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New 2-ox0-H-1-benzopyran derivatives were prepared to optirdab, initially developed as mechanism-
basedo-chymotrypsin ¢-CT) inhibitors, into potent and selective thrombin (THR) inhibitors. From this
study, 22, characterized by a MNtethyl-2-oxoacetamide)-5chlorophenyl ester side chain, was shown to
be a good THR inhibitork/K, = 3455 M 1-s71), displaying an excellent selectivity profile against other
serine proteases such as factor Xa, trypsin,@@ir. Docking analysis of this compound into the different
protein structures revealed the molecular basis responsible for its potency and selectivity.

Introduction (0-CT) inhibitors? were also potent nonbasic THR inhibitdfs.

Thrombin (THR) is a key enzyme involved in the last step [N Pparticular, 2a, strongly active ono-CT (k/K, = 762700
of the coagulation cascade. By converting the glycoprotein M 'S ), displays an interesting inhibitory potency against
fibrinogen into fibrin monomers, THR is responsible for clot 1HR, with inhibitory parametersi/K, of 7720 M1-s7510
stabilization and therefore plays a major role in hemostasis and!ntroduction of a chlorine in the'position b) enhanced THR
thrombosis. In addition, this enzyme is one of the most potent inhibition (k/K, = 37 000 M"*-s™*) about 5-fold without really
stimulators of platelet secretion and aggregation. THR is thus Medifying the potency againetCT (k/K; = 220 000 M™*-s™).

clearly recognized as an attractive target for the development _Taking advantage of the structurectivity relationships
of inhibitors in thrombotic disorders2 (SAR) described by Merck foflab, we aimed to optimize

Most THR inhibitors designed up to now bind the enzyme coumarinSZab into more potent and selective THR inhibitors:
through formation of a salt bridge between Asp189 at the bottom !N this paper, we thus report the development of new coumarins
of the specificity pocket (S1 or S pocket) and a positively gharacterlzed by a’_%u_bstl_tuted Schlo_r_ophenyl side chain
charged group in the P1 position of the ligdn&ecently, linked to the coumarin ring |n.the 3-posmon by an ester, me.thyl
different groups have shown that THR inhibitors deprived of €Ster, or an amide. To rationalize the SAR and selectivity
such a basic moiety demonstrate improved bioavailability and °PServed, a molecular docking study was efficiently realized
pharmacokineticd:8 In this context, Merck has reportelh, using the automated GOLD docking software.
characterized by a'®'-dichlorophenyl moiety, as one of the
first potent nonbasic THR inhibitofsThe binding mode of this ]
compound, revealed by X-ray diffraction, implicates a strong  targeted compound21-29 were prepared by reaction

Chemistry

hydrophobic interaction between the chlorine in th@ssition ~ between the acid chloride and the appropriate amine or alcohols
and the aromatic ring of Tyr228 deeply inserted within the following the previously reported meth6d? However, this
S-pocket. Replacement of thé-¢hlorine by a 24d-ethyl-2- protocol required the prior synthesis of intermediates, and
oxoacetamide) moietylp) further improved the potency and 11 (Schemes 1 and 2). The 2-hydroxymethyl-4-chlorophénol
the solubility in comparison tda was obtained by reduction of the corresponding &iaith

LiAIH 4 in THF (Scheme 1). The phen@lwas prepared from
4 in three steps (Scheme 1): (4reacted with TBDMSCI in
the presence of DMAP to give the silyl ethrthis latter being
(b) alkylated witha-bromoacetic acid ethyl ester in dioxane
and (c) deprotected with tetfd-butylammonium fluoride in
THF to afford the desired intermediafe

The hydroxyl compound.1 was obtained from 2-methoxy-
4-chlorophenoB (Scheme 2). This latter compound was first

O
HZN%NE

R
/\@
A

Cl

K, (THR) KK, (THR) KK, (a-CT) alkylated usinga-bromoacetic acid ethyl ester and cesium
(M) M7's) M's) carbonate in dioxane and then demethylated with boron tribro-
1a R=Cl 5 2a R=H 7,720 762,700

mide. This reaction, accompanied by hydrolysis of the ester,
led to acid10, which reacted with ethylamine in the presence

In this context, our group has recently reported that cou- ©f HOBT, NMM, and EDC in anhydrous DMF to give the

marins, initially developed as mechanism-basethymotrypsin ~ targeted intermediatél.
Some 6-phenoxycoumarins have also been prepared. The

1b R = OCH,CONHEt 0.74 2b R=Cl 37,000 220,000
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aReagents and conditions: (i) BrGEOOEt, CsCO;s, dioxane, room
temp, 4 h; (ii) BBg, CHxCl,, room temp, 1 h; (iii) EtNH.HCI, HOBt, NMM,
EDC, DMF, room temp, 18 h.

Scheme 3
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aReagents and conditions: (i) CHCNaOH, HO, EtOH, reflux, 12 h;

(ii) diethyl malonate, piperidine, HOAc, reflux, 14 h; (iii) NaOH, EtOH,
H20, reflux, 1 h.

hyde13. This latter was then condensed with diethyl malonate
under classical Knoevenagel conditions to givkeand finally
saponified to generate the desired athl

Finally, 4, 7, 11, the 2,5-dichlorobenzyl alcohdl6, 2,5-
dichlorophenoll7, 2,5-dichloroanilinel8, and N-tert-butoxy-
carbonyl-2-hydroxy-4-chloroanilind9 reacted with the acyl
chloride of15 or the 6-chloromethyl-2-oxo#2-1-benzopyrane-
3-carboxylic acid?0 obtained as previously descrilfed afford
the targeted coumarirdl—29 (Table 1).

Results and Discussion

The inhibitory potency of21—29 was first evaluated on
isolated and purified THR. In this screening, the proteolytic
activity of THR is measured 10 min after incubation with 100

" ffmeck et al.

Table 1. Synthesis, Physicochemical Parameters, and in Vitro THR
Residual Activity of Ester and Amide of 6-Chloromethyl- and
6-Phenoxycoumarin1—29

O 0

1) SOCIZ reﬂux 3h

m
pyndlne

dloxane RT, 2h

15-20 2a-b, 21-29
yield mp [l  THR residual

compd R X R (%) (°C) (uM)  activity (%)
288 CHCI O H 2 10+ 2

2p*  CH.CI O Cl 2 1+0.1
21 CHCI O NH, 55 254-258 100 60t 9
100 6+ 3
22 CH.CI O OCHCONHEt 15 124127 10 3+3
2 11+ 2
23 CHCI OCH, CI 85 212-215 100 103t 4
24 CH,ClI OCH, OH 26 183-184 100 1011
25 CH,CI OCH, OCH,COOEt 38 134136 100 95+ 6
26 CH,Cl NH Cl 39 281-282 100 91+ 4
27 CH,Cl NH OH 72 307 100 110+ 9
28 OPh (6] Cl 17 152153 100 94t 6
29 OPh O H 31 119122 100 90+ 3

aFrom ref 10.° Obtained after deprotection of the amine using the
mixture trifluoroacetic acid/CkCl,. ¢ Decomposition.
uM inhibitor. For the drugs displaying high potency, lower
concentrations were investigated. The results, displayed in Table
1, are expressed as the percentage of enzyme residual activity.

Replacement of the'Zhlorine atom ob by an amine Z1)
greatly reduces THR inactivation potential (60% of THR
residual activity at 10&M vs 1% at 2uM for 2b). In contrast,
introduction of a 2--ethyl-2-oxoacetamide) in this position
leads to a good THR inhibitor2Q) (11% of THR residual
activity at 2uM) as potent aga (Table 1).

Compounds characterized by a benzyl esg3—5) or a
phenylamide %26, 27) in the 3-position of the coumarin ring
are all inactive. This emphasizes the importance of the ester
linker to suitably orient the compounds in the enzyme active
site (Table 1).

From a previous modeling study2ab were shown to poorly
occupy the D-pocket within the THR active site. On the basis
of this observation, we design&8 and 29, analogous t®a
and2b, respectively, and both are characterized by a phenoxy
in the 6-position in place of a chloromethyl. The aromatic moiety
might form an additionafr—s interaction with Trp215 inside
the D-pocket, further stabilizing the compounds within the cleft.
This modification, however, did not afford potent THR inhibi-
tors. Indeed, up to now, all examples designed to replace the
chloromethyl group led to inactive compounds. This result
confirmed the importance of the GEI moiety in this series
for the inhibition mechanism, as discussed later.

For the most active compoun@3), a detailed enzymatic
study was performed. THe/K, ratio, which reflects the index
of inhibitory potency for mechanism-based inhibité¥syas
determined on THR but also an-CT, factor Xa (FXa), and
trypsin (TRY) to assess the selectivity of this compound against
other serine proteases. The kinetic parameieend K, were
determined using the progress curve or the preincubation
method, depending on the proted3dn the progress curve
method, the inhibitor competes with a chromogenic substrate
to bind the enzyme. In the preincubation method, however, the
enzyme and the inhibitor are incubated together before the
determination of the remaining activity at regular time intervals.
To assess the efficiency of our inhibitors, the partition ratio,
defined as the ratio of product released to inactivatiQg/k;),
was also determined. The results are summarized in Table 2.

This study confirmed tha22 is a good THR inhibitor K/K;
= 3455 M 1-s71, partition ratio of 13.5) even if slightly less
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Table 2. Comparison of Kinetic ParameteksandK; for Inactivation of THR, FXaa-CT, and TRY by Derivative®2 and 2ab

o R. 2
5
Cl = O Cl
0~ ~0

THR
compd R kK, (M~1-s71) Keaki FXa kpd[l] (M ~-s79) TRY Kepd[l] (M ~1-579) a-CTk/K; (M~1s7%) selectivity THR&-CT
2a H 7716+ 952 2.8 620+ 36* 313+ 55 762700 0.01
2b Cl 37007+ 5150 1.8 219+ 7° 685+ 66* 288000 0.13
22 N-ethyloxoacetamide 345¥% 835 13.5 59+ 2 118+ 2 755+ 45 5

aFrom ref 10.° From refs 9 and 13. Standard errors are less than 15%.

potent and efficient thareab (k/K; = 7720 Mls! and Table 3. Computational Data

partition ratio of 2.8 foRa; ki/K; = 37 000 M1-s* and partition oceur- - ftotal . .
ratio of 1.8 for2b) (Table 2). Of great interesB2 was shown  enzyme | mode (%) (lfcr;?r%)glzjl) Oyse'wa)C Qacne 5C1 (/g)yr228
to exhibit a significantly improved selectivity agairsiCT with THR  2b normal 63 —1815 256 3.60
aki/K, of 755 M1:s71 (vs 762 700 M1-s~1 for 2aand 220 000 inverse 37 —1808 5.32
M~1-s~for 2b). So22is about 5 times more potent on THR 22 nomal - S 1838 2> 3.67
than ono.-CT (selectivity ratio THR&-CT of 5) compared to o«CT 2b 'r?c,vﬁ,ﬁi? 84 _1801 263 4.20
selectivity ratios of 0.01 and 0.13 f@a and2b, respectively. inverse 14 -1870 4.42
Furthermore22is almost completely inactive on both FXayd 22 mg:saé 229 :ig;g i% 6.47
[I] =60 M 1571, selectivity ratio THR/FXa of 58) and TRY Fxa 2b normal 3 —2402 5923 415
(kobd[l] = 120 M1-s71, selectivity ratio THR/TRY of 29). inverse 26 —2405 5.12

The inhibition profile of22 was further established on THR 22 Ir:\’,rg:sé 223 :233(1) ‘5‘:?? 4.52
by enzymatic and mass spectrometry experiments, according TRY 2b normal 67 -512 3.38 4.20
to the well-established criteria for mechanism-based enzyme inverse 25 —510 4.92

22 normal 16 -512 3.38 4.43

inactivatorst! First, a typical saturation kinetic was observed
for 22. Second, the irreversibility of the THR inhibition (82

was confirmed by ultracentrifugation experiments. Indeed, the
inhibition was persistent even after removing the excess of
inhibitor. Third, an enzymeinhibitor complex with a 1:1
stoichiometry was obtained by mass spectrometry. A mass shift
of 414 Da was observed between the THER complex

(36 450.2 Da) and the native protein (36 036.2 Da) which
corresponds to the exact mas2@f(449 Da) less one chlorine
atom. These findings confirm the mechanism-based behavior
of 22 as already observed for these coumarin derivai%es.
Details on these studies are given in the Supporting Information.

To our knowledge22 constitutes a unique example of selective To assess the feasibility of the inhibition mechanism, the

mechanism-based and_ nonbasic THR inhibitor. _distance between the oxygeny®@f Serl95 and the lactone

Becaqse a!l t_he serine protea;es sharc_e .the same C_ataWt"éarbonyl of the coumarin ring (@er105-COactond Was evalu-
mechanism, it is generally particularly difficult to achieve 4164, Furthermore, to appraise the stabilization of the compound
selectivity in mechanism-based inhibitors. To understand thesewithin the S-pocket, we also measured the distance between
results, i.e., the lower THR inhibitory potency 22 compared e 5_chlorine on the coumarin side chain and the centroid of
to 2b and its greatly improved selectivity profile, the binding Tyr228 aromatic ring (&1—Tyr228). Such a hydrophobic
modes of both compounds were investigated in the four.serine contact implying a chlorine atom and Tyr228 has been shown
proteases THRy-CT, FXa, and TRY by molecular modeling. {5 strengthen the interaction &b with THR (observed &l—

The mechanism of inhibition proposed for these coumétins  Tyr228 = 4.69 A)® The obtained results are reported in
implies the nucleophilic attack of the active Ser19% &om Table 3.
on the lactone carbonyl moiety. The resulting lactone ring  wWhen2b is docked within the THR active site, 63% of the
opening leads to increased leaving properties of the 6-chlorine conformations generated by GOLD adopt the normal mode. The
atom and the subsequent formation of an electrophilic quinone superposition of the first 50 solutions (Figure 1, left) emphasizes
methide. This latter can then form a covalent bond with a the highly conserved orientation. Key interactions stabilize the
nucleophilic residue, probably His57, within the active site. For compound inside the active site (Figure 2a). Th& 2lichlo-
this reaction to occur, the coumarin ring needs to be properly rophenyl is deeply inserted within the S-pocket and, similar to
positioned in the neighborhood of Serl95; i.e., the lactone 1p, interacts with Tyr228 (distanc€ ®—Tyr228 = 3.60 A).
coumarin should be close to the hydroxyl group of Serl95 The coumarin ring forms a---x stacking contact with Tyr60a
(distance of<3 A). in the P pocket (not shown in Figure 2a for clarity), while the

Compound22 and 2b were docked within the THR, FXa, lactone carbonyl is involved in an H-bond network with the
o-CT, and TRY active sites using the automated GOLD program so-called oxyanion hole (formed by the backbone NH of residues
(PDB codes 1A4W, 1LPG, 4GCH, and 1EB2, respectivély). Ser195 and Gly193). In this conformation, taking into account
In each case, 100 conformations were produced and clusteredhe intrinsic flexibility of the proteird/ a distance @ser195-
by similarity. Two main modes were identified among the COactone Of 2.56 A makes nucleophilic attack of Ser195 onto
solutions: (i) the normal mode, which refers to the binding of the coumarin ring possible and is thus consistent with the

inverse 51 —511 2.99

the 2-substituted 5chlorophenyl side chain within the S-pocket
and the lactone coumarin close to the Ser195 residue and is the
binding mode in agreement with the mechanism of inhibition
described above and (ii) the inverse mode, which corresponds
to the binding of the chloromethylcoumarin within the S-pocket
and the lateral side chain outside the active site. Taking into
account the protein flexibility, the conformations with the best
score (GoldScore) in the normal and inverse modes were further
refined using the MINIMIZE module as implemented in Sybyl,
version 7.2.3 (Tripos force field and Gasteigetuckel charges)
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Figure 1. Superposition of the first 50 solutions generated by GOLD
in the THR active site fo2b (left) and 22 (right).

Figure 3. Docking of 2b (left) and 22 (right) in the active site of
o-CT (a, b) and FXa (c, d). Pictures were made using Pyfhol.

(Figure 2c). The low occurrence (5%) of the normal binding
mode might be partly explained by the high flexibility of the
oxoacetamide side chain @2. Actually, many papers have
reported the strong influence of ligand flexibility on the accurate
prediction of binding poses, as well as the limitations of using
a rigid protein during docking simulation&2° However, this
flexibility might also trigger the binding 022 in the inverse
orientation (Figure 2d).

In the inverse mode, two similarly occurring conformations
are observed (Figure 2d), one possessing the oxoacetamide side
chain on the left side (43%, in magenta) and the other on the
right side (48%, in yellow) regarding the orientation of the
coumarin ring. Both conformations are equally stabilizég (
Figure 2. Normal binding mode of (a2b and (b)22in the active site = —1819 and-1816 kcaimol™2, respectively), notably through

of THR. (c) Superimposition a22 (green) andLb (magenta) obtained B

from the X-ray crystal structure (PDB code 1TA®6). (d) Superimposition a{] H bofn(tjhbetween tlhe hytdrox?/l grouE of Ser1t9h5 and tt_helo
of both conformations obtained in the inverse modeZ@r Pictures a _Om 0_ € exocyclic _es_er. n each case, the p_ar Icufar
were made using Pymét. orientation of the coumarin ring excludes the nucleophilic attack

of Ser195 onto the lactone (distancgda19s-COactone> 5 A).
proposed inhibition mechanism. In contrast, in the inverse mode, Therefore, the binding 622 in the inverse mode prevents the
the distance @ser105-COacions iNcreased to 5.32 A, prevents inactivation of THR through the postulated inhibition mecha-
the reaction from occurring. This conformation is consequently Nism. Nevertheless, in both inverse orientations, Ser195 lies in
in disagreement with the proposed mode of action of this the vicinity of the exocyclic ester (distancey€195-COexocy

compound. Furthermore, the difference of 7 kol in the dlic ester= 3.5and 3.8 A). T_he nucleophilic attack of th_e catalytic
total energy of both complexes confirms the higher stabilization S€rine onto the exocyclic carbonyl becomes achievable and
of 2b in the normal mode compared to the inverse one. might lead to the hydrolysis of the side chain, releasing the

When22 is docked within the THR active site, only 5% of ~Phenol and the coumarin carboxylic acid.
the generated conformations adopt the normal mode whereas On the basis of these results, it can be assumed that #hen
91% lie in the inverse one. The superposition of the first 50 adopts the normal orientation within the THR active site, it leads
conformations (Figure 1, right) does not show such a clear to the complete inactivation of the protein. Alternatively, the
convergence as observed &15. However, when the energy of ~ binding of22in the inverse mode results in a catalysis leading
both modes is compared, the less occurring normal orientationto its hydrolysis and the formation of side products. Therefore,
appears to be much more favorable than the inverse Ae ( the lower inhibitory activity 022 versus2b could be explained
= 19 kcatmol™1). by a higher decomposition rate (resulting from a binding in the
In the normal mode22 is similarly to 2b stabilized through inverse mode) rather than a weaker stabilization when binding
an H-bond involving the lactone carbonyl and the oxyanion hole in the normal orientation. The high partition ratke4/k = 13.5)
as well as a lipophilic Gomatic—Cl*+*s interaction (5CI—Tyr228 experimentally observed f@2 clearly supports this hypothesis.
= 3.67 A) (Figure 2b). The distancey@ur195~ COactoncOf 2.56 In o-CT, 2b adopts again primarily the normal mode (84%
A'is in agreement with the inhibition mechanism. Additionally, ~of solutions), in agreement with the proposed mode of action
22 is stabilized through an H-bond between the oxoacetamide (distance @ser195-COlactone= 2.63 A). In addition to interac-
carbonyl and the backbone NH of Gly219. A similar interaction tions similar to those observed in THR, an H-bond occurs
observed in the case &b crystallized with THR corroborates  between the lactone carbonyl and the backbone NH of Asp194
this binding modé&. Both 2-(N-ethyl-2-oxoacetamide)-8hlo- (Figure 3a). Furthermore, thé-ghlorine atom is surrounded
rophenyl side chains adopt an analogous orientation in the by the Met192 side chain (not shown in Figure 3a for clarity;
S-pocket, as observed in the superimpositionlbfand 22 see Figure S1 in Supporting Information). This lipophilic
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environment produces an extra hydrophobic stabilization of the
2',5-dichlorophenyl group. Together, these additional interac-
tions might account for the higle-CT inhibitory potency
observed fo2b (k/K, = 220 000 M1.s™1),

In contrast, in the case &2 docked ino-CT, only 2% of
the solutions generated adopt the normal mode (Figure 3b).
Because of Met192 bordering the S-pocket, thetborophenyl,
with its bulky 2-(N-ethyl-2-oxoacetamide) substituent, is clearly
less deeply inserted within the cleft. Consequently, the coumarin
ring, and in particular the lactone carbonyl, moves away from
Ser195 (distance @er195~ COactone = 3.37 A). Moreover, in
this conformation, the lipophilic LomaticCl-+=r interaction
(distance KCI-Tyr228= 6.47 A) and the H-bond network with

Journal of Medicinal Chemistry, 2007, Vol. 50, NG364®

Experimental Section
Detailed synthesis of intermediatés7, 9—11, 13—15 and the

targeted compound®21—-29 can be found in the Supporting

Information.

(2-Hydroxy-4-chlorophenoxy)-N-ethylacetamide (11).To a
solution of ethyl 2-methoxy-4-chlorophenoxyacetatél g, 4.1
mmol) in CHCI, (10 mL) is added a solution of BBiprepared

from 1.46 g of BBg (5.5 mmol) diluted in dry CHCI, (5.55 mL).

The mixture is vigorously stirred fd. h atroom temperature. After

this time, the solvents are removed and the residue is dissolved in

CH,Cl, (30 mL), washed with water and brine, dried over MgSO
and evaporated to dryness. The crude product is purified by column
chromatography (eluant, 100% AcOEt) to afford 420 mg (1.99
mmol) of pure 2-hydroxy-4-chlorophenoxyacetic adid (yield,

the oxyanion hole cannot be formed. These observations plainly47%). Then, to a solution af0 (300 mg, 1.48 mmol), hydroxy-

explain the severe loss in tleCT inhibitory potency for22
vs 2b (~290-fold) and therefore its greatly improved selectivity
profile (THR/-CT = 5 for 22 vs 0.17 for2b).

benzotriazole (HOBT) (220 mg, 1.63 mmol), ethylamine chlorhy-
drate (133 mg, 1.63 mmol), amdtmethylmorpholine (NMM) (330

mg, 3.26 mmol) in dry DMF (10 mL) is added the ethyl-3-(3-
(dimethylamino)propyl)carbodiimide chlorhydrate (EDC) (340 mg,

For comparison purposes, we also analyzed the binding modes; 77 mmol). The mixture is stired for 18 h under an inert

of 2b and22 within the FXa and TRY active sites. In the first

atmosphere and then diluted by AcOEt (50 mL), washed with water

protease, only 3% and 2% of the docked conformations obtained(3 x 50 mL) and brine, dried over MgSQand evaporated. The

for 2b and 22, respectively, show the normal mode, with the
2'-substituted-5chlorophenyl inserted in the S-pocket (parts ¢
and d of Figure 3, respectively). However, because of the
absence foa P pocket (structural feature particular to FXa), the
coumarin ring is rotated by 180positioning the lactone next
to Gly216, far from the catalytic Ser195 (distancesQ195—
COactone = 5.23 and 4.69 A for2b and 22, respectively).

crude product is purified by chromatography column (eluant, AcOEt

100%) to give 290 mg (1.26 mmol) of the desiret(yield, 86%).
General Method for the Synthesis of Compounds 232910

To a flask containig 1 g (4.54 mmol) of 6-hydroxymethyl-2-oxo-

2H-chromene-3-carboxylic acid is added thionyl chloride (10 mL).

This solution is refluxed fo3 h under an argon atmosphere. After

cooling, the mixture is evaporated and dry toluene (10 mL) is added

to the residue and evaporated. This operation is repeated three times.

Therefore, whatever the substituent in the P1 position, the Then, to the dried acyl chloride dissolved in dry dioxane (20 mL)
coumarin binds to FXa in a conformation that prevents Ser195 are added the required alcohol or amine (1.1 equiv) and dry pyridine
from reacting with the lactone moiety. This observation helps (1.1 equiv). After 2 h, the solvents are evaporated and the residue
to clarify the poor inhibitory potency against this enzyme is dissolved in AcOEt (150 mL) and washed three times with 0.1

observed in all the coumarin seri¥s.

In TRY, 65% of the docked solutions fdb exhibit the
normal orientation in comparison to only 16% 22 (Table

N HCI (50 mL). The combined organic phases are dried over
MgSQ, and evaporated to dryness. The final compounds are purified
by crystallization (acetonitrile21; AcOEt, 24—29), preparative
HPLC (22), or collected filtration 23).

3). Nevertheless, in both cases, the lactone moiety is more distant

from Ser195 than within the THR active site (distancges&os—
COuactone = 3.38 A) (see Supporting Information for figures).
This might explain the lower inhibitory activity on TRY than
on THR observed for these compounds.

Conclusion

To design selective mechanism-based inhibitors specifically
targeting THR, we considered the optimization of our |2ad

Acknowledgment. C.C. is greatly indebted to the Belgian
National Foundation for Scientific Research (FNRS) for the
award of a research fellowship.

Supporting Information Available: Detailed description of the
synthesis o21—29 and intermediated—7, 9—11, 13—15, molec-
ular modeling methods, biological assays, mass spectra, and
analytical data of all compounds. This material is available free of
charge via the Internet at http://pubs.acs.org.

On the basis of this parent compound, a series of new coumarinsgoferences

were synthesized and their biological activity assayed against

THR. Among these22, characterized by a Ntethyl-2-
oxoacetamide)-8hlorophenyl ester moiety in the 3-position of
a 6-chloromethyl-2-oxo42-1-benzopyran core, constitutes the
most promising derivative22 is slightly less potent on THR
than2b (THR k/K, = 3455 M s vs THR k/K, = 37 000
M~1-s™1), but of great interest, it exhibits a drastically improved
selectivity profile, particularly regarding-CT (selectivity ratios
of 58, 29, and 5 for FXa, TRY, and-CT, respectively). As
shown by molecular docking, the bulky RHethyl-2-oxoac-
etamide) chain prevents suitable orientation of the coumarin
nucleus in theo-CT active site for the required nucleophilic
attack by the active Serl195.

To our knowledge, such selectivity has never been reported
previously in mechanism-based THR inhibitors deprived of a
basic moiety22 thus represents a remarkable pharmacological
tool to further explore selective mechanism-based THR inhibi-
tors.
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