/3

TETRAHEDRON
Tetrahedron 55 (1999) 11641-11652

Pergamon

Solid Phase Chemistry Approach to the SAR Development of a Novel Class of
Active Site-Directed Thrombin Inhibitors

Mary George Johnson'!, Duane D. Bronson', Jan E. Gillespie', Donetta S. Gifford-
Mngrpl Kvomi Ycﬂtm'l Michael P. Lyvnch! Jefferson R 7\/[r'(“r\vu~'|n2 r‘ayh erine C,

AVARS 9 AW Y VRILEL AWEIILWA 5 ITAIVIIGVA £ &0 FRIVIE 3 VWALVISVLL AN LVAVNC VU VY Ga 111

Redick’, Damel] Sall?, GeraldF Smith?, Robert J. Foglesong

'Sphinx Pharmaceuticals, A Division of Eii Liily and Company, 4615 University Drive,
Durham, NC, 27707, and *Lilly Research Laboratories, Eli Lilly and Company, Indianapolis,
Indiana, 46285

Received 1 August 1998; accepted 22 October 1998

Abstract: A solid nhace chemmrrv annmarh un_llzm_g Mitsunobu chemlqtrv amine
functionalization, and parallel purification was used to produce a diverse hbrary of
benzothiophcne analogs. These analogs were used to advance the SAR of this class

of molecules and give new directions for future studies. © 1939 Published by Eisevier Science L.id.
All rights reserved.
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As the last enzyme in the coagulation cascade, thrombin represents an appealing target for

therapeutic intervention®. Not surprisingly, the design and synthesis of orally active thrombin
inhibitors has become a popular theme in the pharmaceutical industry. While a number of very

potent and selective inhibitors have been disclosed, few are reported to have the necessary
3

bioavailability to be useful as oral therapies Recently, we disclosed the identification and

characterization of a novel series of active site-directed, orally bioavailable thrombin inhibitors, for
example 1* and 2.° Preliminary structure activity relationship studies (SAR) revealed that the basic
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1e C-2 and C-3 side chains were optimal for thrc mbin inhibitory activity. In order to
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Our initial plan was to employ suitably protected benzo[b]thiophene scaffolds containing
uisite functionality for both attachment to a solid support and for selective introduction of
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structural diversity at either the C-2 or C-3 side chain (3 and 4; Figure 1). We chose to investigate
single structural modifications in the first phase of the SAR and then incorporate those findings
into subsequent rounds of synthesis and screening. In addition, all plate syntheses were performed
in a 96-well plate format to complement our biological screening process and in a one
comnound/well format. Analvsis of the lead structure reveals severa! obvious disconnections for
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introduction of structural diversity (Figure 1). Since addition of a hydroxyl at the C-6 position
imparted up to 20-fold increases in thrombin inhibition in similar analogs’, it became a convenient
handle for resin attachment.
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Figure i. Scaffolds and Potential Routes for Incorporating Structurally Diverse Side Chains at Positior

Each of the routes was considered for the availability of structurally diverse side chains, ease of
chemistry and/or purity of products, and time required for development. After some initial
experimentation, routes A and B proved to be the most reliable and provided a reasonable
sampling of structural diversity in the library. Our selection of potential side chains was influenced

by several factors. Guided by the known SAR, we chose diversity elements that would hopefully
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improve potency and perhaps bioavailability. Wec also saw this as an opportunity to find novel
structures and new directions for the SAR development of this class of inhibitors

Synthesis
The synthesis began with the TIPS protected benzo[b]thiophene, 3, which was linked to a

polystyrene resin by reaction with the styryl acid chloride § to afford intermediate 6 (Scheme 1).
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bound hennl 7 which was washed with dilute acetic acid to ensure (‘Qmpl te removal of the

tetrabutyldmmomum salts. At both steps in the synthesis, the modified benzo[b]thiophene
scaffolds were cleaved from the resin and analyzed for their percent conversion to product and
their purity. Because of the labile nature of phenoxy ester linkages, cleavage of the scaffold from
the resin was easily accomplished with excess propylamine which could subsequently be removed
either via a stream of nitrogen or under vacuum. A variety of Mitsunobu conditions® were studied
in an attempt IO atiach a diverse sei of amino aicohols to phenol 7. Initial experiments using
Castro’s reagent’ in the coupling of phenol 7 with N-(tert-butoxycarbonyl)ethanolamine

smoothlv on lnrOP scale such that oleavanP from the resin with nmnvlnmme afforde

pr
smoothly on a scale such that cleavage fro th propylamine afforded t

aminoethanol derlvanve, 8, in quantitative yleld with only traces of underwallzcd starting material.
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Unfortunately, application of these conditions to a 96-well plate format were less
successful. Although small scale trials using several different amino alcohols showed that the
method should be amenabile to plate preparation, application of the conditions to the entire library
gave erratic and unpredictable results. Attempts to determine the source of the inconsistent results
re UNSUCCESS nl_ The mare traditional trinhenvinhosnhine and dmthvla7ndmmhnxvlm(’ (T)F_AT)\

Q
SiUL 1n€ more traditional MIPULILaprUopRille qall LA afLAal oy all

stem was also tried, but initial results were also inconsistent. Upon further attempts,
however, repr odumble results were realized using 30 eq. of both the alcohol and
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triphenylphosphine, and 22 eq of DEAD. Agitation of the plate during the addition of DEAD also

gave more consistent results. Scheme 2 shows the synthetic sequence that was ultimately

employed, as well as a few representative examples of the structurally diverse products (9) that
mn
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Scheme 2

The preparation of additional C-2 modified analogs was accomplished starting from the
resin bound, Boc-protected ethanolamine derivative 10 (Scheme 3). Deprotection using
trifluoroacetic acid afforded the primary amine which was subsequently treated with an assortment
of acid chlorides, sulfonyl chlorides, isocyanates, and isothiocyanates. Cleavage from the resin
using propylamine gave products of general structure 11. In each reaction well no starting material
could be detected by TLC analysis NMR analysis of selected welis, however, showed that each
contained a Slngle rndjor Dy-pr()uuu whose structures were related to the individual au‘yxahng
reagents used. One of those side products was isolated and identified as the propyl sulfonamide,
12. It is possible that these products arise from the addition of propylamine to the mixed
anhydrides that are formed between the acylating agents and underivatized carboxylates on the
polystyrene resin.  Accordingly, it was necessary to employ modified-plate silica gel

chromatography to allow parallel purification of this entire library of C-2 analogs.

Scheme 3

The corresponding analogs containing basic amines in the C-3 side chain were prepared in

oC 11 4

a manner similar to that outlined in Scheme 2 using benzo[b]thiophene scaffoid 4 and the same set



of amino alcohols. In addition, derivatives possessing N-acylated C-3 side chains were synthesized
according to the conditions described in Scheme 3. To prevent the formation of by-products of
type 12, the product from coupling the benzo[b]thiophene to the styrene resin was briefly treated
with 5% triethylamine in methanol to esterify any unreacted acid chloride residues. The C-3
analogs thus produced were free of any side products and could be directly assayed for biological
activity. A total of approximately 140 derivatives with structurally diverse C-3 side chains were
prepared by these two routes.

Results and Discussion

The structurally diverse set of 346 analogs that were prepared were evaluated for thrombin
inhibitory activity. A multi-tiered testing paradigm was employed which included; 1) rapid
screening of all 346 analogs, 2) generation of ICso values on the more structurally novel actives,
and 3) resynthesis of actives and determination of association constants (Kus) and in vitro

anticoagulant actlvxty (thrombin tlmes T 1)

Sac: e

For rapid screening purposes, inhibitory activity was measured using a well characterized
thrombin amidase assay.® Although a number of reaction wells were not purified and the mass
reaction products during plate synthesis not guantified, calibration across plates was achieved by
including the synthesis of the known inhibitor 2 at multiple sites in each plate. This provided an
indication of the variability that occurred both across and between plates. In order to account for
any biological activity that might be attributed to starting materials, designated control wells were
loaded with starting materials but left unreacted. From rapid screening, initial results indicated that
70 compounds displayed greater than 50% inhibition at 10 pM. Of those, 15 showed activity
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comparaole to lead Lompou‘nu 2. I‘()l'ly Six COI’HPOUﬁﬂS were selecied based on their dLLlVlLy and
t

novelty of structure and their estimated ICs, values determined. T
H '

benzo[b]thiophene-derived thrombin inhibitolrs.4 The rank order of data found in the K, assay
mirrored that found in the rapid screen and ICsg assays. As would be expected from the earlier
assays, the K, value generated for analog 2 is in agreement with reported values®, validating the
use of the screening data to advance the SAR. Also reported in Table 1 is the selectivity of these
agents for thrombin relative to another coagulation factor, Xa. All of the compounds displayed
marked selectivity for thrombin.

While not all of the data are reported here, some interesting trends did appear from the
1 data. The greater number of active analogs in the modified C-2 side chain subset may be

indicative of thrombm s greater tolerance for structural diversity in the C-2 side chain relative to C-
3. ThlS is consistent with the X-ray crystallographic data which shows that inhibitors of this series
bind in a manner in which the C-2 chain branches away from the active site and resides in a

solvent-exposed position®. In contrast, the C-3 side chain undergoes specific interactions at the S
and S3 binding sites. Therefore, it was surprising that small changes in the C-2 side chain resulted
in large differences in activity (10 vs 11). Even more interesting was the fact that non-basic side

chains resulted in analogs with activity comparable to lead compound 1, in spite of the preliminary
results suggesting the critical nature of the basic amines’®. Noteworthy was the activity of the C-3
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analog, thiophene sulfonamide, 22. Although the activity of the non-basic analogs was modest

compared to other members of this series, their activity was surprising nonetheless.

Table 1. Biological Activity of Selected Benzo[b]thiophene Derivatives.
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Each of the compounds in Table 1 was also evaluated in a more physiologically relevant
thrombin time (TT) assay, which measures the concentration of the inhibitor necessary to double
the time of clot formation in an in vitro system. This assay is run in both a buffered system, TT
(fibrinogen, Fgn) and in reconstituted plasma, TT (Citrol). In many cases, the rank order of
activity from the TT assays paraiiels the K, data and for compounds 10 and 20, it takes relatively
lOW LODLCIIIl'dUOﬂb to GOUDIC me mrommn ume nowever, m every case there was a 51gn1ncant
loss in activity in going from the buffered Fgn assay to the plasma-derived Citrol assay. Since the
Citrol assay contains all the physiological constituents of plasma, it is possible that this discrepancy
is due to interaction of the inhibitor with plasma protein and/or lipids, making it less available to
inhibit thrombin. To test this theory, each compound was tested in the Fgn (buffered) assay in the
presence of increasing concentrations of a representative plasma lipid, phosphatidyl ethanolamine.
The last column (dTT/dlipid) in Table 1 shows the slope of the TT versus lipid response curves

and is an indication of the sensitivity of the anaiog to lipid effects. Inspection of column three

~le oo sl . oA 1 U [ S P - A PR U [PV . SHN R, [N B (R o s U 6 Ly Al B U | IONNRJgs RENNENY o SR ¢ BN
SNOWS tnat 1v aoes lIlu a SNOwW a reaucea bcns]llvlly towdaras np1a criecis (da 1/(111pl(] — U.40).
'l‘lvuc is in contrast to 18 and 270 whish althanch have onnd K valiae dienlayv maore nranonnecad
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lipid binding, thereby limiting their potency in the Citrol assay. This phenomenon would also
explain why compound 15, which is more or equipotent than derivative 16 in both the K, and Fgn
(TT) assays, is 10-fold less active than 16 in the Citrol (TT) assay. [t is noteworthy, however, that
most of these analogs displayed better TT/Fgn values than almost all of the previously reported
members of this series and that, for the more active analogs (eg. 10), the plasma effect was reduced
with respect to the lcad compounds in the series: only a 7-fold decrease for 10 versus 20 to 50-fold

decreases or more for the most active compounds in this ciass.
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The N-ethylpyrrolidines 10 and 13 had better activity (Kas;) than the N-methylpyrrolidines 11 and
17 (23 vs. 11 and 8.3 vs. 2.3). This trend was maintained in the lipid sensitivity assays (0.48 vs.
2.15 and 3.06 vs. 8.3). As might be expected, increases in hydrophobicity are paralleled by
increases in lipid interference.

Conclusions
Combinatorial chemisiry employing the Mitsunobu reaction has been used to prepare
Pt Ll v o Aol ntivras otierniznding land ctimintiivea Y Thie khaa racnltad im tha samid
UIICCICU 110IdalllCy Ul UCTHIVALlIved dUullUulldlLiE 1Icaud Suutiuic & Liid ldd> Ioduiicu 1l Uil rapiu
extension of the SAR of the series and the identification of structurallv novel analogs. Analogs
n of the SAR of the series and the 1dentificatior structurally no analogs gs

were found that were more potent and show the potential for reduced interaction with plasma
lipids, thereby enhancing potency in the TT assays. In addition, active analogs containing non-
basic side chains were discovered, opening up a potential new direction for SAR studies. Both
solution and solid phase combinatorial chemistry have shown great promise as lead generation
tools. The studies reported here show that solid phase synthesis used in a high through-put format
can also be used to rapidly advance the SAR of a lead compound and reveal new avenues for

expioration.
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Experimental Section
Preparation of Resin 7:

To a mixture of carboxylated polystyrene® (3.3 mmol/g, 10g, 33mmol) in dichloromethane
(100ml) containing a small amount of DMF (0.25ml) was added oxalyl chloride (12.6g, 99mmol)
dropwise over 5 min. [his mixture was allowed to stir for 24 hr at room temperature and under a

nitrogen atmosphere. After the appropriate amount of time the solvents were removed under
vacuum. Dichloromethane (5 \J\lllll} was added and then removed under reduced pressure. This step
was repeated 3 times. After the final evaporation, the resulting resin, 5, was stored under high
vacuum. Analysis of the resin showed a loading of 3.06 mmol/g, which is essentially quantitative.
Polystyrene carbonyl chloride, 5, (3.06 mmol/g loading, 2.5g, 7.65 mmol) was suspended in
dichloromecthane (25 ml). The TIPS-protected benzothiophene, 3, (4.71g, 7.65 mmol) was added
in one portion followed by dimethylaminopyridine (100mg) and then triethylamine (1.2g, 1.6ml,
11.5mmol, 1.5 eq.). The mixture was agitated on a rotary shaker for 72 hr. At the appropriate time

the mixture was filtered over a sintered giass funnei and washed, in order (with stirring between

nnnnn Tana)Y wxrithh: AisllAasAnmaathaas 710N 0 wmanthnnnal 1NN totmalherdanFirmnm 1NN Alna atlaes]
wasiies), witn: aicniorometnanc \1UU11u; metnano:  \1vuini), Ieiranyaroiuran ((1Uuimj, aimetnyi
formamide (] 00ml. tetrahvdrofuran (1 ﬂﬂml\ 10% tricthvlamine/methano! (100mbD. methanol
............ (1UUmi), tetrahydrot 10Umi), 0% tniethylamine/methanel (100mi), methano!l

(100ml x 2), dichloromethane (100ml x 4). Thc: resulting resin was dried under vacuum until a
constant weight was obtained. The total yield was 5.83g (84% of theoretical). Based on the
weight gain, the loading was 0.93 mmol/g.

The resin (5.83g, 5.42mmol) obtained above was suspended in tetrahydrofuran (25 ml) and
glacial acetic acid (1.63g, 1.6ml, 27.1 mmol, 5¢q) added. Tetrabutylammonium fluoride (IM in
tetrahydrofuran, 27.1 ml, 27.1 mmol) was then added in one portion and the mixture agitated on a

vatam; chalrar FA.- 48 hr Tho mivinre wag filtarad aver o gintarad olace filtar and than wached writh
IUlaly 2Hianel 1ul 1w 1 11 A

50% acetic acid/wa m as (10
methanol (100ml), letrahvdrofuran ( 100ml) methanol ( IOOmI) dlchloromethan (100ml x 3).
The resin, 7, was dried under vacuum and used without further manipulation in subsequent
chemistry.
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Preparation ofResin bound Boc-amino ethanol benzothiophene 10, using Castro’s reagent:
Castro’s reagent (4.45g, 10.85mmol) and Boc-aminoethanol (1.75g, 1.68mi, 10.85 mmol)
were mixed in tetrahydrofuran (25ml) for 5 min. This mixture was then added to a stirring

qncppnqmn of resin 7 and the re-qnltmo reaction mixture ammted on a rotary shaker for 4 days. A

small sample of the resin was cleaved by stirring the resin in 30% propylamme/ tetrahydrofuran for
24 hr. The mixture was filtered and the filtrate concentrated under reduced pressure. The residue
was analyzed by TLC (9:1 dichloromethane/methanol), NMR and MS. A trace of unreacted
starting material was seen on the TLC, but was not detected in the NMR. 8: 2- (4’-(2-N-
tertiarybutoxycarbonylaminoethyloxy)- phenyl) -3- (4 -(z-plpc.ndmoethyloxy) phenyl) -6- hydroxy

Y NTR AT 7NN RATT 1 AN 7o 17 1IN 1l LO £ I

Denzomlopnene H INIVIK \.)U VIAZ, meihanoi- UA) 1.4%7 (5,

0\ Qi+ T—=4LNTH= 71 Q4+ T=60H~» ’)H\A‘lﬂf
rj, 2.83 (Lo UUllL,Lll},J 7\, v UVLAL,‘-AL}, L1V i,

q
Hz, 4 H), 6.80 (dd, J = 9.0 Hz, 32Hle) 7.0 (m, 2 H), 7.11 (m, J
H); mass spectrum m/z (PFAB) 602.1 (M")
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General Preparation of Analogs 11 (acylation):
The resin 10 (440mg) was mixed 10% trifluoroacetic acid/dichloromethane and agitated on
a rotary shaker for 16 hrs. The reaction mixture was filtered and washed with methanol (10 ml) ,

X V2 %2 TS RPN T IV 100/ 4l stlacl oo Allavnmanthama 710 1)

dichioromethane (1u mi) 11‘11), 1U70 (Il uylauuucr dichioromcthane {1V iil1),
m s

1
1
10 m Y. An isonvenice slurry was prepared using 420
AWV ii11 J FOB N ¥ RuS R lJ vlllv UIMAAJ YY iAo ylvywvu Woliik V

ately 2:1 F/dlchlorometh ne solution (52.5 ml). To a fritted
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reaction plate was added the isopycnic slurry (1 ml). The solvents were allowed to drain and the
resin was washed with dichloromethane (Iml x 5). With this method, each well will contain 8 mg
of resin (7.44umol/well). The plates were assembled in a plate clamp assembly and a solution of

N TA A Iy J:____AIA_I_AA A LY ~al o /1NN TN Lo
pynmne (D Sm g, /4.4 umol) anda aimeinyiam OPYHUlIIC Umg) l al L oromenan (1UVU uL) was
added to each well. To these wells were then added a solution of the acylating agent in

requlred time the plates were uncdppcd drcumd amd ca(,h rc,dctlon wc.ll was wash d with
dichloromethanc (1ml), methanol (1ml), dimethylformamide (1ml), tetrahydrofuran (1ml),
dimethylformamide (1ml), methanol (1ml x 5), and dichloromethane (Iml x 3). The plates were
reassembled in the plate clamp and 10% propylamine in 1:1 methanol/tetrahydrofuran (500 uL)
was added to each well. The plates were agitated for 18 hr. The fiitrates of each reaction well
were collected into a final plate, the solvents removed under vacuum, and the residue of each well

redissolved. TLC analysis of each well was obtained and the selvcuts removed. The resulting
residue was submitted for biological assays. In the event that purification is required (see text), a

96-well plate was fitted with plugged, 5-inch disposable pipettes and 0.5ml of silica gel was added
to each pipette. The reaction mixtures were applied to each column and fractions collected in
separate 96 well plates. The pure fractions were combined into one 96-well plate, the solvents
removed under vacuum and the resulting material submitted for biological assays.

General Preparation of Analogs 9 (Mitsunobuy):

The resin, 7, (10mg, 9.2umol) was placed in a 4ml amber vial and the appropriate aminoalcohol
(30 eq., 0.28mmol) was added. To this mixture was added tetrahydrofuran (100uL). If the alcohol
hdS solublhly problems, dimethylformamide could be added in conjunction with the
tetrahydrofuran. Triphenylphosphine (30eq. 0.28 mol, 68 mg) in tetrahydrofuran (200 ul.) was
added to each reaction mixture and the vials were agitated on a rotary shaker. After 5 min, a
solution of DEAD (22eq. 0.201 mmol, 35mg) in tetrahydrofuran (200ul) was added to each

~

reaction mixture and the mixtures allowed to shake for 40 hr. The suspensions were transferred to

- s L P [P S SRR & [RRy 1 atlhninal tatrnhuyderafiivan

ate and washed with dichloromethane {1ml x 2), methanol \uul} elranyarouran
T 11

ran (1mD. dimethvlformamide ”ml\ methanol

0 (1m
LUNINAIIUY (1A, WU RIVIGIAI 11l ), BLHLUCUA IR VILNALILING a1ldd g, LUV UIGLIUL

), dmhloromethane (Iml x 4). The plate containing the resin was then assembled in a plate
clamp and each well treated with 10% propylamine in 1:1 methanol/tetrahydrofuran (500 uL) for
18 hr. After the appropriate time, the reaction mixtures were allowed to drain into a collection
plate. The solvents were removed, the residues redissolved, and each well analyzed by TLC. The
solvents were again removed and the resulting material submitted for biological assays.

reparation of Analogs 9 (resyntheses)
The resin ( 100mg, 85umel) and the aminoalcohol, were mixed in tetrahydrofuran (2ml).
To this mixture was added triphenylphosphine (668mg, 2.55mmol) in tetrahydrofuran (2ml) and

the mixture stlrred v1gorously. DEAD (325mg, 1.87mm01) in tetrahydrofuran (2ml) was then
added dropwise. After stirring for 24 hr., the mixture was filtered and the resin washed with
dichloromethane (10ml x 2), methanol (10ml), tetrahydrofuran (10ml), dimethylformamide (10ml),
tetrahydrofuran (10ml), dimethyl- formamide (10ml), methanol (10ml), dichioromethane (i0mli
x 4) and methanol (10ml x 4). The resin was transferred to a roundbottom flask and treated with

10% propylamine in 1:1 methanol/tetrahydrofuran (10ml) for 24 hr. The resin was filtered and
washed with 5ml of tetrahvdrofuran and 5 ml of methanol. The filtrate was concentrated under

YWWASILA YYil Jilil UL Wualn YU UI UGN QLIRS SRR altil i1e 1lilidle dy LOLILCIIU

vacuum and purified over a reverse phase HPLC column to give the desired compound as its TFA
salt.
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Representative analytical data for the resynthesized analogs:

3-((4’-[3-(1- (2-pyndylmethyl))plpendme]ethoxy]phenyl)meth 1)-2-[4-[2-(1~
piperidinyl)ethoxy]phenyl}-6-hydroxybenzothiophene, 21: '"H NMR (300 MHz, methanol-dg) 0 =
1051 S¢m 10 165¢m A 141 (m 4 3230(m 6N 404 (ht 71D 411 (¢ 7 I 491
Lo e \lll’ 1\v ll}, L. \lll,_l'lll’ 1.7T1 \lll’_l' ll}’ po S AV \lll’ ULI}’ T.UT \UL,L 11]’ T.11 \D’Lll} T.L L
(m, 1 H), 4.60 (s, 2 H), 6.62(d, /= 710Hz, 1 H), 6.71 (d, /=10 Hz, 2 H), 6.84 (d, /= 10 Hz, 2 H),
7.2-7.6 (m, 9 H), 8.75 (bd, 1 H) ; mass pectrum m/z (PFAB) 634.0 (M")

2-(4-(2-piperidinoethyloxy)phenyl)-3-(4’-(2-N,N-diisopropylaminoethyloxy)phenyl)-6-hydroxy
benzothiophene, 20: 'H NMR (300 MHz, methanol-ds) 8 = 0.85 (d, 12 H), 1.29 (m, 2 H), 1.41
(m, 4 H), 2.33 (m, 4 H), 2.58 (m, 4 H), 2.85 (t, /= 7.5 Hz, 2 H), 3.64 (t, J = 7.5 Hz, 2 H), 3.90 (m,
4 H), 6.55-7.19 (m, 11 H); mass spectrum m/z (PFAB) 586.9 (M")

2- (4 (2- (methvlsul nnvl ido ebvlnxv\nhenvh 3. ( -(2-n per ridin QgthvlQxy)phenyl)-é-hydrgxy

VRRRAY: fonviamido = ernam LIIYIOX j8Lw ¢

benzothiophene, 19: 'H NMR (300 MHz, methanol- ds) 8 = 1.3-1.8 (m, 6 H), 2.78 (s, 3 H), 2.8-
2.9 (m, 2 H), 3.25-3.4 (m, 6 H), 3.75-3.91 (m, 4 1), 4.08 (t, J = 6.6 Hz, 2 H), 655 (dd, J=10, 3.6
Hz, 1 H), 6.67 (d,J=10Hz, 2 H), 6.77 (d, /=9 Hz, 2 H), 6.84 (d, /=9 Hz,2 H), 6.98 (d, /= 3.6
Hz, 1 H), 7.09 (d,./= 10 Hz, 1 H), 7.18 (d, J = 9 Hz, 2 H); mass spectrum m/z (PFAB) 596 (M")

2-(4-(2-(3,4,5-t 1methoxybenzamldo)ethyloxy)phenyl) 3-(4°- (2 p1per1dlnoethyloxy)phenyl) 6-
I--.,l_.‘<.-‘L,.._r.,.¢ lIY AIAATDY 72NN NATT. — £ 10 /(e &£ TN "\ o1 rL ]
NYyaroxyocnzoin p[lCllC, lO 1l INIVIIN (JQUV IVINZ, lllCuldLlUl U4} U l J=1.0 {1il, U I1), 2.01 (UL, &
m ngmrm 4H). 358 (m. 5 H). 3.65 (s. 6 H). 3.90 (s. 2 H). 4.02 (t. J= 7.2 Hz. 2 H). 4.09 (m
1, 7. 050 T4 U1k, TF U1), /U \dlly 7 LlJy JiUL (D9 UV dhjy Je7V \Jy & 11/, vy v P oke Kiliy du KA)y "ToW I \ddiy
2 H), 6.55-7.17 (m, 13 H); mass spectrum m/z (PFAB) 697.1 (M'+1)

2-(4-(N-methylpiperidino-2-methyloxy)-phenyl)-3-(4’-(2-piperidinoethyloxy)phenyl)-6-hydroxy
benzothiophene, 16: '"H NMR (300 MHz, methanol-d;) 8= 1.5-1.85 (m, 15 H), 2.7 (s, 3 H) 2.73-
2.90 (m, 2 H), 3.28-3.45 (m, 6 H), 3.91 (s, 2 H), 4.08 (t, /= 6.6 Hz, 2 H), 6.56 (dd, J = 10, 3.6 1z,
1 H), 6.67 (d, /=10 Hz, 2 H), 6.76 (d, /=9 Hz, 2 H), 6.84 (d, /=9 Hz, 2 H), 7.0 (d, /= 3.6 Hz, 1
H), 7.09 (d, /= 10 Hz, 1 H), 7.20 (d, /=9 Hz, 2 H); mass spectrum m/z (PFAB) 587.3 (M™+1)

2-[4-[3-(3-(3-aza-[5,5]-spirou lgc_:anc))pr pyloxy]phenyl]-3-(4’-(2- 1)-6

hydroxybenzothiophene, 15: 'H NMR (300 MHz, methanol-ds) .13-2.03 (m, 2 2.
3.41(m, 12 I1) 3.90 (m, 4 H), 4.09 (t,/ = 6.6 Hz, 2 H), 6.56 (dd, J 0 3 6 Hz, 1 H), 6 69 (d,
10 Hz, 2 H), 6.76 (d, J= 9 Hz, 2 H), 6.85 (d, J= 9 Hz, 2 H), 6.99 (d, /= 3.6 Hz, 1 H), 7.10 (d,

10 Hz, 1 H), 7.20 (d, J = 9 Hz, 2 H); mass spectrum m/z (PFAB) 657.2 (M"+1)

-piperidinoethylox y)rh nyl
0 H),

p
1

0-

13-
J
J

2-(4-(N-methylpiperidino-3-methyloxy)-phenyl)-3-(4’-(2-piperidinoethyloxy)phenyl)-6-hydroxy

benzothiophene, 12: 'H NMR (300 MHz, methanol-dg) 8= 1.2-1.9 (m, 11 H), 2.11 (m, 1 H), 2.7
(s, 3 H) 2.72-2.90 (m, 3 H), 3.30 (t., /= 6.6 Hz, 2 H), 3.35-3.50 (m, 4 H), 3.68-3.88 (m, 2 H) 3.91
(s,2H), 410, J= 66HZ 2 H), 6 58 (dd,J= 10 3. 6H7 H), 6.69 (d,./= 10 Hz, 2 H), 6.78 (d, J
=9 Hz, 2 H), 6.84 (d, /=9 Hz, 2 H), 6.98 (d, /=3.6 Hz, | H), 7.09 (d,J= 10 Hz, 1 H), 7.20 (d, J

=9 Hz, 2 H); mass spectrum m/z (PFAB) 586.2 (M")
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General method of determining apparent association constants (K )
Inhibitor binding affinities for human a-thrombin and other serine proteases were measured as
apparent association constants (K,,,) which were derived from inhibition kinetics. Briefly, enzyme

srmhilaitinm L i xrrama  manfasaiad ti QL sarall  cenlirntsrnana mlatan amd sl —odiic czrmea
INNiciuion !uucuub weie pPeliuLiIcuy 1 ZU-wWoll pPpuUlySiLyIviiv plmca aiia reacilion raics were
determined from the rate Qf hvdrolvsis of annronriate p-nitroanilide substrates at 405 nm usine a
W VWA ASLAALANV W X ’ 3 i Jwvl) WA VA “}JP‘VV‘A“‘V y AAAVANVGLLILINGWY JUMUODWUWULWWD WLV TV WD 11111 WO “
Thermomax plate reader from Molecular Devices (San Francisco, CA). The same protocol was

followed for all enzymes studied: 50 pl buffer in each well, followed by 25 pl of 1nh1b1tor solution
and 25 pl enzyme; within two minutes, 150 pl chromogenic substrate was added to start the
enzymatic reactions. The rates of benzoyl-Phe-Val-Arg-p-NA hydrolysis reactions provide a linear
relationship with human ca-thrombin such that free thrombin can be quantitated in reaction
mixtures. Data was analyzed directly as rates by the Softmax program to produce [free enzyme]
calculations for tight-binding K, determinations. For apparent K, . determinations, 5.9 nM human
thrombin was used to hvr’lrnlvw' 0.2mM BzPheValAro- pNA; and 1.34 nM human factor Xa with

LLRRRIIVNL WAS Lol 0 YRIRLYLC VLLIUVE DLIIUVAIAlE S, QR 2 ALVL LGELNGILL AGRAULD AAQ Wl

0.18 mM Bzlle-Glu-Gly-Arg-pNA.

Acknowledgement: The authors would like to thank Bernd Soltmann for obtaining the mass
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