, 1H); HPLC (214 nm)
tr 28.5 min, 96%; LC–MS (214 nm) tr 19.3 min, 100%; MS (ESI) m/z
379 (M+H)+.

5.1.23. Methyl 40-(6-cyano-2-naphthamido)biphenyl-3-
carboxylate (10j)

Prepared by coupling of 32a with 17 using the procedure de-
scribed for the preparation of 10a. White powder, Yield 44%, mp
228–229 �C; 1H NMR (DMSO-d6) d 3.89 (s, 3H), 7.61 (t, 1H,
J = 7.8 Hz), 7.75 (d, 2H, J = 8.6 Hz), 7.88–7.98 (m, 5H), 8.14–8.22
(m, 3H), 8.28 (d, 1H, J = 8.5 Hz), 8.68 (s, 2H), 10.60 (s, 1H); HPLC
(214 nm) tr 28.7 min, 90%; LC–MS (214 nm) tr 19.4 min, 90%; MS
(ESI) m/z 407 (M+H)+.

5.1.24. 40-(6-Cyano-2-naphthamido)biphenyl-3-carboxylic acid
(10k)

Prepared by hydrolysis of 10j using the procedure described for
15. White powder, Yield 71%, mp >300 �C; 1H NMR (DMSO-d6) d
7.59 (t, 1H, J = 7.8 Hz), 7.74 (d, 2H, J = 8.5 Hz), 7.88–7.96 (m, 5H),
8.19 (dd, 3H, J = 8.4 Hz), 8.29 (d, 1H, J = 8.6 Hz), 8.69 (s, 2H),
10.60 (s, 1H), 13.0 (br s, 1H); HPLC (214 nm) tr 24.3 min, 96%;
LC–MS (214 nm) tr 17.6 min, 100%; MS (ESI) m/z 393 (M+H)+.

5.1.25. Methyl 40-(6-methoxy-2-naphthamido)biphenyl-3-
carboxylate (10l)

Prepared by coupling of 32a with 22 using the procedure de-
scribed for the preparation of 10a. White powder, Yield 27%, mp
229–230 �C; 1H NMR (DMSO-d6) d 3.89 (s, 3H), 3.91 (s, 3H), 7.26
(dd, 1H, J = 8.9 Hz), 7.42 (s, H), 7.61 (t, H, J = 7.8 Hz), 7.73 (d, 2H,
J = 8.7 Hz), 7.92–8.02 (m, 7H), 8.21 (s, 1H), 8.53 (s, 1H), 10.5 (s,
H); HPLC (214 nm) tr 29.7 min, 100%; LC–MS (214 nm) tr

20.3 min, 100%; MS (ESI) m/z 412 (M+H)+.

5.1.26. 6-Methoxy-N-(30-methoxybiphenyl-4-yl)-2-
naphthamide (10m)

Prepared by coupling of 35b with 22 using the procedure de-
scribed for the preparation of 10a. White powder, Yield 24%, mp
223–224 �C; 1H NMR (DMSO-d6) d 3.82 (s, 3H), 3.9 (s, 3H), 6.90
(dd, 1H, J = 8.3 Hz), 7.19–7.28 (m, 3H), 7.36 (t, 1H, J = 8.0 Hz),
7.41 (s, 1H), 7.68 (d, 2H, J = 8.6 Hz), 7.92 (t, 3H, 8.8 Hz), 7.98–8.02
(m, 2H), 8.52 (s, 1H), 10.40 (s, 1H); HPLC (214 nm) tr 29.6 min,
100%; LC–MS (214 nm) tr 19.6 min, 100%; MS (ESI) m/z 384 (M+H)+.

5.1.27. 6-Methoxy-N-(30-nitrobiphenyl-4-yl)-2-naphthamide
(10n)

Prepared by coupling of 35c with 22 using the procedure de-
scribed for the preparation of 10a. Light brown powder, Yield
30%, mp 253–254 �C; 1H NMR (DMSO-d6) d 3.90 (s, 3H), 7.26 (dd,
1H, J = 9.0 Hz), 7.42 (s, 1H), 7.75 (t, 1H, J = 8.0 Hz), 7.82 (d, 2H,
J = 8.7 Hz), 7.93–8.02 (m, 5H), 8.17–8.20 (m, 2H), 8.45 (s, 1H),
8.53 (s, 1H), 10.50 (s, 1H); HPLC (214 nm) tr 29.3 min, 100%; LC–
MS (214 nm) tr 19.7 min, 100%; MS (ESI) m/z 399 (M+H)+.

5.1.28. 6-Methoxy-N-(30-(trifluoromethyl)biphenyl-4-yl)-2-
naphthamide (10o)

Prepared by coupling of 35d with 22 using the procedure de-
scribed for the preparation of 10a. White powder, Yield 38%, mp
232–233 �C; 1H NMR (DMSO-d6) d 3.91 (s, 3H), 7.26 (dd, 1H,
J = 9.0 Hz), 7.41 (s, 1H), 7.68 (d, 2H, J = 5.0 Hz), 7.78 (d, 2H,
J = 8.7 Hz), 7.93–8.02 (m, 7H), 8.53 (s, 1H), 10.50 (s, 1H); HPLC
(214 nm) tr 32.2 min, 100%; LC–MS (214 nm) tr 20.7 min, 100%;
MS (ESI) m/z 422 (M+H)+.

5.1.29. 6-Methoxy-N-(40-methoxybiphenyl-4-yl)-2-
naphthamide (10p)

Prepared by coupling of 35g with 22 using the procedure de-
scribed for the preparation of 10a. Brown powder, Yield 11%, mp
280–281 �C; 1H NMR (DMSO-d6) d 3.78 (s, 3H), 3.91 (s, 3H), 7.0
(d, 2H, J = 8.6 Hz), 7.25 (dd, 1H, J = 8.9 Hz), 7.41 (s, 1H), 7.61 (dd,
4H, J = 8.6 Hz), 7.87 (d, 2H, J = 8.6 Hz), 7.93 (d, 1H, J = 8.6 Hz),
7.99 (s, 2H), 8.52 (s, 1H), 10.37 (s, 1H); HPLC (214 nm) tr

29.0 min, 100%; LC–MS (214 nm) tr 19.6 min, 94%; MS (ESI) m/z
384 (M+H)+.

5.1.30. N-(30,40-Dimethoxybiphenyl-4-yl)-6-methoxy-2-
naphthamide (10q)

Prepared by coupling of 35h with 22 using the procedure de-
scribed for the preparation of 10a. Brown powder, Yield 36%, mp
238–239 �C; 1H NMR (DMSO-d6) d 3.78 (s, 3H), 3.84 (s, 3H), 3.90
(s, 3H), 7.01 (d, 1H, J = 8.4 Hz), 7.19 (dd, 2H, J = 10.3 Hz), 7.25 (dd,
1H, J = 9.0 Hz), 7.41 (s, 1H), 7.64 (d, 2H, J = 8.6 Hz), 7.86 (d, 2H,
J = 8.6 Hz), 7.92 (d, 1H, J = 8.6 Hz), 7.98 (dd, 2H, J = 9.0 Hz), 8.50
(s, 1H), 10.37 (s, 1H); HPLC (214 nm) tr = 27.5, 95%; LC–MS
(214 nm) tr = 18.3, 93%; MS (ESI) m/z 414 (M+H)+.
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5.1.31. N-(2,40-Dimethoxybiphenyl-4-yl)-6-methoxy-2-
naphthamide (10r)

Prepared by coupling of 35i with 22 using the procedure de-
scribed for the preparation of 10a. White powder, Yield 58%, mp
224–225 �C; 1H NMR (DMSO-d6) d 3.78 (s, 6H), 3.92 (s, 3H), 6.95
(d, 2H, J = 8.3 Hz), 7.24–7.28 (m, 2H), 7.41 (br s, 3H), 7.53 (d, 1H,
J = 8.1 Hz), 7.65 (br s, 1H), 7.94 (d, 1H, J = 8.2 Hz), 8.00 (d, 2H,
J = 8.9 Hz), 8.52 (s, 1H), 10.39 (s, 1H); HPLC (214 nm) tr 29.2 min,
100%; LC–MS (214 nm) tr 19.0 min, 100%; MS (ESI) m/z 414 (M+H)+.

5.1.32. Methyl 40-(6-chloro-2-naphthamido)biphenyl-3-
carboxylate (10s)

Prepared by coupling of 32a with 37 using the procedure de-
scribed for the preparation 10a. Brown powder, Yield 22%, mp
210–211 �C; 1H NMR (DMSO-d6) d 3.89 (s, 3H), 7.59–7.65 (m,
3H), 7.74 (d, 3H, J = 8.5 Hz), 7.91–7.98 (m, 4H), 8.07 (dd, 1H,
J = 8.6 Hz), 8.15 (d, 1H, J = 8.7 Hz), 8.20 (s, 1H), 8.62 (s, 1H), 10.60
(s, 1H); HPLC (214 nm) tr 31.8 min, 95%; LC–MS (214 nm) tr

21.9 min, 88%; MS (ESI) m/z 416 (M+H)+.

5.1.33. Methyl 40-(6-bromo-2-naphthamido)biphenyl-3-
carboxylate (10t)

Prepared by coupling of 32a with 20 using the procedure de-
scribed for the preparation of 10a. Brown powder, Yield 33%, mp
231–232 �C; 1H NMR (DMSO-d6) d 3.89 (s, 3H), 7.61 (t, 1H,
J = 7.8 Hz), 7.75 (d, 3H, J = 8.6 Hz), 7.92–7.99 (m, 4H), 8.04–8.09
(m, 3H), 8.21 (s, 1H), 8.30 (s, 1H), 8.61 (s, 1H), 10.61 (s, 1H); HPLC
(214 nm) tr 32.4 min, 100%; LC–MS (214 nm) tr 21.6 min, 100%; MS
(ESI) m/z 462 (M+H)+.

5.1.34. Methyl 40-(6-amino-2-naphthamido)biphenyl-3-
carboxylate (10u)

Prepared by coupling of 32a with 21 using the procedure de-
scribed for the preparation of 10a. Brown powder, Yield 40%, mp
233–234 �C; 1H NMR (DMSO-d6) d 3.90 (s, 3H), 5.7 (s, 2H), 6.85
(s, 1H), 7.01 (dd, 1H, J = 8.7 Hz), 7.57–7.64 (m, 2H), 7.73 (dd, 3H,
J = 8.8 Hz), 7.83–8.09 (m, 5H), 8.20 (s, 1H), 8.34 (s, 1H), 10.60 (s,
1H); HPLC (214 nm) tr 20.8 min, 83%; LC–MS (214 nm) tr

17.7 min, 79%; MS (ESI) m/z 397 (M+H)+.

5.1.35. Methyl 40-(naphthalene-2-sulfonamido)biphenyl-3-
carboxylate (11a)

To a solution of 32a (230 mg, 1 mmol) in 3 mL pyridine was
added 38 (230 mg, 1 mmol) and the reaction mixture was stirred
overnight. The mixture was acidified to pH 2 and then extracted
with EtOAc (2 � 75 mL), washed with water and brine, dried
(Na2SO4), filtered, and concentrated to afford brown solid which
was washed with methanol to provide 220 mg of 11a. White pow-
der, Yield 53%, mp 172–173 �C; 1H NMR (DMSO-d6) d 3.83 (s, 3H),
7.24 (d, 2H, J = 8.5 Hz), 7.51 (d, 1H, J = 7.8 Hz), 7.55 (d, 2H,
J = 8.5 Hz), 7.62–7.69 (m, 2H), 7.80 (d, 2H, J = 8.4 Hz), 7.86 (d, 1H,
J = 7.7 Hz), 7.98 (d, 1H, J = 7.8 Hz), 8.05–8.14 (m, 3H), 8.47 (s, 1H),
10.5 (s, 1H); HPLC (214 nm) tr 27.8 min, 100%; LC–MS (214 nm) tr

19.4 min, 100%; MS (ESI) m/z 418 (M+H)+.

5.1.36. Methyl 40-(naphthalene-2-sulfonamido)biphenyl-4-
carboxylate (11b)

Prepared by treatment of 32b with 38 using the procedure de-
scribed for the preparation of 11a. White powder, Yield 34%, mp
189–190 �C; 1H NMR (DMSO-d6) d 3.82 (s, 3H), 7.24 (d, 2H,
J = 8.6 Hz), 7.59–7.70 (m, 6H), 7.80 (dd, 1H, J = 8.7 Hz), 7.93 (d,
2H, J = 8.4 Hz), 7.98 (d, 1H, J = 7.9 Hz), 8.10 (dd, 2H, J = 8.8,
7.9 Hz), 8.49 (s, 1H), 10.60 (s, 1H); HPLC (214 nm) tr 27.6 min,
100%; LC–MS (214 nm) tr 18.4 min, 100%; MS (ESI) m/z 418 (M+H)+.
5.1.37. N-(30-Methoxybiphenyl-4-yl)naphthalene-2-
sulfonamide (11c)

Prepared by treatment of 35b with 38 using the procedure de-
scribed for the preparation of 11a. White powder, Yield 49%, mp
101–102 �C; 1H NMR (DMSO-d6) d 3.74 (s, 3H), 6.84 (dd, 1H,
J = 8.2 Hz), 7.04 (s, 1H), 7.08 (d, 1H, J = 7.8 Hz), 7.19 (d, 2H,
J = 8.5 Hz), 7.27 (t, 1H, J = 7.9 Hz), 7.50 (d, 2H, J = 7.5 Hz), 7.61–
7.69 (m, 2H), 7.80 (dd, 1H, J = 8.7 Hz), 7.98 (d, 1H, J = 7.9 Hz),
8.08 (d, 1H, J = 8.8 Hz), 8.12 (d, 1H, J = 8.0 Hz), 8.46 (s, 1H), 10.5
(s, 1H); HPLC (214 nm) tr 28.2 min, 100%; LC–MS (214 nm) tr

18.6 min, 100%; MS (ESI) m/z 390 (M+H)+.

5.1.38. N-(Biphenyl-4-yl)-6-methoxynaphthalene-2-
sulfonamide (11d)

Prepared by treatment of 35a with 39 using the procedure de-
scribed for the preparation of 11a. White powder, Yield 56%, mp
180–181 �C; 1H NMR (DMSO-d6) d 3.87 (s, 3H), 7.19–7.40 (m,
7H), 7.49–7.53 (m, 4H), 7.73 (dd, 1H, J = 8.7 Hz), 7.95 (d, 1H,
J = 8.8 Hz), 8.03 (d, 1H, J = 9.0 Hz), 8.38 (s, 1H), 10.45 (s, 1H); HPLC
(214 nm) tr 28.0 min, 100%; LC–MS (214 nm) tr 18.4 min, 100%; MS
(ESI) m/z 390 (M+H)+.

5.1.39. Methyl 40-(6-methoxynaphthalene-2-
sulfonamido)biphenyl-3-carboxylate (11e)

Prepared by treatment of 32a with 39 using the procedure de-
scribed for the preparation of 11a. White powder, Yield 34%, mp
156–157 �C; 1H NMR (DMSO-d6) d 3.84 (s, 3H), 3.87 (s, 3H), 7.22
(d, 2H, J = 8.5 Hz), 7.25 (dd, 1H, J = 9.0, 9.1 Hz), 7.38 (s, 1H), 7.53
(t, 3H, J = 8.7 Hz), 7.74 (dd, 1H, J = 8.7 Hz), 7.81 (d, 1H, J = 7.9 Hz),
7.86 (d, 1H, J = 7.7 Hz), 7.94 (d, 1H, J = 8.8 Hz), 8.01–8.05 (m, 2H),
8.38 (s, 1H), 10.50 (s, 1H); HPLC (214 nm) tr 27.6 min, 100%; LC–
MS (214 nm) tr 18.6 min, 100%; MS (ESI) m/z 448 (M+H)+.

5.1.40. 40-(6-Methoxynaphthalene-2-sulfonamido)biphenyl-3-
carboxamide (11f)

Prepared by treatment of 32c with 39 using the procedure de-
scribed for the preparation of 11a. White powder, Yield 28%, mp
229–230 �C; 1H NMR (DMSO-d6) d 3.86 (s, 3H), 7.20 (d, 2H,
J = 8.6 Hz), 7.26 (dd, 1H, J = 9.0 Hz), 7.39 (s, 1H), 7.44 (t, 1H,
J = 7.7 Hz), 7.56 (d, 2H, J = 8.6 Hz), 7.67 (d, 1H, J = 7.8 Hz), 7.78 (t,
1H, J = 7.8 Hz), 7.95 (d, 1H, J = 8.8 Hz), 8.02 (t, 3H, J = 9.0 Hz), 8.39
(s, 1H), 10.48 (s, 1H); HPLC (214 nm) tr 21.2 min, 93%; LC–MS
(214 nm) tr 16.0 min, 93%; MS (ESI) m/z 433 (M+H)+.

5.1.41. 6-Methoxy-N-(30-(trifluoromethyl)biphenyl-4-
yl)naphthalene-2-sulfonamide (11g)

Prepared by treatment of 35d with 39 using the procedure de-
scribed for the preparation of 11a. Brown powder, Yield 53%, mp
162–163 �C; 1H NMR (DMSO-d6) d 3.87 (s, 3H), 7.22 (d, J = 8.7 Hz,
2H), 7.26 (dd, 1H, J = 9.0 Hz), 7.39 (s, 1H), 7.58–7.64 (m, 4H), 7.74
(dd, 1H, J = 8.7 Hz), 7.82–7.86 (m, 2H), 7.95 (d, 1H, J = 8.8 Hz),
8.03 (d, 1H, J = 9.0 Hz), 8.40 (s, 1H), 10.54 (s, 1H); HPLC (214 nm)
tr 30.0 min, 96%; LC–MS (214 nm) tr 19.8 min, 92%; MS (ESI) m/z
458 (M+H)+.

5.1.42. N-(30-Fluorobiphenyl-4-yl)-6-methoxynaphthalene-2-
sulfonamide (11h)

Prepared by treatment of 35e with 39 using the procedure de-
scribed for the preparation of 11a. White powder, Yield 30%, mp
161–162 �C; 1H NMR (DMSO-d6) d 3.87 (s, 3H), 7.10 (t, 1H,
J = 7.2 Hz), 7.20 (d, 2H, J = 8.6 Hz), 7.26 (d, 1H, J = 9.0 Hz), 7.35–
7.41 (m, 4H), 7.54 (d, 2H, J = 8.6 Hz), 7.74 (dd, 1H, J = 8.7 Hz),
7.94 (d, 1H, J = 8.7 Hz), 8.02 (d, 1H, J = 9.0 Hz), 8.38 (s, 1H), 10.47
(s, 1H); HPLC (214 nm) tr 28.4 min, 95%; LC–MS (214 nm) tr

18.9 min, 96%; MS (ESI) m/z 406 (M�H)�.
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5.1.43. N-(30-Chlorobiphenyl-4-yl)-6-methoxynaphthalene-2-
sulfonamide (11i)

Prepared by treatment of 35f with 39 using the procedure de-
scribed for the preparation of 11a. White powder, Yield 24%, mp
141–142 �C; 1H NMR (DMSO-d6) d 3.87 (s, 3H), 7.20 (d, 2H,
J = 8.6 Hz), 7.25 (dd, 1H, J = 9.0 Hz), 7.32 (d, 1H, J = 7.9 Hz), 7.38
(t, 2H, J = 7.9 Hz), 7.48–7.57 (m, 4H), 7.74 (dd, 1H, J = 8.7 Hz),
7.94 (d, 1H, J = 8.7 Hz), 8.02 (d, 1H, J = 9.0 Hz), 8.38 (s, 1H), 10.50
(s, 1H); HPLC (214 nm) tr 31.2 min, 96%; LC–MS (214 nm) tr

19.7 min, 94%; MS (ESI) m/z 422 (M�H)�.

5.1.44. 6-Methoxy-N-(30-methoxybiphenyl-4-yl)naphthalene-2-
sulfonamide (11j)

Prepared by treatment of 35b with 39 using the procedure de-
scribed for the preparation of 11a. White powder, Yield 60%, mp
77–78 �C; 1H NMR (DMSO-d6) d 3.74 (s, 3H), 3.87 (s, 3H), 6.84
(dd, 1H, J = 8.1 Hz), 7.04 (s, 1H), 7.08 (d, 1H, J = 7.8 Hz), 7.17 (d,
2H, J = 8.6 Hz), 7.26–7.30 (m, 2H), 7.39 (s, 1H), 7.50 (d, 2H,
J = 8.6 Hz), 7.73 (dd, 1H, J = 8.8 Hz), 7.94 (d, 1H, J = 8.7 Hz), 8.03
(d, 1H, J = 9.1 Hz), 8.38 (s, 1H), 10.50 (s, 1H); HPLC (214 nm) tr

27.7 min, 100%; LC–MS (214 nm) tr 18.4 min, 100%; MS (ESI) m/z
420 (M+H)+.

5.1.45. 6-Methoxy-N-(30-nitrobiphenyl-4-yl)naphthalene-2-
sulfonamide (11k)

Prepared by treatment of 35c with 39 using the procedure de-
scribed for the preparation of 11a. Light brown powder, Yield
51%, mp 190–191 �C; 1H NMR (DMSO-d6) d 3.87 (s, 3H), 7.26–
7.29 (m, 3H), 7.39 (s, 1H), 7.62–7.69 (m, 3H), 7.75 (dd, 1H,
J = 8.7 Hz), 7.95 (d, 1H, J = 8.8 Hz), 8.00–8.14 (m, 3H), 8.30 (s, 1H),
8.40 (s, 1H), 10.50 (s, 1H); HPLC (214 nm) tr 27.5 min, 100%; LC–
MS (214 nm) tr 18.6 min, 95%; MS (ESI) m/z 435 (M+H)+.

5.1.46. N-(30-Aminobiphenyl-4-yl)-6-methoxynaphthalene-2-
sulfonamide (11l)

Prepared by reduction of 11k using the procedure described for
the preparation of 32a. Brown powder, Yield 69%, mp 97–98 �C; 1H
NMR (DMSO-d6) 3.87 (s, 3H), 7.17–7.28 (m, 5H), 7.39–7.48 (m, 5H),
7.74 (dd, 1H, J = 8.7 Hz), 7.94 (d, 1H, J = 8.7 Hz), 8.02 (d, 1H,
J = 9.0 Hz), 8.39 (s, 1H), 10.50 (s, 1H); HPLC (214 nm) tr 18.1 min,
100%; LC–MS (214 nm) tr 15.0 min, 95%; MS (ESI) m/z 405 (M+H)+.

5.1.47. Methyl 40-(6-methoxynaphthalene-2-
sulfonamido)biphenyl-4-carboxylate (11m)

Prepared by treatment of 32b with 39 using the procedure de-
scribed for the preparation of 11a. White powder, Yield 31%, mp
225–226 �C; 1H NMR (DMSO-d6) d 3.83 (s, 3H), 3.86 (s, 3H), 7.22
(d, 2H, J = 8.9 Hz), 7.26 (dd, 1H, J = 9.0 Hz), 7.39 (s, 1H), 7.59 (d,
2H, J = 8.7 Hz), 7.68 (d, 2H, J = 8.4 Hz), 7.74 (dd, 1H, J = 8.7 Hz),
7.95 (dd, 3H, J = 8.8, 8.4 Hz), 8.03 (d, 1H, J = 9.1 Hz), 8.40 (s, 1H),
10.56 (s, 1H); HPLC (214 nm) tr 27.4 min, 100%; LC–MS (214 nm)
tr 18.6 min, 100%; MS (ESI) m/z 448 (M+H)+.

5.1.48. 6-Methoxy-N-(40-methoxybiphenyl-4-yl)naphthalene-2-
sulfonamide (11n)

Prepared by treatment of 35g with 39 using the procedure de-
scribed for the preparation of 11a. White powder, Yield 67%, mp
213–214 �C; 1H NMR (DMSO-d6) d 3.74 (s, 3H), 3.88 (s, 3H), 6.92
(d, 2H, J = 8.7 Hz), 7.15 (d, 2H, J = 8.6 Hz), 7.25 (dd, 1H, J = 9.0 Hz),
7.39 (s, 1H), 7.44 (t, 4H, J = 9.0 Hz), 7.73 (dd, 1H, J = 8.7 Hz), 7.94
(d, 1H, J = 8.7 Hz), 8.01 (d, 1H, J = 9.0 Hz), 8.36 (s, 1H), 10.32 (s,
1H); HPLC (214 nm) tr 27.4 min, 100%; LC–MS (214 nm) tr

18.6 min, 100%; MS (ESI) m/z 420 (M+H)+.
5.1.49. N-(30,40-Dimethoxybiphenyl-4-yl)-6-
methoxynaphthalene-2-sulfonamide (11o)

Prepared by treatment of 35h with 39 using the procedure de-
scribed for the preparation of 11a. Brown powder, Yield 42%, mp
152–153 �C; 1H NMR (DMSO-d6) d 3.74 (s, 3H), 3.76 (s, 3H), 3.88
(s, 3H), 6.93 (d, J = 8.3 Hz, 1H), 7.03–7.08 (m, 2H), 7.15 (d, 2H,
J = 8.5 Hz), 7.25 (dd, 1H, J = 9.0 Hz), 7.39 (s, 1H), 7.46 (d, 2H,
J = 8.5 Hz), 7.73 (dd, 1H, J = 8.7 Hz), 7.94 (d, 1H, J = 8.8 Hz), 8.02
(d, 1H, J = 9.0 Hz), 8.36 (s, 1H), 10.32 (s, 1H); HPLC (214 nm) tr

25.6 min, 97%; LC–MS (214 nm) tr 17.8 min, 98%; MS (ESI) m/z
450 (M+H)+.

5.1.50. N-(2,40-Dimethoxybiphenyl-4-yl)-6-
methoxynaphthalene-2-sulfonamide (11p)

Prepared by treatment of 35i with 39 using the procedure de-
scribed for the preparation of 11a. Brown powder, Yield 33%, mp
87–88 �C; 1H NMR (DMSO-d6) d 3.62 (s, 3H), 3.72 (s, 3H), 3.88 (s,
3H), 6.72 (dd, 1H, J = 8.1 Hz), 6.84–6.88 (m, 2H), 7.05 (d, 1H,
J = 8.2 Hz), 7.25–7.29 (m, 3H), 7.39 (s, 1H), 7.70–7.78 (m, 2H),
7.96 (d, 1H, J = 8.7 Hz), 8.04 (d, 1H, J = 9.0 Hz), 8.40 (s, 1H), 10.36
(s, 1H); HPLC (214 nm) tr 27.4 min, 95%; LC–MS (214 nm) tr

18.4 min, 88%; MS (ESI) m/z 450 (M+H)+.

6. uPA Inhibition

6.1. In vitro evaluation

Enzymatic activity was measured at 37 �C in a Spectramax 340
(Molecular Devices) microtiter plate reader using the chromogenic
substrate S-2444 (pyroGlu-Gly-Arg-p-NA.HCl), with a Km of 80 lM.
The substrate was obtained from Nodia. The human enzyme was
obtained from Sigma–Aldrich. The reaction was monitored at
405 nm, and the initial rate was determined between 0 and 0.25
absorbance units in 10 min. The reaction mixture contained
200 lM of substrate and approximately 1 mU of enzyme in
145 lL of buffer in a final volume of 200 lL. A 50 mM Tris buffer,
pH 8.8, was used. From each inhibitor concentration, 5 lL was
added, obtaining a final concentration from 0 to 250 lM in a total
volume of 0.2 mL. Activity measurements were routinely per-
formed in duplicate. The IC50 value is defined as the concentration
of inhibitor required to reduce the enzyme activity to 50% after a
15-min preincubation with the enzyme at 37 �C before addition
of the substrate. IC50 values were obtained by fitting the data with
the four-parameter logistics equation using Grafit 5.

v ¼ ðv rangeÞ=ð1þ expðs� lnðabsðI0=IC50ÞÞÞÞ þ background

where s = slope factor, v = rate, I0 = inhibitor concentration, and ran-
ge = the fitted uninhibited value minus the background. The equa-
tion assumes the y falls with increasing x.

Inhibitor stock solutions were prepared in DMSO and stored at
�20 �C.

6.2. Determination of the selectivity for uPA

The IC50 values for plasmin (from human plasma, Sigma), tPA
(recombinant, Boehringer Ingelheim) and thrombin (from human
plasma, Sigma) were determined in the same way as for uPA. S-
2288 (H-D-Ile-Pro-Arg-pNA.2HCl) for tPA (Km: 1 mM), S-2366 (pyr-
oGlu-Pro-Arg-p-NA.HCl) for plasmin (Km: 400 lM) and thrombin
(Km: 150 lM) were used as substrates. The mixture contained
580 lM substrate for thrombin and plasmin, 1.25 mM for tPA
and approximately 5 mU of enzyme and 145 lL of buffer. For tPA
and thrombin, Tris buffer, pH 8.3, was used and for plasmin, Tris
buffer, pH 7.4, was used.
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