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A novel series of indole-2-carboxylate analogues of GV150526 (
in which the terminal phenyl ring belonging to the side chain

. o . L I =
present in the position C-3 has been replaced with a bridged ¢
cycloalkyl group was synthesized and evaluated for its pharma- N cooNa
cological profile. Modelling studies on this class of novel glycine ol N
antagonist allowed us to identify an asymmetric lipophilic pocket H
present in the “North-Eastern” region of the pharmacophoric 1
model of the glycine binding site associated to the NMDA receptof-igure 1 GV150526

Among the derivatives prepared, 3-[2-(1-adamantylaminocar-

bonyl)ethenyl]-4,6-dichloroindole-2-carboxylic a&t and 3-[2- . L .
(norbornylaminocarbonyl)ethenyl]-4,6-dichloroindole-2-carbox- 1 h€_indole-2-carboxylate derivative GV150526(Fig-

ylic acid 61 were found to be antagonists acting at the strychninelfeé 1) was identified by GlaxoWellcok& 2l as a potent
insensitive glycine binding site, showing nanomolar affinity forand selective glycine antagonist endowed with nanomolar
the glycine binding sitekj = 63 and 19 nM, respectively), coupled affinity in vitro and excellenin vivo activity in the MCAo
with high glutamate receptor selectivity §C>10° M at the model in rats both pre and post-ischemia. The present paper
NMDA, AMPA, KA binding sites) and higin vivopotency after deals with the synthesis and the pharmacological charac-
system[c administration by inhibition of convulsion induced byterization of a novel series of analogues of compdyrid
NMDA in mice. which the aromatic phenylamido moiety was replaced with
various cycloalkyl derivatives. This new series of indole-2-
carboxylates showed nanomolar affinity for the glycine bind-
ing site coupled with high receptor selectivity; moreover,
Introduction these molecules are endowed with a highiivo potency in
the NMDA-induced convulsion model in mice, after systemic
Glutamate is the most abundant excitatory neurotransmit&gministration.
present in the CNS. It is now widely recognized that in
pathological conditiods™! such as stroke, an abnormal ) )
amount of glutamate is released into synaptic clefts. This&sults and Discussion
due to an increase of release of glutamate presynaptically and
to the block of the re-uptake processes. This leads to tBgnthesis

over-stimulation oN-methyl-D-aspartate (NMDA) receptor
y P ( ) P Compounds of general structuéehave been prepared

raising significantly the intracellular level of €ain the h 1 ing f he indole-2-carboxvEr

post-synaptic neurons, causing the activation of sevetal® efme )St%g]ngcrr]omt elln o e-h 'garl oxy ?Bnge'

neurotoxic cascades responsible for irreversible neuror%é‘f’usy reporteg=. Chemoselective hydrolysis of thert-
utyl ester protecting group in quantitative yield was obtained

5]
damagé®. sing formic acid at room temperature. The key intermediate

arlﬁriszjdm?)gélr']s eoggtr;zfeer?hbel?aggﬂﬁcogeenxgcﬁré(;?]cgeggk')?gﬂgévas transformed into the corresponding alkylamido deriva-
by modulating the conductance of ‘CGathrough the ion es by activation of the carboxyl grouja the formation of

: . : the corresponding 2-pyridyl thioesteusing the well known
channel associated with the NMDA receptousing com-  «iqation-reduction” proceduR¥! in the presence of 2;2
petitive and non competitive NMDA antagoniéf. Re- dipyridyldisulphide and triphenylphosphiriEhe derivative
cently, the glycine binding site has become one of the Mogiyas found to be stable enough to be purified by standard
attractive targets for neuroprotection after stroke, in view @hromatographic methods and it was reacted with the desired
the role of glycine as a co-agonist of glutaraté! in the  alkyl amines. Alternatively, a “one-pot” procedure was used:
activation of this ionotropic receptor complex and the favothe thiopyridyl ester was formed “in situ” and treated with the
able therapeutic index seen for glycine-antago[ﬁ?s_t?]. desired amines. Amides were smoothly obtained in high
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yield following both the procedures. Finally, the basic hy- In the papé?z] dealing with the discovery process of
drolysis of the ethyl ester present in position C-2 gave tl&v/1505261, it was proved how the presence of the amidic

target compounds in quantitative yields. carbonyl group belonging to thep-unsaturated C-3 side
chain, in view of the suitable stereoelectronical features, was
Biology crucial to maximize the affinity at the glycine binding site of

this series of ligands. Therefore, we decided to maintain this
The biological evaluation of the new chemical entitiekey “pharmacophoric point” and to map in detail the so-called
(NCE) was performed using the following screening sesize-limited hydrophilic pocket” in order to gather informa-
quence previously descrité#- a) binding assayto evalu- tion both in terms of allowed space to the terminal substit-
ate the affinity for the glycine site ; b) selectivity for theyents on the C-3 side chain and on the recognition role of the
glutamate receptors (NMDA/AMPA/KA); @) vivoanticon-  aromatic moiety. This exploration should allow us to under-
vulsant activity in the NMDA induced convulsions model instand the structural requirements useful to design novel series

mice (v andpo)?. of glycine antagonists.
To perform this task, the terminal aromatic ring was re-
Analysis of Experimental Findings placed initially with the corresponding cyclohexyl derivative.

) o . As reported in Table 1, compouBd showed only a slight
After the identification of GV150526 and the explorationjecrease in affinity at the glycine binding site associated with

of the aromatic phenylamidic moiety present in the terminge NMDA-receptor with respect to compoun(K; = 10 nM
position of the C-3 side chaln, our objective was to acquitR K; = 3 nM, respectively). In view of this result, it was
further SAR elements regarding the “North-Eastern” regioga|ized that the “North-Eastern” region of the pharmaco-
of the receptor, enhnacing the precision of the 3D pharmaggyiore was worth being further analyzed. A first series of
phoric model of the glycine binding site. symmetric derivativessp—6f) bearing alkyl substituents with
" ~increasing steric bulk with respect to cyclohexyl derivative
) K; values for the productsa—o were measured from at least six-point awas synthesized and evaluated in ternis witro affinity
inhibition curves and they are the geometric means of at least three inget--th lvcine bindi ite. Th lts obtained h .
pendent experiments. The standard error of the mean was less th@ﬂ.o.osjsl‘_ablz ?-ygi?ﬁle;ne Icnogms[:l)c?. ndse risrg :n(()jo algde ?t‘{]easre(ijwr;(';j
. u w wed wi u
D The research complied with national legislation and with company poligffinity for the glycine binding site with respect to both
on the Care and Use of Animals and with related codes of practice. compoundd and6a, confirming the limited space available
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Table 1
o R
N.
a =/ H
N— COO[H,Na]
cl H
[22] [22]
No. R K; (nM) No. R K; (nM)
1| Gvisos26 | 3 62 fﬂ 1000
6a O 10 6h A@( 25
6b @ 63 6i ’ﬂb 10
6c )é 200 61 ﬁ 20
Me_Me
6d Q 25 6m %E 40
Me
Me_ Me
6e YV 31 6n %E 200
Me
6f v 31 60 d)@ 186

within this region of the receptor. In particular, both thé worth marking as the norbornyl derivatigg despite the
adamantyl derivativéb and its homologated derivatiée higher steric bulk, showed an affinity comparable to the
showed a significant decrease in terms of affid{y563 and cyclohexy! derivativea. This result was explained by hy-
200 nM, respectivelys.10 nM for6a). Conversely, a slight pothesizing the presence of an asymmetric pocket of limited
reduction of the steric bulk (from adaman8th to nor- size able to accept lipophilic substituents with a defined
adamantylbd) caused a partial improvement of the affinitymolecular geomets.

(63 vs 25 nM, respectively). Finally the same affinity at the . . )

glycine binding site was observed for derivatigesand6f ~Computational Chemistry Studies

(Ki = 31 nM): in view of this last result, the terminal alkyl gageq on the results described above, the different com-
substituents should lie in the same “allowed area” of the,nds prepared were used as tools to map the “North-East-
receptor. ern” region of the pharmacophore model of the glycine

After this preliminary exploration, a second series of Urhinding site. Modelling studies were performed using both
symmetrical cycloalkyl substituent6g-60) were carefully

chosen and synthesized to map this region of the receptorin__
more detail. The affinity for the glycine binding site of this” It is worth noting that the introduction of a basic heteroatom into the the
subclass of derivatives is reported in Table 1. In particular t¢fminal lipophilic moiety seemed to be forbidden (derivaiye<i = 1uM).

Arch. Pharm. Pharm. Med. Chem. 332, 73-80 (1999)
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Sybyl (TRIPOS Ass.) and Catal{& software (the methods
used for these analyses are described in fodthateP)
respectively).

“Excluded Volumes” Analysis

Indole derivatives6a—o were arbitrarily divided into two
groups: the so called “higher affinity compound&; &
10 nM) and the so called “lower affinity molecule&;%

100 nM)'. . . . . igure 2. “Excluded Volumes” Analysis. (A) GV 15052bis positioned

As depicted in Figure 2A, subtracting the combined VOlithin the unsymmetrical binding region identified . From this figure, it is
umes occupied by the “higher affinity compounds” from thevident that thertho andmetapositions of the terminal phenyl ring are
space occupied by the “lower affinity molecules” a partiallyocated nearby a disallowed region of the receptor (yellow area). Conversely,
forbidden region of the receptor was identified, based on tHe para position seems to be located in a region that could tolerate some
assumption that compourid and these cycloalkyl indole substituents of limited steric bulk within the same receptor (red dotted area).

ot . . . . B) Both the lowest energy conformers of compo6in@tom-type colored
derivatives bind in the same way to the egcme site of t SructureE = 39.9 kcal/mol, magenta colored structire 40.7 kcal/mol)

are represented within the unsymmetrical binding region identified. Despite

N the increased steric bulk with respect to compdyttds compound perfectly
)Computational methods: Sybyl (TRIPOS Ass.): The pharmacophore CGiis the allowed area in the described pocket.

former of compound 1 (GV150526) was used as reference structure of this

study regarding the values of its side chain rotable bonds, which define E’ . . .

orientation of the side chain carbonyl group. As we aimed at keeping fix MDA receptor. Th'_s forbidden region §h0U|d be located
the orientation of this primary pharmacophore feature, we forced the corfé@arby theortho position of the aromatic ring of compound
sponding rotatable bonds of compousdsn (Table 1) to assume almost 1, confirming what has been previously obseRle@on-

the same values of those of compodndt the same time, these “artificial” yersely, thepara position should be able to accept substit-

conformations were relaxed by minimization to allow them to reach thefents with a limited steric bulk. Moreover, an additional size

closer local minimum. Then, the amidic rotable bond (NH-Cycloalkyl) of.

E@ited region located behind this phenyl ring has been iden-

these structures were submitted to Systematic Search protocol impleme l ] . : . .
within Sybyl using 10 deg. as resolution. In addition, an energy window &ied. Finally, as can be seen in Figure 2 (A and B), this

25 kecal/mol was applied so as to discard very high energy structures. All teceptor pocket does not seem to possess a spherically shaped
conformations obtained were minimized using Powell algorithm, filtered fanofi|e_ As depicted in Figure 2B, compouﬁd (both the
duplicates and Superimposed USin%§§ reference points the primary pharmWest energy Conformers are Shown)’ desplte Its Increased
cophore features previously descri After that, the volumes occupied bulk with respect td. or 63, fits perfectly into this pocket.

by the conformers endowed with high affinity{p> 8) and lower affinity . .
compounds (Ki < 7) were calculated and combined using the algorithm;-hls new receptor model could allow us to explaln the re-

implemented within Sybyl. As far as the derivatives endowed witfluced affinity observed for the less active derivatives with
10 nM< K; < 100 nM 6b, 6d, 6, 6f, and6h) are concerned, the envelop of respect to the “higher affinity compounds”.

their minimized conformations, being spherically shaped, did not add any

further information in terms of geometry and allowed space in the pocket.

Actually, the number of conformations which superimpose with the nqYnpiased Pharmacophoric Evaluation

allowed area obtained is comparable to that of the conformations which are

completely enclosed in the allowed pocket. This fact should also explain th . .
imer?nedi;’te affinity of these mobCSe& P Based on the assumptions described above, the molecules

shown in Table 1 were used to generate a 3D chemical
% Computational methods: Catakiét The molecules for which stereo- function based hypothesis using the Catalyst softi/Are
chemistry is known( 6a, 6b, 6c, 6d, 66 6f, 6h, 6m, anden) were imported  The aim of this approach was to further validate the pharma-
in Catalyst. The software then automatically generated conformational m‘{f’ophore model of the glycine binding site previously pro-

eld®® for each compound using the Poling Algori{ﬁ% The models, @22] Vi n unbi d method for pharm hor
containing a representative set of conformers covering a 20 kcal/mol ene Se aan u ase etho or pharmacophore

range above the estimated global minimum, were submitted to Catalys@&neration. A detailed description of the experimental proce-
hypothesis generation. The chemical functions used in this generation stre employed is reported in footnéte

included hydrogen bond donor, hydrogen bond acceptor, hydrophobic a.F
negative ionizable. In generating a common features hypothesis, Catal
attempts to find all the possible combinations of chemical functions that
on all compounds and that share the same spatial position. The statisfical

relevance of various hypotheses so obtained is assessed on the basis ofttypie HBA ~ HBD  LIP Negloniz COST RMS r
cost relative to the null hypothesis and their correlation coefficrefitse
three lowest cost hypotheses obtained are listed in Table 3. The total fi)ied
cost is 28.98 and the cost of the null hypothesis is 67.10. The cost range qver
the generated hypothesis is 20.37, while the cost range between best andnull
hypothesis is 34.25. As expected, the small cost range and the small differ-
ence between the fixed cost and the best hypothesis suggest that molequléls —
in the model are fairly rigid, and share a high degree of structural similarity.
In order to test for chance correlation, 19 other hypotheses were generated

by scrambling, in a random way, the experimental activities in the traini

set and then regenerating the set of hypotheses. None of the scramBlathe introduction of an isopropyl group in thr¢ho position on the terminal
hypotheses had a lower cost than our best hypothesis, indicating that thephisnyl of compound caused a significant reduction of the affinity as can
a 95% chance this hypothesis represents a true correlation in the data. be observed in Table 3 in e,

le 3 Catalyst's three best and null hypotheses for the indole-2-carboxyl-
e analogues activity.

3285 130 094
50.36 210 0.70
53.22 232 061
67.10 2.95. 0.00

I
e
NNN
R
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potent than was observed. The higher affinity of this deriva-
tive cannot be explained on the basis of the pharmacophoric
features of this model only. Additional electronic features
(not implemented in Catalyst) typical of a phenyl ring can be
hypothesized. In particular the phenyl ring could be involved
in Testacking interactions and/or the presence of the phenyl-
amidic moiety could modify considerably the stereoelec-
tronic properties of the carbonyl group (H-bond acceptor). In
Figure 3. A) Superimposition of GV 150526A( with compound$aand  conclusion, the results of this unbiased model do not only
6i (red and yellow, respectively) As described in the main text, there is a 998gnfirm the validity of the five points pharmacophoric model,

superimposition of the pharmacophoric points of these molecules wi . .
compoundl. B) Superimposition of GV 1505264 with compoundsc t also shed new light on the role of the aromatic features of

(pink). As described in the main text, it is clear from this figure that at leaid® C-3 side chain, explaining better the increasekgd p
one pharmacophoric point is missed with respect to comphundhe case  Obtained with the analogues of GV1505R6n introducing
represented here, when the adamantyl substituent of compoisifbrced  electron-donor substituents on the terminal phenylczﬁhg
to superimpose with the aromatic moiety of compolynithe crucial inter- Obviously, a further refinement of the pharmacophoric model
action with the carbonyl group is lost, causing a detrimental effect in temiscribed above will be possible once additional derivatives
of affinity for the glycine binding site. !

are made and characterized.

As shown in Figure 3A, the most potent molecules6é, , . o
6i) fit very well into the five pharmacophoric points of theBiological Characterization

receptor model hypothe&i8l. The terminal hydrophobic  The mostin vitro active compoundsk{ < 100 nM) were
group of the side chain in the position C-3 and the chloringajyated in terms of selectivity towards the glutamate recep-
atom in position C-6 overlap with two hydrophobic featuregg,g (NMDA/AMPAJKA). As observed for compounﬂzz‘
the indolic N-H maps with the hydrogen bond donor; ther] g the products tested were found to be highly selective
COOH W|_th_the negative |on|zable,_ and the C=0 grougcs, >10° M). Moreover, they were found to behave as
present within the C-3 side chain W|th_the hydrogen _borlfbmpetitive antagonists at the glycine binding site.
acceptor feature. Conversely, a poorer fitis observed with th‘FinaIIy, these compounds were tested for their ability to
less potent molecule$¢ 6n). In particular, as depicted in jnibit the convulsions caused by “in vivo” administration of
Figure 3B, when the compouid is forced to occupy only NVDAS3, a surrogate for stroke models, starting from the
the lipophilic “allowed" region of the receptor, the orientationyasic assumption that NMDA receptor overactivation is the
of the carbonyl group of its side chain changes dramaticallyay event in neurodegeneration following cerebral ischemia.
leading to the disruption of a key hydrogen bond interactioftyye apjlity of the new chemical entities to counteract NMDA-
as a result, its affinity for the receptor is greatly reduced. jyqyced convulsions was used as the end point of the model.

Racemic compound$g, 6i, 61, 60) forced to fit this model  gome of the products described in Table 1 showed excellent
show a better fitting for molecules possessing B)&tereo- gp. s in inhibiting convulsions in micén particular, com-
center with respect to those having tBedne. ound6b and6l, the 1-adamantyl and the norbornyl deriva-

Figure 4 shows the correlation existing between the ofge showed an outstanding anticonvulsant potency when
served and estimate} values of the compounds listed inygsted in the range of doses between 0.01-3 nig/kgd
Table 1. As predicted by the model, the affinity of thesg_j oo mg/kgoaccording to the general procedure described
compounds for the receptor decrease when increasing of {h& e [82] The estimated E£3s obtained by intravenous
steric bulk of the cycloalkyl substituents in the C-3 side chaip, te were respectively 0.01 and 0.02 mg/kg (compared to
compoundl, however, is predicted by this model to be lesg g mg/kg for GV15052@), while the EQgs obtained with

oral administration were 4.6 and 11 mg/kg respectively (com-
1000 pared to 6 mg/kg for GV150528).

Conclusions

S
3

e A novel series of indole 2-carboxylates was explored with
of the aim of identifying potent and selective glycine antagonists
° bothin vitro andin vivo. By replacing the terminal aromatic
6a ring belonging to ther,B-unsaturated C-3 side chain of the
indole nucleus of compourwith suitable cycloalkyl de-
1 rivatives, the “North-Eastern” portion of the receptor was
mapped, clarifying the key structural requirements necessary
to design novel classes of glycine antagonists. In particular,
1 10 100 1000 an asymmetric region of limited size able to accept suitable
Predicted K, [nM] cycloalkyl substituents was identified. Moreover, the pres-
ence of an aromatic moiety was proved to be crucial to
Figure 4. Correlation line = 0.94) displaying observels vs. calculated maximize the affinity of this class of indole-2-carboxylates,

values using the statistically most significative hypothesis [Hypothesis noconfirming the previous findings obtained for substituted
described in Table 3] derived by the compounds used in the Catalyst mogghalogues of GV15052b

Observed K, [nM]
2
°
°

S
°
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Acknowledgments and then the solution was concentratedacuo The precipitate was filtered
and washed with cold water to give pure sodium salt derivative (65-95%).
We would like to thank Dr. M. Mugnaini for the vitro experimental part Procedure B.To an aliquobf indole-2-carboxyliacidethyl ester deriva-
and Mr. S. Costa for thie vivo experiments. Moreover, we are indebted totive 5a—o0 (100 mg, 0.27 mmoles) suspended in EtOH (6 mL), LD
Dr. A. Garofalo for the elemental analyses performed. was added (34.3 mg, 0.82 mmol). The solution was heated at 60 °C for 1.5 h,
then concentrated and diluted with water and acidified with 1N HCI. The
. resulting precipitate was filtered and washed with water to give the pure
Experimental carboxylic acid derivative (85-95%).

Infrared spectra were recorded on a Bruker IFS 48 spectroft¢tehMR ) ) ) )
spectra were recorded on a Varian Unity 400 (400 MHz); the data are reporeelg-(Cyclohexylaminocarbonyl)ethenyl]-4,6-dichloroindole-2-carboxylic
as follows: chemical shift in ppm from the Mg line as external standard, Acid Ethyl Esterga)
multiplicity (b = broad, s = singlet, d = doublet, t = triplet, q = quartet, m = prepared fron8 following the general procedure described above: IR
multiplet) and coupling constants. - Nujol) v=3000 crii* (NH), 1674 (C=0).2H NMR ([D6]DMSO):5 = 12.47

Chromatography was carried out by use of Merck Silica Gel 60 (230-4 5, 1H), 8.05 (d, 1H] = 15.9 Hz), 7.97 (d, 1H), 7.47 (d, 1H), 7.27 (d, 1H),

mesh) as described by SéMl al Mass spectra were performed on a Tripleg 5 (d, 1H,J = 15.9 Hz), 4.34 (m, 2H), 3.56 (M, 1H), 1.85-1.05 (m, 11H)
Quadrupole (VG-4 Fison Instrument, UK) equipped with Fast Atom Bomy 35 (t ’3H)i— MST/2409. [M+1T. e e ' ' '

bardment (FAB) ionization. Elemental analyses were determined by a EA
1108 Carlo Erba elemental analyzer; C, H, N analyses were within 0.4%_0 . . .
the theoretical values for the formulae given unless otherwise noted. Melti -JZ-(_l—AdamantyIam|nocarbonyl)ethenyl]—4,6—d|ch|or0|ndole—2—carboxyl—
points were determined on a Biichi 530 apparatus (scale 0 °C—250 °C) 4nficid Ethyl Estergb)

are uncorrected. All the reactions were carried out under a controlled atmoserepared frond following the general procedure described abone =
phere in flame dried glassware. Anhydrous DMF was purchased frofgq oc |R (Nujol) v = 3335 criit (NH), 1672 and 1657, (C=0)H NMR
Aldrich; THF was used after distillation over K/benzophenones@#and ([D6]DMS0): & = 11.6 (bs, 1H), 7.98 (d, 1H,= 15.6 Hz), 7.57 (bs, 1H),
CHsCN were used after distillation oves®5. Reactions were monitored by 7 47 1H), 7.24 (d, 1H), 6.52 (d, 18k 15.6 Hz), 4.34 (q, 2H), 2.10-1.64
analytical thin-layer chromatography (TLC) using Merck Silica Gel 60 F-25€m 15H), 1.34 (t, 3H).— M&/z461 [M+1].

glass plates (0.25 mm).

. . . . 3-[2-(1-Adamantylmethylaminocarbonyl)ethenyl]-4,6-dichloroindole-
(E) 3-(2-tert-butylcarboxyethenyl)-4,6-dichloroindole-2-carboxylic Ac'dz-carboxylic Acid Ethyl Estest)

Ethyl Ester B)
. ) Prepared fron3 following the general procedure described above. mp >
An aliquot of (ert-butoxycarbonyImethy_lene)tn_phenylphosphorane250 °C. IR (Nujol)v = 3306 crit (NH), 1680 (C:O).lH NMR
(5.6 g, 15 mmol) and ethyl 3-formyl-4,6-dichloroindole-2-carboxylat

- : P ; e([D6]DMSO): 6 =12.6 (bs, 1H), 8.00 (d, 1H,= 15.6 Hz), 7.94 (bt, 1H),
(3.3 g, 11.6 mmol) were dissolved in a 1:1 mixturesCN/dioxane (60 mL) 7.47 (d, 1H), 7.27 (d, 1H), 6.56 (d, 18i= 15.6 Hz), 4.34 (g, 2H), 2.87 (d,

. The resulting solution was heated at 70 °C for 7 h under an atmospher E _
nitrogen. At the end of the reaction the solvent was evaporated under redup%lé1  1.92 (m, 3H), 1.6 (M, 12H), 1.32 (t, 3H).~ M82475 [M+1]"

pressure and the crude residue purified by flash chromatography (cyclohex- ) . .
ane/AcOEt 1:1) to give 3.4 g of pure compo@n@5%): mp 157-158 °C. 3-[2-(Noragame}ntyl-3-am|nocarbonyl)ethenyI]-4,6-d|chlor0|ndole-
IR (Nujol) v = 3302 cm (NH), 1703 and 1674 (C=0)1H NMR  2-carboxylic Acid Ethyl Estes()
([De]DMSO): 6 = 9.20 (bs, 1H), 8.32 (d, 1H,= 16Hz), 7.33 (d, 1H), 7.19  Prepared fron8 following the general procedure described above: mp
(d, 1H), 6.48 (d, 1H] = 16Hz), 4.43 (q, 2H), 1.56 (s, 9H), 1.42 (t, 3H).— MS140 °C. IR (Nujol) v = 3368-3167 citt (NH), 1718 and 1657 (C=OfH
m/z= 383 [M]". NMR ([D6]DMSO): 5 = 12.49 (bs, 1H), 8.15 (bs, 1H), 8.02 (d, Ti; 15.9

Hz), 7.49 (d, 1H), 7.29 (d, 1H), 6.56 (d, 1H; 15.9 Hz), 4.36 (g, 2H), 2.42
(E) 3-(2-carboxyethenyl)-4,6-dichloroindole-2-carboxylic Acid Ethyl Estefm, 1H), 2.22 (m, 2H), 2.06 (m, 2H), 1.96 (m, 2H), 1.84 (dd, 2H), 1.62-1.46
® (M, 4H), 1.34 (t, 3H).— M$/z447 [M+1T.

bo()I(E)zlaItEeth()(/)l.Ssg[yzl‘[grté);ﬁ;(ﬁg;bgﬂzgg;hdeeng I;n‘li_?éjg:ohﬁr?é%dﬂi)z;ﬂ tﬁé[_z-(CycIopropylaminocarbonyl)ethenyl]-4,6-dich|oroindole-2-carboxylic
suspension was stirred at 23 °C for 2 h. The solvent was evapioresedo  ~¢id Ethyl Esterge)

to give 0.408 g of title compound as a white solid (95%): mp >250 °C. IR prepared fron8 following the general procedure described above: mp >
(Nujol) v = 3246-3128 cift (NH), 1699 and 1670, (C=0)H NMR 250 °C. IR (Nujoly = 3314 and 3260 cFh(NH), 1678 and 1659 (C=O)'H
([De]DMSO0) 5 =12.6 (bs, 2H), 8.28 (d, 1K= 16.2 Hz), 7.51 (d, 1H), 7.32 NMR ([D6]DMSO): 3 = 12.50 (bs, 1H), 8.17 (d,1H] = 16.0 Hz), 8.04 (d,

(d, 1H), 6.44 (d, 1H) = 16.2 Hz), 4.37 (q, 2H), 1.35 (1, 3H).— M$2329  1H), 7.45 (d, 1H), 7.26 (d, 1H,), 6.44 (d, 1H; 16.0 Hz), 4.65 (q, 2H), 2.76
[M] " (m, 1H), 1.31 (t, 3H), 0.65 (m, 2H), 0.44 (M, 2HYIS M/z367 [M+1]".

General Procedure for the Synthesis of Amides-§ 3-[2-(Cyclopropylmethylaminocarbonyl)ethenyl]-4,6-dichloroindole-

. . . . 2-carboxylic Acid Ethyl Estebf)
To an aliquot of 3-(2carboxyethenyl)-4,6-dichloroindole-2-carboxylic

acid ethyl esteB8 (300 mg, 0.91 mmol) dissolved in dry THF (18 mL), Prepared fron3 following the general procedure described above: mp >

2,2-dipyridyl disulfide (282 mg, 1.28 mmoles) and BRB36 mg, 250 °C. IR (Nujolv = 3304 criit (NH), 1676 and 1661(C=0)'H NMR

1.28 mmol), were added at room temperature under an atmosphere of ni(f@6]DMSO0): 6= 12.48 (bs, 1H), 8.18 (t, 1H), 8.03 (d, 1H; 16.0 Hz),7.47

gen. The solution was stirred for 1.5 h, then the chosen amine derivat(ge 1H), 7.27 (d, 1H), 6.53 (d, 1H,= 16.0 Hz), 4.34 (g, 2H), 3.04 (t, 2H),

(1.1 mmoles) was added. The reaction mixture was stirred at room tempér&2 (t, 3H), 0.95 (m, 1H), 0.40 (m, 2H), 0.16 (m, 2H).— M3381 [M]".

ture for 3 hours. The resultant precipitate was filtered to give pure title

compounds (45-90%). 3-[2-(3-Quinuclidineaminocarbonyl)ethenyl]-4,6-dichloroindole-2-carbox-
ylic Acid Ethyl EsterJg)

General Procedure for the Basic Hydrolysis of the Ethyl Esters Prepared fron8 following the general procedure described above: mp

Procedure A. Toan aliquobf indole-2-carboxyliacidethyl ester deriva- 160 °C.IR (Nujol)v = 1718 and 1680 cth(C=0).-'"H NMR ([D6]DMSO):
tive 5a—0(312 mg, 0.68 mmol) suspended in isopropyl alcohol (20 mL) = 12.5 (bs, 1H), 8.2 (d, 1H), 8.00 (d, 1Hs 15.7 Hz), 7.47 (d ,1H), 7.3(d,
NaOH was added (108 mg, 2.7 mmol). The solution was heated at 60 °C i6t), 6.6 (d, 1HJ = 15.7 Hz), 4.34 (q, 2H), 3.84 (m, 1H), 3.08 (m, 1H),
1.5 h. At the end of the reaction the solution was diluted with water (30 mR)8—1.2(m, 10H), 1.32 (t, 3H).— MB/z436 [M+1]".
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3-[2-(2-Adamantylaminocarbonyl)ethenyl]-4,6-dichloroindole-2-carboxyl- 3-[2-(1-Adamantylaminocarbonyl)ethenyl]-4,6-dichloroindole-2-carboxyl-
ic Acid Ethyl Estergh) ic Acid Bb)

Prepared fronB following the general procedure described above: IR Prepared frondb according to procedure: Bnp > 250°CIR (Nujol) v =
(Nujol)v = 3371 cr* (NH), 1651 and 1607 (C=0)"*H NMR ([D6]DMS0): 3418 cr* (NH), 1647 (C=0).2H NMR ([D6]DMSO): & = 13.60 (bs, 1H),
5=12.5 (bs, 1H), 8.01 (d, 1H= 15.8 Hz), 8.00 (bs, 1H), 7.47 (d, 1H), 7.3 12.40 (s, 1H), 8.02 (d, 1K= 15.6 Hz), 7.58 (bs, 1H), 7.45 (d, 1H), 7.25 (d,
(d, 1H), 6.7 (d, 1H) = 15.8 Hz), 4.34 (q, 2H), 4.00 (m, 1H), 2.29 (m, 1H),1H), 6.55(d, 1H]=15.6 Hz), 2.06-1.96 (M, 9H), 1.64 (m, 6H). M&455
2.11 (m, 1H), 1.9-0.9 (m, 4H) ; 1.34 (t, 3HYIS m/z461 [M+1]". [M+1]".

3-[2-(1-Adamantylmethylaminocarbonyl)ethenyl]-4,6-dichloroindole-
3-{2-[(¥)-endo-2-Norbornylaminocarbonyl]ethenyl}-4,6-dichloroindole-  2-carboxylic Acid Sodium Salkg)

2-carboxylic Acid Ethyl Esteb
Y Y 0 Prepared frondcaccording to procedure A: mp > 250 °C . IR (Nujob

Prepared from3 following the general procedure described above3429-3198 crﬁl(NH), 1653-1612 (C=O).1+| NMR ([D6]DMSO0):6=11.7
mp 240 °C. IR (Nujoly = 3312 crii* (NH), 1680 and 1657 (C=O)*H NMR  (bs, 1H), 8.37 (d, 1H] = 15.6 Hz), 7.72 (t, 1H), 7.38 (d, 1H), 7.07 (d, 1H),
(ID6]DMSO0): 3= 12.5 (bs, 1H), 8.06 (d, 1H= 15.8 Hz), 8.01 (d, 1H), 7.45 6.94 (d, 1HJ=15.6 Hz), 2.87 (d, 2H), 1.92 (m, 3H), 1.70-1.40 (m, 12H).—
(d, 1H), 7.3 (d, 1H), 6.57 (d, 1= 15.8 Hz), 4.34 (q, 2H),4.03 (m,1H), 2.31 MS m/z469 [M+1]".
(bs, 1H), 2.14 (bs, 1H), 1.88 (m, 1H), 1.6-0.9 (m, 8H),1.33 (t, 3H) FAIZS
421 [M+1T". 3-[2-(Noradamantyl-3-aminocarbonyl)ethenyl]-4,6-dichloroindole-2-car-
boxylic Acid Sodium Sal6¢)

3-{2-[(+)-exo-2-Norbornylaminocarbonyl]lethenyl}-4,6-dichloroindole- Prepared frondd according to procedure A: mp > 250 °@R.(Nujol) v
2-carboxylic acid Ethyl EsteB() = 1609 cmt (C=O).—1H NMR ([D6]DMSO0): 6 = 11.50 (bs, 1H), 8.30 (d,
1H, J = 15.9 HZ), 7.83 (bs, 1H), 7.34 (d, 1H), 7.04 (d, 1H), 6.87 (d JEH,
Prepared from3 following the general procedure described abovel5.9 Hz), 2.42 (t, 1H), 2.19 (bs, 2H), 2.06 (d, 2H), 1.94 (m, 2H), 1.80 (m,
mp >250 °C. IR (Nujoly = 3302 crii* (NH), 1676 and 1659 (C=O}H  2H), 1.50 (m, 4H).— M$n/z441 [M+1]".
NMR ([D6]DMSO): 5 = 11.9 (bs, 1H), 8.03 (d, 1H,= 15.8 Hz), 7.95 (bd,
1H), 7.48 (d, 1H), 7.28 (d, 1H), 6.53 (d, 1H 15.8 Hz), 4.35 (q, 2H), 3.62 3-[2-(Cyclopropylaminocarbonyl)ethenyl]-4,6-dichloroindole-2-carboxylic
(m, 1H), 2.30-2.10 (m, 2H), 1.62 (m, 1H), 1.50-1.30 (m, 3H), 1.30 (M, 1H)cid (6e)
1.20-1.00 (m, 3H), 1.33 (t, 3).— M&/z421 [M+1]".
Prepared frondeaccording to procedure B: mp > 250 °C. IR (Nujob
2950 et (NH),1647 (C=0).H NMR ([D6]DMSO): & = 13.62 (bs, 1H),
3-[2-(1R-Bornyl-2-aminocarbonyl)ethenyl]-4,6-dichloroindole-2-carboxyl-12.43 (s, 1H), 8.17 (d,1H,= 16.0 Hz), 8.06 (d, 1H), 7.45 (d, 1H), 7.26 (d,
ic Acid Ethyl Estergm) 1H, ), 6.46 (d, 1HJ = 16.0 Hz), 2.76 (m, 1H), 0.64 (m, 2H), 0.44 (m, 2H).

) . MS m/z339 [M+1]".
Prepared fron8 following the general procedure described above: mp

210 °C.IR (Nujol) v = 3312 crii* (NH), 1682 and 1657 (C=0)H NMR
(ID6]IDMSO0): & = 12.51 (bs, 1H), 8.03 (d, 1H= 15.8 Hz), 7.96 (bd, 1H),
7.49 (d, 1H), 7.29 (d, 1H), 6.64 (d, 184 15.8 Hz), 4.36-4.24 (m, 3H), 2.18
(m, 1H), 1.70-1.60 (m, 3H), 1.40-0.92 (m, 3H), 1.33 (t, 3H), 0.93 (s, 3H), Prepared fronf according to procedure A: mp > 250 IR.(Nujol) v =
0.84 (s, 3H), 0.73 (s, 3H).— M8/z463 [M+1]". 3437-3375 ¢t (NH), 1655-1641 (C=0) 1H NMR ([D6]DMS0):5=11.7
(bs, 1H), 8.38 (d, 1H] = 16.0 Hz), 7.96 (t, 1H),7.38 (d, 1H), 7.07 (d, 1H),

. . . . 6.94 (d, 1HJ = 16.0 Hz), 3.02 (t, 2H), 0.95 (m, 1H), 0.40 (m, 2H), 0.18 (m,
3-[2-(1R-isobornyl-2-aminocarbonyl) ethenyl]—4,6—d|ch|oromdole—2—car—ZH). MSm/z375 M.
boxylic Acid Ethyl Ester5h)

3-[2-(Cyclopropylmethylaminocarbonyl)ethenyl]-4,6-dichloroindole-
2-carboxylic Acid Sodium Saf)

Prepared from3 following the general procedure described above3-[2-((+)-3-Quinuclidineaminocarbonyl)ethenyl]-4,6-dichloroindole-
mp 210 °CIR (Nujol)v = 3400 critt (NH), 1703 and 1682 (C=0)HNMR  2-carboxylic Acid g)

(7[3(;]D(;V|51('_)|): %2‘2 13'43_8[)?' 13)0 Egg (2'41'2';516'0 F;z|_)| 7.3456((1’ 2*:')4 Prepared fronsg according to procedure B: mp > 250 1R.(Nujol) v =

1'50-(1 15 (2{1 6H) (1'31 @t 3H), Ogi)’(s 3H), 07(23n s G)H) ;mgés 3366 cm" (NH), 1661 and 1618 (C=0).4H NMR (IDSJDMSO): & =

[M+1]+' ’ T ’ T ’ T ' ' 13.4-12.4 (bs, 1H), 11.96 (bs, 1H), 8.46 (d, 1H), 8.29 (d J¥H15.7 Hz),

: 7.41(d, 1H), 7.12 (d, 1H), 6.80 (d, 1Bi= 15.7 Hz), 4.14 (m, 1H), 3.6-3.0

(m, 6H), 2.2-1.6 (m, 5H).— MB//z408 [M+1]".

3-[2-(1,2,3,4-tetrahydro-1-naphthylaminocarbonyl)ethenyl]-4,6-dichloro-

indole-2-carboxylic Acid Ethyl EsteBg) 3-[2-(2-Adamantylaminocarbonyl)ethenyl]-4,6-dichloroindole-2-carboxyl-
ic Acid Sodium Sal6h)

Prepared fron8 following the general procedure described above: IR ) . )
(Nujol) v = 3302 crit* (NH), 1676 (C=0).2H NMR ([D6]DMS0):5=12.52 _ Prepared fronh according to procedure:np > 250 °C. IR (Nujoly =
(bs, 1H), 8.53 (d, 1H), 8.14 (d, 1Bi= 16.0 Hz), 7.49 (d, 1H), 7.29 (d, 1H), 1653 cm” (C=0)."H NMR ([D6]DMSO0):3 = 11.3-11.6 (bs, 1H), 8.34 (d,
7.16 (m, 4H), 6.58 (d, 1H] = 16.0 Hz), 5.13 (m, 1H), 4.35 (q, 2H), 2.75 1H,J=15.8 Hz), 7.74 (bd, 1H), 7.37 (d, 1H), 7.05 (d, 1H), 6.88 (d JEH,

(m,1H), 1.93-1.75 (m, 4H), 1.33 (t, 3H).— M82456 [M+1]". 15.8 Hz), 3.95 (d, 1H), 2.03 (d, 2H), 1.8-1.6 (m, 10H), 1.46 (d, 1H).— MS
m/z455 [M+1]".

3-[2-(Cyclohexylaminocarbonyl)ethenyl]-4,6-dichloroindole-2-carboxylic3_{2-[(+)-endo-2-Norbornylaminocarbonyllethenyl}-4,6-dichloroindole-
Acid (6a) 2-carboxylic Acid Sodium Saif

Prepared fronba following the general procedure B: mp > 250 fR. Prepared fronsi according to procedure A: mp > 250 °C. IR (Nujok
(Nujol) v = 3418 and 3229 cF(NH), 1695-1684 (C=0).H NMR 3420 cm® (NH), 1651 (C=0.2H NMR ([D6]DMSO): 3 = 11.69 (bs, 1H),
([DB]DMSO): & = 13.64 (bs, 1H), 12.44 (s, 1H), 8.05 (d, TH; 15.9 Hz), 8.34 (d, 1H,J = 15.8 Hz), 7.84 (d, 1H), 7.37 (d, 1H), 7.05 (d, 1H), 6.87 (d,
7.99 (d, 1H), 7.46 (d, 1H), 7.27 (d, 1H), 6.53 (d, 14,15.9 Hz), 3.65 (dm, 1H,J= 15.8 Hz), 4.00 (m, 1H), 2.29 (m, 1H), 2.11 (M, 1H), 1.9-0.9 (m, 4H).—
1H), 1.82—-1.55 (m, 5H), 1.38-1.10 (m, 5H).— M&381 [M+1]". MS m/z415 [M+1]".
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3-{2-[(+)-ex0-2-Norbornylaminocarbonyl]ethenyl}-4,6-dichloroindole- ~ [15] C. Chiamulera, S. Costa, A. ReggiaRgycopharmacol199Q 112,

2-carboxylic Acid Sodium Sal} 5561-552.
Prepared frons| according to procedure A: mp > 250 °C. IR (Nujok [16] M. G. Palefreyman, M. B. Baron iBxcitatory Amino Acid Antagonists
3296-3161 ot (NH), 1682 and 1663(C=0)*H NMR ([D6]DMS0): 5 = (Ed.: B. Meldrum), Blackwell, Oxford (UK}1991 Chapter 6

13.62 (bs, 1H), 12.42 (s, 1H), 8.05 (d, 1H; 15.8 Hz), 7.95 (d, 1H), 7.45 [17] A. J. CarterPrugs Futurel992 17, 595-613.

(s, 1H), 7.25 (s, 1H), 6.53 (d, 1B1= 15.8 Hz), 3.62 (m, 1H), 2.21-2.10 (m, _

2H), 1.61 (m, 1H), 1.50-1.35 (m, 3H), 1.30 (m, 1H), 1.19-1.05 (m, 3H)[18] J. A. Kemp, P. D. LeesofijPS1993 14, 20-25.

MS m/z415 [M+1]". [19] P.D. Leeson, L. L. Iversed, Med. Cheml994 37, 4053—4067.

) ) ) [20] L. L. Iversen, J.A. Kemp, ithe NMDA Receptor,”%Ed. (Ed.: G. L.
3-[2-(1R-Bornyl-2-aminocarbonyl)ethenyl]-4,6-dichloroindole-2-carboxyl- Collingridge, J. C., Watkins)RL Press, Oxford (UK)1994 469—486.
ic Acid Sodium Sal6fn)
[21] R. DiFabio, G. Gaviraghi, A. Reggiaha Chimica e I'Industrial 996
Prepared fronm according to procedure A: mp > 250 °C. IR (Nujol) 78, 283-289.
= 3431 and 3377 cih (NH), 1647—1610 (C=0).2H NMR ([D6]DMSO): o i ) ] o
8= 11.69 (bs, 1H), 8.37 (d, 1H,= 15.8 Hz), 7.75 (bd, 1H), 7.39 (d, 1H), [22] R. Di Fabio, A.M. Capelli, N. Conti, A. Cugola, D. Donati, A. Feriani,

_ P. Gastaldi, G. Gaviraghi, C.T. Hewkin, F. Micheli, A. Missio, M.
7.07 (d, 1H), 6.98 (d, 1H,= 15.8 Hz), 4.24 (m, 1H), 2.12 (m, 1H), 1.80-1.55 N . ’ L p > !
(m, 3H), 1.40-1.10 (m, 2H), 0.99 (M, 1H), 0.93 (s, 3H), 0.84 (s, 3H), 0.73 (s, Mugnaini, A. Pecunioso, A.M. Quaglia, E. Ratti, L. Rossi, G. Tedesco,

3H).— MSm/z456 [M+1]" D.G. Trist, A. Reggiani). Med. Cheml997, 40, 841-850.

[23] R. Di Fabio, A. Cugola, D. Donati, A. Feriani, G. Gaviraghi, E. Ratti,
3-[2-(1R-Isobornyl-2-aminocarbonyl)ethenyl]-4,6-dichloroindole- D. G. Trist,ACS Book of Abstract&11th ACS National Meeting, New
2-carboxylic Acid Sodium Sabig) Orleans, LA, 24-28 March996 Abstract 107.

Prepared fronsn according to procedure A: mp >250 °C. IR (Nujok; [24] A. Cugola, G. Gaviraghi, F. Micheli (Glaxo S.p.A.), PCT Int. Appl.,
3192 cmit (NH), 1609 (C=0).*H NMR ([D6]DMSO): 5 = 11.6 (bs, 1H), WO 9420465 A1 940915
8.34 (d, 1HJ = 16.0 Hz), 7.35 (d, 1H), 7.21 (bd, 1H), 7.05 (d, 1H), 6.89 (d[25] G. Gaviraghi, R. Di Fabio, A. Cugola, D. Donati, A. Feriani, E. Ratti,
1H,J=16.0 Hz), 1.8-1.6 (m, 4H), 1.48 (m, 1H), 1.2-1.06 (m, 2H), 0.91 (s, D.G. Trist, A. ReggianiProceedings, XIVth International Symposium

3H), 0.76 (ss, 6H). M&/z457 [M]". on Medicinal Chemistry(Ed.: F. Awouters), Maastricht996
[26] A. Reggiani, S. Costa, C. Pietra, E. Ratti, D. G. Trist, L. Ziviani, G.
3-[2-((#)-1,2,3,4-Tetrahydro-1-naphthylaminocarbonyl)ethenyl]- Gaviraghj Eur. J. Neural1995 2, 6.

4,6-dichloroindole-2-carboxylic Acid Sodium S#&lo) ) L . o
[27] C. Pietra, L. Ziviani, E. Valerio, G. Tarter, A. Reggidtiroke 1996

Prepared fronbo according to procedure A: mp >250 °C. IR (Nujok 217, 26.
1607 cm’ (C=0).—'H NMR ([D6]DMSO0): & = 11.6 (bs, 1H), 8.47 (d,1H) ;
y ’ e [28] J. E. Huett 989 243 1611-1613.
8.26 (d, 1H,)=16.0 Hz), 7.36 (d, 1H), 7.05 (d, 1H), 7.22—7.04 (m, 4H), 6.9£ ] uetnerScience1989 243
(d, 1H,J=16.0 Hz), 5.09 (m, 1H), 2.72 (m, 2H), 1.90 (m, 2H), 1.72 (m, 1H).{29] F. G. Salituro, B. L. Harrison, B. M. Baron, P. L. Nyce, K. T. Stewart,
MS m/z450 [M]". I. A. McDonald,J. Med. Cheml99Q 33, 2944-2946.

[30] N. M. Gray, M. S. Dappen, B. K. Cheng, A. A. Cordi, J. P. Biesterfeldt,
W. F. Hood, J. B. Monahad, Med. Chenl991, 34, 1283-1292.
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