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Abstract-Efficient syntheses of structurally novel 4-substituted benxo[b]thiophene-2-carboxamidines l-3, which selectively 
inhibit urokinase-type plaaminogen activator (uPA) with ICsc values of 70-320 nM, are described. The key intermediate, methyl 
4-iodobenxo[b]thiophene-2-carboxylate (7), is prepared from 3-fluoroiodobenxene in two steps in 70% overall yield via fluorine- 
directed metalation/formylation and subsequent thiophene annulation. Amidination of ester 7 gives the 320 nM inhibitor 1. 
Palladium-catalyzed arylacetylene and vinyl stannane couplings with ester 7 or 4-iodobenzo[b]thiophene-2-carbonitrile (16, 
derived from 7), respectively. followed by amidination leads to the more potent inhibitors 2 (IQ0 = 133 nM) and 3 (ICsc = 70 
nM). These compounds represent an important new class of synthetic uPA inhibitors, with carboxamidine 3 being the most 
potent selective inhibitor currently described in the literature. 

Introduction 

The &ii of cells to penetrate and move through physical 
barriers such as extracellulat matrix (ECM) and basement 
membrane (BM) is known as cellular invasiveness. This 
process, driven by highly regulated extracellular 
proteolysis, is a key ,component of many normal and 
disease-state physiological processes such as wound 
healing, angiogenesis and neovascularization, ovulation 
and trophoblast implantation, embryonic development, 
breast, uterine, and prostatic involution, arthritis and 
inflammation, and tumor metastasis and invasi0n.l 
Urokinase-type plasminogen activator (uPA) is a key 
initiator of the extracellular proteolytic cascades driving 
cellular invasivenes8.W This enzyme is a serine protease 
which is highly specific for the zymogen plasminogen, and 
activates the latter to the potent but relatively non-specific 
serineproteaseplasmin. 2-4 In turn, plasmin proteolytically 
degrades HCM and BM proteins such as fibronectin and 
laminin. In addition, plasmin proteolytically activates 
latent collagenases thereby triggering degradation of ECM 
and BM collagen.5-7 Thus, uPA associated with invasive 
cells (via binding to high affinity cell surface uPA 
receptors8*g) initiates a multi-component proteolytic 
cascadewhichresultsinde8mtctionofECMaudBM,and 
consequently in removal of the physical bar&is to celhrlar 
movement. This central role of uPA as an initiator of 
cellular invasiveness suggests that appropriately selective 
synthetic UPA inhibitors could be important therapeutic 
agents for the treatment of a variety of disorders. InW 
thevalidityofthisconcepthasbeen demonsiratedin 
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experiments showing that anti-catalytic anti-uPA anti- 
bodies can block metastasis and invasion in vivo. ml4 

Tissue-type plasminogen activator #PA), the primary 
mediator of blood clot dissolution or tlbrinolysis, shares au 
identical specificity with uPA for plasminogen. 
Accordingly, clinically-useful uPA inhibitors must be free 
of significant inhibitory effects against either tPA or 
plasmin to avoid anti-fibrinolytic side effects. This 
requirement for high uPA selectivity relative to tPA and 
plasmin eliminates most of the known synthetic uPA 
inhibitors. Those that remain, including p-amino- 
benzamidine,15-17 amiloride,18 and several 4-substituted 
phenylguanidines,lg have only moderate anti-uPA potency. 
Thus there is a need to develop selective, low molecular 
weight uPA inhibitors with increased potency. 

Here we present the syntheses and in vitro activities of 
three 4-SubStituted benzo[b]thiophene-2-carboxamidines, 
l-3 (Figure 1). These three compounds represent an 
important new series of potent and selective synthetic uPA 
inhibitors.2o 

Synthesis 

Our initial investigation of mono-, bi-, and tricyclic 
aromatic amidines as tm&inase inhibitors21 revealed that 
benzo[b]thiophene2carboxamidine possessed reasonably 
good inhibitory activity (I&, = 4 l.tM). Accordingly, we 
developed a general synthesis of B-ring substituted 
benzo[b]thiophene-2carboxamidines (Scheme I). The 
amihtion of esters and other carboxylic acid derivatives 
with the reagent derived from NI-I&l/Me8A122 proceeds 
smoothly, and our synthetic scheme was simplified to the 
production of substituted benzo[blthiophene-Zcarboxy- 
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lates. These compomds were prepaml hm substituted aryl 
fluorides via fluorine-directed metalation/formylation and 
subsequent thiophene annulation as previously 
reported.23T24 By using a fluorine atom as the basis for 
annulation of the thiophene ring, one can exploit the 
considerable variety of commercially available aryl 
fluorides in the preparation of Cl-C7 substituted 
benzo[b]thiophenes. One of our first synthetic goals was to 
produce benzothiophenes with an iodine atom at each of 
the four B-ring positions (R1 = I),24 since it was believed 
that these aryl iodides would be useful substrates for C-C 
bond formation via palladium-catalyzed coupling 
reactions.25 In subsequent SAR studies it became apparent 
that 4-substitution was the most beneficial for producing 
potent benzothiophene-based uPA inhibitors, and amidines 
l-3 are three of the more interesting compounds in this 
series. 1 

Amidine 1 was synthesized following the general pathway 
illustrated in Scheme I. Lithiation of 3-fluoroiodobenzene 
(4; Figure 2) was carried out with lithium diiso- 
propylamide (LDA, THF, -78 oC),23 and quenching of the 
intermediate lithiospecies 5 with DMF yielded benz- 
aldehyde 6 in 92% crude yield. This crude material was 
treated directly with methyl thioglycolate and triethylamine 
in DMSO at 80 ‘C, followed by an ice-water quench, 
filtration, and methanol wash, to afford methyl 4- 
iodobenzo[b]thiophene-2-carboxylate (7) in 77% yield.24 

Treatment of ester 7 with excess NH4Cl/MesA1,22 
followed by chromatographic purification, provided 
an&line 1 in 73% yield. 

Ester 7 served as the starting point for the preparation of 
amidine 2 (Scheme II). Piperonal was subjected to 
Corey/Fuchs ethynylation26 (PPh&Br4 followed by 2 
equiv. n-BuLi, -78 to 0 “C) providing acetylene 827 in 
76% distilled yield. Couplin 

9 
of acetylene 8 with iodoester 

7 (PdCl2(PPh3)2/CuI/Et3N) 3 went smoothly at 25 “C to 
give diarylalkyne 9 in 65% purified yield. This ester was 
also amidinated (MesAlMH&I) to afford amidine 2 in 
54% yield after chromatographic purification. 

The initial synthesis of amidine 3 began with the 
lithiation/formylation of 2-(3-fluorophenyl)-1,3dioxolane 
(10, Scheme III) followed by thiophene annulation to give 
the protected 4-formylbenzothiophene derivative 11 in 
good yield.23924 AcetaI hydrolysis and subsequent diborane 
reduction of the aldehyde afforded alcohol 12. Bromination 
of 12 with PPh3/CBr4,29 and conversion to the 
corresponding phosphonium salt 13 (PPhs, PhCHs, 110 
“C) was followed by reaction of 13 with potassium t- 
butoxide and piperonal to provide the styrene 14 in low 
yield (28%) as an E/Z-mixture. Subsequent amidination of 
14 with Me3Al/NH&l worked well on a small scale (I 50 
mg) to give the desired amidine 3 (>90% E).30 

/-Q 

F 

modify R’ 

Co2Me if required 

Scheme I. General synthesis of benzo[b]thiophene2_carboxamidines from fluorobenzenes. 
A 
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Although Wittig condensations with 13 wore very useful 
for makhtg a wide variety of aralkenyl substi~~ analogs, 
they were not suitable for larger scale synthesis of 3; 
yields for the Wittig reaction remained low, with 
production of somewhat variable isomeric mixtures, under 
a variety of conditions. Moreover, scaling up the 
amidination of 14 led to destruction of the methylenedioxy 
substituent by the aluminum. reagent, at a rate similar to 
amidine formation. We therefore examined a different route 
to amidine 3 based on a stereospecific ~~~~y~ 
vinyl stannane coupling with 4-iodobenxothiophene-Z- 
carbonitrile, followed by amidination under basic 
COllditiOllS. 

Accordingly, ester 7 was converted into the co-g 
carboxamide 15 (Scheme IV) in quantitative yield by 

scbane IL 

0 0 6 I 1) BuLi,TMBDA 

F 
2) DMF 
3) NaSCH2C02Me 

10 

OH 
‘i” 

treatment with ammonia at 80 OC, and the amide was 
whys to nitrile 16 with hex~e~yldisilox~e/- 
P~05~t (dichloroethane, 75 “C) in 92% yield. Reaction of 
acetylene 8 with a slight excess of tri-ri-n-butyltin hydride 
and catalytic AIBN (toluene, 90 “C) gave the corresponding 
E-vinyl stamu-ine 17 in 91% purified yield. Coupling of 
stannane 17 with iodonitrile 16 (DMF, 3 equiv. LiCI, 
0.03 equiv. PdCl#Phsh, 80 0C)32 went smoothly to give 
the highly crystalline nitrile 18 in 77% yield. Reaction of 
nitrile 17 with ~~(S~e3)233 in THF followed by acid 
hydrolysis afforded smidine 3. This compound was cleauly 
obtained in 83% yield by filtration of the acidified reaction 
mixmre, rinsing the solids with cold ethanol, and vacuum 
drying. This reaction sequence is rapid and efficient, and 
allows for the convenient prepamdon of 3 on a multi-gram 
scale. 

7 
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1) LiN(SiMe& 

8 THF 25OC 
3 

2) aq. HCI 

17 

CN 

Sdreme iv. 

Table 1. Inhibitory potencies of benzo[b]thiophene-2-c~~x~~nes and amihide against plasminogen system enzymesa 

UPA tPA Plasmin 
Compound ICg) (~~)b n N&O (~~)b n IGj0 (~~)b n 

amiloride 7.2f0.9 10 >lOOO 2 >lOOO 2 

1 0.32 f 0.02 14 107422 3 352 +30 2 

2 0.13f28 6 6 1 500 1 

3 0.07 f 0.01 18 24f2 5 >250 4 

Qetails of the chromogenic assays are presented in Ref. 20. 
%&an fSEM for n L 3; for n =1 or 2, values are given as a range, 

In Vitro Activities 

The inhibitory activities of amidines l-3 against uPA, 
tPA, and plasmin am summarized in Table 1. Data for 
amiloride, a known selective uPA inhibitor of moderate 
potency,lg are also presented for comparative purposes, As 
shown, compounds 1-3 are potent inhibitors of uPA with 
little activity against tPA or plasmin. The most potent of 
these inhibitors, benzothiophene 3, is approximately lOO- 
fold more potent than am&ride, with 350- and >3500-fold 
selectivities for uPA relative to tPA and plasmin 
inhibition, respectively. Further details of the inhibitory 
activities of 1 and 3 are reported elsewhemm 

In so, this paper describes novel and efficient 
preparations of three 4-substituted benzo[b]thiophene-2- 
carboxamidines, l-3, all of which am potent and selective 
inbibitom of the plasminogen activator urokinase. To our 

Imowledge, carboxamidine 3 is the most potent selective 
uPA inhibitor currently described in the literature. These 
compounds and related analogs should prove to be 
important biological probes of uPA-mediated cellular 
invasive processes, and should also have great interest as 
potential pharmaceutical agents. 

Experimental 

Compounds were purchased from Lancaster Synthesis or 
Aldrich Chemical Co., and were used without further 
lotion. Te~y~o~ @HP) was freshly distilled 
from sodium/benzophenone. Toluene, dimethylsulfoxide 
(DMSO), and N,N-dimethylformamide (DMF) were 
anhydrous grade obtained in Sure/Seal~ bottles from 
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Aldrich. Silica gel was E. M. Merck 70-230 mesh, and 
preparative chromatography plates were Analtech 20 x 20 
cm silica gel plates of 0.1 or 0.2 cm thickness. tH NMR 
spectra were performed at 400 MHz on a JEOL GSX400 or 
a Bruker AMX-400 spectrometer and 13C spectra on the 
same instruments at 100 MHz (,NMR abbreviations: s = 
singlet, d = doublet, t = triplet, br = broad). IR spectm were 
performed on a Nicolet FT-IR Spectrometer. Melting 
points were taken on an Electrothermal IA9100 and are 
uncorrected. Microanalyses were carried out by Atlantic 
Microlab Inc., Norcross, GA. 

6-Fluoro-2-iodobe&~ (6) 

Lithium diisopropylamide solution (prepared at 0 “c under 
N2 from n-butyl lithium (2.5 M in hexanes, 105 mL, 
0.263 mol) and N,N-diisopropylamine (27.8 g, 0.275 
mol)) in THF (200 mL) was added dropwise via cannula 
over 100 min to a solution of 3-fluoroiodobenzene (55.5 g, 
0.25 mol) in THF (250 mL) stirred mechanically under N2 
at -78 “C. After 15 min, DMF (23.2 mL, 0.30 mol) was 
added dropwise over 15 min, producing a thick precipitate 
by the end of the addition. After 10 min the reaction was 
quenched at -78 “C by rapid sequential addition of glacial 
acetic acid (60 mL) and water (500 mL). The phases were 
sepammd,andtheaqueousphasewasextmctedwithether(2 
x 250 mL). The combined organic extracts were washed 
with dilute hydrochloric acid (0.5 M, 250 mL), water (2 x 
250 mL), saturated brine (200 mL), and dried (MgSO4). 
After filtration the solvent was removed under reduced 
pressure to give 6 (57.63 g, 92%) as a yellow-brown oil 
which crystallized upon standing. An analytical sample 
was recrystallized from hexanes at -20 ‘C as light yellow 
needles, m.p. 37.5-38 “C: Calc. for C7H4FIO: C, 33.632, 
H, 1.61%; Found C, 33.61%, H, 1.62%; IR v 1696, 
1653, 1590, 1576, 1560, 1539, 1265, 1200, 1182, 878, 
789 cm-t; ‘H NMR (CDC13) 6 10.14 (lH, d, J = 0.9 Hz), 
7.81 (lH, dt, J = 7.3, 1.2 Hz), 7.23 (lH, ddd, J= 8.2,7.3, 
5.8 Hz), 7.18 (lH, ddd, J = 8.2, 9.5, 1.2 Hz); 13C NMR 
(CDC13) 8 190.46, 163.06 (d, J = 265.2 Hz), 137.19 (d, J 
= 2.9 Hz), 135.75 (d, J = 10.3 Hz), 124.2, 117.18 (d, J = 
20.5 Hz), 96.81. 

Methyl thioglycolate (23.2 mL, 0.253 mol) was added over 
1 min to a solution of 6-fluoro-2-iodobenzaldehyde (6, 
57.63 g, 0.23 mol) in DMSO (200 mL) stirred under N2 at 
25 “C. A moderate exotherm was noted. Triethylamine 
(70.0 mL, 0.5 mol) was added, and the mixture was heated 
to 60 “C for -2 h. The reaction mixture was poured slowly 
onto vigorously stirred ice-water (2 L). After 30 min of 
stirring, the light yellow precipitate was collected by 
suction filtration, rinsed with water (2 x 250 mL), and air 
dried to give the crude benzothiophene (71.2 g). This was 
stirred as a suspension in refluxing MeOH (400 mL) for 10 
min, and the mixture was cooled to 0 ‘C, the solid 
collected by suction filtration, rinsed with cold MeOH (2 x 
50 mL), and dried in vucuo to give 7 (56.76 g, 77%) as a 
very pale yellow crystalline solid, m.p. 120-121 “C. An 
analytical sample was recrystallized from toluenedhexanes 

as pale yellow needles m.p. 119-120 “C: WC. for 
CteH7IO2S: C, 37.75%; H, 2.22%; I, 39.89%; S, 
10.08%; Found: C, 37.76%; H, 2.20%; I, 39.98%; S, 
10.00%; IR v 1719, 1523, 1249, 1195, 1180, 783, 751 
cm-‘; ‘H NMR (CDC13) 6 8.12 (lH, s), 7.82 (2H, d, J = 8 
Hz), 7.15 (lH, t, J = 7.9 Hz), 3.97 (3H, s); 13C NMR 
(CDC13) 6 162.75, 141.79, 141.27, 135.02, 134.26, 
133.58, 127.88, 122.67, 92.10, 52.65. 

4-lodobenzo[b]thiophene-2-carboxamidine hydrochlmide (I) 

[Caution! Trimethylal~num is extremely reactive, and 
large amounts of gas evolve during this experiment. 
Reactions should be carried out in flasks no more than 
30% filled, and heating should be carried out slowly, under 
careful scrutiny even on the scale described here.] 

Trimethylaluminum (2.0 M in toluene, 50 mL, 100 
mmol) was added dropwise over 30 min to a suspension of 
ammonium chloride (5.35 g, 100 mmol) in toluene (50 
mL), stirred under N2 at 0 “C. Vigorous gas evolution! 
When gas evolution moderated, the mixture was stirred at 
25 “C for 30 min, when most of the solid had dissolved. 
Methyl 4-iodobenzo[b]thiophene2-carboxylate (7,8.66 g, 
27.2 mmol) was added in one portion to form a clear 
yellow solution. This solution was heated to reflux in 
stages over 1 h, vigorous gas evolution being seen in the 
60-100 “C range. After 2.5 h of reflux, the reaction 
mixture was allowed to cool to 25 “C, and was poured onto 
a vigorously stirred slurry of silica gel (50 g) in CHC13 
(500 mL). A mild exotherm and gas evolution was 
observed. After 20 min the solids were collected by suction 
filtration, and washed with MeOH (3 x 250 mL). The 
combined filtrates were evaporated to dryness, and the 
residual yellow solid (10.75 g) was purified by flash 
chromatography on silica gel (800 g), eluting with lo%, 
20%, and finally 25% MeOIWHC13. After solvent 
removal the yellow residue was dissolved in refhtxing 
MeOH (100 mL), treated with activated charcoal (2 g), and 
fdtered through a pad of Celite. The solvent was removed 
under reduced pressure at 65 “C to give l(6.79 g, 74%) as 
a pale yellow crystalline solid. An analytical sample was 
recrystallized from MeOH (-20 “C), m.p. 270-271 “C: 
Calc. for CgH7IN2SHC1.0.5 CH30H: C, 32.17%; H, 
2.84%; N, 7.90%; S, 9.04%; Found: C, 32.27%; H, 
2.83%; N, 7.86%; S, 8.95%; IR v 3200, 3060, 1670, 
1559, 1534, 762 cm-l; ‘H NMR @MS0 de) 6 9.67 (4H, 
br s), 8.40 (lH, s), 8.22 (lH, d, J = 8.2 Hz), 7.96 (lH, d, 
J = 7.6 Hz), 7.32 (lH, t, J = 7.9 Hz); 13C NMR @MS0 
de) 6 159.24, 140.92, 139.93, 135.64, 134.00, 129.51, 
129.03, 123.17, 93.02. 

5-Ethynylbenzo-1,3-dioxolane (8) 

A solution of triphenylphosphine (69.90 g, 0.26 mol) in 
CH2C12 (80 mL) was added via cannula to a stirred 0 “C 
solution of carbon tetrabromide (44.04 g, 0.13 mol) in 
CH2C12 (80 mL) under N2. After stirring for 5 min, a 
solution of piperonal (10.00 g, 0.67 mol) in CH2C12 (40 
mL) was added dropwise via cannula, and the reaction was 
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stirred for 30 min. The mixture was transferred to an 
Erlenmeyer flask and hexane (400 mL) was added with 
vigorous stirring. The solids were removed by filtration, 
washed with hexane, and the combined organics were 
evaporated. Hexane (400 mL) was added to the residue, the 
solids were filtered and washed with hexane, and the 
solvent was rigorously removed under reduced pressure. 
The residue was dissolved in THF (200 mL), cooled to -78 
“C under N2, and n-BuLi (72 mL, 2.13 M) was added 
dropwise via cannula. The dark-colored reaction mixture 
was stirred at -78 “C for 1 h, stirred at 0 “C for 1 h, and 
quenched with aqueous NH&l solution. The mixture was 
diluted with Et20, washed with water (3x), satumted brine, 
and dried (MgSO4). Filtration and solvent removal gave an 
oil which was purified by bulb-to-bulb distillation to afford 
8 (6.89 g, 71%) as a clear, colorless oil. Spectral data 
matched that provided in Ref. 27. 

h4ethyl4-[(benw-l,3-dioxolan-5-yl)ethynyl]benzotb]thio- 
phem-2-carboxylate (9) 

A slurry of alkyne 8 (156.1 mg, 1.06 mmol), methyl 4- 
iodobenzo[b]thiophene-2carboxylate (7, 301.4 mg, 0.95 
mmol), bis(tripheny@hosphine@Uadium(II) chloride (24.0 
mg, 0.03 mmol), and CuI (8.8 mg, 0.04 mmol) in EtsN 
(3 mL) was stirred under N2 at 25 “C for 2 h. The reaction 
mixture was diluted with EtOAc, washed with water (2x), 
brine, and dried (MgS04). After filtration and solvent 
removal, the residue was purified by flash chromatography 
(10% EtOAc/hexane) to afford 9 (208.4 mg, 65%) as a 
light yellow solid, m.p. 117.3-117.7 “C: Calc. for 
CtgH1204S: C, 67.84%; H, 3.59%; S, 9.53%; Found: C, 
67.09%; H, 3.57%; S, 9.33%; IR v 3024, 2223, 1746, 
1644, 1268, 1054, 769 cm-l; ‘H NMR (CDCls) 6 8.31 
(lH, d, J = 0.6 Hz), 7.79 (lH, d, J = 8.2 Hz), 7.55 (lH, 
dd, J = 7.4, 0.6 Hz), 7.41 (lH, t, J = 7.8 Hz), 7.15 (lH, 
dd, J = 8.2, 1.6 Hz), 7.06 (lH, d, J= 8.0 Hz), 6.83 (lH, d, 
J = 8.0 Hz), 6.02 (2H, s), 3.97 (3H, s); 13C NMR 
(CDC13) 8 162.93, 148.19, 147.45, 141.88, 139.51, 
133.48, 129.91, 128.21, 126.58, 126.47, 122.40, 120.36, 
115.97, 111.49, 108.48, 101.38, 94.12, 85.27, 52.49. 

4-[(Benw-l,3-a’ioxolan-.5-yl)ethynyl]benw~]thiophene-2- 
carbommidine hydrochloride (2) 

Treatment of ester 9 (208.4 mg, 0.62 mmol) with 5.1 
equiv. of MesAl/NH&I (toluene, 130 “C, 5.5 h) gave, 
after workup and chromatographic purification (15% 
MeOHKHCls), amidine 2 (119.4 mg, 54%) as a bright 
yellow solid, m.p. 240.5-242.2 “C: Calc. for 
C1gHtsClN202S: C, 60.58%; H, 3.67%; Cl, 9.93%; N, 
7.85%; S, 8.98%; Found: C, 58.47%; H, 3.85%; Cl, 
9.41%; N, 7.61%; S, 8.52%; IR v 3344, 3059, 2130, 
1666, 1489, 1245, 1039 cm-l; lH NMR (CD30D) 6 8.54 
(lH, s), 8.02 (lH, d, J= 8.0 Hz), 7.67 (lH, d, J= 7.4 Hz), 
7.59 (lH, t, J = 7.8 Hz), 7.20 (lH, dd, J = 8.0, 1.5 Hz), 
7.12 (lH, d, J = 1.5 Hz), 6.89 (lH, d, J = 8.1 Hz), 6.05 
(2H, s), 4.85 (4H, br s); 13C NMR (CD3OD) 6 162.43, 
150.84, 149.92, 143.48, 141.22, 132.08, 131.22, 130.89, 
129.92, 128.59, 124.45, 122.86, 117.78, 113.20, 110.39, 
103.82, 96.80, 86.35. 

4-Iodobenzop]thiophene-2-carboxamide (15) 

[Caution! High pressure reaction. Bomb should never be 
more than 40% filled by reaction mixture, and heater 
should have a safety cut-off system.] Methyl 4-iodo- 
benzo[b]thiophene-2carboxylate (3, 31.81 g, 0.10 mol) 
was heated to 80 “C for 10 h in a stainless steel bomb with 
liquid ammonia (50 mL). The bomb was cooled on a dry 
ice/i-FVOH bath, opened, and the ammonia allowed to 
evaporate at 25 “C. The residue was scraped out and dried in 
vacua at 60 “C to give 15 (30.3 g, 100%) as a cream 
colored solid, m.p. 186-187.5 “C: Calc. for CgH6IONS: 
C, 35.56%; H, 2.00%; N, 4.62%; Found: C, 35.73%; H, 
1.99%; N, 4.57%; IR v 3350, 1651, 1614,679 cm-l; ‘H 
NMR (CDC13) 8 7.83 (lH, d, J = 8 Hz), 7.82 (lH, s), 
7.81 (lH, d, J= 7.6 Hz), 7.12 (lH, t, J= 7.8 Hz), 6.2-5.8 
(br d). 

4-Io&benw~]thiophene-2-carbonitrile (16) 

A slurry of phosphorus pentoxide (40.0 g, 282 mmol) and 
hexamethyldisiloxane (100 mL, 470 mmol) in 1,2- 
dichloroethane (200 mL) was heated to 90 “C with stirring 
under N2 for 2 h, forming a clear solution. This was 
allowed to cool to 40 ‘C, and 4-iodobenzo[b]thiophene-2- 
carboxamide (15, 30.0 g, 99 mmol) was added in one 
portion. The reaction mixture was heated to 75 “C under 
N2 with stirring for 4 h (all solid dissolved within -1 h), 
cooled to 25 “C, and stirred with aq. NaCl(6 M, 1 L) for 
10 min. The phases were separated, and the aqueous phase 
was extracted with CHC13 (2 x 250 mL). The combined 
organic phases were washed with aq. NaCl(6 M, 250 mL), 
dilute aqueous Na2COs (0.1 M, 250 mL), brine (250 mL), 
and dried (N%SO4). The solvent was removed under reduced 
pressure to give nitrile 16 (27.6 g, 98%) as a light yellow 
solid, >98% pure by ‘H NMR analysis. This material was 
recrystallized from EtOH at 0 “C to give 16 as lemon 
yellow needles, m.p. 125-126 “C, 1st crop (24.3 g, 86%), 
2nd crop (1.6 g, 6%): Calc. for CgH@JS: C, 37.91%; H, 
1.41%; N, 4.93%; I, 44.51%; S, 11.25%; Found: C, 
37.81%; H, 1.36%; N, 4.88%; I, 44.56%; S, 11.36%; IR 
v 1670, 1559, 1539, 1195, 855, 767 cm-l; lH NMR 
(CDC13) 6 7.97 (lH, s), 7.88 (lH, d, J = 7.4 Hz), 7.82 
(lH, d, J = 8.4 Hz), 7.23 (lH, t, J = 7.9 Hz); 13C NMR 
(CDC13) 8 140.68, 140.35, 138.84, 135.83, 128.83, 
122.26, 113.83, 109.96, 91.58. 

A solution of 5-ethynylbenzo-1,3-dioxolane (8, 6.89 g, 
47.2 mmol), n-i-n-butyltin hydride (13.8 mL, 51 mmol) 
and AIBN (133 mg, 0.81 mmol) in toluene (200 mL) was 
heated to 95 “C under N2 for 5.5 h. The reaction mixture 
was allowed to cool, and the volatiles were removed under 
reduced pressure. The residue was purified by flash 
chromatography on silica gel (1% Et3N/7% EtOAc/92% 
hexanes), and the solvent was removed under reduced 
pressure to give 17 (18.80 g, 91%) as a colorless oil: IR v 
2999,2942, 1511, 1451, 1266, 1060,778 cm-‘; ‘H NMR 
(CDC13) 6 6.98 (lH, d, J = 1.5 Hz), 6.82 (lH, dd, J = 8.0, 
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1.5 Hz), 6.76 (lH, d, J = 19.4 Hz), 6.75 (lH, d, J = 8.0 
Hz), 6.62 (lH, d, J = 19.4 Hz), 5.95 (2H, s), 1.6G1.44 
(6H, m), 1.38-1.25 (6H, m), 1.04-0.79 (12H, m); 13C 
NMR (CDC13) 6 148.11, 147.22, 145.40, 133.81, 
127.05, 120.89, 108.19, 105.29, 101.06, 29.22, 27.41, 
13.84, 9.67. 

4-[E-2~Be~o-1,3_~-5-yl~t~nyl]~nw~]t~- 
phene-2carbonitrile (18) 

4-Iodobenzo[b]thiophene-2-carbonitriIe (16,4.02 g, 14.10 
mmol), bis(uiphenylphosphine)paIIadium dichIoride (400.9 
mg, 0.57 mmol) and anhydrous lithium chloride (1.82 g, 
42.9 mmol) were purged under N2 in a dry fiask. Dry DMF 
(100 mL) was added, followed by dropwise addition via 
cannula of 5-(E-(2-tri-n-butylstannyl)ethenyl)benzo-1,3- 
dioxolane (17, 6.82 g, 15.5 mmol) in DMF (10 mL). The 
mixture was heated to 80 “C under N2 for 3.5 h, cooled to 
25 “C, and diluted with EtOAc (300 mL). The reaction 
mixture was washed with water (5 x 100 mL), brine (100 
mL), and dried (MgSO4). After filtration the solvent was 
removed under reduced pressure, and the solid yellow 
residue was stirred with ether (200 mL) for 1 h at refhrx. 
The slurry was cooled to -20 T, the solid was cokcted by 
suction fdtration, rinsed with cold ether, and dried in vuc1(0 
to give 18 (3.31 g, 77%) as a bright yellow solid, m.p. 
173.1-173.5 “C: CaIc. for C18HllN02S: C, 70.80%; H, 
3.63%; N, 4.58%; S, 10.50%; Found: C, 70.77%; H, 
3.65%; N, 4.56%; S, 10.42%; IR v 2211, 1502, 1446, 
1260, 1037 cm-l; ‘H NMR (CDC13) 6 8.19 (lH, d, J= 
0.7 Hz), 7.74 (lH, d, J = 8.0 Hz), 7.67 (lH, d, J = 7.4 
Hz), 7.53 (lH, t, J = 7.8 Hz), 7.34 (lH, d, J = 16.1 Hz), 
7.14 (lH, d, J= 16.1 Hz), 7.13 (lH, s), 7.00 (lH, dd, J= 
8.1, 1.7 Hz), 6.84 (lH, d, J = 8.0 Hz), 6.02 (2H, s); 13C 
NMR (CDC13) 6 148.42, 148.12, 142.12, 135.79, 
135.00, 133.11, 132.33, 131.23, 128.18, 122.53, 122.23, 
121.88, 121.01, 114.62, 109.43, 108.64, 105.74, 101.41. 

4-~-2-(Benzo-1,3-a’ioxolm-5-yl)ethenyl&mzo~]thio- 
phene-2-carnt? h~chloride (3) 

Lithium hexamethyldisiIazide (13.0 mL, 1 .O M in hexane) 
was added dropwise to a 0 “C solution of 4-[E-Z(benzo- 
1,3-dioxolan-5-yl~~~yl]~[~l~~~2~~~ 
(18, 3.31 g, 10.83 mmol) in THF (50 mL). After 5 min 
the ice-bath was removed and the red-brown solution was 
stirred for an additional 8 h. Aqueous 10% HCl(50 mL) 
was added to the reaction mixture with vigorous stirriig, 
with immediite formation of a bright yellow precipitate. 
The thick shury was stirred at room temperature for 15 h, 
the solids were filtered, rinsed with cold ethanol, and dried 
in a vacumn oven (45 “C) to afford 3 (3.3 g, 85%) as a 
bright yellow solid, m.p. 204.3 “C (dec): Calc. for 
CtsH&lN202S: C, 60.42%; H, 4.21%; Cl, 9.88%; N, 
7.81%; S, 8.93%; Found: C, 60.18%; H, 4.19%; Cl, 
9.97%; N, 7.83%; S, 8.85%; IR v 3440, 3020, 1694, 
1511, 1247 cm-l; ‘H NMR (CDC13) 6 8.74 (lH, s), 7.89 
(lH, d, J = 8.2 Hz), 7.82 (lH, d, J = 7.6 Hz), 7.59 (lH, d, 
J = 15.9 Hz), 7.58 (lH, t, J= 7.8 Hz), 7.31 (lH, d, J = 
15.9 Hz), 7.29 (lH, s), 7.09 (lH, dd, J = 8.0, 1.5 Hz), 
6.84 (lH, d, J = 8.0 Hz), 5.99 (2H, s), 4.91 (4H, br s); 
13C NMR (CDC13) 6 162.32, 150.49, 150.11, 144.23, 

138.75, 137.50, 133.88, 133.68, 131.89, 130.52, 129.99, 
124.56, 124.39, 123.40, 123.29, 110.34, 107.57, 103.52. 

References and Notes 

1. Mullii, D. E.; Rohlich, S. T. The role of proteinases in 
cellular invasiveness. B&him. Biuphys. Acfa 1983,695, 
177-214. 

2. Dane, K.; Andreasen, P. A.; Grendahl-Hansen, J.; 
Kristensen, P.; Nielsen, L. S.; Skriver, L. Plasminogen 
activators, tissue degradation, and cancer. Adv. Cancer Res. 
1985,44, 139-266. 

3. Saksela, 0. Plasminogen activation and regulation of 
pericellular proteolysis. Biodrim. Biophys. Actu 1985,823, 
35-65. 

4. Testa, J. E.; Quigley, J. P. The role of urokinase-type 
plasminogen activator in aggressive tumor cell behavior. 
Cancer Metast. Rev. 1990,9, 353-367. 

5. Mignatti, P.; Robbins, E.; Rifkin. D. B. Tumor invasion 
through the human amniotic membrane: requirement for a 
proteinase cascade. Cell 1986,47, 487-498. 

6. Werb, Z.; Maim&i, C. L.; Vater, C. A.; Harris, Jr, E. D. 
Endogenous activation of latent collagenase by rheumatoid 
synovial cells. Evidence for a role of plasminogen activator. 
New En@. J. Med. 1977,296, 1017-1023. 

7. Paranjpe, M.; Engel, L.; Young, N.; Liotta, L. A. 
Activation of human breast carcinoma collagenase through 
plasminogen activator. Life Sci. 1980,26, 1223-1231. 

8. Blasi, P.; Vassalli, J.-D.; Dane, K. Urokinase-type 
plasminogen activator: proenzyme, receptor, and inhibitors. 
3. Cell Biol. 1987, 104, 801-804. 

9. Roldan, A. L.; Cubellis, M. V.; Masucci, M. T.; Behrendt, 
N.; Lund, L. R.; Dan@, K.; Appella, E.; Blasi, F. Cloning and 
expression of the receptor for human urokinase plasminogen 
activator, a central molecule in cell surface, plasmin dependent 
proteolysis. EMBO J. 1990,9, 467-474. 

10. Ossowski, L.; Reich, E. Antibodies to plasminogen 
activator inhibit human tumor metastasis. Cell 1983, 35, 
611-619. 

11. Hearing, V. J.; Law, L. W.; Corti, A.; Appella, E.; Blasi, 
F. Modulation of metastatic potential by cell surface urokinase 
of murine melanoma cells. Cancer Res. 1988, 48, 1270- 
1278. 

12. Ossowski, L. Plasminogen activator dependent pathways 
in the dissemination of human tumor cells in the chick 
embryo. Cell 1988, 52, 321-328. 

13. Ossowski, L.; Russo-Payne, H.; Wilson, E. L. Inhibition 
of urokinase-type plasminogen activator by antibodies: the 
effect on dissemination of a human tumor in the nude mouse. 
Cancer Res. 1991, 51, 274-281. 

14. BrUnner, N.; Heyer-Hansen, G.; Remer, J.; Ellis, V.; 
Holst-Hansen, C.; Spang-Thomsen, M.; Dan@, K. Inhibition 
of intraperitoneal and metastatic spread of a xenotransplanted 
human breast carcinoma using a monocloual antibody directed 
against the human urokinase-type plasminogen activator. 
Proc. Am. Assoc. Cancer Res. 1992, 33, 61 (abstract #363). 

15. Sttbzebecher, J.; Markwardt, F. Synthetische Inhibitoren 
der Serinproteinasen. Pharmazie 1978,33, 599-602. 

16. Christova, E.; Yomtova, V.; Blagoev, B. Hydrophobic 
interactions in the urokinase active centre. Inhibitory action 



410 A. J. BRIDGES et al. 

of alkyl ammonium and amidinium ions: comparison with 
trypsin. Int. J. Peptide Protein Res. 1980, 15, 459-463. 

17. Geratz, J. D.; Shaver, S. R.; Tidwell, R. R. Inhibitory 
effect of amidino-substituted heterocyclic compounds on the 
amidase activity of plasmin and of high and low molecular 
weight urokinase and on urokinase-induced plasminogen 
activation. Thromb. Res. 1981, 24, 73-83. 

18. Vassalli, J.-D.; Belin, D. Amiloride selectively inhibits 
the urokinase-type plasminogen activator. FEBS Lett. 1987, 
214, 187-191. 

19. Yang, H.; Henkin, J.; Kim, K. H.; Greer, J. Selective 
inhibition of urokinase by substituted phenylguanidines: 
quantitative structure-activity relationship analyses. J. Med. 
Chem. 1990,33, 2956-2961. 

20. Towle, M. J.; Lee, A.; Maduakor, E. C.; Schwartz, C. E.; 
Bridges, A. J.; Littlefield, B. A. Inhibition of urokinase by 4- 
substituted benzo[b]thiophene-2-carboxamidines: an 
important new class of selective low molecular weight 
urokinase inhibitor. Cancer Res. 1993, 53, 2553-2559. 

21. For previous examples of aromatic amidines as uPA 
inhibitors, see: Tidwell, R. R.; Geratz, J. D.; Dubovi, E. J. 
Aromatic amidines: Comparison of their ability to block 
respiratory syncytial virus induced cell fusion and to inhibit 
plasmin, urokinase, thrombin, and trypsin. J. Med. Chem. 
1983, 26, 294298; Geratz, J. D.; Cheng, M. C.-F. The 
inhibition of urokinase by aromatic diamidines. Thromb. 
Diathes. Haemorrh. (Stuttg.) 1975, 33, 230-243. Also Refs 
16 and 18. 

22. Garigipati, R. S. An efficient conversion of nitriles to 
amidines. Tetrahedron Lett. 1990, 31, 1969-1972. We have 
also found that carboxylic esters, acid chlorides, and 
carboxamides can be converted to amidines using the reagent 
derived from Me+l/NH&l. 

23. Bridges, A. J.; Lee, A.; Maduakor, E. C.; Schwartz, C. E. 
Fluorine as an ortho-directing group in aromatic metalation: 
generality of the reaction and the high position of fluorine in 
the dir-met potency scale. Tetrahedron Lett. 1992,33, 7495- 
7498. 

24. Bridges, A. J.; Lee, A.; Maduakor, E. C.; Schwartz, C. E 
Fluorine as an ortho-directing group in aromatic metalation: a 
two step preparation of substituted benzo[b]thiophene-2- 
carboxylates. Tetrahedron Lett. 1992, 33, 7499-7502. 

25. Heck, R. F. In Palladium Reagents in Organic Syntheses, 
pp. 299-306, Stille, J. K., Ed.; Academic Press; London, 
1985. The palladium-catalyzed cross-coupling reactions of 
organotin reagents with organic electrophiles. Angew. 
Chem., Int. Ed. Engl. 1986, 25, 508-528. 

26. Corey, E. J.; Fuchs, P. L. A synthetic method for 

formyl+ethynyl conversion. Tetrahedron Lett. 1972, 3769- 

3772. 

27. Echavarren, A. M.; Stille, J. K. Palladium-catalyzed 
coupling of aryl triflates with organostannanes. J. Am. Chem. 
Sot. 1987, 109, 5478-5486. 

28. Sakamoto, T.; Nagano, T.; Konda, Y.; Yamanaka, H. 
Palladium-catalyzed coupling reaction of 3-iodoindoles and 3- 
iodobenzo[bJthiophene with terminal acetylenes. Chem. 
Pharm. Bull. 1988,315, 2248-2252. 

29. Downie, I. M.; Holmes, J. B.; Lee, J. B. Preparation of 
alkyl chlorides under mild conditions. Chem. Ind. 1966, 
900-901. 

30. Partial or complete 2 to E isomerization of olefins of this 
type was usually observed under these amidination conditions. 

31. Yokoyama, M.; Yoshida, S.; Imamoto, S. Organic 
reactions using trimethylsilyl polyphosphate (PPSE): a 
convenient synthesis of nitriles form carboxamides. 
Synthesis 1982, 591-592. 

32. The palladium-catalyzed coupling conditions described for 
aryl triflates in Ref. 28 were found to be very suitable for the 
coupling reactions of our iodobenzo[b]thiophenes. 

33. Boere, R. T.; Oakley, R. T.; Reed, R. W. Preparation of N, 
N, N’-tris(trimethylsilyl)amidines; a convenient route to 
unsubstituted amidines. J. Organomet. Chem. 1987, 331, 
161-167. The preferred solvent as described by the authors is 
diethyl ether, but the very low solubility of 18 in ether made 
it impractical to use. 


