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Abstract - This review describes the synthetic apprecaches to
mono and diannelated 1,5-benzodiazepines with three, four,
and five-membered rings fused to different positions of the

1,5-benzodiazepine skeleton.

1. INTRODUCTION

The interesting biological aqtivities shown by 1,4- and 1,5-benzodiazepines
containing an additional heterocyclic ring fused to fhe different edges of
the heptatomic nucleus have stimulated the exploitation of the chemistry of
this class of compounds and an enormous number of papers and patents have
appeared in literature.

Although the synthesis of annelated 1,4-benzodiazepines has been previously
reviewed,l only a partial survey dealing with the chemistry of related 1,5-
benzodiazepines has appeared.? The present review, dedicated to mono- and
diannelated 1,5-benzodiazepines, covers the chemistry and biclogical
activity of this importént group of heterocyclic compounds. Derivatives
with three,‘four, five and six-membered rings fused at the different edges

of the heptatomic ring are known.
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2. Three-membered rings annelated to 1,5-benzodiazepines

Only one example of a synthetic approach to the azirino[l,2-all1l,5lbenzo-
diazepine system was reported.3r4 The reaction of 3H-1,5-benzodiazepines
{1} with dihalocarbenes, generated "in situ" using benzyltriethylammonium
chloride in haloform and agueous sodium hydroxide mixture, gave 1,la,2a,3-

tetrahydro-2H-bisazirinoll,2-a:2',1'-d]i1,51benzodiazepines (2).3

CHXa/NaOH
H,D
room temperatum 1-6h

1 2

R = H, C1
Rl= Ph, 4-MeCgHy
X =¢Cl, Br

X

Compounds (4) have similarly been prepared by cycleoaddition of dichloro-

carbene to 1,5-benzodiazepin-2-ones (3).4

s 1P
CHClL/NaOH
HO R = Me[B0%),
o room temperature , 3 h Et({85%)
N="Nen AAL
3 . 4 ci

3. Four-membered rings annelated to 1,5-benzodiazepines

The B-lactam moiety {6.) has been integrated into the benzodiazepine system
by regiospecific cycloaddition of phenoxyacetyl chloride to 4-aryl-2-
methylthio-3H-1,5-benzodiazepines (5).5

The X-ray structure analysis of derivative (6) (R=4-Br) elucidated the
stereochemistry of this new ring system.6 The conformation of the molecule
is controlled by steric and electrostatic interactions of the substituents.
Owing to steric inhibition caused by the neighbouring oxygen of phenoxy
group at C-2 and the sulfur atom of the methylthic substituent at C-4, the
4-bromophenyl ring is rotated by an angle of 85.4(4)° from the mean plane
of the heptatomic ring. The diazepine ring adopts a boat conformation,
with the -‘four-membered R-lactam ring planar with phenyl substituents in

the eclipsed conformation.
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R = H, 3-Br, 4-Br, 4-Cl, 4-F, 4-Me, 4-Et, 4-Me0, 4-NH;, 4-Ph

Reaction of 1,5-benzodiazepine derivatives (7) with methoxyacetyl chloride

gave azetodiazepinones (8) and (9) in an approximately 1:1 ratio.’ 2

R MeOC H.co
N NMe
- MeQOCH.COCI
CaHs /EtsN
A.4h
— 33-17
N=ar % -
7

H, Me, OMe, Cl, Br
Ph, 4-MeCgHy, 4-ClCgHy

o]
[
Il

The same authors also determined the crystal structure of compound (9)
(R=H, Ar=4-ClCgHy).? The seven-membered ring adopts a boat-shaped
conformation. The dihedral angles between the best planes through the
methoxyacetyl groups and the phenyl ring of the N-methylanilino group at C-
4, and between the 4-chlorophenyl ring at C-2a and methoxy groups at C-2
are 128.0(8) and 53.6(8)° respectively, and thus reduce the criowding of

these bulky groups on the diazepine ring.

4. Five-membered rings annelated to 1,5-benzodiazepines
Pyrrolo, furo, benzofuro, thieno, pyrazolo, imidazclo, thiazolo,

isothiazole, triazola, oxadiazolo-1,5-benzodiazepines are known.l10-108

4.1 Pyrrolo-1,5-benzodiazepines
The synthesis of 4H-pyrrolo[l,2-alll,5]benzodiazepines related to the

antitumoral antibiotic anthramycin, a derivative of SH-pyrrolol2,l-c][i,41-
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benzodiazepine, was 1:(311>c>r1:e<:'l.10 Reaction between 1-(o-acetamidophenyl)-2-
dimethylaminomethylpyrrole lodomethylate (10) and potassium cyanide
afforded 5,6-dihydro-4H-pyrrolofl,2-alll,5]benzodiazepin-5-one {11), which
was reduced with lithium aluminum hydride to 5,6-dihydro-4H-pyrroloil,2-al-
[1,5%]benzodiazepine (12). Some 6-acyl derivatives {13) of the latter

campound were also described.}0

/
d i KCN/DMF /
/ 120°C.18 h
N iiNaOH/(CH,OH %
160°C .1 h _
I 13% i
Ac *N—Me N
3
Ao e Me Ao O
1"
10 LiAIH./THF
4.65h
82%
— - /
RCOCI/Et;N
Iyof'n temoerature 30 min N
1 1
COR H
13 12

R = Me(81%), CH,C1(62%), CHCl({60%)

Recently, the tetrahydropyrrolobenzodiazepine system has been obtained by
reaction of the 1,5-benzodiazepine (14} with {Z)-N-(benzoylmethylene) -
aniline N-oxide in anhydrous benzene at room temperature; the structure of
the obtained cycloadduct 5,6-dihydro-5,5-dimethyl-1-hydroxy-1-phenyl-3-
phenylamino—lg—pyrrolo[1,2—3][1,5]benzodiazepin-2(43)—one {15), was esta-

hlished by ¥-ray analysis.ll

Q
Ph
Me o HO / HPh
—_ f
BzCH=NPh
CeHe/ N2
e room temperature, 24 h
N 25%
i Me N Me
H  Me

15
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One patentl2 reports the synthesis of the pyrrole[2,3-bll1l,5]benzodiazepine
derivative (18). This compound, useful as trangquilizer and hypotensive-
antihypertensive agent, was prepared by refluxing 2-ethoxy-3-{ethoxy-
carbonyl)pyrroline (17} with o-phenylenediamine (16) in ethanol under

nitrogen.

[ N
H N N~
2 EtO,
‘S/ Z _E!Qﬂ&ﬂz_.
+ 4.2 @ Ph

NH, EtOL Ph N S

H

18 L 18

Pyrrolof3,2-bl1[1,5]benzediazepin-10{1H)-ones (21) have shown interesting
biological properties as antiulcer agents: compounds (21) were obtained
starting from ethyl 3-amino-1,4,5-trimethylpyrrole-2-carboxylate (19},
which was saponified, nitrophenylated wi‘th 2-cloronitrobkenzene to 20, and

successively reduced, cyclized, acylated and further aminated to give 21.13

Me
]
EtOC\_ N\ _ Me i KOH MeOH NO, COOH Vo
\ / A.4h Y K
" i1 2-NO;C.H,Cl, K;C0a /
e 1= Methyl-2-pyrralidinone N
N 140°C , 12 h A oo —Me
Me
19 20
H
| 0
N
i H.,10% Pd/C,40°C
i HEL,140°C, 12 h Me
1l CIICHLInCOC!, K,COs, di oxane/PhMe, 70°C, 30min
iiii RR'NH, dioxane, 70°C, 25 h N _
Me
RRNICH23y=CO
21

n = 0-2

NRR1= Me,N, EtyN, PryN, EtNH, MejNCHpCHRNH, 4-morpholinyl, 1-piperazinyl,
4-methyl-1l-piperazinyl, l-piperidinyl, l-pyrrolidinyl

A series of N-acyl derivatives of 21, their enantiomers, diastereociscmers

and physiologically acceptable salts were also prepared; these compounds

show a favorable effect on heart frequency as vagal pacemakers, oOr as
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cardioselective antimuscarinic agents wuseful for treatment of heart
disorders such as bradycardia and arrhythmia.l4-16

The pyrrolo[3,4-bj[1,5]benzodiazepin-1(2H)-one system has been also
reported;17-19 pyrrolo(3,4-bll1,5]benzodiazepin-1(2H)}-ones (24) and (25)
have kbeen synthesized from appropriate enamino lactam (23), obtained by the
reaction of 5,5-dimethyltetramic acid (22) with o-phenylenediamine {(16) in
the presence of a catalytic amount of p-toluenesulfenic acid.17.18 The
Mannich-type cyclization or the acylation with RCOC1 and subsequent

cyclization with polyphosphoric acid afforded 24 and 25 respectively.

H M Me
J
N \ H
. H,
NH,
H
16 |
. TsOH
CIH!
Me Me éﬂégh NH,
0 o
NH
23
Q
22

25

R = Et(95%),1-propenyl(67%), Ph{71%), 2-ClCgH4(89%), 2-NOsCgHgq(84%), 3,4~
(MeQ) 2CgH3 (78%), 2-(5-NO3)-furyl(95%), 2-thienyl(84%), styryl(96%)

Rl= Ph(57%), 2-ClCgH4(55%), 2-NO;CgHg(50%)

Analogously, pyrroloi{3,4-blll,5]benzodiazepine-1,3(2H,4H)-diones (27) were

easily prepared by cyclocondensation of (Z/E)-l-arylmethylenepyrrolidine-

2,3,5-triones {26) with o-phenylenediamine (16} in ethanol.l?

B
0 INll r
H
:  ArCH Me _ELOH/HCI
* A1h /
NH,
0] (0] 'f N Me
16 26 H a
27

Ar = Ph(27%), 4-ClCgH4(25%), 3-NOgCgH4(69%)
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4.2 Furo-1,5-benzodiazepines

Furo[2,3-bl[1,5]benzodiazepines were synthesized starting from 3,3'-allyl-
alkyl-1,5-benzodiazepine-2,4-diones (29), obtained by refluxing o-pheny-
lenediamine {16) and allylalkylmalonic esters {28) in toluene in the
presence of sodium ethoxide.20,21 It has been suggested that hydration of
benzodiazepinedicnes (29) affords the corresponding 68-hydroxypropyl
derivatives (30) in equilibrium between two hemiketal forms cis and trans

(31).20 Treatment of 29 with concentrated H350421722 or hot 85% H3PO42l or

EtO,C  CH.CH=CH,
1B. X7 PhMe CH,CH=CH,
N\

ElQCc R

E H O~ _/CH:R'

a3

R .= Me, Et, i-Pr, allyl, Bu, CHpCH;CHMe;, CHpCHpNEtj, cyclohexyl, Ph
R+= H, Br
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bromine23 gave the furcbenzodiazepines (32) which were also reduced to give
10,10a-dihydro derivatives {33).22 The stereochemistry of the asymmetric
centers has not been reported.

The results of biclogical tests24 indicated that several furol[2,3-bl(1,5]-
benzodiazepines {32) seem to be particularly interesting owing to their
ataractic properties, low toxicity, no or weak hypnotic action and
negligible disturbance of the motor coordination.

The synthesis of furo[3,4-g]{1,5}benzodiazepiﬁe system was carried out by
condensation of 1,2-phenylenediamine (16) with 5,5-dimethyltetronic acid
{34} in the presence of a catalytic amount of p-toluenesulfonic acid to
give the enamino lactone (35); treatment of the latter compound with
various aldehydes in ethancl in the presence of small amounts of acetic
acid gave 10-substituted 3,3-dimethyl-3,4,9,10-tetrahydro-1H-furci3,b4-b]-
[1,5]benzodiazepin-1-ones {36).17 3,4-Dihydrofuro[3,4-b][1,5]benzodiazepin-
l-ones {37) were also prepared by acylation of amine (35) with acyl

chlorides followed by cyclization with polyphosphoric acid.lB

Me
"il Me
"X
NH,
N R
HH, noMe A
N 38
6 TsOH \
. ToHy
4.3h NH,
Me Me 95% . )
|
0
34

k1

R = 1l-propenyl(87%), Ph(98%), 2-ClCgH4(92%), 2-FCgHq{94%), 4-MeOCgH4(96%),
4-NO,CgH4(89%), 2-pyridyl(98%), 2-thienyl(85%), styryl{29%)
Rl= Ph(52%), 2-ClCgH4(85%), 4-NOpCgH4(83%), 2-pyridyl(16%)
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4.2.1. Benzofuro-l,5—benzod'iazepines

5,6-Dihydro-12H-benzofuro[3,2-bj{1,5]benzodiazepin-6-ones (40} have been
prepared by cyclization of N-(2-chloro-5-nitrophenyl)-3-amino-2-benzofuran-
carboxamides (39) obtained from N-{(2-chloro-5-nitrophenyl)-2-(2-cyano-

phenoxy)acetamides (38).25

QL J@L e m X,

82 85%
38
DMF/Na,C 0O,
. A4.5h
)
N NO,
\\ N-g
Q
R = H(16%), ©
Me (45%) 40

4.3 Thieno-1,5-benzodiazepines

Three different ring systems are reported, according to the various fusions
of the pentatomic ring to the benzodiazepine nucleus.

A general synthetic route to the thienol[2,3-bl-, [3,2-b}- and [3,4-bl1[1,5]-
benzodiazepine ring systems has been developc—zd.%:z7 The approach is based
on the reaction of suitably substituted aminothiophenecarboxylates with
variously substituted 2-fluoronitrobenzenes to give nitroesters, which by
sequential catalytic reduction and cyclization of the resulting diamino-
-esters affords the corresi:onding thieno-1,5-benzodiazepines.

Thus, the reaction of ethyl 2-aminothiophene-3-carboxylates (42) with 2-
fluoronitrobenzenes (41), in the presence of DMSO and K3CO3, led to the
nitro esters, which by reduction to amino esters (43) and subseguent
cyclization, promoted by 3 eguivalents of scdium methylsulphinyl methanide,
gave the 10H-thieno[2,3-bl[1,5]benzodiazepin-4(5H)-ones (44).26-28

A series of 4-piperazinyl-10H-thieno[2,3-b][1,5]benzodiazepines (46),

useful as anxiolities and tranguilizers, have been also prepared by
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reaction of thienodiazepinones (44) with the appropriate piperazine in the
presence of TiClg and anisole.Z26,29,30 Alternatively, the amidino deriva-
tives (46) have been obtained through the conversion of thienodiazepinones
{44) into thienodiazepinethiones (45) by reaction with P3S;, and successive
treatment with amines. Furthermore, it was also shown that the diamino
esters (43) can be directly converted into derivatives (46) by reaction

with N-methylpiperazine, TiCly and anisole at higher temperatures.29,30

(o} EtO,C

HN R

41 42
1 i DMSO/K:CO; , 96°C . 6 h_33-66%

il

iiH,,Pd/C . EtOH, roomtemperature, 2 h,84-88%
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H, 7-¥, 8-F, 6,8-Fp, 7,8-F3, 7-Cl, 8-Me, 7-MeS, 7-NHp, 7-NOj
H, Et, Me, t-Bu, 2-hydroxyethyl, i-Pr, n-CgHjj, COMe, Ph
Me, Et, Pr, CH;Ph, Ph, 4-CICgH4CHp., 3-ClCgiHy, 3-CFaCgHy

R
rl
RrR2
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Several derivatives (46) showed potent neuroleptic activity, higher than
clozapine.2® A Free-Wilson study of substituent contributions to
antidopaminergic activity was also reported.3l The structure-activity
relationship indicates the importance of the disposition of the distal
piperazine nitrogen with respect to the tricyclic system on the levels of
antidopaminergic and anticholinergic activity.30

Among the tested compounds, flumezapine, 7-flucro-2-methyl-4-{4-methyl-1-
piperazinyl)-10H-thieno[2,3-b][1,5]benzodiazepine (47) was the most
interesting as antagonist of central dopamine and serotonine receptors.32
It was demonstrated that 5-hydroxytriptamine antagonism is not involved in
the lack of synergism of flumezapine with amfonelic acid.33 a study on in

vitro metabolism of 47 was also reported.34

[
F N
nL
A S Me
47

Several 4H-thienof3,2-bl[1,5])benzodiazepines (49)26-28,35 and (50)26,35
have been prepared using the above reported synthetic strategy, starting

from amino esters (48).

MR
{0 (7
R N R’R N

NH, COM .
» GO:Me NaCH:S0Me -
DMSC s
“‘CL ey Sw iy /]
) 2R z 2 R N A
H

a8
R =H, F, C1
Rl= H, Me
RZ= H, Me, (CHz} 20H,

(CH>)30H, COzEt, CH3Ph

The activity of 10-piperazinyl-4H-thieno[3,2-blbenzodiazepines (50} as
neuroleptics has been evaluated and some of them demonstrate a greater

potency than clozapine.?>
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9,10-Dihydro-4H-thienol[3,2-b1[1,5]benzodiazepin-10(9H)-one (49} was chloro-
acetylated by treatment with chloroacetyl <chleride, and successively

aminated to give derivatives (51).14

N o ' P
N . i CICOCHICLKCQs N
/ RHl o, N //
N ~ dioxane, 70°C,2.5h )
H co

1
a9 5 C*%
7 e

R = MejN, 4-morpholinyl, l-piperidinyl, l-pyrrolidinyl

Many reports describe the synthesis of the 4H-thieno[3,4-bl[1,5]benzo-
diazepine system. The most general synthetic approach to diazepinone (54}
is based on the cyclization of the corresponding amino esters (53),
obtained from the reaction of 2-fluoronitrobenzenes (41) with methyl 4-
aminothiophene-3-carboxylates (52) and successive reduction.27.,35

The amino esters (53) were also derived from the condensation of 4-
{carboxymethyl)tetrahydrothiophen-3-one {55) with an appropriate 1,2-
phenylenediamine derivative (16) and aromatization of the resulting
dihydrothiophene (56) by chloranil in boiling toluene or xylene.35r35
Similar reaction of the above keto ester (55) with o-nitroanilines (57)
produced nitro esters, which on suhsequeht arcmatization and catalytic
reduction gave the amino ester (53).

When 1,2-phenylenediamine (16) was condensed with 4-(carboxymethyl)-
tetrahydrothiophen-3-one (55) in boiling toluene 4H-1,3-dihydrothieno-
[3,4-p1[{1,5)benzodiazepin~10{9H) -one (58) was obtained, which by
aromatization gawve (54).35,37-42

Thienodiazepinones (54) have been 4,9-diaminoalkylated3®-41 or 4-amino-
acylatedl6,41,43-46 by treatment with chloroacetylchloride or phosgene and

successively with amines.
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i DMSO/EL:N,100°C, N, 40h,10%
) ture, 2 h | BRJ/Et,0,4.4h, 80%
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iiiHz , Pd/C, EtOH
NH2  COMe R room temperature.2 h
R —_
R
H
) R NaCH,SOMe
hloranit,xylen 53 30°C. 15 min
2 beT 96% L
) (s}
NH:  COMe N
R /' R == R
N S
) Y
18 H
58 54 R
3
EtOH/AcOH N Chlorosuccinimide
'_‘:;_%643: Py,10°C, 30 min
24-86%
R H o
Ha C 2 / /N
R + ~FPhMe 4,25k R | R
45-76%
NH, O XN / S
R? N
16 55 H R
58

R = H, 6-CF3, 7-CF3, 6-Cl, 7-Cl, 6,7-Cly, 7-F, 6-Me, 6&,7-Mey, 6-Et, 6-MeO,
7-MeC, 7-MeS

Rl= H, R’=H, Me

Rl= Me, R2= 1§

A selective, high yield synthesis#*’? of thieno[3,4-b]{1,5]}benzodiazepinones

{54) (X = C1 or F) involved the condensation of 4-ethoxy-3-thiophenecarbonyl

chloride (59) with 4-chloro- or 4-fluoro-1,2-phenylenediamine {16) which

gives the amino amides (60) exclusively. Presumably, the mesomeric

influence of the halo substituent sufficiently enhances the nucleophilicity
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of the l-amino group to give rise to observed regiospecific. reaction. The
latter compounds were cyclized to 54 by treatment with polyphosphoric acid.

The intermediate amino amide (60) can be also obtained starting from 4-

and 59 after reduction of the nitre

chloro-2-nitroaniline (57) (X = Cl)

group of the intermediate (61) with sodium hydrosulfite.

0 oo
NH, (o]
. =7y EtN/CHLh .
room temperature, 24 h
Ha EtD = 67-80% X H,
QEt
16 L.:] B0
o >
t“‘? N PPA,120-130°C. 1.5 h
N o 100%
b'&%
H H
NH, W’ fe©
+ 58 Et;N/CH.LCh -
room tgrémgerature, 2h
X NOa X NO, < —
N
57 &1 Okt ) \ s
H
54
X=2¢Cl, F

9-Alkyl derivatives of 54 were acylated at the 4-position and the products

were reduced (BzHg-THF) to yield 9,10-dihydro-4H-thienol3,4-bi[1,5]benzo~

diazepines (62).48

1 R'
¥ o '
N
i RRCOCIH/Et:N,CeHe R
R A\z—r:Tr;4 - . —
— i BaHs,
" A18-18h N\, _$
NN 5 )
! CH:R
"
54 62

, 6,7-Cla, 6,7-Mep, 6-NOp
, Me, Et, Pr, 2-propenyl, 2-methyl-2-propenyl, 2-cyclohexen-l-yl

e, Et, cyclopropyl, pentyl, CH»Ph
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Several 4-(l-piperazinyljacetyl derivatives of 54 showed marked gastric
antisecretory properties which might be of potential value in the treatment
of peptic ulcer disease.43:44 one of the most promising compounds of this
series was telenzepine (3-methyl-4-[{4-methyl-l-piperazinyl}acetyl]-4H-

thieno[3,4-b][1,5]benzodiazepin-10(9H}~one) (63).49-51 Telenzepine shows a

615

selective activity as inhibitor of muscarinic M1 receptors,52'61 has a 10-"

fold higher affinity than pirenzepine at these receptors and is equipotent
with atropine.®2 It was also found®2 that telenzepine enantiomers black
muscarinic Ml receptors with opposite kinetics. Intestinal permeation of

telenzepine with respect to pirenzepine was also evaluated.63

F

Me

4H-Thienc[3,4~b][1,5]benzodiazepin-10-amines have been intensively studied
and several synthetic routes have appeared in literature.

The earliest approach26,28,35 started from the readily available 4-cyano-
tetrahydrothiophen-3-one (64) with a suitably substituted 2-nitroaniline
{57) in the presence of a catalytic amount of BF3-Et0 or TiCly to give
nitro enamines (65) which underwent aromatization with chloranil to produce
4-cyanc-3-{2-nitroanilino)thiophenes (66) in excellent yields. Catalytic
hydrogenation of the nitro group afforded the corresponding amino nitriles
{67) which, without further purification, were subjected to acid-catalyzed
ring closure towards amidines (68). Similarly, the condensation of 1,2-
rhenylenediamines (16) with 4-cyanotetrahydrothiophen-3-one (64) afforded
dihydrothiophene derivatives (69) which on acid cyclization produced
amidine salts (70). Conversion to the free base and aromatization gave the

required amidines (68).35
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- \ CB;:{IEE:O hloraml Chioranil /xylene R — 5
PhMe ,2h
e 62-99% NN _S
34-80% '
64 "

86
. N NH:
T
H  en R
Ha, Pd /C. EtOH , PrOMH
rozomm%r;’zpera ure, R =% _HrCl_" : -
A.34h
N8 2575% MRS
M
H
6? 68

Et H _R R
1 . 84 R d ah / T
27% :

R = H, 7-Cl, 7-F, 6-CF3, 7-CF3, 7-MeO, 7-MeS
Rl= H, Me

The same synthetic procedures reported for thiencl2,3-bl- (46) and [3,2-b]-
[1,5]benzodiaze§ines (50) were employed for thienc[3,4-b)[1,5]1benzo-
diazepine derivatives (73). In the principal method39,40,64,865 the lactam
(54) was converted to the corresponding thiolactam (71) by the action of
P255 in pyridine. Alkylation of 71 gave the methyl thicether {72) which
reacted smocthly with a variety of amines to give the desired (73).
Alternatively3d, reaction of thiolactam directly with the appropriate amine
gave 73 in moderate yield. A more useful procedure35,39,40 utilizes Ticly

to catalyze the condensation of lactam (54) with amines to give 73.
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P o s
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R = H, 6-CF3, 7-CF3, 6-Cl, 7-Cl, 6-F, 6-Me, 7-Me, 6-Et, 6-Me0Q, 6-MeS, 6-NO;

NRIRZ= NHy, NMe;, 4-methylpiperazinyl, 4-(l-hydroxyethyl)piperazinyl,
4-ethylpiperazinyl, 4-propylpiperazinyl, pyrrolidinyl

Basic hydrolysis of amidines (73) gave the corresponding diazepinones

{54).35

Several [3,4-bl[1,5]benzodiazepines {73) were found to be potent

neurcleptic agents and to exhibit additicnal antidepressant activity.35

4.4 Pyrazolo-1,5-benzodiazepines

Fusion of the pyrazole ring to the 1,5-benzodiazepine system has been
reported and involves only the facet "b" of the heptatcomic nucleus.

The two isomeric pyrazolo{3,4-b]- and pyrazolol4,3-bjfl,5)benzodiazepine
systems can be further subdivided into two isomeric classes, depending on
which of the pyrazole nitrogen atom is substituted.
1,10-Dihydropyrazolo[3,4-b][1,5]benzodiazepines (75} have been prepared by
cyclization of 1,2-phenylenediamine derivatives (16) with 1,3-disubstituted
S-chloro-4-pyrazolecarboxaldehydes (74);66 reduction of 75 with NaBHs and
successive aminoacylation gave 1,4,5,10-tetrahydropyrazoloi3,4-b]J[1,5]-

benzodiazepines (76).
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¥
R H N
o N NN
NH; \N EtOH/HC! \ ! i
R + \ / A.2h R R
NH, OMC R? —
T4
16 75
TNaBH.,MeOH. 4,1h
ii NaH, dioxane, 90°C .2h
R it CICO(CH,)NR°R*
' dioxane ,A,18 h
CO(CH,)nNR’

R = H, 7-Cl, B-Cl, 7-Me, B-Me, 7-CMe, B~OMe, 7-COpMe, B-COsMe
Rrl= Et, cyclohexyl, Ph, CHyPh
R?= Me, Et, i-Pr; n= 0, 1

NH3, NHNH5, NHNHCOMe, MesN, EtpN(CHp)N, 4-{2-hydroxyethyl)piperazinyl,
4-{2-hydroxyethyl)piperazinyl, 4-methylpiperazinyl, morpholinyl, 2-
{4-morpholinyl}ethylamine, 2-(4-morpholinyl)propylamino, piperidinyl

1,10-pihydropyrazolec[3,4-b][1,51benzodiazepine-4-amine derivatives (78)

were obtained by cyclocendensation of 77 with hydrazine derivatives.6®?/

w8
N
N “N
NHNHa[HzOI \ / R = H, Me, Ph
% 240% _
NH,-HCI N NH,

A series of amidinco derivatives (80) was synthesized by reacting an anisole
solution of ethyl 3-{2-amincanilino}pyrazole-4-carboxylates (79) with N-
methylpiperazine in the presence of TiCly, under nitrogen;68,69 ap
alternative approach®? relies on the cyclization of ethyl 3-(2-
aminocanilinc)pyrazole-4-carboxylate (79) with sodium (methylsulfinyl)-
methanide to give pyrazolol3,4-b][1,5]benzodiazepin-4-ones (81), which

readily reacted with N-methylpiperazine and TiCl, in aniscle to give B0.
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N
NaCH,SOMe D !
65°C, 20min -
0%
9 ',q N
H

N)kk'
81

NG
20% H

TiCle/PhOMe
N, 130°C.30min

N--
R = R
R = H, 7-F, 8-F, 8-Me NN 2
Ri= H, Me, Ph PI'I /N\R
R”= Me, Et, Pr, i-Pr,
hexyl, Fh B8O

Furthermore, reduction of 3-(2-nitroanilino)pyrazole-4-carbenitrile (82)
with anhydrous S$nCl; in agueous ethanolic HCl led directly to pyrazolo-
[3,4-b][1,5]benzediazepine-4-amine (83) as hydrochloride. Transamination of
83 with an appropriate amine gave amidine derivatives 80.68.69 pharmaco-
logical activity evaluation is also reported:5? some of the 4-piperazinyl-
2,10-dihydropyrazolol(3,4-h1{1l,51benzodiazepines {95) demonstrated potent

anxiolytic activity, higher than clordiazepoxide.

NH: HC}
O N
R SnCla Rz 80
— EtOH HCI — TOMSO0, FhMe

N " N Nz.A 20h

1 / 1 69%

H R o N

a2 83
R = 7-F, 7,8-F7, 7-Cl, 8-Cl, 7,8-Clp, 7-Br, 7-I, 7-CFy, 7-COPh, 7-S0;Me
Rl= Me, Et, i-Bu, cyclopentyl, n-decyl, CH3Ph

R2= H, Me, CHyCHoOH, CO3ZEt

A synthetic route which leads to isomeric pyrazolo[3,4—p][1,5]benzo—
diazepine systems is based on the reaction of 4-dialkylamino-1,3-dihydro-
2H-1,5-benzodiazepin-2-ones ({84) with Vilsmeier reagent at room
temperature, The cbtained (z)—4—dialkylamino-3-dimethylaminorﬁethylene—l,3-

dihydro-28-1,5-benzediazepin-2-ones (85), were then made to react with
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substituted hydrazines to afford pyrazola[3,4-bl[1,5]benzodiazepine
derivatives (86-87) mono- or disubstituted according to the hydrazino-

derivative employed.’0.71

? [0} 0 O
N N
DMF/POCI, C/NMez
room Eem rature, EU l'
B6% \
o —
N NRR? N NRR?
85
84 EAeN}-lIBNa_PT;e-%{CI RNHNH,
taN ACOH -
Pyt 22-75% guOH/ACOH
M
H \ o]
Nl N
@[ - ( )=
N== N—Me ¥ ? \N/ “R
) H H
Me 87a &b
R = Me(22%) : R = Me(23%)
NRIRZ= Me;N, Et)N, H{75%)
pyrrolidinyl Phi{62%)

Analogously, condensation of 2,3-dihydro-4-methyl-1H-1,5-benzodiazepin-2-
one derivatives (88) with aromatic aldehydes gave (Z/E)-3-arylidene
derivatives (89), which by successive treatment with NHoNH;-HOAc or

PhNHNH; in pyridine gave 4-methyl-2,3,3a,10-tetrahydropyrazolol[3,4-bll(1,5]-

benzodiazepines (90).72

! o B NG
N v N”
NH;NH, / HOAC
ﬁr%';'.]c/)pﬁg?r’i" - CHAT & PPhyNHNHz A
c r
4. 3h, 60-89% - v={
Me Me
= H, Me, Et
Rl= ac, Ph

Ar= 2-HOCgHy4, 4-HOCgH4, 4-NO3CgHa, 4-MejsNCgHy, 2-thienyl

Pyrazolol(4,3-bl[1,5)benzodiazepin-10(1H)-ones (92) were obtained by cycli=~
zation of an appropriate aminopyrazolecarboxylic acid derivative (91). The

obtained compounds (92) were also 4-acylated and aminated to give 93.73.74
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N o
N
H:  Co.Et SR
~R ﬂ:b_wﬁ_.
S Lk
N ~N 'i‘ =
H H
91 R : o2 X
i CICOICH2)4Cl, K,CO4
dioxane/PhMe, 70°C. 2 h
80-95%
i RPR*NH, dioxane
80°C.1h
70-90%
n=2,3
R_ = Me, Et H
Rl= H, Me, Et i
R2= R3= Me, Et, i-Pr R
NR2R3= merpholinyl, '4'
piperidinyl, / \
pyrrolidinyl, ~N
4-methylpiperazinyl, 1
4-phenylmethylpiperazinyl RRNICH,InOC R

Cyclization of ethyl 4-(2-aminoanilino)pyrazole-3-carboxylates (94a) with

N-methylpiperazine in the presence of TiCl, and anisole afforded amidino

AN
N"‘-‘

derivatives (95a).%?

0
F NH, & e
: C—OEt ” NM F

=N TiCl,/PhOMe N
N N N2, 100°C, 24 h =
1 Me 49% I;J \ L
" H Me
e
94a 85a Me

Similarly, 1,3-dimethyl isomer {95b) was obtained in lower yield by

reaction of 94b with N-methylpiperazine in different experimental

ﬁ /“\\J/NMQ
F NH; C—OFEt y Me F N

conditions.

N-Me DMS0/PhMe Me
\ N;.4,20 h N
N ~N 10% N _-N
H H
Me
94b Me 95b
2,10-Dihydropyrazolol4,3-bl[1l,5]benzodiazepin-4(5H) -one (97) has been

synthesized from 1,5-benzodiazepin-2-one (96): reaction with tosyl azide
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occurs at the cyclic methylene group to afford a 3-diazeo derivative, which,

by reaction with phenyl isocyanate, gave compound (97).75

H oo N
N i TsNa/EtOH/Na N
50°C, 2 h
75% =N
N il PANCO/PhMe/Et:N N \
80°C., 2 h NH
Me 20% 4 N\
96 CONHPh
a7

4.5 Imidazo-1,5-benzodiazepines

A series of 6-phenyl-4H-imidazo{1,2-a]j[1,5)benzodiazepin-5(6H) -ones
synthesized and evaluated for CNS activity.’6-80

Treatment of 4-amino-1,3-dihydro-l-phenyl-2H-1,5-benzodiazepin-2-ones
with propargylamine?6-78 in the presence of p-toluenesulfonic acid or
a-bromo ketone’7,79 gave 99 and 100 respectively. The latter compounds

also synthesized by treatment of 98 with g-amino aldehyde acetal, to

were

{98)
with
were

give

the amidine derivatives (101}, followed by their cyclization in formic

acid.76,80

Me
)@,

N NH2 LN
- HCEC-CH, NH:
R TsQH/BuCH \ R
4,3h
N 33-94% N
| o] |
Ar

Ar o
a8 89
ENH,
TsOH/BuOH
416 h '
73-90% 3
f&N
Y3
N ANHR N
HCOQ,H/H:0
R Aah R
N 67-84% N
1 I
Ar 0 Ar °
101 100

R= H, 8-Cl, B-CF3, 9-CF3

Rl= H, Me, Et, Pr

R2= CH,CH(OMe);, MeC(OEt)2, MeCHCH{OEt);
Ar= Ph, 2-FCgHy
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Imidazo[1l,5-ail[1,5lbenzodiazepin-5(6H)-ones (105} and their 3,3a-dihydro-
derivatives, useful as anxiolytics, anticonvulsants, muscle relaxants and
sedatives, were prepared by amination of benzodiazepinedione (102) with
methylamine in presence of TiCl, and following nitrosation to give nitroso-
amines (103).81 cCompounds (103}, treated with MeNOp and potassium t-
butoxide gave (2/E)-nitromethylene derivatives {104) which were hydrogenated
(Hp, Raney Ni)}, cyclized with RC(OEt})3 and dehydrogenated with MnO; to
afford imidazoll,5-all[l,5]lbenzodiazepin-5(6H)-ones (105}, also prepared by

reaction of 103 with CNCH2R2 in the presence of poctassium t-butoxide.82,83

. ~NO
i MeNH:/TiCI N
CoHe/ THE, 4.15h _ =
ii NaNO, /AcOR
R N 10°C. 1 h
)
R? © ?2 o
102 R
103
MeNO:
t~BuOK/DMF
R\
¥ v
N / B chno,
i Ha Raney Ni N
ii R' CIOEth
R iii MnO,
N N
;!“ ° [N
105 R
104
R = H, €1, Br, I, NOj
Rl= u, Me

R2= H, COzMe, CO;Et, CONMejp

R3= ph, 2-ClCgH4, 2-FCgH4, 2-pyridyl

Two isomeric 4H-imidazo[4,5-bli1,5]benzodiazepine series have been
synthesized:84 compounds (108), l-methyl and 1,2-dimethyl substitated, were
prepared from the appropriate 4-({2-nitroanilino)imidazole-5-carbonitrile
(106), by reduction and cyclization to the cyclic amidines (107) and

successive transamination with N-methylpiperazine.
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. NH, HC!
O oy Sneil,
Me EtOH/HC!) e
7/ aih
100%
A ! :

101

N A
H

DMSO/FhMe
N..125°C.5h

NzMe

R = H(24%),

Me(12%) 108
Similarly, 3-alkyl substituted imidazo[4,5-b]J[1,5]benzodiazepinas {110)
were prepared from the appropriate ethyl 4-{2-aminoanilino)imidazole-5-
carboxylate (109) with an excess of N-methylpiperazine and TiCly in
refluxing anisole. The antidopaminergic and anticholinergic activites of

imidazobenzodiazepine derivatives have been also examined but no compound
showed reproducible activity.B84

r‘/\/NME!
/'\, N ’\l/
F NH, QO:Et |-||\|/\/\m’e F =

J\N TiCI.éPhQ_hMg. /N Rl= Me{83%), Et(30%),
N) 100°C . 2

N » cyclohexyl(52%)
|
H N

-z

109 F R
110
Imidazo(4,5-b1(1,5]benzodiazepin-2(1H)-one (113) was obtained by treatment

of o-phenylenediamine (16) with betaine (111} or with 5-chloro-2-oxo-3-

phenylimidazoline-4-carboxaldehyde (112),85

—+\\] \, \r
A

. R
OHC %"an & N\IO
m
H, \ “Ph
* w—
NH, \ N
H 113
18 I{l Q'ROY}L‘(\
Cki\ \fo (¥
Naeh

OHC
n2
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4.6 Thiazolo-1,5-benzodiazepines
5-Imino-1-oxo-1,2,5,6-tetrahydrothiazolof3,2~a][1,5]benzodiazepine-4-carbo-
xylates {115) were prepared by cyclization of 2-amino-4,5-dihydro-4-thioxo-

1,5-benzodiazepin-3-carboxylates (114) with a-halo esters.86,87

R
o
R s Yks
N RCHBICOREt/ NaOE¢ N
/ C O.‘E‘ room en‘_}gﬁi&g{:e 10 min \ OZEt
E NH, E‘ N
1a 115

R = H, Me, Et

The cyclocondensation of 114 with 3,4,5,6,7-penta-0-acetyl-1-bromo-1-deoxy-
D-galactoheptulose (116) afforded the 5,6-dihydrothiazolol3,2-alll,5]benzo-

diazepine-4-carboxylate (117).88

AcOCHZ(CHOAcl‘%\S
(l:stl' N
Cc=0
N4 + N NaOEt \ COEt
{CHOACkK 20°C,3
] 38% N
CH,0OAc h H
16 -

Similarly, 5,6-dihydrothiazolo[3,2-a]l1,5]benzodiazepin-5-one {119} was
prepared from the corresponding thioxokenzodiazepincne (118) by reaction

with bromoacetaldehyde diethylacetal.?6

/

'i' . (\
N

BrCH,CHIOEL) \

H:/butanone *

N,.4,2h

ck N, 12% ck N

A o ©

118 19
A different approach involved the cycloaddition of 3-methylthiazoloi3,2-al-
benzimidazole {120) with methyl propiolate in refluxing MeCN to give the Zz-

isomer of thiazolol[3,2-alll,5)benzodlazepine {121).89
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Me

S—
HCECCOMe.
y/ MeCN. 4, 20h
N 39%

120

121

4H-Thiazolo[5,4-b1[1,5)benzodiazepines were synthesized, as potential
central nervous system agents, by reacting amino esters (122) with a
mixture of TiCly, N-methylpiperazine and anisole under nitrogen to give 2-
methyl-10-{4-methyl-l1-piperazinyl)-4H-thiazolo[5, 4-b][1,5}benzodiazepines

(123).90

H: COuEt HN N /—’]M _
& S Me 'll_:l s Me
123

122

R =H, 7-Cl, 6-F, 7-F

4.7 Isothiazolo-1,5-benzodiazepines

Only one example of this class of annelated 1,5-benzodiazepines is
reported.?l Isothiazolo(5,4-bl{1,5)benzodiazepine (125) was prepared by
cyclization of 5-{2-amincanilino}-3-methylisothiazole-4-carboxylic acid

(124).

H

iEtN /CICOE£t r:r 2

N QO:H %‘g’r‘ﬁ?g rature 12 h

\ P ) Me

iiNaQH/ o

N N dioxaner N / \

H S~ 4,40 min I g
32% H

124

125

4.8 Triazeolo-1,5-benzodiazepines

5,6-Dihydro-4H-[1,2,3]triazolefl1,5-all1,5]benzodiazepin-5-one (129) was
prepared by reaction of acetone dicarboxylate (127) with 2-nitrophenyl-
azide (126) in the presence of sodium ethoxide to give ethyl 4-{ethoxy-
carbonyl)-1-{2-nitrophenyl)-1,2,3-triazole-5-~acetate (128). Catalytic

hydrogenation furnished the corresponding amine, which on heating in the
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presence of a catalytic amount of p-toluenesulfonic acid, underwent

cyclization to [1,2,3]triazolall,5-a}ll,5]benzodiazepinone {129).92

h\'l//N/ _CO:Rt
Na FH;CO;EI N
- NaQOEt OEt
¢=0 0T 2R
NO;  CH,COEt 20% NO,
126 127 128

1H2. Pd/C, EtOH
room temperature ,2 h

66%
ii TsOH Axylene
_N A,3h
- Q,Et 100%

2,4-Dihydro-1H-11,2,4]triazclo[4,3-a][1,5]benzodiazepine-1,5(6H) -diones
{131), useful as a tranquilizing, muscle relaxant, were prepared heating

under argon benzodiazepine-2-thione derivatives 130 with NH;NRCO,Et,.?3

R
I
0,
. i s T
N N ¥/
% NH.NRCO,Et ‘
Ar, 200°C R
R N R
b O )
: P ©
120
13
R = H, Me, (CHp)3NH;, CHpCHMeNHMe, Ph
Rl= H, OH, OAc
RZ= Cl, MeSO, MeSO», NHj;, NHAc, NOp

The condensation of various benzodiazepinediones or thiones (132) with
hydrazides gave [1,2,4)triazolo[4,3-a][l,5]benzodiazepin-5-ones or thiones
{133).76,94-96 plternatively, compounds (133) were obtained from 132 by
treatment with methylamine to give compound {134), which was nitrosated,
treated with hydrazine to give 135 and cyclized with RC(OEt}3 to give 133.

Furthermore, treatment of 134 with RCONHNH; gave 133 directly.97
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N N/
RCONHNH2
R? BuCH - Rg
N..4, 28h
R N 91% R N
T bd | P
Ar r
132 133
MeNH:/TiCl.
Cotla/ THF RC(OEt);
4.15h EtOH, TsOH
4.1h
@
e « TH,
N H NH
S
. i NaNOzéACOH
R
! ii Hz2NNHz, THF
R room temperature, 2 h
NS, 80-90%
Ar
134 135

=2=0, 8
R = H, Me, Et, i-Pr, CH30H, CH3Cl, cyclchexyl, Ph

= H, Cl, Br, CFy, Me, MeQ, NOj, NHj
R2= H, Me
Ar = Ph, 2-ClCgHy, 2-FCgHy, 2-CF3CgHg
Two derivatives (133) (X=0, R=H, RI=Cl, CF3, Ar=2-ClCgHs) showed
anticonvulgsant activity without clinical toxicity.98 several derivatives of
this class of benzodiazepines were evaluated as platelet activating-factor
{PAF) antagonists.99
The same synthetic procedure was employed to obtain 5,6-dihydro-4H-[1,2,4]1-
triazolo(4,3-alll,5]benzodiazepines (137) by reaction of 2,3,4,5-tetra-

hydro-1H-1,5-benzodiazepin-2-thiones (136} with hydrazides.100-102

R N
N\
N s \\/ N
N

N /|
RCONHN
R R oo e R
N géagg% N
2 i 2
O L
136 137

R = Ph, 3-Py, 4-Py, 4-ClCgHy, 2-MeOCgHy, 4-MeCgH,, 3-MeOCgHy, 4-MeOCgHy, 4-
WO2CsH, , 2-thieny1, 2-furyl

Rl= H,” Ré= M

Rl= Me, RZ= H

R3= H, 8-C1, 9-Cl, 8,9-Clp, 9-MeO
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Another pathway to N,N-disubstituted 44-[1,2,4)triazolo(4,3-alll,5]benzo-
diazepin-5-amines (139) has Dbeen described.103 The reaction of N,N-
disubstituted 4-methylthio-3H-1,5-benzodiazepin-2-amines (138) with hydra-

zides afforded derivatives (139) along with lower amounts of tetracyclic
R N
~
V”

N SMe N/ N
RCONHNH,
,  200°C.1- ;
N=A A 45-84% N R N
< X
_—
R

R3
g \
138 139 '

compounds {140) [(relative ratio 3:1).

140
R = H, Me, Ph
NR1RZ= MeoN, EtpN, pyrrolidinyl
R3 = H, Me
Benzodiazepines (139) were also obtained in a two step synthetic route by
cyclocondensation of 1,Z-dihydro—3§—4—dimethylamino—1,S—benzodiazepin-z-one
{141) with hydrazides to give triazolobenzodiazepinones ({142), which were

in turn reacted with suitable primary or secondary amines, in the presence

of TiCly, to give the desired 5-amino derivatives (139).104

R R
J’N\N -\
ez / /N
N N N
RCONHNH; HNRR?
IR TiCl/Phie
- 2 )
NS 49°62% N, 29-90% NZ\nrr:
H H 139
141 142
Lawesson’s,
wiherm A
. few,aé“mm
/N\ 82-84% /N\
s N
N N/
NaH/R*
e
3 ——
E y  55-89% N=er?
143 144

R = H, Me, Ph

NRIR2= NHMe, NHEt, NHcyclopropyl, NPry, NBupz, N(allyl)y, morpholinyl,
piperidinvi, 4-phenylpiperidinyl, 4-methylpiperazinyl, 4-carbethoxy-
piperazinyl

R3= Me, Pr, CH2COZEt
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When compounds (142) were treated with Lawesson's reagent thiolactams (143)
were obtained, which then reacted with NaH and proper alkyl halides to
¥ield the S-alkylthio derivatives (144).104 A pnumber of compounds (139) and
{140) and 5-alkylthioderivatives (144) were tested for their analgesic,
antinflammatoryi®3 and anticonvulsantl04 properties and some of them showed
significant activity.

The reaction of 2,3-dihydro-1H-1,5-benzodiazepines (145) with benzonitrile
N-phenyl~ or N-ethoxycarbonylimine, generated in situ from the hydrazenic
chlorides (146), afforded 3g,4,5,5—tetrahydro—3§—[1,2,4]triazélo[4,3-§]-
[1,5]benzodiazepines (147),105

(]
% - P ~NHR
. c Et:N THF
Nai d L10-12 h
N 50-80%
) 146
H Y

H, C1
O, 2xMe
Ph, CO,Et

=

X
Y
R

[T

Analogously, 3a,4,4a,5-tetrahydro-3H-bis[1,2,4]triazolof4,3-a:3',4'-d]}{1,5]
benzodiazepines (149) were prepared from 3H-1,5-benzodiazepines (148} and
benzonitrile N-phenylimine, obtained in_situ £from hydrazonic chloride

{146).105 The stereochemistry of the asymmetric centers has not been
Ph M
\r/ ‘N/Ph

Neeg e N
-~ NNH=Ph Me
+ 2 q\ 2EtaN/CeHs
cI 4,200
am—
n=, N
148 148

reported.

Rl
~ph
Ph/&N’
149

Rl= Me(65%), Ph(70%)

Two series of 4H-1,2,3-triazolo(4,5-b1[1,5]benzodiazepin-10-amines (151},
2-alkyl and/or 3-alkyl substituted, are known. The synthesis of these

compounds was carried out by reducing and cyclizing 4-{2-nitrecanilino)-2H-
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[1,2,3]triazolo-5-carbonitrile (150} with SnCly in the presence of
hydrochloric acid.B4:106 Transamination of the obtained amidines (151) with

N-methylpiperazine gave the corresponding 10-piperazinyl-4H-[1,2,3]triazolo

14,5-b)[1,5]hbenzodiazepines (152), some of which show antipsychotic
activity.
HzHCI
NO:  CN Nam
R SnCl
,25,}4 EtOH /HC! ‘@
N \§ 4,1h
) N)\R' 78-100% N N/ \R'
150
1m
Me
HM
DMSO/PhMe/Nz
125°C, 5 h
46-89%
=N
1
R = H, 7-F, 6,7-Fp, NN
7-cl, 7-Br, 7-CFjy H
Rl= Me, Et

4.9 Oxadiazolo-1,5-benzodiazepines

A one-pot synthetic approach to the novel (1,2,4loxadiazolo(4,5-a][1,5]-
benzodiazepine system has been reported.l97 1,3-Dipolar cycloaddition of
benzonitrile oxides, generated in situ from benzohydroxamoyl chloride (154)
and triethylamine, to 1,5-benzodiazepines (153) gave 3a,4.,5,6-tetrahydro-

1,2,4-oxadlazolo(4,5-a][1,5]benzodiazepines (155) in good yields.

W or

N R’
“ddQ—OH N/cH 1 2
Et R+R+=0, R<=M
¢ Pn \ rjm mn nﬁme’ R+R1=0, R2=P§
Cl Komin. 40-87% N——feR'  R=Rl=Rl=e
o \N/ R= ph R H R&=Me
155

The anticonvulsant activity and the potency of variocus 1,5-benzodiazepine
and oxadiazolo[4,%-a)ll,5)benzodiazepine derivatives to inhibit [3H1-

flunitrazepam binding was evaluated.108
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