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ABSTRACT

Benzodiazepines are bicyclic heterocyclic compounds possessing a ben-
zene nucleus fused to a seven-membered ring containing two nitrogen at-
omsat different positionsin the ring, and thus have been classified into six
groups depending on the position of nitrogen atom in the seven membered
ring. Many modifications and substitutions have been made in both rings
by employing different methods to obtain alarge number of compounds of
varied types of biological activities. Theinformation regarding their chemi-
cal, biological importance and drugs based on the skeleton of benzodiaz-
epines is scattered in the literature, and there is no such review article
availablein thefield. Inthe present article, we have reviewed the complete
literature on the benzodiazepines containing seven membered diazepine
ring fused with benzene ring, and have discussed various aspects includ-
ing QSAR and spectral properties.
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Benzodiazepines arebicyclic heterocyclic com-
poundshaving abenzenenudeusfusedto aseven-mem-
bered ring contai ning two nitrogen atoms. Thefollow-
ing six formulae (1-6) represent the basic ring struc-
tures of benzodiazepines*?.

Theabove six classes of benzodiazepinesarede-
scribed together with thelr various substituted or re-
duced formg34. No attempt has been madeto survey
compounds having asecond ring fusedto thediazepine
portion of the molecule e g. dibenzodiazepines (7)
pyridobenzodiazepines (8) and naphthodiazepines(9)
will not be discussed. Compounds such as the
pyridodiazepine (10) and thequinoxainodiazepine (11)
will not belike-wiseincluded. Productsobtained by
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simpletransformations, e.g. reduction asin (12) have

C(Nbcgo
s@lerglew

(10) (11) (12)
aso beenincluded.

Thetwelve classes of benzodiazepines constitute
themost extensvely explored groupinthisseries, largdy
owingtothediscovery of therr interesting biologica ac-
tivity. The (7) and (8) benzodiazepines have been thor-
oughly studied during aperiod of severd decades, largely
because of their relatively easy synthesisfrom common
starting material §°. The other four groups of benzodi-
azepineshave sofar falledtoattract very muchinterest.

Nomenclatur e of benzodiazepinenucleus

Benzodiazepines are numbered starting at the po-
sition adjacent to the carbocyclic ring regardless of the
positionsof thenitrogen atomg®”. Thelettersare speci-
fied by prefixed numbersasshownin (13) isal, 4-
benzodiazepinewhereas(14) isa2, 4-benzodiazepine.
Theterm benzodiazepineimpliesamaximum degree of
unsaturation, i.e. atotal of three double bondsin the
seven-membered ring asshown intheintroduction.

The position of the odd hydrogen atom (eveniif oc-
cupied by another mono or divalent substituent) isindi-
cated by the term 1H, 2H, 3H. In dihydro and
tetrahydro- benzodiazepinesthe odd hydrogenisgiven
thelowest possible number®9. Thisis, however, com-
plicated by thefact that first considerationisgivento
the position of afunctiona group, whichisexpressed
asasuffix to thename of thecompound e.g.(13) isal,
3, 4, 5-tetrahydro-1H,3H-1,4-benzodiazepin-2-oneand
(14)isaz2, 3, 4, 5-tetrahydro-1H, 3H-2, 4-benzodi-
azepine.

Benzodiazepinestory
The first compound of this type was prepared

—==> /V]feroreview

B

5

(14)
NHCOCH,
O’\ __CH,COCI CI;
—N OH
\Eackmann mlxture/é
M= JCH
O

in1891 by Auwer and Von Meyenburg by the treat-
ment of amino or acetoaminophenone oximeswith a
Backmann mixture?. The heptoxdiazinestructure (15)
wasdefinitely established in 1924.

Drugscontaining benzodiazepinenucleus

Among thelarge number of benzodiazepinesthat
have been synthesi zed, only membersof the 1, 4-ben-
zodiazepine group (16-30) have shown sufficient phar-
meacologica and dinica activity towarrant introduction
asnew drugst12131438 The metabolism of thesecom-
pounds has been extensively studied and methodsfor
their analytical detection and determination have been
reported

NHCH3

NH NH
C/%N C/%NN %N

Chlordiazepoxide
(16)

Diazepam

17

Nitrazeam
(18)
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©,C,H;

Adinazolam
(24)
T
- M--<D
Jor

Flunitrazepam
(28)

(27)

M etabolism of 1, 4-benzodiazeping?®

NHCH3

N CI CI
O
Chl ord| azepoxide Desnet hyIchI or Demoxepam

diazapoxide

OH<—

—=N
—_— Glucuronldatlon

Oxazepam

/N

Noedazepam
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(21)

Cyprazepam =

(25)

. o e

" ]

Triflubazam- - Oxazepam
(29 (30)

Synthetic methodsof different type of benzodiaz-
epines

Thedifferent typesof benzodiazepinessynthesized
by the different types of method are given below.

1, 2-Benzodiazepine: synthetic method

(i) Cyclization of the o-hydrazinophenylpropionic acid
(31, R=ethyl) gave 1-ethyl 1, 2, 4, 5-tetrahydro-
3H-1,2-benzodiazepin-3-one (32, R=ethyl) in 60-
70% yield an attempt to prepare (R=H) from (31)
(R=H) yielded only theaminoquinol one(33)1*".

R R H NH,
| | / | (0]
: N—NH, N~N N
: \\ — O
CH,CH,COOH
(3D (32 (33)
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(i) Trestment of the diketone (34) with hydrazinegave
the corresponding azine, 5, 54, 6, 7, 8, 9-
hexahydro-3-phenyl-4H-|, 2-benzodiazepine (35)
in86%yieldi8,

O H,NNH, N~N
/COCGH 5 mCGHS
CH,-CH,
(34) (35)

Chemical reactions
1. Hydrolysis

Thebenzodiazepin-3-onewas stableto alkali but
wasreadily hydrolyzed by hot hydrochloricacidtogive
compound (36). Compound (38) remains unaffected
under these conditiong™®.

2.Ringcontraction

Diazepine (36) was convertedinto 2-phenyl-5, 6,
7, 8-tetrahydroquinoline (39) by trestment with hydro-
gen chloridein theabsenceof solvent, or inethanolic or
agueous ol ution and proceeds by isomerization of the
protonated species (37) to the aminodihydropyridine
(38), whichreadily aromatizes, by thelossof anmonia
to givecompound (39)1.

N\N

(36) (37)
NH,
| CeHs
CsH 5
(38) (39)
MeO NH. _NH MeO
NHRTRIC — ——
MeO CH, OEt MeO
(40) (42)

(42) l

MeO N=¢
NR
MeO

(44)

—=== /Mjeroreview
1, 3-Benzodiazepine: Synthetic method

(i) A generd synthesisfor 4, 5-dihydro-3 H-I, 3- ben-
zodiazepines (44) involved the condensation of o-
aminophenethylamines(40) withimidates(41), which
led to mixtures containing theamidine (42) and the
benzodiazepine. Better yields of (44) were obtained
by the use of 2-nitrophenethylaminein the conden-
sation reaction. Catd ytic reduction of thenitro group
intheintermediate (45) gave (42), which was cy-
clized to (44) inrefluxing toluene or ethanol .

(i) Thel, 3,4, 5tetrahydro-1H, 3H-1, 3-benzo diazepin
-2-one(47) wasmade by trestment of o-amino phene
thyl amine(R=H) withN, N’-carbonyl diimidazole.

H
o)
MeO NH, MeO N~
NHR —— N
MeO
MeO 9) CH,CH, )

Chemical reactions
Alkylation

Compound (48, R = H or -CH,SCH_, R, = H)
reacted withforma dehydeto yie d 3-hydroxymethyl de-
rivatives (49, R =-CH,OH). Methylation of (49) gavea
monomethyl sulphate of unidentified structureit would
seem probabl ethat quaternization at position 3 had oc-
curred. Methylation of the dihydrobenzodiazepinewith
n-butyllithiumand methyl p-tol uenesul phonateafforded
the3-methyl derivativeand trestment with methyliodide
gavel, 3-dimethylbenzodiazepiniumiodide?.

R
NHR  ch.0 N=
_NHR, NR;
(48) CHCO: (49)
NH, {\IH MeO NO2  \n
NH |
CHi  CRMeO / \(‘:R
43 C2H4 1
H2/Pt “3)
R1
MeO NO,  NH
/NH\||
MeO C2H4 CRl
(45)
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2, 3-Benzodiazepine: Synthetic method

Thereaction of 2-(2-bromoethyl)-benzophenone
(50) with hydrazineafforded 2, 3-benzodiazepine (51)2.

HZNNHR

\
(50) CHZCHzBr (51)

2-Amino-1, 4-benzodiazepines: Synthetic method

2-Amino-1, 4-benzodiazepine (53) issynthesized
by thering enlargement of quinazoline-3-oxides (52),
whentreated withammoniaor primary diphatic amines
or hydrazine asdescribed bel ow®.

NHR;

CH,Y N
Jeec Ve
AN

o)

s R © (53 R

1, 4-Benzodiazepine-2-one: Synthetic method

1, 4-Benzodiazepine-2-oneisthe most important
benzodiazepines. Itissynthes zed by thefollowing meth-
ods.

(i) Benzodiazepin-2-one-4-oxide have been obtained
by ring enlargement of quinazoline 3-oxideontresat-
ment with agueous sodium hydroxide. The N-ox-
ide oxygen could readily be removed to yield
benzodiazepin-2-ones. The mechanism of thering
enlargement of 2-halomethylquinazoline-3-oxides
(54) has been elucidated by astudy of thetransfor-
mation of thedichloro methyl quinazolineoxideinto
the benzodi azepinone-4-oxide (55). Treatment with
an excessof sodium hydroxidegaveinamost quan-
titative yield. Benzodiazepin-2-one (56) can be
reedily obtained by theremoval of the N-oxide oxy-
gen fromthe4-oxides?.

CHCl,
@YNaOH \;Cl
/N .
P Ny
O

(54) CeHs© (55) CeHs © (56) CeHs

@W CHEMISTRY —

X

(i) Therearethreeprincipa synthetic routes, using 2-

aminobenzophenonesasstartingmateridswhichare
given below!®,

(@) Inthefirst method amino benzophenone (57) was

treated with aglycine ester to give benzodiazepin-
2-one (58).

(57 R (s8) R

(b) Thethree-step of method 2 was generally more

versatileand afforded higher yields; in thisproce-
dure, ha o acetylation of amino benzophenone (59)
gavethe ha o acetamide, which on treatment with
ammoniayiel ded the amino acetamide (60), which
readily cyclized to the benzodiazepin-2-one (61).

F|a1
= NH
| :[ + haicoHha
‘-""-H.'..-"J“""-io
(59)
R1
I P
N—CDCHhaI
| S i—Hz
e Cychzatmn
?o
(60) (61)

(©) Inmethod 3aprotected amino acid derivativewas

used to acylate the amino benzophenone (62).
Among thereagentsthat have been described for
this purpose are carboben zoxygly cine,
carbobenzoxyglycylchloride, carbobenzo xyglycine
anhydrideand phthaimido acetylchloride. Removad
of the protecting group gave ultimately the
benzodiazepin-2-one (64).Thissynthesishasa so
beenachieved withfreeamino acidsand aminoacid
chloridesasacylating agents.

(i) 1, 4-Benzodiazepines-2-one (67) have a so been

synthesized by theoxidation of 1-subgtitutedindoles
(65)291,
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R1 R2
R1
R1 o | | I 0
T __MH | i -N—COCHNR,R, - N- ‘1
I nacocknam——| ,[ EEM.“ /[ —Re
x Iy .._\_;' (?CI }: b T \‘CD x e \“"\I.'-'-' N
62y R (63) |h-.IH|-
] H '
.0
R1 H"I’".ﬁ::::::' . N._ f I I M -—-.-S-'
.I_E:.f/g\ R I\ J ‘“‘x 2 ’f"f =M
CH_NH, R1
(65) mmF‘E (67) R2
(iv) When 2-aminoaryl ketone (68) was condensed with R

abifunctiond, two carbon fragment [ Glycineethyl

NH
ester hydrochloride] to give 1, 4-benzodiazepin-2- Q/\er X-C-CH X—> m\(

one (69)1?1,

(73) Rz (74) R

T Fli (CH 2)6N4))/

N-R N—°
H,NCH,COOEt.HCI \f N
(@) —
" R " )i:gi\f

(68) R. (69) Re R{ =N
(79 R

(v) 1, 4-Benzodiazepine-2-one (72) was synthesized
from substituted dibenzophenone (70) whichwas  (vii)When 1, 4-benzodi azepine (76) wasoxidized with

treated with ethylene diamineto givean intermedi- ruthenium tetraoxide. It gaveformed 1, 4-benzo-
ate(71) that on oxidation with CrO, yielded (72). diazepines-2-one(77).
X
CHZNHZ \> Ruthenium
. O CH2NH2 tetraOX|de
1
700 R R
(70) Ro T ,/Cr03 (71) R2 (76) R> - R2
N
\i Chemical propertiesof benzodiazepines
R{ N The 1, 4-benzodiazepines-2-one undergoes vari-
(72 R,

oustypesof following chemical reactions.

(vi) Treatment of 2-aminoaryl ketone(73) treetedwith (1) Reduction
dihaloakyl ketoneled to formation of aninterme- 1, 4-benzodiazepines-2-one-4-oxide gave differ-
diate (74) which was convertedinto cyclized prod-  ent typeof product by using different typeof catalytic
uct (75) by thereaction with hexamethylaminein  agents. Deoxygenation of the N-oxide hasbeen effected
presence of ammonid®., by catalytic hydrogenation over Raney Nickel, or by
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(78) (79)
ﬁ

thetreatment with phosphorustrichloride, to givethe
following compound (78). Further reduction (hydro-
genover platinum) gavetetrahydrobenzodiazepinone.
Catalytic reduction over platinum afforded the hydroxy-
lamine(80), whereasreduction over palladiumin etha:
nol hydrochloric acid resulted in deoxygenation and
dechlorinationY,

(2) Oxidation

Thedifferent typeof oxidizing reagentsgive 1, 4-
benzodiazepines-2-one (81) was converted into N-
oxide (82) by oxidation with per acetic acid. Tetrahy
drobenzo- diazepinoneshave been oxidized to the cor-
responding dihydro compoundsusi ng chromium triox-
ide, selenium dioxide, or silver oxide as oxidizing
agentg*2,

pd /EtOH

PCI3

'|4 H
NP NP
O Per acetic acid O \g
—N —
g Oy
(81) (82)

(3) Hydrolysisand aminolysis
Alkdinehydrolysisof 1, 4-benzodiazepine(83) and
1, 4-benzodiazepine-N-oxide (85) resulted inthe scis-
sion of theamidelinkage, giving theimines (84) and
(86) respectively. Trestments of theseimineswithacid

@W CHEMISTRY —

reconverted (86) into the lactum, whereas (84) was
isolated asthe sodium salt, which was hydrolyzed by
acid to 2-amino-5-chlorobenzophenone and glycine

[32,33]
NH2
ZCOOH
—N Alkahne
Hydroly5|s
(83) (84)

® Nfo X
CH,COOH
. =N cl N Ehe
N Alkaline o)
Hydrolysis
(85) (86)
(4) Acylation

Treatment of 1, 4-benzodiazepines-2-one-N-0x-
ide(87) with acetic anhydrideresulted in aPolonovsky-
type rearrangement to give the 3-acetoxy compound
(88) smilar rearrangement occurred with benzoyl chlo-
ride. Alkdinehydrolyssaffordedinitialy the 3-hydroxy
compound (89) further treatment with alkali resulted
the conversion into the 2, 3-dione (90) and the
dihydroqunolinecarboxylicacid (91)1%4.

H o}

K \@COCH3
O — o

O

(87) (88)

|-| OOH
/N cl /N
(89) (90) (91)

(5) Alkylation

Treatment of benzodiazepin-2-ones with sodium
methoxide, followed by an dkyl hdide sulfate gavethe

Au Tudian Yournal



OCAIJ, 4(12) December 2008

Bahar Ahmed and Mohd Rashid

493

CI /N

N, -akyl derivatives(nitroneswereakylatedinthesame
manner). Methylation of (92) with methyl iodidein ac-
etoneafforded benzodi azepiniumiodide (93), whichwas
reduced with sodium borohydride to methyl
tetrahydrobenzodiazepin-2-one(94)1,
(6) Nitration

Potassium nitrate-sulfuric acid converted the 1,4-
benzodiazepin-2-one (95) into 7-nitro-1,4-
benzodiazepin-2-onederivative (96). Further nitration
gavethedinitro compound (97). Nitrationwith nitrate-
sulfuric acid converted 1, 4-benzodiazepin-2-one (98)
inamixtureof 5-nitro phenyl derivatives(99) and (100)
wereisolated®.

0

l HN03/H2804

(95)

N 3-H2S04

O

Nf

—==> /V]feroreview
(7) Amination

Treatment of 1, 4-benzodiazepin-2-one (101) with
sodium hydrideand chloroaminesafforded the 1-amino
derivative(102). Acid hydrolysisof thiscompound gave
7-nitro-5-phenyl-1-aminobenzodiazepin-2-one (103)
which hasbeen made by treatment of the correspond-
ing 3-chloro compoundswith ammoniaor amines. 7-
Aminobenzodi azepin-2-ones have beenreduced to ni-
tro compounds usually with hydrogen over Raney
Nickel. 7-Diakylamino compoundshaveobtainedin
onestep by reductive akylation of nitro analogs®”.

(8) Halogenation

Dihydrobenzodiazepin-2-one (104) on treatment
with sodium hypochloriteor t-butyl hypochloriteyielded
105. Thiscompound was oxidizing agent ableto oxi-
dizeiodidetoiodine. The 1-chloro derivative could
readily berearranged to give (106) in cases, wherethe
R grouping hasat |east one hydrogen atom to position-
5 of the heterocydlic ring. Dehydroha ogenation of (105)
with amixture of lithium carbonate and bromide, &f -
forded the cyclohexenyl derivative (107) whereasuse
of diethyl amine gaveanisomeric compound (108) on
treatment withanumber of other secondary amines®.

(9) Skeletal rearrangements

Treatment of the benzodiazepinonewith acetican-
hydrideand sodium acetateresulted inring contraction
to the oxazoloquinoline 1-alkylsubstituted benzo
diazepin-2-one (109) underwent asimilar ring contrac-
tiontoisoindolecarboxy amide(110), whentreated with
sodium hydride in N, N-dimethyl formamide. The
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benzodiazepiniummethyl (111) sulfatelikewiseringcon-  phoruspentasulfidein pyridine gavethe corresponding
tracted under the same conditionsto givethecorre-  thione(116). Methylation of thisthioneunder basic con-
sponding dimethylisoindole carboxamide (112)49,  ditions afforded the S-methyl compound; S-thio-
benzodiazepin-2-onewas a so obtained from the cor-

2 responding 3-chloro compound and thioured*?.

OC' RZNH .
/N _ —
CI /N N i F‘IIIdII'lEI <
(104) (105) (106) =
C ] =
(115) xLJ (116) Lu!
LiNH,CO3 LIBr| | Et,NH

1, 4-Benzodiazepin-3-ones: Synthetic method

7-Chloro-l, 2, 4, 5-tetrahydro-5-phenyl-3H-1, 4-
C' /N benzodiazepin-3-one (119) was synthesi zed from 2-
amino-5-chlorobenzophenone (117)1Y,
(107) (108) N

o 2
,II\/ j ;I: ErCH_COOEt
o i

CI /N
N (0]
_N NaOAc — N L Y
. _-MH-CH,COOGC H, -
( ] F’Irldlna /I'\
(109) ‘ (110) cl ’“’ak[

1194 H
CONHCH,4 (L1E) L

CH3SO4 O N—CH 1, 4-Benzodiazepine-5-one: Synthetic method
- N+ NaH X : Cyclization of thearylamino ketone (121) gave 7-
chloro-3, 4-dihydro-2-phenyl 5H-1,4-benzodiazepin-

5-one (122). Compound arylaminoketone was pre-
pared from 5-chloroisatoic anhydride (120) and
aminoacetophenone2.

(111) (112)

(10) Grignard reaction
COCH NH
Treatment of the benzodiazepinone-4-oxide (113) /[If"*‘jf” -; ~ J/ A

with phenylmagnesium bromide gavethe 4-hydroxy-
5-phenyl compound (114),

||‘II|

H O H O
w CeHsMgBr N\Zg iif""li]: /E‘“x Y@
_ ” A=A _CHCOCH
Cl N, Cl N\OH S c
@z © (114) CeHs
(121 (122
(11) Thiation 1, 4-Benzodiazepinediones: Synthetic method

Treatment of benzodiazepin-2-one (115) with phos- Formation of abenzodiazepine-2, 3-dione (125)

Onganic CHEMISTRY o
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was obtained by oxidation of 7-chloro-1-methyl-5-
phenyl-1, 4 benzodiazepine (123) with CrO.,.

The corresponding 1-methyl anadogwaslikewise
obtained by rearrangement and was also formed by
oxidation of intermediate compound (124)13,

CH CH
3 3 O
N

oot

(124) CeHs (125) CeHs

H

1, 4-Benzodiazepines: Synthetic method

Benzodiazepineswithout functiona groupspostion-
2 have mostly been made by reduction of suitable
benzodiazepinones Anindirect reductivemethodinvolved
conversion of benzodiazepin-2-one (126) into the cor-
responding 2-thiones, followed by Raney nickel
desulphurization. Inthismanner the benzodi azepine-2-
thione was converted in to the 2, 3-dihydrobenzodia
zepine. Reduction of thebenzodiazepin -2-one (126) with
lithium auminum hydridegave 7-chloro-2, 3-dihydro-
5-phenyl-1H, 3H-I, 4-benzodiazepine (128) or the
tetrahydroderivativedepending onreection conditions*4.

H o H
N". N— O H
LiAH LiAH4 w
/N — —
(126) CeHs (127) CeHs (128) C¢Hs

1, 5-Benzodiazepine: Synthetic method

Condensation of o-phenylenediamine (129) with 3-
dicarbonyl compounds has been widely used method
for thesynthesisof 1, 5-benzodiazepines (131). The
reaction has been shown to be pH dependent for the
caseof acetyl acetone (R =R, = CH,), which afforded
2, 4-dimethy1-3H- |, 5-benzodiazepine (R, = R, =
CH,) inoptimumyield at pH 4-6. Themgjority of syn-
theseshave used acid catalysise. g. aceticacid or dry
hydrogen chloridein ethanol.

—=== Mjeroreview
Synthesisof substituted benzodiazepine

The subgtituted benzodi azepinesshow thedifferent
typesof activities. They are synthesized by thefollow-
ingmethods.

1. Synthesisof 1, 5-benzodiazepine (133) mediated

by sulfamic acid. Condensation of o-phenylenedi-
R HGqUIV)J\/R3R1
H
Rl]: :[ NH: equiv.r\@zo [;[N
NH, MeCN N

amine(132) with ketonesand promoted by sulfamic
NH2  pmecn O:
(134) (135)

acid at room temperature“,
ey
(132) (133)

2. Onestep synthesisof 2-substituted 4, 5-dihydro-
1, 4-benzodiazepine-3-one (137) by using TosOH
asacatalyst and refluxing for 5-6hrg*7,

I/qq Ny
| - R2

e T —
L S
Me,_ N N N R
\( TosOH(Cat.) e

E1 0 toluene,reflux Me
(136) (137

3. Synthesisof 7-chloro-2-dkyl/aryl, 4-adkyl/aryl-3-

arylidene-3H-1, 5-benzodiazepine (140) by react-
ing 3-chlorodianilino (138) withglacial AcOH, us-
ing EtOH asasolvent and then refluxing thereac-
tion mixturd“d,

8]
Cla, _MH
\H %L s H1j_/<o
e + i
= UNm, AT R2
(138 |l19|
glacialAc-OH DH [
EIOH reflux =

(140
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4. Synthesisof 3, 5-disubgtituted 1, 4-benzodiazepines
(144) viathe photo-Friesrearrangement of anilides

Ec DMF
5 DMAF’

i141)

(142) i

5. Synthesisof substituted 3-anilino-5-phenyl-1, 3-
dihydro-1H, 3H-1,4-benzodiazepine-2-one (148)
by using as starting material (145) first form ox-

Q=r“_C|
ny H=OH
ke I/—Ph H 4/
- Thicnyl chlarid
H—1 — o
l #“H ;‘[\ ’}_O veflux jl
l cl”
! h
i145) (146)

6. Synthesisof 3-hydroxy-1, 4-benzodiazepine (152,
Oxazepam and Lorazepam) by acetoxylation re-

e

(142) initidly formanintermediates (142, 143) and
then cyclization to yield the compound (144)“8.

e f-

(144) A1

’NHTFH 'Et.SiH
5 —ror CI

.a-.a-ﬂ-\.

1-Hb

azepam (146) after that refluxingwiththionyl chlo-
ridetoformanintermediate (147)“.

o
H--!;” . - H --JO
1/ | Amine TSm0 N
1 /~Cocwm J| I
T =N reflux o N
Jy L,
i147) (148}

action of 3-position of 1, 4-benzodiazepine-2-one
(149),

0 H o
e /H ‘fﬂ H {"f Orheat h H'N.-_{:# o \ﬁ...-’CHa i, .-"N -_{_’:.
i o, 0/hea Y
JI ;[\ ) ledaﬂtﬂl / Jrlhf___.:,L _ ./sgponificatim}[l___ __,_,#-]\ / OH
cl i, \|:__.N "o -".-" \\[ NH“.‘ [ o x[:-N cl ey w ==
O
I S | | e =L |/ '--]__- R1 .--'hhiJr_ =R
(149} (150} (151} (152}

Synthesisof cyclic substituted benzodiazepines

Cydicsubstituted benzodiazepinesa so exhibit dif-
ferent typesof activities. They are synthesized by the
following methodsusi ng different typesof rings.

1. Synthessof tricyclic4-chloro-pyrinido[4, 5-b] [1,

Cl
N .\_H NHE . M RE‘
||\ i | + F{AC{}:{
M i o
i 15%143

@W CHEMISTRY —

PPA/POCI,
e — T
reflux

4] benzodiazepines (154) by usingfollowing type
of reaction™.

Microwaveinduced solvent-free synthesisof sub-
stituted 1, 5-benzodiazepines (156) by reaction of
thestartingmaterid (155) with phenylenediaming®.
3. Synthesis of new substituted 9H-bis-[1, 2, 4]

ve’

N=

N

”\N"f N"'%_}HS
ot

(154

2.

3
)
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OH Q
i --'!::-: g
[| \|/ ‘]/ Mommw
R \El, "‘D |-"ﬂ:‘[ MH
" T TN,
i155) i R
i "'{:
)"
. _-"l
T N ._-_-_(: 0
HO—{  N—CH
i o
& y

(156) N/

trizolo-[4,3-a:3’,4’-d][ 1, 5]-benzodiazepines de-
rivatives (158) from unsubstituted 1, 5-benzodiaz-
epine(157) by convertinginto substituted 1, 5-ben-
zodiazepines by using Lawesson* reagent and ac-

etone®2.

) H o

S CH, R

Il/a-'[ .-"'fm 3“ \[H :} i Ir_: :ggesrftn
e E ST -
0 H %

e ’ "-._ %Lgtﬂﬁ -- )
I_| ,,_.[ Cﬂﬁﬁ%l fI .

- 4 K o :
. N ﬁs 0, “SCH,
R.CONHNH
Ra.__ .N\
|
M= {
||/ ﬁl —F1
R - "\.--' -,._N ______{\
LN
R2—N"
(158)

4. Synthesisof somenew substituted trizolo[4, 3-a]
[1, 4]-benzodiazepines derivatives (162) by con-
verting uncyclized benzophenone (159) to the cy-
clized benzodiazepine on using Hexamine and
NH,ClI then reacting with PS>

5. Nove 4-benzodiazepines (164) were synthesized
from starting material acyl nitroso derivative (163)
and by using hetero-Diel’sAlder cycloadducts™.

—==> Mferoreview

M N0
Jl/ J ”’ HaxammaL J’ d"'\ F""nd'ng
: : " Ethanaol_.
CIm = ] =0 NH.crcl
= _~F = F
. g
o T
(159) (160)
w» M
T = = H___/
1 "“'T' A. CONHNH, ]" %
Jx;‘” % -.-Nf N-Butanol JI 23 N,-?

[ yl

(161) i162)
H
1 TL OH j
r rCH L -' “MHOEn
NH DEn " ,{; H‘-,.MEOH-
1Ifr"il
1 i 1" §i
II' *»] 35 INHOHd H'::-:.]f wi o ?
cyclopentadiene = -
T MeOH e o
THF [PdiPPh,),
. ,H‘-I_f""-'an
T

I)I-_N

Solid-phase synthesisof 1, 4-benzodiazepine

Thesolid-phase syntheses of benzodiazepineswere
done by thefollowing methods.

1. Solid phase synthesisof tetrahydro-1, 4-benzodi-
azepine-2-onederivative (165) was carried out by
using PL-FDMPresin asagtarting materia™!.

2. Solid-phase synthesis of tetrahydro-1, 4-
benzodizepine-2-one derivative (167) was also
doneby using of different typesof resingel,

(164

Onepot synthesisof benzodiazepines

1. One-Pot synthesisand self-assembl ed super struc-
tureof organic saltsof al, 5- benzodiazepine de-
rivative was a so conducted to obtain compound
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*—CHO— A1 B
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) T| [ sncl
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A I NaOH
R1 e =MH- GO Me T
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E 1 .- Il f/J\#NHM

DIC/HOBL
DME

X ﬁ z,_kl--_:_:f..'iﬂ
31 “H ;]_\ _N.;}_HE

_COH

f2

(169)157,
2. Another one pot synthesisof novel 2-substituted-
5-phenyl-1, 4-benzodiazepine (173) by 2-amino

@W CHEMISTRY —

e NHE N
(L, 5

DIE“LHIC acid I

RT. Grinding -
¥ N'---’\

Lo (169)
benzophenone (170) asagtarting materid wasa so
done®®l,

R1

jn H-Boec
,F||—MH Boe SN

“ [ | I TMSCN, MsOH

Py lZnGIz.M eOH =,

L ) E.ii;_____ﬁil

(172) (173

Fast atomic bombardment mass spectrometric
studies

Themassfragmentation mechanismshasaso been
carried out under fast-atom bombardment (FAB) ion-
ization conditionsof 1,2,4-trisubstituted-3a, 4, 5, 11-
tetrahydro-3H-1, 2, 4-oxadiazol o[ 4, 5-3][ 1, 5] benzo-
diazepines (174)15%.6,

H__ _-Ri1
i
= N‘iPth
o

R.Ph
2 T

TABLE 1: Substituted valueof above benzodiazepines

Compound R, R, R;
1 Ph H H
2 Ph p-MeO H
3 Ph p-Cl H
4 p-MeOPh H H
5 0-BrPh H H
6 Ph P-MeO m-Br
7 p-MeOPh H m-Br
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The FAB Mass Spectraof these compoundswere
obtained by using adoubl e-focusing mass spectrom-
eter coupledwithaPDP11-250 datasystem, usingglyc-
erol or 1-thioglycerol asamatrix. The energy of the
incident primary argon atoms was 8-kev with agun
current of IMa. The characteristic FAB fragment ions
of thesecompounds have been compliedin TABLE 2.

TABLE 2: FAB-M Sof compounds(1-7): m/zvalues

Compound MH® Aorb C D E F

1 418 314 298 220 298 235
2 448 344 328 250 328 235
3 452 348 332 254 332 235
4 448 314 328 220 298 235
5 496 314 376 220 298 235
6 525 422 328 250 376 343
7 526 393 328 220 406 343

Compound 174(4) isnow taken asan exampleto
describethefragmentation mechanism of theseven com-
pounds. Thedatafrom the MIK E analys sof compound
174(4) arelistedin TABLE 3.

TABLE 3: MIKE spectraof compound (4)

Precursor ions (m/z)

Fragmentsions (m/z)

248(MH") 314(A or B), 328 (C)
314 (A or B) 293(E)
208 (E) 282(G)
328(B) 220(D)

Thetitle compoundsshow low intensity [M+H]*
ionswith 2-27% rel ative abundancesand [MHR,CH
=CH,] ionswith 2-19% relative abundances. The
[MH *- R, PhCH=CH_] ionfurther yielded benzimida-
zoleion and other importantiong®Y. Thefragmentation
pathways of thetitle compounds may be proposed as
showninaSCHEME 1.

1BC NMR study of 1, 5- benzodiazepines-2-one

Benzodiazepinesderivativesarewd | described het-
erocyclesasthey havefound applicationsasan impor-
tant class of therapeutic agents. The *C-NMR Spec-
trawereobtained at 25.142 MHzonaTedaBS567A
spectrometer operatinginthe Fourier Transform mode.
ANnADT 1400 computer was used. Spectrawere mea-
sured as 100 mg/ml solutionin DMSO-d, with TM Sas
internal standard!®?. Sampleswerespunin 10mmo.d.
tubesat 35°C.

Spectrawererecorded under thefollowing conditions.
» Spectral width 7600 Hz using 30° pul ses.
» Sizeof datatable 16K

—==> Mferoreview

" N”
[ %:.( \>< PhR, e

% M :
A=) e
R.Ph e
|: a2
e |
. H'—— FH o HH
P POHCH [T ] pie,
S —4—PhR, sl e
o l OH
=y NN
R,Ph RePh™

C R,Ph
J-FHH l-NHe
R2
H i
S~
5 ==4—PhR, "\ ,,L ,L .
. “{_NPH
ngh/_
E

SCHEME 1: Fragmentation pathwaysproposed for title
compounds

» Pulserepetition time 3sand 3000 transientswere
averaged for *C-NM R spectraand 8000 for GD
and of f-resonance experiments.
3C NMR spectral datafor five tetrahydro-1, 5-

benzodiazepine-2-one (175) arereported and chemi-

cd shift assignmentsarediscussed®,

4
| 5
r’”% j@“'“*{j
!l 1 g2
i, T
N R
1| 8]
(175 R,
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TABLE 4: Value of subgtitution on above benzodiazepine

No.1 2 3 4 5 6 7 8 9

RRHH H H H H H COMe Chy,Ph
Rk HH H H Me H H H H
Rz, HMe H Me H H Me H H
R, H H COH COH COH COMe COMe COMe COMe

The BC-NMR spectral data of 1, 5-benzodiaz-
epine are given in TABLES 5 and 6. The °C reso-
nances were assigned on the basis of chemical shift
theory, sgnd intenstiesand consi stlency argumentswith
respect to the spectraof thesuitable model compounds.
Multiplicities of the coupled carbonsigndsassstedin
the assignment of resonances of the aromatic region.
The observed splitting dueto coupling with protons at
N-1and N-5 madeit possibleto distinguish the C-6
and C-9 resonances from those of C-7 and C-8 and
C-10from C-11. Thehinderedinterna rotation around
the hexacyclic C- N bond in 3-5 leadsto E-Z isomers
with an approximateintengity ratio of 11:1. Theinflu-
encesonipso (C-11), ortho (C-6, C-10), meta (C-7,
C-9) and para (C-8) carbonsdueto N-formulation or
N-acetylationin3, 4,6 and 7 issimilar to that in other
aromatic compounds®.

TABLE 5: C NMR chemical shifts(ppm) of compounds(1-5)
Carbon 1 2 3 4 5

C-2 17312 17142 171.23 170.67 17357
C-3 36.12 4163 32.24,3359 39.56 34.07,35.59
co wa wu 4B 20 24
co om mew 2 % 1
cr e mm BT e 0
C-8 119.23 120.13 128.64 128.88 128.45
C9 12.06 121.23 121.98 122.04 12244
C-10 126.23 127.83 135.53 136.76  135.66
C-11  139.23 139.17 131.44,130.15 12997 132.26

TABLE 6: *C NMR chemical shifts(ppm) of compounds(6-9)

Carbon 6 7 8 9
C-2 171.54 171.04 171.99 170.37
C-3 33.04 40.36 35.33 32.65
C-4 46.46 53.04 45,09 47.15
C-6 128.62 128.07 129.11 128.48
C-7 125.01 125.07 135.41 126.79
C-8 129.45 130.68 129.11 129.79
C9 122.56 122.90 129.11 123.99

C-10 136.64 137.33 128.56 139.02
C-11 133.29 131.33 136.31 134.87

Biological evaluation

Thebenzodiazepinesarebroadly dividedinto vari-
ousclassesaccordingto theposition of N-atomin seven
membered ring discussed already inintroduction. The
different typesof benzodiazepines have exhibited the
followingdifferent typeof biologica activities.
Anticonvulsant agents

Thedifferent substituentsof benzodiazepineshave
theanticonvulsant activity.
a. B.Narayanaet d!® hassynthesized somenew sub-
stituted triazolo [4, 3-a] [1, 4] benzodiazepine de-
rivatives (176) aspotent anticonvul sants.

NI:I

T >
o 1” ,@

.--' -

b. Adrienn Hegedus et al%® reported anti convul sants
activity of different typesof 1, 5-benzodiazepinede-
rivatives(177).

__.-"

[

L 2 —
S N .-"_ [r'f
= W= TR /
(77} B_ .CBHS5 - CH3, -CEHACI

c. D.V. Jarikoteet al'®” synthesized aseriesof 1, 5-
benzodiazepinederivatives (178) under ambient con-
dition possessing more potent anticonvul sants ac-

fivity.

i(178)
B=H,-CH3-Ph,-CH{CH3)2
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d. David Lodge et al'®® synthesized and reported d. Jean Rossier et dl"@ synthesized of 3-carboline-ben-

anticonvulsants activity of 3-aryl -5H-2, 3-benzo-
diazepine (179) asAMPA antagonists.

-~ \, g —

T /L:[ —<\ )

1§ }

D
LL (179)

Antianxiety agents

a. Hossain Sandii et d® synthesi zed has solid-phase
of tetrahydro-1, 4-benzodiazepine-2-onederivative
(180) and reported their antianxiety activity.

(180) =~

b. AureliaPastor et a™ synthesi zed anew modul ar
andflexibleapproachto[1,2,3] trizolo[1,5-a] [1,4]
benzodiazepine(181) and evaluated their anxiolytic

X7

M (181)

c. WilliamB.Wright et ™ synthesized derivativesof
1, 1- (I-piperazinyl)-5H-pyrrolo[ 2, 1-c]|[ 1, 4] ben-
zodiazepine (182) ascentra nervous system agents
possessing antianxiety activity.

. f,_fl/\ ! ",]

(182}

zodiazepine hybrid molecules (183) by using of the
known structura requirementsfor benzodiazepine
and B-carboline binding in designing anovel high-
affinity ligand asrequired for the benzodiazepine
receptor.

e. R.G Smithetal™ synthesized certain 7-subtituted

1, 2, 3, 4, 4a, 5-hexahydropyrazinolo [2-a][1,
4] benzodiazepines (184) and reported their antianxi-
ety activity.

f. Tetsuaoii Yaderaet al™ synthesi zed and tested phar-

meacologicd activity of 1, 4-benzodiazepin-2-one[5,
4-b] oxazole(185) derivativescontaining anxiolytic
activity.

0
~
IV\H_—;:—‘F*': N

7

a. Laura Zorzin et ad™ synthesized 11-aryl-5-H-
imidazo [2, 1-C] [1,4] benzodiazepine (186) and
their A-1 adenosinebinding activity asantidepres-
sants.

(185)

Antidepr essant agents

C)—
oS

b
.-'.l

(186)
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b. Gopa Daset d(™ synthesized a superstructure of R,
organic saltsof a1, 5-benzodiazepine derivative e e - Ri R2 R7
(187) asantidepressants activity. /ﬂ’ “"“1/ j Me H F
— = Me F F
T Fe H Cl Cl
CH 5 A o R:
[ ; o O
187 r b. Perry Rosen et al®! reported atropisomersof 1, 4-

- _ benzodiazepines and synthes zed diazepam rel ated
¢. A.N.Osman et '™ synthesized 1, 4-benzodea 1 4 penzodiazepine (192) asmusderelaxants.
zepine derivative (188) and evaluated their phar-

macol ogicd activity asantidepressant. H o,
HiGC 4]—GH
rﬂ> )

o |

i
(188}  H,G (192} [ I]

d. Arni Miller et al'® has synthesized and eval uated

for biologica activity of some 2-amino-4-aryl-3H-  Anti-cdll proliferation

1, 5-benzodiazepine (189) analoguesof clozapine 5 k g chetaand B.Vitta Rao® reported 4-hydroxy-

asantidepressant agents. gainolin-2(1H) derivative of 1, 5-benzodiazepine
(193) as human prostrate carcinomaand tyrosine
kinaseinhibitor.

Sedativeand hypnotic agents (193)

a Martinil™ has synthesized and evaluated pharma _ o
cological activity of 3, 7 and 8- substituted [5, 1-C] b. JuliannaKardoset a® reported cell proliferation

[1, 2, 4] benzotriazine derivative (190) asbenzodi- a:tivity_invitr_oof novd triazinederivatives(194) with
azepinereceptor ligands. benzodiazepinereceptors.
\ I[-"’_ g H "h-.]{ H
"ﬂn,::-":‘"-'.' T .-'
{ I l/ (190) N | \,I
R = I'-.1e Et_C‘-DEMe_ -COMe (194) o
Muscle relaxants c. DavidE.Thurston et a®® hassynthesized anove C-

2-ayl pyrrolo[2, 1-c]-1, 4- benzodiazepine ((195),
PBD) PBD dimerspossessing significant invitro
cytotoxicity and in some cases, in vivo anti tumor
activity.

a. MamtaThakur et a® studied comparative QSAR
and QPAR study of benzodiazepines derivatives
(191) asmusclerdaxant activity.

Onganic CHEMISTRY o
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triazol0)(1,5) benzodiazepine (199) and evaluated

H,Eo. ,f‘“m r x thereHIV-1 reversetranscriptaseinhibitor activity.
Hico -—-“f ,:;:I'L D*““‘“&rﬂ*"n ~
(195) N
. . ﬂ/ b
Antihypertensiveagents -
a S.Arche et a® has synthesized-1-ethyl-4-(3- TN,
tropanyl)-tetrahydro-1H-1 and benzodiazepine (199) o=~~~
(196) and evaluated their antihypertensiveactivity. - "

b Hy b. LauraVargiu et a® reported HIV-1-proteasein-
hibitory activity of tricyclicandtetracydic-1, 5- ben-
zodiazepinederivatives(200).

’f CH
(196) /-J-—J S ="
L f
b. SuzanneM et a® synthesi zed and reported anti- = e
hypertensive activity of novel calcium channel "H = \N
blockers:-2, 5-dihydro-4-methyl-2-phenyl-1, 5- b i
benzothi azepine-3-carboxylacid esters (197, x = S) (200) L _cu,
and 2, 5-dihydro-4-methyl-2-phenyl-1, 5-benzo- o o
diazepine-3-carboxylic acid esters (X = N). Herbicidal activity
a. PierreMarcet a® synthesized 1, 4-Benzodiaz-
\l epine-2, 5-diones (201) and reported itsherbicidal
I\ activity.
“ ‘/I/ / i b
N '4\. =
(197 red
Anti-inflammatory agents (201) -

a. Herbert J. Brabander et a® synthesized derivatives _
of 1,2,3,4-tetrahydro-5H- pyrrolo[2, [-c][1, 4] ben- Anticoagulant agents
zodiazepine-5,11(10H)—-dione (198) asanti-inflan- a Daniel Dumaset a® synthesized anew 3-[ (sulfo-
matory agents. nyl aryl)-amino]-1,4-benzodiazepine-2-one (202)
derivativesas-thrombininhibitor.

CH 3
£ 0 o
I)L'OH
[ q.'-),o
N
(198) ﬂ \LJ S nHCH3
0 N

Anti-HIV-1-activity r’j (202)
a. Flavio Rocco et a® synthesized 9H-bis(1,2,4,7- e
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Biological screening

= Antidepressant and anxiolytic activity .
= Anticonvulsant activity .

Antideppressant and anxiolytic activity

Animalsrequired: Maeadbino Swissmice25-30g
(despair test)
Male Sprague-Dawley rats 200-
2509 (socid interactiontest)

(a) Despair Test

Asdescribed by Porsolt et d®2% theanima swere
forcedto swiminsideaplexiglasscylinder containing
water, andthetotd duration of immobility inaperiod of
5 min test was recorded. Antidepressants decreased
the duration of immobility. Test compoundswerein-
jectedintraperitonedly (i. p.) 1hr before eva uation of
themice, and repeated administration onceaday for 1
week.

(b) Social interaction test

The method was based as described by File et
a®%l, Thetestsare consisted of awhite open-topped
box (55 x55 30 cm?®) witha100 W lamp 50 cm above
the box floor. The behavior of pairs of rats was ob-
served over al0 mintest period, and thetimespentin
sodid interaction (following, sniffing, crawling, tumbling,
boxing, grooming) wasrecorded. Suchincreasesin
socia interaction are considered to be predictive of
anxiolytic activity. Thecompoundswereadministered
i. p. lhbeforethetest.

(c) Rotorod test

Theactivity of thedruginterfering with motor co-
ordination is checked by this Rotarod test®®l. In this
test, mice (20-25 gm) aretrained to stay ontherotating
rod. Rodisrotated by 10 rotations/ min, at itsdiameter
of 3.2cm. Only thosemicearetaken for thetest, which
can stay ontherevolving rod for at | east one minute.
Thentest compoundsareinjected intraperitonialy a a
dose of 25 mg/kg. Neurotoxicity isindicated by the
inability of theanimal to maintain equilibration onthe
rodfor at least 1 min.

(d) Elevated plus-mazeappar atus

Elevated plus-maze apparatusisasmpl e appara-
tusto study anxiolytic response of amost al type of

@Wu'c CHEMISTRY —

antianxiety agents. Exposureof theanimalstothenove
maze alley evokes an approach-avoidance conflict,
whichisstronger in open arm as compared to enclosed
arm. When theanimal isplaced onthemazethey show
apreferencefor the enclosed armsthe animalsenter
open am, showing anxiety, then freezing, becomeim-
mobile, defecation and show fear-like movementson
entering theopen armg®’.

Ethanol potentiation test

Micearetreated with thetest compound (2.5 g/kg
I.p) and 1hlater with ethanol. Thisdose of ethanol did
not inducelatera positioninthecontrol animals. The
number of micethat wereinthelatera position after
receiving ethanal in each group was determinedi®&%9,

Anticonvulsant activity
M aximal electroshock seizuremethod

The solution of standard drug and test compounds
arepreparedin propyleneglycol. Phenytoin 25mg/kg)
and test compounds (25mg/kg) arethen administered
intraperitonidly.

Sandard drugsand test compounds

Phenytoin 25mg/kgi.p.
Test compounds25mg/kgi.p.

Equipment: Electroconvulsometer.

Methodology: MES test method (Maximal elec-
troshock seizuremethod) isemployed for anticonvul -
sant activity of the synthesized compounds®. The
compoundsarescreened for their anticonvul sant activ-
ity by electroshock seizure method, and subjected to
supramaximal electroshock of 50mA, 60Hz aternat-
ing current from aconvulsiometer for 0.2 secthrough a
pair of eectrodes attached to each ear. The duration of
thetonic hind limb extensor phase, clonic phase and
the number of anima s protected from convulsionswere
noted.Phenytoin (20mg/ kg) isused as standard drug.

(b) PTZ animal model

Pentylenetetrazol e (PTZ) producesclonic convul-
sionsin rats or mice, which are prevented by drugs
effectivein absences seizures activity. Inthismodel,
represent action on seizuresfocusesitself. PTZ (Sigma
Chemicds, USA) wasused to produce convulsion and
diazepam (Ranbaxy Laboratories, India) wasused as
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astandard drugsdissolved in 2% gum acaciasuspen-
sionfi%y,

Convulsion wasinduced 1 hour after theadminis-
tration of the standard drug or the test compounds by
I.p. injection (80mg/kg) dissolvedin salineto avolume
of 0.1ml/10gm body weight. Thetimeneeded for the
devel opment of unequivoca sustained clonic seizure
activity involving thelimbs(isolated myoclonicjerksor
other preconvulsion chewing behavior isnot counted)
wascarefully noted. Duration of seizurewasd so noted.
Seizurefreeduration for aperiod of 1hr wastaken as
protection. The number of animals protected in each
group was recorded and percent protection was cal-
culated®2,

Other methods by which, one can check the anti-
convulsant activity-:

a. Subcutaneous Metrazolethreshold test.
b. SubcutaneousPicrotoxinthresholdtest.
. Subcutaneous Strychninethreshold test.
d. SubcutaneousBicuculllinethreshold test.
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