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Summary - -  A number of benzothienyl- and benzofurylglyoxylylamine derivatives, which are analogues of previously described 
mdolylglyoxylylammes with a pamal agonist activity, are reported in this paper They were synthesized and tested to verify the impor- 
tance of the presence of the indole NH group m the interaction of this class of compounds with the benzodlazepine agonist receptor 
site, since it was reported m literature that a hydrogen bond donor group such as NH was not necessary to ehclt an agonlst response, 
Several thienylglyoxylylamme derivatives were also prepared and tested. None of the compounds showed a high affinity at the BzR, 
demonstrating that the mdole NH plays a decisive role in the interaction of the agomst glyoxylylamine ligands with the receptor site. 

benzothienylglyoxylylamine / benzofurylglyoxylylamine / thienylglyoxylylamine / benzodiazepine receptor 

In troduct ion  

Benzodiazepines  bind to a region on the GABA~ 
( G A B A  = 7-aminobutyric  acid) receptor/chloride ion 
channel complex,  facilitating the inhibitory action of 
G A B A  [1, 2]. This benzodiazepine receptor (BzR) can 
accommoda te  not only classical benzodiazepines  but 
also chemical  agents with different structures [3-9],  
which can mediate a cont inuum of  intrinsic activity 
ranging f rom full agonists (sedative-hypnotic,  anxio- 
lytic, anticonvulsant and myore laxant  agents) to anta- 
gonists (devoid of  pharmacological  efficacy) to 
inverse agonists (with proconvulsant,  convulsant  and 
anxiogenic properties). Considerable efforts have been 
focused on discovering features of  various ligands 
(Bz) that are essential for their interaction with BzR. 
One widely employed  method has been the superposi-  
tioning of  the X-ray crystallographic or computat ional  
three-dimensional  structures of  a number  of  structu- 
rally different BzR ligands, to obtain m a x i m u m  struc- 
tural similarity among the agonists, antagonists,  and 
inverse agonists,  assuming their largely overlapping 
recognit ion sites [10-13].  Another  working hypo- 
thesis used in approaching the problem consists of  
assuming that inverse agonists and/or antagonists bind 
to sites that are independent of  the agonist  site. Thus, 

an inverse agonist /antagonist  pharmacophore  model  
has been proposed,  whose essential features include a 
hydrogen bond acceptor group designated as A> a 
donor site Hi, and a specific lipophilic area L,. Ligand 
interaction with all these groups on the receptor is 
required to elicit potent inverse agonlst  activity 
[14-16].  

The agonist model  contains one additional hydro-  
gen binding site of  interaction, H> as well as two 
additional lipophilic areas, L2 and L> Ligand inter- 
actions with the two receptor hydrogen bond donating 
sites Ht and H2, and with the lipophilic sites L., La 
and/or L3 determine an agonist activity [16-19].  The 
hydrogen binding site H., and the lipophilic region L2 
are points of  interaction c o m m o n  to the agonist, anta- 
gonist and inverse agonist  ligands in an inclusive 
pharmacophore/ receptor  model [20]. 

We recently reported the synthesis, the affinity data 
at the BzR and the pharmacologica l  profile, as defined 
by the G A B A  ratio, of  some N-l indol-3-ylglyoxylyl) -  
amine derivatives with a general formula  I [21-22].  

R ~  COCONH--ICH2 M-A; 
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The pharmacological profile of this series of com- 
pounds varies from inverse agonist to partial agonist 
depending on the length of the alkyl chain which 
separates the aryl group from the amide NH (n = 1 or 
2), and on the nature of the substituents on the aryl 
group. Interaction with the above-described inverse 
agonist and agonist receptor models has also been 
hypothesized. Indeed, in all cases, methylation of the 
indole NH causes a dramatic lowering of the affinity 
at the BzR. This is easily understandable for those 
derivatives with an inverse agonist activity, for which 
the anchoring at the receptor site should occur through 
formation of a hydrogen bond between the indole NH 
and the CO(2) of the oxalyl bridge with the A, and H~ 
groups on the receptor, respectively. 

On the other hand, it is not easily understandable 
for those derivatives with a partial agonist efficacy, for 
which it was proposed that interaction with the two 
hydrogen bond donor groups H~ and H~ on the recep- 
tor is mediated by the two oxygen atoms of the oxalyl 
bridge. In this case, the interaction of the indole NH 
group with the hydrogen acceptor site A~ of the inclu- 
sive model of the receptor could be only accessory, 
contributing to a higher affinity, but not strictly neces- 
sary. It has already been reported that for agonist 
[~-carboline derivatives methylation of the indole NH 
determines a drastic reduction in the affinity [ 17-19]. 
This result was explained by hypothesizing the inter- 
action of the N-methyl group with a zone of steric 
repulsion S~ on the receptor. 

Moreover, Cecchi et al [23] recently suggested that 
the hydrogen donor group, which they called d, is not 
essential for the anchoring of a ligand to the BzR 
recognition site, and that the lack of activity of 
N-methylated 6,6,5-tricyclic derivatives is not due to 
the lack of the hydrogen donor d, but to the steric hin- 
drance of the alkyl substituent in the receptor-ligand 
interaction. 

On the basis of this hypothesis, and taking into 
consideration some of the derivatives I with a partial 
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Scheme 1. 

agonist activity, we substituted the indole NH with an 
lsoster group such as -S- or -O-, that is with moieties 
which did not possess the steric hindrance of the 
N-methyl analogues. 

In this work we report the synthesis and the affinity 
data at the BzR of a series of benzothienyl 1-8 and 
benzofurylglyoxylylamine 9-13 derivatives, closely 
related to I. 

We also describe several benzofuran derivatives 
14-17 in which the glyoxylylamine chain was shifted 
from the 3- to the 2-position, and some simple (thien- 
2-yl)glyoxylylamine derivatives 18-33. 

Chemistry 

The synthesis of (benzothien-3-yl)glyoxylylamine 
derivatives 1-8 involved the condensation of (benzo- 
thien-3-yl)glyoxylyl chloride 35 with the appropriate 
amines in benzene or THF solution and in the pre- 
sence of triethylamine (scheme 1). The acid chloride 
35 was prepared by treating the (benzothien-3-yl)- 
glyoxylic acid 34 [24], at reflux in a benzene solution 
with an excess of thionyl chloride, and it was used in 
the following reactions without further purification. 
The acid 34 was obtained by oxidation of 3-acetyl- 
benzothiophene [25, 26] with selenium dioxide in a 
pyridine solution, introducing minor modifications 
into the literature procedure [24]. 

Also acids 36 and 37, unlike reports in literature 
[27, 28], were prepared from the corresponding acetyl 
derivatives [29-32] by oxidation with selenium 
dioxide, following the same procedure employed to 
obtain compound 34. Acids 39 and 40 were synthe- 
sized in accordance with known procedures [33, 34]. 

The (benzofur-3-yl)glyoxylylamine derivatives 9-13 
were prepared from (benzofur-3-yl)glyoxylic acid 36 
[27] and the appropriate amine, m an anhydrous THF 
solution, under a nitrogen atmosphere, using N,N'- 
carbonyldiimidazole [35] as the condensing agent 
(scheme 2). 

The (benzofur-2-yl)glyoxylylamine derivatives 
14-17, the (thien-2-yl)- 18 25 and the (5-methylthien- 
2-yl)glyoxylylamine derivatives 26-33 were obtained 
by condensation of the appropriate amine via the 
corresponding acid chlorides 38, 41 and 42 (schemes 
3 and 4). 

All products 1-33 were purified by recrystallization 
and their structure was confirmed by IR, IH NMR and 
elemental analyses (tables I and II). 

Biochemistry 

Compounds 1-33 were tested for their ability to dis- 
place [3H]flunitrazepam from bovine brain mem- 
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Scheme 2. 

branes. The inhibition of  [3H]flunitrazepam binding 
was first examined at a single concentration (10 pM) 
of  the displacing agent, and then, for the most active 
compounds,  the IC5, values were determined from 
log-probit plots, using four to six concentrations, and 
the K, values were also derived in accordance with the 
equation of Cheng and Prusoff [36]. The ligand affi- 
nity (Kd) of  [3H]flunitrazepanl was 1.8 nM. 

Furthermore, using an exhaustively washed mem- 
brane preparation, the G A B A  ratio values of active 
compounds were evaluated as an in vitro indicator of  
the agonist, inverse agonist, or antagonist properties, 
in accordance with the suggestions of  various authors 
[37, 38]. 

The binding data for compounds 1-33 are reported 
in tables 1 and |1. 

Results and discussion 

All the compounds synthesized 1-33 showed from 
moderate to scarce affinity at the BzR as reported in 
tables I and II. The benzothiophene 1-8 and the 
benzofuran derivatives 9 -13  demonstrated a potency 
lower than that of  the corresponding partial agonist 
indole derivatives I, which present K, values ranging 
from 0.048 to 0.820 pM I21,221 

The shift of the glyoxylylamine side chain from the 
3- to the 2-position of  benzofuran (compounds 14-17) 
left the situation unchanged. Also the simple thio- 
phene derivatives 18-33 showed a low affinity at the 
BzR, even if in this series, product 20 appeared to be 
the most potent, with a K, value of 0.495 pM. 

In conclusion, the substitution of  the indole NH, 
either with a methyl, as previously reported [21], or 
with non-sterically hindered tsoster groups (S, Ot pre- 
vents these compounds from interacting adequately 
with the receptor site. It would therefore seem, at least 
for our indolylglyoxylylamine derivatives I which 
possess a high conformammal freedom, that even if 
the indole NH group is not directly involved in the 
receptor interaction it contributes in an essentml way 
in orientating the molecule in an appropriate align- 
ment for mteraction of the oxygen atoms of the 
glyoxylyl bridge with the two hydrogen bond donor 
groups Hh and He, in the agonist site. 

~ ( O L ' O O H  
37 

Scheme 3. 
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Scheme 4. 

Experimental  protocols 

Chcntistrv 

Melting points were determined on a Kofler hot-stage appara- 
tus and are uncorrected. IR spectra were recorded with a Pye 
Unicam Infracord Model PU 95[6 in Nujol mulls. Routine 
~H NMR spectra were determined on a Varian CFT 20 spectro- 
meter operating at 80 MHz, using tetramethylsilane (TMS} as 
the internal standard. Magnesmm sulfate was always used as 
the drying agent. Evaporations were made m vacuo (rotating 
evaporator}. Analytical TLC was tamed out on Merck 0.2 mm 
precoated silica-gel t60 F-254) alummium sheets, with visuali- 
zation by irradmt~on with a UV lamp. Silica gel 60 (70- 
230 mesh) was used for column chromatography and silica gel 60 
(230-400 mesh) was used for flash chromatography. Elemental 
analyses were perforlned by our analytical laboratory and 
agreed with theoretical values to within +_ 0.4%_ 

Gener.I twocedurc fl?r the srnthests o/ the (ben:othien-3-yl)- 
gh'oD'lvlamme derivatives 1-8, (benzofitr-2-yl),~lyo_~vlyla.lme 
derivatives I4-I7,  (thwn-2-yl)gh,oxyly[amme dertvatives 18-25 
and ( 5-methvlthien- 2-vl )glyoxylylamme derivatives 26-33 
An excess of thionyl chloride (0.0(132 moll was added at 0 ~C 
to a suspension of the acid 36. 41. 45 or 46 (0.0016 moll m 
anhydrous benzene. The mixture was refluxed for 3 h, and then 
excess th~onyl chloride was distilled off under reduced pressure 
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and the residue was washed three times with anhydrous 
benzene The oily residue obtained was dissolved in 20 mL 
anhydrous benzene ITHF for 8, 25 and 33) and cooled at 0 °C: 
t r ie thylamme (0.0017 mol) and, subsequently, a solution of the 
appropriate amine 10.0017 mol) m 2 mL benzene (THF for 8, 
25 and 33) was added. The reacnon mixture was left under  stir- 
ring at room temperature for 24 -36  h (TLC analysis). After fil- 
tering off the t r lethylamine hydrochloride,  the solution was 
concentrated to dryness. The residue w'a~ triturated with dilute 
hydrochloric acid and then with saturated sodium hydrogen 
carbonate aqueous solution, washed with water and collected to 
give a crude product, which was purified by recrystall izatmn 
from the appropriate solvent, if necessary after ~illca-gel 
column filtration. Yields, recrystalhzatlon solvents and melt ing 
points are reported in tables I and lI The spectrometric data for 
1 and 26, which are representat ive of the title compounds,  are 
listed below 

N-l(Benzothwn-3-yl)gh'owlyl]phenvlethyhmtine 1. IR v cm ~. 
3380, 1680, 1630, 1380, 1160. IH-NMR (CDCI0:  ~ 2.85 It, 
2H, ARCH2): 3.60 (q, 2H, NHCH:):  7.1-9.8 (m, I1H, ArH, 
NH). 

N-[f5-Methylthien-2-yl)glyo.v31yl]t*henylethyhunine 26. IR v 
cm l: 3350, 1680, 1640, 1220, 780 ~H-NMR (CDC10:~52.33 
is, 3H, CH~): 2.70 It, 2H, ArCHx): 3.55 Iq. 2H, NHCH,) ,  
6.70 8.35 Ira, 8H, ArH, NH). 

(Benzofitr-3-yl)glyo_D'lylamme dern'atn'es 9-13. N,V-Carbonyl- 
dnmldazole  (0.26 g. 0.0016 moll was added, under stirring 
in a mtrogen atmosphere,  to a solution of  (benzothien-3-yl)-  
g lyoxyhc acid 39 (0.30 g, 0 0 0 1 6  moll  in anhydrous THF 
(10 mL) After carbon dioxide evolution had ceased, a solution 
of  the appropriate amine (0 0016 mol) in 2 mE anhydrous THF 
was added to the reaction mixture, which was left to stir at 
room temperature for 2 3 h (TLC analysis). The solution ob- 
tained was concentrated to dryness, and the residue, dissolved 
in chloroform, was washed with saturated sodium hydrogen 
carbonate aqueons solution, and then with water After  dining,  
the chloroform solution was concentrated to dryness, and the 
crude product was purified by recrystallization, after filtration, 
when necessary, on a silica-gel column Yields, recrystalh- 
zahon solvents and melting points are reported in table I. The 
spectrometric data for 9, which is representative of the title 
compounds,  are listed below. 

N-[(Benzo/,r-3-yl).glvo_D'lyl]phenylethylamtne 9. IR v cm t. 
3180, 3080, 1690, 1640, 1510, 1130. 750. IH-NMR (CDCI0 '  ~5 
2.91 It, 2H, ArCH_O, 3.65 (q, 2H, NHCH:):  7.11/-935 Ira, I lH,  
ArH, NH ). 

Bioehenlzstrv 

Tritlated flumtrazepaln was obtained from Du Pont de 
Nemours,  New England Nuclear  Division (Drele~chenhalm, 
Germany)  and had a specific activity of  83.5 C~/mol and a 
rad~ochemical purity > 99%. All other chemicals  were of 
reagent grade and obtained from comlnerclal  suppliers. 

Bovine cerebral cortex membranes  were prepared in accor- 
dance with reference [39]. The membrane  preparanons were 
subjected to a f reeze- thaw cycle, washed by suspension and 
centrlfugation in 50 mM Tris-cltrate buffer pH 7.4 and used in 
the binding assay. Protein concentrat ion was assayed by the 
method of Lowry et al [40]. 

Binding ~tudies were performed by using a filtration tech- 
nique essennal ly as previously reported [21] 
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